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A3STRACT

The M dway-Extra Field produces fromthe Lower Hursn
Shal e (Brown shale) Menmber of taie Chio Shale wi-h an. zver-
age reserve of 434 miilion cubic feet per well. The tctal
average thickness of the zrown shzle is 200 feet, thick-
ening to the east with a | 0ss o total radioactive inter-

sity. Commercial productionis limted to a narrcw banc o7

hY4

fractured shales With open porosity located in the Synclinz:

portion of the field. & Series of structural and open flocw

maps w~ith cross s2ctisns indicate production trends and

)]

ograns ar

b

future areas to-exploreExpanded drilling o
urderway due to the low risks involved ard hignh ratz of Ye-

-turn on investmants (16.5%).
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| NTRODUCTI ON

The shortages of natural zas during the winter of
1977-78 have enphasi zed the naticn's dwindlinz gas reserves,
Recent public attention has been focused on the develsp-
ment of the Devonian shale reserves to suoclementoursnarzy
nsads. Wile many factors affecs reserve figures, rscoverabis
reserves of the shales are larzely dependent upon the monetary
value of the gas to the consumer, Gas vzluzd to the zro-
ducer at $3/MCF at the well head is becoming @ realistic
near-term cost fisure., This increase would Ttoost total currsn:
recoverabl e reserves of the shale', based at 31.75/iCF, frox
under 8 %rillion cubic feet to 15 trillicn CubiC feet for th=
Arpalachian basin (Kuuskraa, et al, 1973;. Commercial
Devonian Brownshal= production i N ¥West Virginia IS cur-
rently limted to the md-western and southwastern nscriicn
of the state, Until recently, the geology oI ths Davanian
shal es has been given relatively little study, although
as early as the 1930's, Brown shal e producticn Was Xnown
to be related to-fracture porcsity (Lafferty, 1933).

Until recent years, well locations were based c» available
acreage and on enpirical procucticn trends with many wells

The general purvose of this study is to relate the

geolozy of a Devoni an Brown shale fiesild (Midway-Extra) to

t he production trends in and outside the field, The spe-
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cific objectives of this study are tor

Fpeme

: (1) Describe the historical devel opnent of the Midway-
' Extra Field.

(2) Describe the stratigraphy and structure of the
field.

(3) Analyze well and production data and dsvslco an
exploration nethod to predict future shale wproduc-
tion in and outside of the field,

() Review the economics of drillirng and complieting
a typical shale well fromthe viewpoint of the in-
depsndent gas producer anc to analyze the imolica-
tions of this review to the consuner,

The M dway-Extra Field (figure t) was selected for
this study because of the witer's working experiencs within
the field which has proven to 'be important in esvaluatinz
wel | records and interpreting production data, The study
was limted to the data available to the independent pro-
ducers, such as: well records, production data, and wire--
Line logs. Subsurface mapping wzs based on radioactive
iogs and well record data, as reported to the Stat; cf wWest
Virginia, Wre-line logs fromthirty-six weils (figure z)
were used in the study and included gamma-ray, density,
end gas entry {temperature and noi se detection) |ogs.
Cumulative production records, by year, for 71 wells within
the study area were furni shed by Devon Corporation (figurs

3). A Hewlett-Packard $830A calculatar with MASS memory
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FIGURE 2
AVAI LABLE WIRE-LINE LOG DATA
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FIGURE 3
WELLS WTH aAvatLa3LE PRODUCTI ON DATA
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by Union G| and Gas, |ncorporated.
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LOCATION

Located in Putnam County, West virginia, the widway-
EIxtra *ield is defined by a band of 99 zas wells producins
primarily from the Devonian Brown shales, The field as
outlined on th: Jil and Gas Fields Hap of West Virginia
(Cardwell, et al, 1976) bezins inN Teays Valley District,

south of the Kanawha River, and extends in a northeas®

diraction iNto 3uffalo and Union Dissricts (figurs &),
Midway-Extra is approximately 12 miles long and 43 miles

wide, and has a total of 34,560 acres tasted for 3rown

shale production, of which only 14,300 acres are oroducing,

el i P B v,
VI L OPIASIFEAIIPIE TR AR, &£ JRETERCY TSI SEN S S SR

VWalls used in the study with their rescective State germit
Wells without state permlt

nunbers are shown in figure &,

numbers are ‘desigrated With an » or D »refix.
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- INDEX MAP WITH PRESENT FIELD LIMITS
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H STORI CAL DEVELOPMENT

