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ABSTRACT

Gas production data from 63 wells in the Cottageville Gas Field,
producing from Devonian shales, are studied in relationship to struc-
ture above and below the producing horizons, isopach data and dip as-
pects including highest annual production, first five years accumu-
lated production; total accumulated production, mean annual produc-

tion, initial well pressure, and calculated loss ratio values for
four (4) different time periods.

A trend correlation of these parameters is presented,

It is concluded that this approach could be useful in gas ex-

ploration and development evaluation of Appalachian Devonian shale
gas fields,

INTRODUCTION

The purpose of this study is to apply various methods of gas
production data analysis to gas field data in order to objectively
evaluate and explore relationships in the production history of the
Cottageville gas field in the Devonian shale. An understanding of
Such relationships may contribute to estimation of recoverable re-
Serves and to conclusions or hypotheses in the study area which may
be applied to other potential gas producing shale areas,

The scope of the study is the gas production from 63 wells from
Devonian shales in the southwestern Jackson County and eastern Mason
County. This paper represents a step further in analysis and con-

clusions from a paper by the authors in 1977 (de Wys and Shumaker,
1977). '



Devonian shales underlie approximately 1000,000 square miles
in Kentucky, Ohio, West Virginia, Pennsylvania, and New York, It
has been estimated that this area contains about 460 trillion tons
of shale readily accessible to drilling, and most of this at about
10,000 feet in depth (Columbia Gas System).

The horizon of "brown shales" from which most gas has been pro-
duced is a 400' section with finer grain size, darker colors with
spores and brown algae (Protasalvinia) reported, Above this zone is
1,200 feet of gray to greenish~gray shales with sandy and silty zones
and a dark gray to black interval. Grain size coarsens upward from
the producing horizon. Below the producing horizon is 300-400 fest
of lower black shale, calcareous in the bottom portion (Tully Is.).
Gas has bsen produced from the Brown Shale horizon for nearly 50
years from low-volume shallow wells in the western one-third of West
Virginia,

Up to 4.4% by weight organic content is found in the brown shales,

Porosity in Devonian shales is very low. In two Jackson County
wells in West Virginia, porosity ranged from .1 - 4.6% with over-
burden of 1650 PSI and 3700 PSI (obtained by oil methed), By compari-
son, highly productive sandstone reservoirs show 10-20% of total
rock volume, Most pore space found in shales is between the mineral
crystals or grains and in micro and macrofractures (Scilence Appli-
cations, Inc., 1977). : ‘

Permeability values for the same two Jackson County wells range
from ,0001 - ,001 Md with overburden pressures of 1650 and 3700 PSI,
This 18 very low permeabllity which limits the rate of gas production
by the rate at which gas can diffuse through the matrix and reach a
free surface such as a bore nole or a fracture., Compared with sand-
stones this results in low production rates, but extended production
life, Clastic silt-size quartz and feldspar are commonly segrezated
into lenses parallel to bedding in the very dark, organic-rich shale
specimens, Higher permeability in such lenses may perait migration
through such silt zones to accumulation fracture facles areas,

Mineral lined vertical fractures were commonly noted in the pay
zones of two wells in western and southwestern West Virginie, In one
core from western West Virginia filled and unfilled natural fractures
resemble parts of nearlﬁ vertical systematic joints (Wheeler, et, 2al),
The fractures_ strike N 409 - 50° E above the pay zone, and show four
dominant orientations within the pay zone, As noted earlier a higher
percentage of total production appears to be the result of absorbed
(matrix) and adscrbed (on fracture surfaces) than from free gas,
Yhaeler, et al, suggest that fracture density on a larger scale may
be influenced by o0ld or reactivated suballochthon faults, by allo-
chthony itself, by eroslional release, or by two or more of these
factors interacting, They further suggest slickensides can seal
fractures and thus decrease permeability,
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Rogers (1971) concludes from stratigraphic evidence that after
a period of extensional tectonics accompanying the main subsidance,
a period of true compression ensued in late Mississippian to early
Permian time during which the final group of clastic sediments were
deposited and the whole section deformed.

