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INTRODUCTION

The area covered by this report is in north central West
Virgiﬁia and includes the following counties: Doddridge, Gilmer,
Lewis, Harrison, Barbour, Upéhur and the western part of Ran-
dolph (Fig. 1). These counties are located in the physiographic
province known as the Appalachian Plateau which is characterized-
structurally by broad anticlinal and synclinal folds. The
‘geologic age of rocks exposed on the surface in these counties
is primarily Pennsylvanian.

The compiete sedimentary interval in this area is represented
by formations of the Paleozoic period ranging from Cambiian
through Pennsylvanian, some 27,000+ feet of sedimentary rocks.

The prbducing intervals to which this report is addressed occupy
only the upper part of the Devonian System, and the lower and middle
part of the Mississippian System and represent on the average only
4,000 feet of the total stratigraphic column.

Data from approXimately 9,500 wells were reviewed in the com-
pilation of this report. The Committee's recommendations are
based on exﬁected permeabilities, natural open flows versus depth,
and oil production rates, as outlined in the Federal Energy
Regulatory Commission's guidelines for tight formations. The
Committee also addresses the requirement of protecting fresh

water aquifers.
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GEOLOGIC DESCRIPTION

The formations recommended for tight classification were
deposited during Late Devonian and Early to Middle Missiésippian
time. Therefore, they occur in the interval from the base of
the Devonian Brallier formation to the lower part of the Missis-
sippian Greenbrier Limestone as shown on the stratigraphic column
(Fig. 3). |

This stratigraphic interval can be divided on the basis of
gamma-ray log and lithologic character into major sediment bun-
‘dles or zones related to gross deltaic and marine;facies.

Because of the similarity of individual sandstones that occur

in the same deltaic facies, it was determined that the best way
torprésént their geological description was by thesebéones rather
than individually. Four major environments of deposition were
grouped into four zones for this study. Three deltaics/ environments
associated with marine regression were identified as the pro-delta
(Zone 4), delta front.(Zone 3), and delta plain (Zone 2). The
marine transgression which followed resulted in Pocono sandstone
deposits and eventually Greenbrier Limestone deposits. These two
accumulations are grouped into a single zone, Mississippian marine
environment (Zone 1), for purposes of mapping and data inter-
pretation. The relationship of these depositional sequences can

be understood by referring to Figure 4 (Schematic Diagram of
Depositional Environments) and Plate I and II (Stratigraphic Cross-

Sections).
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1. Pro-delta environment and sediments, Zone 4 3

The pro-delta is the most seaward part of a delta and
therefore, it represents the deepest water type of deposition
in a delta complex. It could be thought of as the basal
part of a delta. Because this part of the delta is the most
distant from the source of sediments, i.e. the rivers, the
sediments that accumulate there have characteristics different
from those in the other deltaic environments.

Because only the smallest particles, mostly clay sized,
are transported to this environment the resulting rocks are
predominately shales. Occasionally, thin siltstones and very
fine-grained sandstones are found interbedded with the shales
in this environment. The most logical explanétion for their
presence is that they were transported into the deeper water by
turbidity flows (fig. 4). These flows are believed to originate
in the upper, shallower parts of the delta where sediments
are deposited at faster rates. When these shal%fw sediments
build up 5eyond a critical slope, they may slump and slide as
a density flow into the deeper water where they spread out as
a layer of coarser-grained material on top of the clays. This
is the likely origin of the sands and silts that are today
potential pays in this zone.

The potentially pfoductive sandstones that were deposited
in this environment are known by the drillers as the Sycamore,
Fox, Havefty, Elk(s), Alexander, Cedar Creek (Bluestone Creek)
and Leopold. These are all very fine-grained sandstones to silt-
stones that contain high percentages of clay. The brown color
that is characteristic'of these sandstones or siltstones as they

are being drilléd is due to their relatively high organic content.
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2. Delta front environment and sediments, Zone 3

Rocks deposited in this environment are stratigraphically
above the pro-delta deposits and consist of sediments deposited
in water shallower and closer to the source of sediment supply.
Overall, these rocks contain a smaller percentage of shale and a
higher percentage of sandstones and siltstones than the under-
lying pro-delta lithologies. Also, sandstones and siltstones
become more numerous upward in this interval. The sandstones and
siltstones also are generally thicker and cleaner, i.e. contain
less clay, than those deposited in the pro-delta environment.
Color ranges from brown in the lower ﬁart to light gray in the
upper part.