The first well in the study zrs=a to be conpleted
in the Devonian Brown shale was drilled in 1947 by Tezves
¢il and Gas,Inc., PUT-372-P, the Vintroux Heirs, The re-
ported open flow after shot was 150,000 cubic fes® per
day. The well was abandoned in 1975, when troduction
ceased due to ceterioratirg well-bore conditions and tre
influx ¢f water, V. C. Snith, Manacement drilled. an
Oriskany Sandstone test, PUT-391 (vCS #1) , in1948, ap-
proximately one mle south of the town of Midway, West
vi -~ginia, The reported natural oten flow was 150. 00C cusiz
feet per day. After shootirg the Oriskany Sandstone, 1lowe:
Brown shale, and mddle Brown shale sections of the Dsvonian,
the oven flow was 924,00 cubic feet per day, \Wen liner
and =ubing were run just through the Brown shales in 1973,
there was lit*le or no change in well produstion, This
i ndi cates that primary production from this well is fre=
t12 Brown shale, In 1949, v, C, Smith, Management com-
pletad the vcS $2, PUT-400, throush the lower Brown sghale
as an offséet to the vcS #1. The Open flow, -after shoo ting,

was (i ven as 313,000 cubic feet per day,

& the 104 yells drilled within <he produci ng marsin
of the field, 51 percent were drilled fromthe period 1%:7
to 1952 (figure 5), This d4rilling completed the southwez:

norsion or Midway section of <the field (figure &), @rom

WL e T P SR ST AR . 5 N
AP OS5 S IRATP- Gy o e-Cye Tl S RIS
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FI GURE 6
DEVELOPMENT OF THE FIELD
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1953 through 1961, drilling concentrated in the northern
section of the fieid (Extra section), For a ten-year
period, 1962 through 1971, drilling ceased in the field
because of the availability of gas fromthe nore prolific
Newburg and Oriskany Sandstone discoveries and because of
the availability of |ess expensivé interstate gas. Thirty
wells were conpleted in the six year period, 1972 throuzh
1977 (figures 5 and 6). Current drilling activity is
concentrating in the Ixtra section of the field With 4o
devel opnent and step-out wells expected to be conpleted by
the end of 1978 {figure 7).

Factors which have influenced the current drilling
activity are: (1) increases in intra-state gas pr.ces,
(2)the potential |ong-range reserves at lecw drilling and
operating costs, (3)the |ow geological risks involved,

(&) access to existing pipelines, and (5) competitive

| easi ng action by operators.
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FIGURE 7
DRILLING ACTIVITY IN 1978
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STRATI GRAPHY

The Devonian shale of this study is considered to

be that shale found bstweenthe Oriondasz Li mest one

{ 'q

(Middle Devoni an) and the Berea Sandstone (basal Missis-
Si ppi an).

The Devoni an Brown shales as referred to throughous
+his paper formonly a small part of the total Devonian
shale section. They are those zoaes Of hizhly radinactiva,
| ow-density shales found within the mddle psrtions of th=
Devonian shales, zarnd are equivalent t0 the Lower Huron
Shal e Kember of the Ohio Shal e (Patchan, 1978). Fizure 2
iS a Cross section *hrough western West Virginia (Martin
2nd Nuckols,1975 ) which shows the stratigrapric relation-
ship of the shales to the interbedded sands, silts, ard
shal es of the east-central portion of the state. The Devonizg
brown shales, 2zores | and Il of Martin and Nuckols {1975),
ere equivalent to zhe Brown shale intervals studied and ars
Upper Devonian in age (figure 8). The Brown shales are
easily correlated in western West Virginia, but eastward, za
western Cal houn County, they begin to interiingsr With a pre
domi nate gray shale facies and correlations are tenuous. The
t hi ckness of tre tot21 Devoni an shzle section ranges from
| ess than 1200 feet {figure 9) in theextremewestern
counties of the state to over 3200 feet irn €astern Xanawha