The outline of Brown shale production in West Virgzinia coincides
strikingly with the trend of the Rome Trough., Hartin and Nuckols
{1976) postulated that fractures in the Devonisn shales in the Zas=
producing areas result from reactivated movement of the basement
fault blocks comprising the Rome Trough, Weaver, 1972, noted the
relatienship of the structure to Devonian gas production., The base-
ment structure and magnetic intensity values in the Cottageville
area (Shumaker, 1978) show the magnetic intensity contours are closely
correlated with the edge of the Rome Trough which comprises a valley
rift system on the Precambrian basement level, It is reasonzble to

assume that fracture facies developed over fault movements associated
with the Rome Trough structure,

The term fracture facles is proposed for use in certain Devonian
shales with the following definiticn of the term: rock facies cen=-
taining fractures that occur over a wide aresa within a distinct
stratigraphic interval, As applied to Cottazeville field, the image
conveyed is similar to = stratigraphic trap - but one where ths poro-
8ity is caused by laterally limited fracture porosity with a distinct
stratigraphic interval, : :

Data

Production data has been used as given, MNc standardization er
alterinz of the data has besn attempted, The complzte data analysis
includes mapping of production data in various relationships and
declina curve analysis by computer programs and historical relation-
ships,. . The comparison of production data map trends to trends of
geological factors is presented here, This includes the following
rnaps: (See Figures 1-11), .

Drilling Completion Dates,

Igocontours of Highest Annual Production (lst or 2nd year

production), _

Isocontours of First Five Years Accumulated Gas Productien,

Isocontours of Totzal Accumulated Preduction,

Isocontours of Mean Annual Gas Production,

Lossa Ratio Isocontours for Firat Year of Gas Preoduction

Decline,

Loss Ratio Isocontours for Second Year of Gas Prcduction
Decline,

Loss Batlo Isocontours for Third Year of Gas Production
Decline,

Loss Batio Isocontours for Gas Production Decline from
lst to 5th Year of Productien,

Structure Contours on Top of the Onondaga,

Structurs Contours on the Bottom of the Huroan Snales,



Isopressure Contours of Initial Well Pressures,
Basement Structure and Magnetic Itensity, and Fracture Pacies
Orientation and Devonian Shale Dip and Strike,

Gas production data was tabulated by the year, From this tabu-
lation the highest annual production, accumulated total preduction,
first five years accumulated production, and mean production are com-
puted., Most of these computations are fairly standard procedure, how-
ever, less ratios mey be unfamiliar, Loss raties (Arps, 1944; Camp-
bell, 1973) are computed in this study as follows:

- d = Sl_:ii_
a1

where: 4 = fraction or percent production lest

q; = q = The gas production for the first year considered
less the gas production for the second year
considered,

q1 = The gas production for the first year considered,

The resultant value represents the slant of the gas production decline
curve for the period under consideration., Loss ratio values are com-
puted for 1l-2 years, 2-3 years, 3-4 years, and 1l-5 years.,

Structure centour maps are shown for the top of the Onondaga be-
low the Devonian shales and for the structure at the bottom of the
Huron shales which overlie the prcducing Devgnian shales. The trend
strike of the Devonian shale isopachs (M 6° B) is also used in the
map comparison,

Isopressure contours are drawn on the initial pressure data ob-
tained following well completion., No adjustment of pressure data to
standardize these data has been attempted,

DISCUSSION AND CONCLUSICNS

Erwin, et al. (1976) described the problem of the Devonian shales
as the nature, cause, timing of fractures, relation to regional stress
and structural patterns below, within, and above the Devonian shales.
This pilot study of gas production analysis methods applied to a por-
tion of the Cottageville Field is an attempt to look at these relation-
ships in terms of axial trends to examine what correlations may exist.
Highest annual production could be indicative of porosity, fractures
(permeability), gas entrapment, migration, and possibly connection
with other wells (when compared with chronology of drilling)., PFirst
five years total accumulation may represent aspects of permeability,
total gas reserves, and gas pressures, Total accumulation should re-
flect all the factors related to first five year production plus a
stronger indication of permeability, and reserves, Mean of Total
Accumulation may show a field porosity trend and permeability inter-
relationship of wells. This may be one of the better indicaters of
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reserves, Loss Ratio maps are related to permeability, pressure,
and supply.

The production data, calculated production decline, and geolo-
gical data computed for each well is contoured on a series of maps.
The trends of the contour axes on each map are traced onto a common
overlay and these trends are tabled according to correlation of trend
angle with other sections of the study area, For a comparison of
ma jor map trends of the geologic, oroduction, and production decline,
the trends are plotted on a compass rose in Pigure 12, It can be
observed that the angular relationship is very restricted and not a
broad interval. The strike of the basement magnetic survey trends
relate to the first five years cumulative production and initial
pressure, The dip again relates to initial pressure as well as
production decline the 1-2 years. These relationships sugzest the
basement affects collection and availability of fres ges as compared
with adsorbed or absorbed gas,

The strike of structure on the top of the Onondaga limestnne
relates to highest annual production, first five years cumulative
producgion total production and the fracture facles direction
(40~50 NES of 8038 of fractures in the Baler well above the gas zone
and 21% in the production zone., The dip of the Onondaga relates to
total production, mean annual production, and initial gas pressure,
The top of this more brittle rock, as compared with shale, may
represent the lower control, which reflects the basement, on the
formation of fracture faciss, Differential compaction of the shales
over basement structures and faults may be the causal agent in fracture
facies formation,