.The sands and silts in the delta front are basically from
two sources. Some are probably from turbiditj flows similar to
those in the pro-delta environment. However, sofie of those in
the upper part of the delta front probably represent deposition in
submerged bars that built up at the mouths of river channels. In
general, these deposits would be coarser grained than those found
in the turbidity flows.

The potentially productive sandstones that were deposited in
this environmentbare known as the Benson, Riley, Bradford, Balltown,

Speechley, Upper Speechley, Warren and Elizabeth.
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3. Delta Plain environment and sediments, Zone 2

This is the most complex environment in the deltaic
system and represents the top of the deltaic sequence.
Sediments accumulate in environments which range froﬁ very
shallow subaqueous to subaerial.

Sandstone and siltstone reservoirs can be deposited in
a variety of depositional systems as illustrated in Figure
4. These can be in the river channels themselves, in
crevasse systems, or as sands concentrated around the margin

of the delta in beach ridges, spits and nearshore bars.

The coarsest sediments of the delta-are found in this
environment because of the proximity to the source. ;he
total shale content is less in this interval than in the pro-
~delta or delta front intervals. Some of the sandstones are reddish
to maroon in color, unlike the dominant gray and brown colors
in the pro-delta and delta front sandstones and siltstones
The red colors are probably a result of oxidation.

The potentially productive sandstones that were
deposited in this environment are the Lower Bayard, Bayard, Lower
Fifth, Fifth, Fourth A, Fourth, Gordon, Gordon Stray, Thirty-Foot,

Fifty-Foot, Gantz A, Gantz and Berea.
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4. Mississippian marine environment, Zone 1

The uppermost interval in the stratigraphic sequence being
evaluated by the West Virginia Tight Formation Committee is rep-
resented by Mississippian carbonates (Greenbrier Limestone) along
with the underlying clastics of the Pocono Group. The Pocono
Group reflects é marine transgression following maximum reg-
ression during Berea deposition and is represented in the study
area by the Squaw_and Weir sandstones and intervening shales.
These clastics represent nearshore shallow marine deposition.
Squaw and Weir are essentially silt and sand size with minor
amounts of clay and are light gray to greenish gray. The Green-
brier Limestone lies unconformably above the Pocono Group and
is of Middle Mississippian age. The beds are of marine/origin
and are predominately limestones. However, the lower section may
be a sandy zone ranging from quartz sand to calcareous sandstone
to sandy dolomite. It is commonly white in color. This sandy
portion of the Greenbrier isAthe well-known "Big Injun' sand and
has been an important reservoir throughout the history of oil and
gas developmént in central West Virginia.

Therefore, to properly evaluate the data available, six
productive interval groups were established with respect to original
depositional environment and balance of units for mapping purposes.

In the final analysis the intervals established and the individual

(WV Tight Formations Committee, 1982-BDGHLUR)



units within those intervals are as follows:

1. Injun-Weir (Zone 1)

Big Injun
Squaw
Weir

2. Berea-Gordon (Zone 2)

Berea

Gantz

Gantz A
Fifty Foot
Thirty Foot
Gordon Stray
Gordon

3. Fourth-Bayard (Zone 2)

- Fourth
Fourth A
Fifth
Lower Fifth
Bayard
Lower Bayard

4, Elizabeth-Bradfq;d (Zone 3)

Elizabeth
Warren

Upper Speechley
Speechley
Balltown
Bradford

5. Riley-Benson (Zone 3)

Riley

(WV Tight Formations Committee, 1982-BDGHLUR)




Benson

6. Elk-Brallier (Zone 4)

Leopold

Cedar Creek (Bluestone Creek)

Alexander

Elks

Haverty

Fox

Sycamore

Application for the tight formation recommended areas is

By the above desiénated intervals rather than individual units.
The remainder of this study éoncerns data evaluation and recom-
mended tight formation areas as developed by the West Virginia

Tight Formation Committee.
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GEOLOGICAL AND ENGINEERING DATA

Permeability, natural open flow versus depth, oil produc-
tion and protection of fresh water aquifers were individually
studied and subsequently incorporated into a data base for
designation of tight formation areas in the counties of Barbour,
Doddridge, Gilmer, Harrison, Lewis, Raﬁdolph, and Upshur. All
criteria were investigated completely to the extent that avail-
able information would allow.