County (Bzgnall 2nd Ryan, 197%). The entire Devonian shale
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section changes facieseastward,gensrally becom ng nore
coarse in grain size. The regional thiciness of the Brown
shales is difficult to determ ne east of the study area as
the organic shales rapidly change to interbedded grayshalzss
and silts. The limted area of this study excludes mos?

of these regional stratigraphic problems,

The Brown shales are well defined on radiation log:
and drillers can readily select these shales sc that driil-
ers'logs are qu2ite reliable, The ercwn shale zone Is
picked from radiation |logs (figure t0) by a contrasting
increase in the gamma-ray count ancda decrease in the bulik
density, The Brown shal es have gamma-ray counts of over
200 APl units, and are generally 40-30 APl units greater
than the gamma-ray counts of the shales and silty shales
above and below, Bulk density for the Brown shales ransz s
from2.65 to less than 2.5 grams per cubic centimater de-
pendi ng primarily upon the kerogen content, hydrocarbon
concentration, and the degree of fracturing. The shad :s
of brown color inparted to the shales are due to the vary-
ing degrees of organic, hydrccarbon, and kerogsn conient.
The colors vary fromlight brown to »lack,

The Brovn shal es range fromless that! 375feet in
the eastern part of the study area tc over475feet in the
northeastern part (figure i1), The percent of 3rown shale;
(net percent) to tectal thickness of the interval as des-

fined by drillers'lozs, varies froam 45 percent in the east



7
w 3
L m
b K
o ;
41#« s ,,
5 4
it .
4 i
i ” .‘m
&
k - B N . . - PN 3
. i i , : ) 3 A > . aty J.\X.,..
=t Lty O P A T b
3 ’ PR . R TET I O A
. ;
0 i m

.

bn ..i;; ir.\% _\/r.},

[

IEEAT A I ‘

\ :_ R \.w\ " . ]
: \.,..f;).x«r Z:)\(r ~. ‘x‘r‘i _)? ‘ ]
v../}xl r ..

$<> ! | /@ of

rﬁ\. A, 4\1 |

e e Bm i w e o
I
s

TY iCG Q

- il iRl
TH® DEVONIAN

M £SO

VALEANRPLE)

.
1

:A-RAY/DcSSI

KN

ciEawr
GANN

TYPE

R

s s

PIGURE 10

e
PR ¥ I

M S ot - - -

s e T T R e e T L Tt




Vo e

FIGUEE 11

LOWER HURON ISOPACH MAP
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to over 75 percent in the western portions of the study
area. Mst of the observed thickening is fourd in the upter
two-thirds of the section between lines 7 and j offigure
12, The Brown shal e zones are generally considered to be
associated With periods of relatively |lower rates of c<lastic
sedinentatior., wheresas. the intsrtédded zray shales ars: as-
sociated W th periods of higner rates of clastic sedimanta-
tion. This is illustrated iN figure 13 @S the unitbvetwasen
the correlation line:; 3 and &4 of the cross-section.

Gillers' 1logs indicate that the shales grads from
a thin, dark, kerogen-rich (high API gamma-ray count) arez
in the west to a thick gray shale in the eastern ssciion,
In the cross-section (figure 14) the facies chanze i S noted
by the decreased gamma-ray intensity in the Brownshalas
towards the east. Cable tool records alsoc indicate <hsz
facies change by reporting the lower two 3rcwn shal e zonss
in the east (lines 1 to 3 and 4 to 5, figure 12) as one zon:z
inthe west (lines 1 to 5, figure 12). As indicated, the zraj
shales {lines 6 to 7, figurel2) are associated with *thickenszz
intervals for approximately the sams period of time, thus
indicating a more rapid rate of sedinmentation. The rate
of sedinmentation as indicated by facies and “hickness
figures is comparitively uniformin the north-south zirze-
tion, but there avrears %o be a slight thickenirg =o ths
south (figure 13).