The strike on the bottom of the Huron shales relates to production
decline trends both for the 3-4 years and 1-5 vears, The dip relates
to total production, mean annual production and initial pressure,

The production decline trends for 2-3 years is alsoc very close, The
difference is possibly due to structure anomalies, Thus, the struct-
ure on the bottom of the Huron appears to affect permeability, as
reflected in the slope of production decline curves,

The fracture facies orientations taken from the CGSC #11940 well
in Jackson County (Larese and Heald 19?Z) show three predominant
directions, The main direction is &0-50 NE and relates to five
proeduction maps: highest annual production, first five years pro-
duction, total production, mean ennual production, and initial pres-
sure, This strike direction is alsoc related to strike of the top
of the Onondaga limestone and to the production decline map 1l-2
years, Thus the major fracture facies direction is strongly corre-
lated with free gas accumulation and availability, and this trend is
gimilar in its lower limits to the top of the Onondaga. This fact as
mentioned above may relate to the genesis of the fractures,
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The strike of structure on the top of the Devonian is the samse
as that on the basement magnetic survey map and thus relates to the
same production and decline trends: first five years cumulative
production, initial pressure being related to strike and initial
pressure and production decline l-2 years related to dip. These
relationships suggest the Devonian shale top structure is related
to free gas accumulation and availability.

Initial gas pressure it may be noted is related to all the geo-
logic maps, suggesting that these different geological parameters
may each play a role in accumulation and availability.

The highest degree of production relationships is seen with the
- top of the Onondaga limestone. Second is the fracture facies main
trend, which in turn relates to the Onondaga,

The highest degree of production decline correlation is seen with
the bottom of the Huron and clese to it, which suggests that the
structure at the base of the producing Devonian shales is somehow
influencing permeability, Differential compaction, and variations
in silt and organic content could be related factors in palecenviron-
ment., Also the fact the permeability, as reflected in decline curves,
is related to strike on the bottom of the Huron, sugzests that perme=-
ability differences may occur along strike onlap of beds onto the
craton during the time of deposition. These various suggested rela-
tionships point to the importance of studying palecenvironments of
these stratigraphic units in projecting gas resources,

Application of this typé of analysis and sugzested relation-
ships will be tested on the Eastern Kentucky Cas Field, which is
presently under study,

ACKNOWLEDGMENT

The authors wish to acknowledge the assistance of Dana Bumner
in computer programming and curve equation development and analysis;
E, B. Nuckols III for the collection of preduction data and the maps
contoured on the Base of the Huron and Top of the Onondagza; and the
companies which cooperated in sharing well information: Columbia
Gas Transmission Corporation, Charleston, West Virginia; Cities
Service Company, Charleston, West Virginia; Consolidated Gas Supply
Corporation, Clarksburg, West Virginia, :

This work was performed under Department of Energy Contract
number EY-76-C~05-5194,

REFERENCES

Arps, J.J., 1944, Analysis of Decline Curves, Petroleum Technology,
September, pp. 126-135,

G=-4/6



LLE THINARA & H VR AT ART R R 3 T HE Fildliol 181 o Dt g eatte S b Tttt Lo a

BN

]

val

Bagnall, W.,D., and Ryan, W.M., 1976, The Geology, Reserves, and
Production Characteristics of the Devonian Shale in South-
western West Virginia, in Devonian Shale Production and
Potential, MERC/SP-76/2, ERDA Morgantown Energy Kesearch
Center, Morgantown, West Virginia, 26505,

Campbell, J.,M., 1973, Decline Curve Curve inalysis, Chapter 9 in
Petroleum Reservoir Property Evaluation, published by John
nggbell, 121 Collier Drive, Norman, Oklahoma, 73069, pp.
204-233. '

de Wys, J. Negus, and BR.C. Shumaker, 1977, Pilot Study of Gas
Production Analysis Methods Applied to Cottageville Field,
West Virginia University, Geology Department, Morgantown
Energzy Research Center Publication.

Erwin, BR.B., Woodfork, L.D.,, Patchen, D.G., Larese, R,E,, Renton, J,J.,
Behling, M.C., Schwietering, J.F., Neal, D.W., Vinopal, R.J.,
Duffield, S.L., (1976) Characterization of the Devonian Shales,

Foster, John C., 1977, A new gas supply - Devonian shales, The 0il
and Gas Journal, January 3, pp. 100-101,

Larese, R,E,, and M.T, Heald, 1977, Petrography of selected Devonizan
shale core samples from the CGTC 20403 and CGSC 11940 wells,
Lincoln and Jackson Counties, West Virginia, MERC/CR-77/6.