Because detailed core analyses are sparse compared-to the
density of drilling, it was determined that analysis of natural
open flow versus depth for all wells in the prescribed counties
was appropriate. Table 1 is the depth versus maximum allowable
natural open flow -chart as specified in the Federal Energy
Regulatory Commission guidelines and utilized for this report.
Approximately 9,500 well records were examined and -the reported
natural open flows were mapped to detérmine all geographic areas
where these sandstones qualify as tight formations based on this
criterion. If the natural open flow reported at total depth was
below that allowable for even the shallowest identified sandstones,
then all sandstones were determined to qualify as tight in that
specific well. 'If the natural open flow réte reported at total
depth exceeds that allowable for the shallowest zone, the well
record was examined to determine which sandstone (or sandstomnes)
was responsible for the excessively high gas flow. The res-
ponsible sandstone (or sandstones) was then disqualified for

\ tight formation consideration, but all others were qualified in

(WV Tight Formations Committee, 1982-BDGHLUR)
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10

that specific well. For example, a well in Harrison County,
(permit number 1076) drilled through the Upper Devonian Benson
sand (4382'-4411"') recorded a significant natural flow of gas from
the Upper Devonian Fourth sand at 2257', but recorded no other
significant natural flows in the well. This Fourth sand natural
flow of 133 MCFGPD far exceeds that allowable for the recorded
depth. Thus, this well is designated as a nonqualifier for
tight formation consideration in the Fourth to Bayard interval.
All other Upper Devonian siltstone and sandstone intervals qualify
as tight in this well, because no additional significant natural
flows were recorded.. |

The normal drilling proceduré empioyed throughéut the
study area was formerly by caﬁle tool and more recently by the
air—éotary method. Both of these types of drilling operations
permit continual monitoring of gas shows as a hole is drilled.
The normal procedufe during drilling is that at any time a
significant show of gas is encountered, the rig is shut down for
a short period of time so that a gas check can be made to measure the
flow encountered. The listings of drillers records in the Appen-
dices reflect the way in which thesetests are recorded. For
example: tﬁe_well record for Upshur-286 reveals that six gas
checks were made during the drilling operations. These tests
were as follows: Gas sand at 597 feet had a show of gas too small
to gauge; Big Lime at 1587 feet had a flow of 13,845 cubic feet,
Gordon Stray at 2224 feet tested 47,000 cubic feet, a test at 4097
feet yielded 7,530 cubic feet and there was a show at 4155 feet in

the Benson of 3,765 cubic feet. None of these shows exceeded the

(WV Tight Formations Committee, 1982-BDGHLUR)
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amount which would disqualify any of the sandstones as tight
formations in this well.

It should be emphasized that these reported natural open
flows do not represent stabilized natural production against at-
mospheric pressure. The absence of stabilized natural open
flow rates is due to the fact that tests were conducted during
drilling, or shortly after drilling was completed. In order to
obtain a stabilized flow to the atmosphere from these sandstones,
it would be necessary to shut the drilling rig down for extended
periods of time, a practice which is economically unfeasible. In
addition, large volumes of gas would be vented to the atmosphere
and wasted. Therefore, natural flows as shown (see Appendices)
are unstabilized and are higher than stabilized natural flows to
the atmosphere would be.

Natural flows after perforations, but before stimulation, are
not recorded by%operators in West Virginia becéuse these flows are
generally too small to measure.

This procedure was applied to all wells examined in the
seven county area. Six area maps were computer-generated
showing all penetrations and producers (pay sand maps) for a given
stratigraphic interval. Wells designated as nonqualifers were
then appropriately mapped. For any given>stratigraphic interval
map where nonqualifying wells were clustered, that area was
circled and thus identified as not available for tight formation
consideration. The remaining areas for any given stratigraphic
interval map are recommended as tight based on natural open flow

data interpretation. Tables 2-7 indicate the number of total

(WV Tight Formations Committee, 1982-BDGHLUR)
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penetrations and total non-qualifying wells for those areas
recommended as tight formations for each mapped stratigraphic
interval. 1In each case the percentage of wells not qualifying
for tight formation recommendation is extremely small.