A conpilation of all the crillers” lozs (figure 12)

-



B T S L L R SR P

i1

S' R N B R AL NP At e N A M .5 i < TN T
' PR B S

FIGURE 12

EAST

/ o u\" M

i
A, Vg v

///

1
A pand s

LU VPR T 1)

I

peefa fep issd

Vo
\ ‘(jf‘ y
. J o < O [a -
-1 7
s
od i
b <+
7 <
<

SaL ot
PR CE S AL



2
Lo Al N

4\; ‘./";.‘:‘J..«.‘ b L i e AR e, SR 0 e b i it A LS i
r’
i
’ FI GURE 13
“m - . ~ —
I by o & N ¢ w» = " . A
5 /‘ . n A ’\ . ‘\ '.\ I\? A K \,\“\{.'\ i s ¥
e L Al s . N e ~ AN )
o) "Iuv ""‘"W"—‘-\-«W’\-’ui‘ R '!\J‘V‘N,\‘ ’ \“"\ﬁ, - ‘,\,\.’ “-7 i ‘~_'. . ! “*\.\‘/[ - ' “.\\/-l, .,
[%2] | { i ; . .
! {
;
i

[Ty
————
—
T ——
—
——
——
1

S rm———

E\‘

T e—
TTrr——
————

T ——

SH,’ iyr

i

RRRLA duE.

i A }
: !
3 1
o | N
i i : | . )
3 i | ! ; ! ‘ | :
] . I
E%S‘Ww /\/\I\/&/\flu\f/\/‘\\ “’\MﬁWW‘\/\ J \/\‘\j\ﬂ,(“v J‘IA'\J f \/\\ l/ : )
.J |: ! - i | ,l v } ‘ NV
) ; |
) ‘ ‘ ! ! {
‘! | \ ! 'l |
i | | | .
l +
3 :(\‘\J'\ . ‘1 &\ ,‘A"\ § J}I n J"\J“ | 3
: H ! i oAl AR i
f;—ﬁk-«m\_‘,‘_.,f\'—-ﬁv\,/r"«~~¢ ' ;’4‘/ }‘” A /‘\ A ./" \_A__“. il\“‘.w, Vo s ,1‘ ‘\,‘r,lv ' { \'; "’ — \l
N H ; :
i - l \ . ‘ \ \
J: l‘ fa \‘ \ "‘ Ky A _;.a\\! ) 4
3 . " Toi §orte " .
3| SOV \’W/ M\uﬂ.«../‘@..,m{"-N_/,»f" e AW
il [ ‘ i Y ! {
i ' : i -
5 ’l / | ! | : / :
| I 1,0 / / o llv« "
i /\‘\ ) . - el 4 n
y ’ { ~ [ -t lu~\ s o "\ i 1 i
x‘!‘\"ﬂf\"‘w"‘“‘l"'“w'\/ ~ f\lvl" ! J-"“ i ,LwJ\foNJ’\,\,‘"L' e n"’[ t“\pll ""*JJ ‘/ N ”J d ~od
gl o ' i - -
ol : 3 o \‘; N 9 “ A ~ o o
o
=z
g -

’,,.».a



(oY
~N
7. 0 S st B o Bt
A S,
WL.\(.r\,_..\(f\_.r
o
K
Y ' "o
N : ~
\S.)L\rzi
= ||
i
] W >>4\.I>>>x
M —
i IT)
: —
P
.w AW
1

Ry

-
~ o n T ,\‘.M
_k?\.:r))s,v»’\m.\«\\u.)\__..\\ QE
‘ oo |

. Lo "y

v de cre :\u\l\s\m& ¢\.\.\~‘.

K \\

4

oy f
».Tf:. _

L

LY

W g%

A Ot AT~

WEST

PO 0 LR N B S
.\.

w..\/\\‘.._(f\?_.\\ .\-.,\(\\C ‘\\.&v

1 LY M

_Q(T‘V\)L\~ll\y gty -

LA

(1A

o on dnertt -

o

~ O e

I

e

|

,
!
|

\\.(\‘.. e e -\ \. .2
. _ P L a |
r?“..( AR \ﬂn@ r\.?\w
- ;
4 .-
A ‘i

|
/{(}Jﬂ)\__’r.\(\(\

BROWN SHALE (G

IR S« B+
7 3

1

'