Marten, P., and Nuckols, E.B., 1976, Geolozy and oil and gas occur-
rence in the Devonian shales: northern West Virginia, in
Devonian shale production and potential: Proceedings of the
7th Applachian Petroleum Geology Symposium, MERC/SP-76/2, ERDA,
Horgantown, W. Va., p. 20-40,

Patchen, Douglas G. and Larese, R.E,, 1976, Stratizraphy and Petro-
logy of the Devonian “Brown® Shale in West Virginia in Devonian
Shale Production and Potential, edited by R,C. Shumaker and
W.X, Overbey, Jr., MERC/SP-76-2, ERDA Morgantown Enerzy Research
Center, Morgantown, W, Virginia 26505,

Patchen, Douglas G., 1977, Subsurface Stratigraphy and Gas Production
of the Devonian Shales in West Virginie, ERDA Morgantown Energy
Research Center, Morgantown, W. Virginia 26505, MERC/CR-77/5.

Rodgxus, John, 1971 Evolution of Thought on Structure of Middle and
Southern Appalachians: Second Paper, in Appzlachian Structures
Origin Evecluticn, and Possible Potential for New Exploration
Prontiers, A Seminar, W, Va, Univ, and W, Va, Geological and
Economic Survey, 1972.

Science Applications, Inc., 1977, A Spacial Publication on Enhanced
Gas Recovery from Shales, MERC/SP-77/3.

Gt/ 7



Selin, M.A., 1976, Methods ofReserve Estimation, presented at De-
vonian Symposium 1976 in Morgantown, W, Virginia, Author with
H.J. Gruy Assocliates, 2501 Cedar Spring Rd., Dallas, Texas
75201.

Weaver, O0.,D., Calvert, W,L., McQuire, W.H., 1972, Gas and Oil pet-
ential of Appalachian basin, 0il and Gas Journal, January.

Wheelgg%GB.L., Shumaker, B.C,, Woodfork, L.D., snd Overbey, W.X., Jr,,

G-4/8



o
° J / / _\1°°
°° E-mh-—-ﬂ 3 | ~ / -~

o S 6N . Z
r o® /

10 20 A S v

7/ -

/ W
N s s AW _
o - /) °°/ ! {“COTTAGEVILLE = _-~
o° o° // o FIELD =" \e¢
e p —
/ =7 7o)

/ P ~
/ - / //
A ; Q/Q - -~

) / -_— - /
-—
/ — - -
. - /-—--?O // \ -t
: S - / 000)/ -
/ el , - _ »de Nys/Shumaker, 1977

FIGURE | - C(Cottageville Field Setting in Relationship to Baserent Structures and Magnetic intensity Lantours.

i _~ —
MasonlJscksan
Cauaty.Cauaty

P

LI 3 +
Kiloameoters

de Wys/Shumaker 1977

FIGURE 2 - Structure Contours on the Bottom of the Huron Shales. Cantour Intervai= 25 fr.After E.B.Nuchols,1977.

G-4/9



1
Mnou\Ja:h EX L]
Caunty.Couaty

. ” S8 s

'WK e . 3

S PR o AL, Tt

S T e B T e
g DT A, gz Ry 2

S S ik BN - ity o)

- Lo e Al % P g P T .

% TN~ oy e T L ;g%
PRt o L e, -nsa«'- ArYE R Py
B T e

SRR E- g2 S

Milee
]

eIty

. 3 .
Kilomesors
de Wys/Shumaker, 1977

FIGURE 3 - Structure Contours on Top of the Onondaga. Contour interval= 25 fr. Mew Wellss(N). Weils compared to
computes curvess(P). After E.8.Nuckols, 1977,

1

Mason\Jackson
Caunty,County

. .

° . s ’
Kilometors

de Wys/Shumaker,1977

G-4/10




Vit wn

I T

k"li:i%r;#;’#

e

N

"

L L B IRy R ko et 2 A RGO MR s R N i

B T R TR T Y 4 L T RO

R

T mea—e

Masen|Jackson
County County

7

P

. . 3 ‘
Kilemetors

de Wys/Shumaker,1977

Miles
3

FIGURE S - Isocontours of Highast Annual Production (ist or 2nd year production). Contour lInterval» 20MMcf/yr.

T

MasonlJachsan
Couwnty Cawnty

|

\

.
* lilo-’o'oll

de Wys/Shumaker,1977

FICURZ 4 - isocontours of Total Accumulated Production. Contour Interval= 100MMcf

G-4/11




]

M-:-n\Jactson
County Couaty

\
‘.

£

.y

. ) 1
Kilemorteors

de Wys/Shumaker, 1977
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