Each map was further.refined by applying permeability, oil
production and exclusion of gas storage areas criteria to the
individual pay sand maps. Because the geographic area covered by
this report is large and the total stratigraphic section ad-
dressed contains many producing sandstones, permeability data
derived from available cores were not considered conclusive. For
this reason, natural open flow data form the foundation for this
report and core-derived permeabilit& helps to refine the tight
formation designations. The locations of all available cores are
shown on the core location map (Plate III). Key permeability
parameters are identified with each core. Where average per-
meability exceeds 0.1 md, the stratigraphic interval from which
the core was taken does not qualify for tight formation desig-
nation in this well. Cores exhibiting average permeabilities of
less than 0.1 md over the interval cored can be located in recom-
mended tight formation areas for the stratigraphic interval
specified. Therefore, in the recommended tight formation areas
the committee expects the average in-situ permeability to be less
than 0.1 md.

Also eliminated from tight formation consideration for a
given stratigraphic interval are areas of gas storage and exigitng
oil fields where production rates of o0il have exceeded 5 BOPD or

may potentially exceed 5 BOPD.

(WV Tight Formations Committee, 1982-BDGHLUR)
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MAP DESCRIPTION AND INTERPRETATION

This tight formation committee report contains twelve
production/penetration maps (Plates IV-XV). Six maps illustrate
tight formation recommended areas in Doddridge, Gilmer, Harrison
and Lewis Counties and six maps illustrate tight formation
recommended areas in Barbour, Randolph and Upshur Counties. The
following is a description of each map and an interpretation
of the data presented with that map. In all cases, it is a stratig-
raphic interval including several reservoirs that is being recom-
mended for tight formation dgsignation and not an individual
productive sandstone. -For example, if an area on the Elizabeth-
Bradford Map is recommended for exclusion from tight formation con-
sideration, whether it is a storage field, oil-producing area, or’f
an area with high natural open flows, then all sandstones repres;nted
by that map (Elizabeth, Warren, Speechley, Balltown and Bradford)
are excluded in that specific area. |

Doddridge-Gilmer-Harrison-Lewis Counties

Greenbrier and Pocono Reservoirs
(Big Injun to Weir)
Plate V is a map showing all penetrations and producing

wells in the Big Injun and uppermost Pocono sandstones. The

West Virginia Tight Formation Committee recommends that these
sandstones (Big Injun, Squaw and Weir) be designated tight except
in those areas otherwise designated as oil-producing areas or
areas excluded on the basis of high natural open flow. In those

areas recommended for tight formation consideration, of 6500 total

(WV Tight Formations Committee, 1982-BDGHLUR)
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penetrations, only 261 (or 4.0%7) exceeded natural open flow versus
depth guidelines. However, in those areas excluded from tight
formation consideration on the basis of high natural open flow, 204
of 511 penetrations (or 39.9%) exceeded tﬁose guideliﬁes estab-

lished by FERC.

Lower Pocono and Upper Hampshire Reservoirs
(Berea to Gordon)
Plate V is a map showing all penetrations and producing
wells in the subject stratigraphic interval. The West Virginia
Tight_Formation Committee recommends that this interval (to
inlude Berea, Gantz, Gantz A, Fifty Foot, Thirty Foot, Gordon Str%?,
and Gordon) be designated tight except in those areas designated as
gas storage fields, oil-producing éreas, or areas excluded on the
basis of high natural open flow. In those areas recommended for
tight férmation desiggation, 3%93 total penetrations are mapped.
0f those wells, only 66 (or 2.17) exceeded natural open flow versus
depth guidelines. However, in those areas excluded from tight
formation designation on the basis of high natural open flow, 28

of 46 penetrations (or 60.87) exceeded the prescribed guidelines.

Lower Hampshire Reservoirs
(Fourth to Bayard)

Plate VI is a map showing all penetrations and producing
wells in the subject stratigraphic interval. The West Virginia
Tight Formation Commitee recommends that this interval (to
include the Fourth, Fourth A, Fifth, Lower Fifth, Bayard and

Lower Bayard) be designated tight except in those areas otherwise
‘ (WV Tight Formations Committee, 1982-BDGHLUR)
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designated as oil-producing areas or areas excluded on the basis of
high natural open flow. In those areas fecommended for tight for-
mation designation, only 32 wells exceed the open flow versus depth
criteria among 2364 total penetrations (1.47). However, in those
areas excluded from tight formation designation on the basis of high
natural open flow versus depth, 23 of 39 total pPenetrations (or 58.97%)

exceed the allowable flow.