AL~ AA

g
— _.
|
|

¥
é .
3 —
\\
§$-SECTION

o
-

-

WMtk A M

R L T R At B

T ———
-
EQUENCE OF CRe

STRATIGRAPHIC S

vu

Hoe o

- Y 1
R N . A
i a!g:.» n.!m%.i?-uuvﬂs‘%ﬁ?%a%& v

o~



i

DT ARG Jh A SENOE P P M-I U0 -

PIGURE 15

" CORKELATION OF GAS SHOWS
WITH DRILLERS' LOGS

—

200 —

< e s S s RS e o

"TL«mﬁ

[’ 2N~

EX AN ) NS

SHOWS

Kaiise b qhmd.gi ..I’ “!
"“ft—-v—wwwn §

BASE OF 3ROWMN SHA

2L
OP OF BROWN_SHALE

.
3Y DRILLERS L1235

NO. OF SHOWS

CORRELATED 7O
TAE BROWHM

TOP OF
SHALE

4



e e

~

PRSP F e -~ e 3 - -~ . - Tomm e mEe

A%}
(RN

indicates that the greatest frequency of gas shows occurs
in the top and middl e portiors of the Brcwn shale, Gas
entry logs (tenperature iozs and sidbilation logs) show traz
gas entry generally cones from zones of |ow density and

hi gh gamma-ray count which occur predomnately ir. thesc:
aad in the lower sections of the Brovn shales. #all-fc-w:in
correlation is difficult in older wells that have such ls:z=

of the lover sensitivity of the older logging tools, Fecin:

logging in the eastern sscticrns of the field, using icpros:d
techni ques, indicates that shows may be correlated »y stra-
tigraphic i nterval fromwell to weil, Figurs 16 shows £33
entry points based on 11 sonic gas-detection logs, Thess

are shown as a gamma-ray |og which represents ths 1% wa.ls

w
o]
‘3
Q.
-

Shows are nost nunerous between correlztion lines
Cl oser exam nation reveals that the entry pcints zre svread
across a "hot" shale and a shals Streak just bznezth, FPos-
sible correlation errors beiween entry point and gamma-ra,

count make it di £ficult to pinpoint the gas-bearing zon=,

It is possidle thaz zas entry nay occur at the sharp contzat
between the two shales, or froma nore porous zonesdirectl;

above the contacs,

1V

There is =z defini<e correlation Sstwsen production

and the stratigraphy wi®hin the Devonian shale, Mot =

e

1L
s

ot

are the Brown shales (Huronshales) themostproduciive,

but specific low-density, high-organic zones within thass
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shales are the nost productive, *nile there is not a

preci se one-to-cne correlation between stratigraphy and

shows fromwell to well, there is clearly a tendency for

shows to correlate by stratigraphic position.
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STRUCTURE

FPigure 17 is a map showing the fold axes of souther
West Virginia modified from the West Virginia Jeologic and

Economic Survey map (Cardwell, et al, 1976), The dominan?®

structural feature in the study area is the Midway anti-

5 E

¢lire, The anticline can be traced in the subsurfacs fror.

Q
$
!
3
N
ct
(]
[
<
=2
On
o

Kentucky into the study area, striking aporoxi

and plunging ﬁorthea tward into the Appalachian basin,
The northeastward extert is unknown,buf i% is no% shewn to
continue on any opuhlished map,

Separating the Midway and Extra sections of the fiald
is a low relief anticline which strikes N10-15°E, This
structure intersects ths Midway anticlire in the canter of
the study area (figure 18), Structural relisf of the Midway
Antiéline is greatest in the southwest portiosn of ths study
area, particularly on the south flank, This relief is
sharply reduced where the two structures merge, The struc-
fural features observed are probably due to deeply buried
basement faults aséociated with the Cambrian Age Rome Trough
(Shumaker, 1978a).

Where well control is aburdant, the structure as
mapped on *he base of the Brown shale correlates wall wish
that on the Berea Sandstone, Thg Berea structure (figure 13)
is more subdued than the Brown shale structure (Figure 1?;;

The predominate structural feztures persist upward ints
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the Mississippian where the Midway Anticline can be mapped
on top of the Greenbrier Limestone,

The study area lies above the deeply buried Rome
Trough, and the Midway-Extra structure is considered to be
related to basement faulting, Even though the major base-
ment deformation forming the Rome Trough occurred during
the Cambrian, it is now realized that these faults were
intermittently active during the Paleozoic, and that they
were active growth faults that affected sedimentation,
Structural offsets of the basement occurred throughout the
time of Brown shale sedimentation causing the observed

thickening and facies changes of the shale to the east,
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PRODUCTON