Upper Chemung Reservoirs
(Elizabeth to Bradford)

Plate VII is a map showing all penetrations and producing wells
in thevsubject stratigraphic interval. The West Virginia Tight
Formation Committee recommends that this interval, (to include
Elizabeth, Warren, Upper Speechley, Speechley, Balltown and Brad-
ford) be designated tiéht except in those areas excluded oﬁ the basis
of high natural open flow or available permeability data. In those
areas recommended for tight formation consideration, only 40 of 1989
total penetrations (of 2.07%) exceeded the guidelines for natural open
flow versus depth evaluations. However, in those areas excluded from
tight formation consideration, 62 of 93 total penetrations (or

66.7%) exceeded those guidelines.

Lower Chemung Reservoirs
(Riley and Benson)

Plate VIII is a map showing all penetrations and producing
wells in the Riley and Bénson sandstones. The West Virginia
Tight Formation Committee recommends that these sandstones be
designated tight except in those areas excluded on the basis of

high natural open flow or available permeability data. 1In those

(WV Tight Formations Committee, 1982-BDGHLUR)
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areas recommended for tight formation consideration, only 51 of

1972 total penetrations (or 2.6%) exceeded the guidelines established
for natural open flow versus depth evaluations. However, in those
areas excluded from tight formation consideration, 12 of 31 total

penetrations (or 38.77) exceed those guidelines.

Basal Chemung and Brallier Reservoirs
(Leopold to Sycamore)

Plate IX is a map showing all penetrations and producing
wells in the subject stratigraphic interval. The West Virginia
Tight Formation Committee recommends that this interval (to in-
clude the Leopold, Cedar Creek (Bluestone Creek), Alexander, Elk(s),
Haverty, Fox and Sycamore) be designated tight except in those areas
excluded on the basis of high natural open flow or available per-
meability data. 1In those areas recommendedAfor‘tight formation con-
sideration,—only 20 of 465 total penetrations (or 4.37) exceeded
the guidelines established for natural open flow versus depth
evaluations. However, in those areas excluded from tight formation
consideration, 12 of 31 total penetrations (or 38.77) exceed those
guidelines. |

Barbour-Randolph-Upshur ‘Counties

Greenbrier and Pocono Reservoirs
(Big Injun to Weir)

Plate X is a map showing all penetrations and producing wells
in the subject stratigraphic interval. The West Virginia Tight
Formation.Committee recommends that this interval (to include the
Big Injun, Squaw and Weir) be designated tight except in those areas

(WV Tight Formations Committee, 1982-BDGHLUR)
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otherwise excluded on the basis of high natural open flow, or areas
excluded as gas storage fields. 1In those areas recommended as
tight there are 2976 total penetrations mapped. Of these, only 15
wells (0.57) had ﬁatural flows in excess of the depth versus flow
guidelines. However, in the areas excluded from tight formation
consideration, 7 of 17 wells (or 41%) had natural open flows ex-

ceeding the FERC guidelines.

Lower Pocono and Upper Hampshire Reservoirs
(Berea to Gordon)
Plate XI is a map showing all penetrations and producing
wells in the subject’sﬁratigraphic interval. The West Virginia
Tight Formation Committee recommends that this interval (to include
the Berea, Gantz, Gantz A, Fifty-Foot, Thirty-Foot, Gordon Stray and
Gordon) be designated as tight except in these areas excluded on
the basis of high natural open flow. In the areas recommended for
tight formation designation, 2974 welis penetrated this interval
with only 14 (0.477) having natural flows above the flow-depth
guidelines. In the non-qualifying area, however, 6 of 14 wells (or

437) of the penetrations had excessive flows.

Lower Hampshire Reservoirs
(Fourth to Bayard)

Plate XII is a map showing all penetrations and producing wells
in the subject stratigraphic interval. The West Virginia Tight
Formation Committee recommends that this interval (to include the
Fourth, Fourth A, Fifth, Lower Fifth, Bayard and Lower Bayard) be

designated as tight except in those areas excluded on the basis of

(WV Tight Formations Committee, 1982-BDGHLUR)
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natural open flows in excess of the FERC guidelines. As indicated
on Plate XII there are 2955 total penetrations in the area recom-
mended for qualification as tight. Only 27 (0.97) of these wells
would not meet these tight formation standards. On the other hand,
9 of 17 wells (or 537) in the non-qualifying areas had volumes in

excess of these standards.

Upper Chemung Reservoirs
(Elizabeth to Bradford)

Plate XIII is a map showing all penetrations aﬁd producing
wellé in the subject stratigraphic interval. The West Virginia
Tight Formation Coﬁmittee recommends that this interval (to
include Elizabeth, Warren, Upper Speechley, Speechley, Balltown
and Bradford) be designated.tight throughout the entire three
county area. Only‘é of the 2776 total penetrations (0.147%) had

open flow volumes in excess of the open flow versus depth relation-

ship as outlined by FERC.

Lower Chemung Reéervoirs
(Riley and Benson)

Plate XIV is-a map showing all penetrations and producing
wells in the Riley and Benson sandstones. The West Virginia Tight
Formation Committee recommends that these sandstones (Riley and
Benson) be designated as tight except for those areas excluded on
the basis of natural open flows in excess of volumes set forth in
Table 1, or permeability data based on core analysis. As indicated
on the accompanying map, in the area recommended for tight formation

consideration there are 2621 total penetrations of which only 52

(WV Tight Formations Committee, 1982-BDGHLUR)
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(or 1.987) will not qualify as tight. However, within the non-
qualifying areas 687, or 45 of the 66 total penetrations, exceed

the flow depth guidelines.

Basal Chemung and Brallier Reservoirs
- (Leopold to Sycamore)

Plate XV is a map showing all penetrations and producing wells
in the subject stratigraphic interval. The West Virginia Tight
Formation Committee recommends that this interval (to include the
Leopold, Cedar Creek (Bluestone Creek), Alexander, Elk(s), Haverty,
Fox and Sycamore) be designated tight except in those areas excluded
on the basisAOf high natural open flow and permeability data. B

In the thfee county area, there were 608 penetrations of the
basal Chemung and Brallier interval. Of these 608, 6nly two wells
had flows in excess of the FERC guidelines. Therefore, the committee
recommends that the enﬁire three county aréa be designated for tight

formation status for this interval, with the exception of the areas

éround the two adjacent non-qualifying wells.

(WV Tight Formations Committee, 1982-BDGHLUR)
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PROTECTION OF FRESH WATER AQUIFERS

Existing State and Federal Regulations will assure that
development of the sandstones studied in this report will not
adversely affect any fresh water aquifers ﬁhat are, or are ex-
pected to be, used as a domestic or agricultural water supply.

In West Virginia, the Oilvand Gas Division of the State Depart-
ment of Mines has the statutory reéponsibility for protecting
surface and subsurface water from o0il and gas production-associated
. activities. West Virginia Administrative Regulations (1979 Edition)
Chapter 22-4 Section 15.01, 15.02; and 15.03 state as follows:

"15. Regulations Related to Code 22-4-5, 22-4-6, 22-4-7, 22-4-8,
and 22-4-8a.

15.01 Casing Not-Exclusive. 1In addition to the casing

required by Code 22-4-5, 22-4-6, 22-4-7, 22-4-8, and 22-4-8a, there
shall be used in each well such mate#ial and équipment and there shall
be employed such additional procédurés as are necessary for the pur-
pose of separating high pressure zones from low pressure zones, the
producing horizons, the water-bearing strata, and mineable coal

zones for the life of the well.

15.02 Multiple Casing Through Coal Seams. (1) The coal pro-
tection string of casing required by Code 22-4-5 through 22-4-8 to be
installed through the workable coal seam or seams shall.be in.addition
to the production string of casing.