Commercial production from the Devonian shale is
generally considered to be a function of the gquantity of
open fractures which intersect the well bore. Production
from the Brown shales ,in the study area should be related
10 fractures. Therefore, the more intense or open these
intersecting fractures are, the greater the production
potential, providing there is no well-bore damage. As
indicated in the discussion of stratigraphy, certain high
organic zones within the Brown shale zones 2re more pro-

ductive. If the production is strictly related to strati-

grapny , it should be similar to stratigraphic traps, or
production should be on the crest of structures if the

z porosity is a blanket type.

| Tostudy the three-dimensionzl! aspect of the produc-
tion, an isopotential map (fizure 20) was prepared based
on the initial open flows reported after gtimulation. The
commercial production in the Midway portion of tne field
follows the trend of the northwest fiank of the structure
# extending six miles lcng and less than two miles wide.

| The production in the Extra portion of the field is not as
sharply defined. Seemingly, the production of the field

5. is separated by the north-south trending structural high

(compare figures 19 and 20). A series of exaggerated

cross-gections (figure 21) was prepared with a cross-section
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FIGURE 21
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of the isorotential map superimposed. (figure 22). The pro-
ductionisstructurally related, as it sharply increases
in the same structural position On each cross-section.
There are N0 noticeable strati graphi ¢ changes in the region
of higher production, so it is assumedthat the porosity
is a fracture porosity. The highest oroduction povantial,
and thus, the nost intense fracturing, is located on the
west flank of the Mdway anticline, just east of the axis
of the syncline (see J-J', figure 22). The production al so
increases slightly along the east flank of the structure
(see HH, figure 22), but there is noappreciabl e produc-
tion associated with the crest of the wicway anticline.
As indicated,the rel ationship is best seen in the Midway
sectionof the study area where producticn fcllows the yest
flank of the Mdway anticline. However, rote that the
i sopotential lines turnto the north at the intersection
of the north-trending structure and they follow the west
flank and, to some degree, the crest of the high. The
Extrasection of the field does not show this relationship
asclearly as the Midway section, This may relate to |ess
wel | control in the Extra section,, Current drilling jnp
the Extra area nmay prove that shale praduction IS highest
on the lower flank of the Mdway anticline.

The origin of the porosity atthis position ca the
structure IS not certain, However, production i s protaxly

a function of localporosity caused either »y the deveicp-
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ment of a unique lccal fracture system or by the opening
or intensification of the regional fracture pattern in the
Brown shale, Whatever the origin of these fractures, the
production fits well with the concept of the development
of a porous fracture facies within the shale (Shumaker,
1978b).

The thinnine of the Brown shale (figure 11)over the
Midway-Extra field suggests zrowth of the structure during
Late Devonian time. Structural trends are similar to the
basement structures mapped by Shumaker (1978b). These facts
indicate that structure in the Lower Huron in the study area
is probably related to basement structure, The regicnal
fracture system has been ncted ©o change across tne Rome
Trough (Kulander and Dean, 1978), The porosity may relate
to a regional fracture system or to more intense local
fracturing, Furthur work is required to deiins which is
correct,

The combina*ion cf structural and isopoteniial maps is
a valuvable exploration method to predict trends and future
well lccations in the Brown shale for this study area. The
highest oroduction potertial is adiacent to the synclinal
trough whew2 3in Ig¢ high, Areas fitting these criteria
would include bcth flanks of the Midway anticline in the
westarn portion of the Extra secticn and an extension of

the present production trend along the western flank of the

Midway anticline in the Midway section of the field.
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WSLL COMFLETION

All producing Brown shale wells in the field drilled
before 1977 were shot, after drilling to total depth, gen-
erally with 63C0 pounds of explosives (ten pounds of ex-
pl osives per foot). The type of exolosive varied from 80%
gelatinated nitroglycerin to a mxture of ammeornium nitrate
and fuel oil. After cleaning out the shot to total depth,
a slotted liner covering the section was usually run in
the well to keen the well bore open, Tudinz Was then run
to facilitate fluid renoval.