(b) The coal proteétion string of casing required by Code
22-4-5 shall have cement circulated in the aﬁnular space outside

said casing. The volume_of cement needed shall be calculated by

(WV Tight Formations Committee, 1982-BDGHLUR)
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using approved engineering methods to assure the return of the cement
to the surface. 1In the event cement does not return to the surface,
every reasonable attempt will be made to fill the annular space by
introducing cement from the surface. |

15.03 Fresh Water Casing. The fresh water protective string

of casing required by Code 22-4-8a shall extend 30 feet below the
deepest fresh water horizon (being the deepest horizon which will
replenish itself and from which fresh water or usable water for
"household, domestic, industrial, agricultural, or public use, may

be economically or feasibly recovered), and shall have é;ment-cir-
culated in the annular space outside said casing. The volume of
cement needed shall be calculated using appfoved engineering methods
-to assure the return of the cement to the surface. 1In the event
cement does not return to the surface, every reasonable attempt will
be made to fill the annular space by introducing cement from the sur-
face. 1If the coallprotectlon string of casing is cemented to the
surface in accordance with prescribed procedure, this may also be
considered a fresh water string for water strata above the coal.

The 0il and Gas Division is required by statute to enforce
proper casing and plugging practices which will protect subsurface
fresh water aquifers. Legislation also allows the West Virginia
0il and Gas Conse:vation Commission to adopt and enforce rules and
orders which relate to the prevention of pollution in regérd to
drilling, producing and operating deep gas wells, and oil wells in

secondary recovery projects.

(WV Tight Formations Committee, 1982-BDGHLUR)
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CONCLUSIONS

The Tight Formation Committee of West Virginia hereby recom-
mends that those areas in Barbour, Doddridge,lGilmer, Harrieon,
Lewis, Upshur and the western part of Randolph Counties, not other-
wise eliminated oﬁ Plates IV through XV, meet those guidelines
as set out in 18 C.F.R. 271, Subpart G (as set out in order 99,
issued by FERC August 15, 1981, Docket No. RM-79-76), as it relates
. to Section 107(b) of the Natural Gas Policy Act of 1978.

The recommended sandstones are known by drilters' terminology
as the Sycamore, Fox, Heverty, Elk(s), Alexander, Cedar Creek,
(Bluestone Creek), Leopold, Benson, Riley, Bradford, Ballﬁown,
Speechley, Upper Speechley, Warren, Elizabeth, Lower Bayard,
Bayard, Lower Fifth, Fifth, Fourth A, Fourth, Gordon, Gordon Stray,
Thirty-Foot, Fifty-Foot, Berea, Gantz A, Gantz, Weir, Squaw and
Big Injun. These sandstones are in the Mississippian and Devonian
Systems.

In recommending the above sandstones for tight classification,
the Cemmittee has concluded that. all areas on the enclosed maps,
except those eliminated by outlines, meet each of the Federal Energy
Regulatory Commission's guidelines for tight formation designation.

The Committee has prepared theAnecessary information for the
recommendation (see attached Figures, Plates, Tables, and Appen-
dices). |

The estimated average in-situ permeabilities throughout the
pay section in areas not outlined on Plates IV through XV are ex-

pected to be less than 0.1 millidarcy.

(WV Tight Formations Committee, 1982-BDGHLUR)
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The stabilized production rate, against atmospheric pressure
of wells completed for production in these recommended sandstones
in this seven county area without stimulation, is not expected
to exceed the production rate determined in accordance with the
table in 18 C.F.R. 271.703 (e¢) (2) (i) (b). (See Table 1)

No well drilled into these sandstoﬁes in the designated areas
would be expected to producé, without stimulation, more than five
barrels of o0il per day. |

Existing State and Federal Regulations assure that_develop-
ment of these sandstones will not adversely affect any fresh water
aquifers that are used or expected to be used as a domestic or ag-

ricultural water supply.

(WV Tight Formations Committee, 1982-BDGHLUR)
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‘Maximum allowable production rate for

average depth to proposed tight formation.

If the average depth to the top The maximum allowable production
of the formation (in feet) rate (in Mcfpd) may not exceed:

but does not

exceeds: exceed:
0000 1000 44
1000 1500 51
1500 2000 . 59
2000 . 2500 68
2500 3000 79
3000 3500 91
3500 4000 105
4000 4500 122
4500 5000 141 /
5000 5500 163
5500 6000 : ' 188
6000 6500 v 217
6500 7000 251
7000 7500 290
7500 8000 336
8000 8500 388
8500 9000 . ] 449
9000 9500 . 519
9500 10000 " 600
10000 10500 693
10500 11000 802
11000 11500 927
11500 12000 1071
12000 12500 1238
12500 13000 1432
13000 ) 13500 1655
13500 14000 1913
14000 14500 2212
14500 - 15000 2557

From 18 C.F.R. 271.703 (c) (2) (i) (b)

1
Table (WV Tight Formations Committee, 1982-BDGHLUR)
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RECOMMENDED 'TIGHT FORMATION' AREA

WELLS EXCEEDING NATURAL
TOTAL PENETRATIONS 0PEN FLOW/DEPTH crRITERION]| PERCENT
BARBOUR

1101 4 0,367

DODDRIDGE 1583 79 4.997
GILMER 1996 99 4,967
HARRISON 1248 18 1 \zxaz
LEWIS 1673 _65 3. 897

RANDOLPH 211 0 0.0Z
UPSHUR 1664 11 0.667
TbTAL ’ 9476 276 2.917%
RECOMMENDED EXCLUDED AREAS

TOTAL 528 211 39967

Table 2

(WV Tight Formations Committee, 1982-BDGHLUR)
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! I
RECOMMENDED 'TIGHT FORMATION AREA
WELLS EXCEEDING NATURAL
TOTAL PENETRATIONS| open FLOW/DEPTH crITERION| PERCENT

BARBOUR

1089 6 0.55%
DODDRIDGE 458 9 1.977
GILMER 464 8 1.727
HARRISON 1016 17 1.67%
LEWIS 1255 32 2.55%
RANDOLPH 201 0 0.0%
UPSHUR 1684 8 0.477
TOTAL 6167 80 1,297

RECOMMENDED EXCLUDED AREAS

TOTAL 60 3 56677

Table 3

‘ (WV Tight Formations Committee, 1982-BDGHLUR)
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RECOMMENDED 'TIGHT FORMATION' AREA

TOTAL PENETRATIONS

WELLS EXCEEDING NATURAL

OPEN FLOW/DEPTH CRITERION

PERCENT

BARBOUR

1089 ’ 8 0.737%
GILMER 293 1 0.347
HARRISON 895 17 - 1.907
LEWIS /818 13 1.597
RANDOLPH 205 4 1.957
UPSHUR 1661 15 0.907
TOTAL 5319 59 1.117

RECOMMENDED 'EXCLUDED AREAS

TOTAL

56

32

57.147

- Table 4

(WV Tight Formations Committee, 1982-BDGHLUR)
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" RECOMMENDED 'TIGHT FORMATION' AREA

TOTAL PENETRATIONS

WELLS EXCEEDING NATURAL
OPEN FLOW/DEPTH CRITERION

PERCENT

DODDRIDGE 116 , o oy
GILMER 183 0 0.07
HARRISON 264 23 3.017
LEWIS 703 15 2.137
RANDOLPH 166 0 0.0%
UPSHUR , 1545 1 0.06%
TOTAL 4622 W 10,957
RECOMMENDED EXCLUDED AREAS
TOTAL 93 62 _66.67%

Table 5

(WV Tight Formations Committee, 1982-BDGHLUR)
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RECOMMENDED 'TIGHT FORMATION' AREA

WELLS EXCEEDING NATURAL
TOTAL PENETRATIONS OPEN FLOW/DEPTH criITERION| PERCENT
BARBOUR
994 18 1.817
DODDRIDGE 328 8 2. 447
| 6GILMER 169 T 10 5.91%
HARRISON 578 20 3. 467
LEWIS 569 13 2,28
RANDOLPH 263 S 0.38%
UPSHUR 1364 13 0.95%
TOTAL 4265 83 1,957
RECOMMENDED EXCLUDED AREAS

TOTAL o7 < 5826

Table 6

(WV Tight Formations Committee, 1982-BDGHLUR)
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Elk-Brallier

RECOMMENDED 'TIGHT FORMATION' AREA

WELLS EXCEEDING NATURAL
TOTAL PENETRATIONS| open FLow/DEPTH cRITERION| PERCENT

BARBOUR
210 0 0.0%
DODDRIDGE 286 | 12 4.207%
GILMER 89 6 6. 747
HARRISON 49 2 4. 087,
LEWIS w 0 0.0%
RANDOLPH 101 0 0.07
UPSHUR 295 , 0 0.0
TOTAL 1071 ' .20 1.877

RECOMMENDED EXCLUDED AREAS

TOTAL | 44, | 14 31.82%

(WV Tight Formations Committee, 1982-BDGHLUR)
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