The initial open flow artsr shooting 81 wells within
the field (Table I) indicates that wells with initial open
flows greater than 100,600 cubic feet per day were not as
significantly affected, Indeed, expiosivs stinulation can
damage the formation, which nay result in a |oss of produc-
tion,

A new met hod of shooting called "gaseous fraz" has
been deval oped to achieve greater induced fracture penestra-
tion than the conventional 80% gel shots, mthis process,
a shaped charge, simlar tc a perforation jet, is detonated
to initiate fracture. Several mcroseconds |later, a high
-velocity charge is detonated which causes high pressure
gases to propogate the fracture, A test shot was conducted
on a shale outcrop by Basin Surveys in 1978 resulting in
penetration of 12to 14 feet by the shaped charge. Preiim-

irary results indicate that the gaseous frac i S eguivalznt

P
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to convential gel shots in stinulating the Brown shale.
If so, then no advantage would be realized in using the
mor e expensi ve gaseous Irac.

Hydraulic fracturing is proving to oe an efficient
means to stimulate Brown srals production. Devon Corporation
successfully water-fractured the Brown shale in the Midway-
Extra field (PUT-847, C. Higginbotham #862), The initial
open flow was 15,000 cubic feet per day at total depth, and
after frac, the well gauged332,000 cubic feet per day,

Wells driiled in the Extra section of the field in 1978 have
shown that those wells which were fractured had cpen flows
significantly greater than those wells which were shot,

The wells conpleted by fracturing have not been "on lin="

| ong enough to compare With wells completed by -shootirz,

The increase in cunmul ative production of fractured wells

may surpass the 17-46% increase over shot wells as reported
by Ray (1976). This increase probably reflects inprovenent
in fracture technology since the tine cf Ray's original

anal ysis.
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RISERVES

Calculzting ultimate recoverable reserves for the Brown
shal e has generally been based or. enpirical extrapolation O
the rate Of production to the econom c iife of zhe well or to
the economic producticm rate limit. The economic life of the
well is that point in time where costofwork-over grograc
is not justifi=d by the expected increased producticn after
workover. For the pursose of this caver, a well. life of
Lo years will be used for calculating reserves. The =zccnomic
iimt of the production rate is the vroduztion rate which
will pay for the operation of the well, Trislimit is gov-
erned by the market price of the gas and the cost of the
services to produce the well. Such services includs well
maintainance, chart reading, overhead axpenses,current
liability for the well, salvage value, etc. The ecoromic
limt has drovoed because the field market price has risen,
For the purpose of =nis study, the economic limt wll o=
set at a conservatiwve figure of 7,030 cubic feet var day,

A hyberbolicdecline curve, was used to calculate re-
serves usingthe Sinplex nethod of optimization ( Deming
and Morgan, 1972), The hyperbolic decline rate is pronor-
tional to afractional power of the production ratzas givan
by the eguation:

gt = ci x (1 + nxdi x t) "/m) (1)

where gt = production rate at time t; gi = ini<ial produc-

t

tion rate; n = fractional exponent; and di initial desclins

e
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rate. Sinplex was set to mnimze the sumof the deviations
fromthe actual production rate mnus the caiculated pro-
duction rate, Cunulative production (at) for a given tim=
was cal cul ated by the equati on!

. (1=n) _ qt(]-n)) (2}

Q: = (qi"/(1-n)di) x (qi
where qt was de termined by equati.cn (1),

Figure 23 shows the production decline zurve for an
average of 39 wells within the field, Cummulative produc-
tion for 40 years (350 days per year) 1S L434%,003,000cubic
feet wth the rate at the toth year, 20,000 cubic feet per
day. Using this decline, atthe end of 150 years, the aver-
age Wwell in the field will be producing over 12,000 cutic
feet per day with a cunulative production of over
1,000,000,000 cubic feet, It is douvtful if this would sver
be reached because (1) the nature of the hyperbelic decline
tends to over estimate towards the end of production,

(2) the well bore would not physically last 150 years, and
(3) fluid encroachment would drovm out production,

The average well spacing for the field is 160 acres
ner Wel | wrich is based on the area within the i Q0 0OCO cubiz
feet per day contour on the isopotential map (figure 20},
Reserves ver acre per well are calculated at 2,721,000 cubic
feet per acre-foot (Table I1).
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the Mississippian whare the Midway Anticiine can be napped
on top of the Greenbrier Li mestone,

The study a-ea lies above the deeoly buried Rome
Trough, and the M dway-Extra structure is considered to te
rel ated to basement faulting., Even though the major base-
ment deformati on forming <he Rome Trough occurred during
the Canbrian, it is now realized that these faults wers
intermttently active during the Palesozcic, and that they
were active growth faults that affected sedimentation,
Structural offsets of the basement occurred throughout e
time of Brown shal e sedimentation causing the observed

thickening and facies change; of the shale to the east,

L gAY
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Commer ci al production fromthe Devonian shale is
generally considered to be a function of the quantity of
open fractures which intersect the well bore. Froduction
fromthe Brown shales inthe study area shouid be rel ated
to fractures. Therefore, the nore intense cor cpen these
intersecting fractures are, the greater the rroduction
potential, providing there is no well-bore damage. As
indicated in the discussion of stratigraphy, certain nigh
organic zones W thin the3rown shale zones are nobre p-c-
dustive. if tre production is strictly related to strati-
graphy, it should be simlar tc stratigraphic traps, or
production should be on the crest of structures if the
porosity is a blanket type.

To study the three-dimensional aspect of the produc-
tion, an isopotential map (figure 20) was prepared based
on the initial open flows reported af:er stinulation. TIhe
commercial production in the Mdway portion of the field
follows the trend of the northwest flank of the structure
extending six mles long and less than two mles wide.

The production in the Extra zortion of the field is not as
sharply defined. Seemingly, the production of the field
I's separated by the north-south trending structural high
(compare figures 19 and 20). A series of exaggerated

cross-sections (figure 21) was vrepared Wth a crosz-secticn
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TABLE II
FIELD RESERVES

TOTAL NUMBER OF ACRES IN FIELD
AVERAGE ACRES PER WELL

AVERAGE RESERVEIS RECOVERA3LE PEZR WELL
RESERVES PER ACRE

AVERAGE BROWN SHALE INTERVAL

AVERAGE TOTAL THICKN=ZSS OF "BROWN" CSHAL

FESERVES PER NET FOOT

S
3
=



ECONQUIC POTENTIAL

Econom ¢ considerations are of paramounr® importance
in the evaluation of geolozic vrosvects oresentad to the
indi vidual or conpany financinz a. well. The cost valuszs

of any study are nDSt often ralated to the oressnt
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v
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conditions or to predicted econom Cc conditions, Thsss
values are different fromthe viewpoint of the independent
producer as comparzd to the ccnsumar, The indspend:znt
producer evaluates a prospect by using an econom c yard-
stick (payout tine, present worth, rate of return, etc.!.
The consumer evaluates the well in ternms sf reccverztle
reserves over a given amount of time,

For the oroducer, econom c eval uations are »zsed on
the cash flow generated by the productior schedule (sxpsctaz
production for a well per unit length of tims), For ths
purposes of this discussion, the production schedul e used
in the follow ng exanple is calculated fromthe declins
curve for the averaze Devoni an shals well In the Midway-
Extra Field, Private companies and investor.5 do not like
to disclose facts such as the price received for the zas,
their tax bracket, the anticipated rate of return oOn thzir
investment, or their investnent costs, Therefore, wiilzs
these data were generally available to the author, spscifics
of the data could not be published, For the purposes <f

this witing, general dbus realistic figures will bz us=d
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which do no% reflect any one conpany's or investor's
standards and goal s.

Tne assunptions made are that a Brownshalewell |S
drilled and conpleted to a depth of 4coo feet in 1978, and
that the field market price of the gas is $1.73/McF, The
initial investment for the well is $116,625 (Table 11 ).
Dependi ng upon the drilling and completion nethods to be
used, costs may vary from $70,000 to $150,000 or nore. &
production schedule for the average well i S given in Tasle
V. Colum (2} is the zverage rate (in thousand cubic
feet per day) that the we:> is expected to produce each
year and Columm (3)is trh= annual production tased cn3s
days per year. Actual oo: ation of the field has been an
average Of 114 days on-lin. production for the first year
and an average of 240 ¢ .ys on-line producticn ver year
thereafter. Until receatly, nmost of the wells in the field
were shut-in during th: summrer nonths when demand for pro-
duction is lew. Colum-(3)of Table V is the cash flow
generated per year based or a 31,75/McF field-market price
m nus 1/8 paid for royalt. and 8.63% paid for the West
Virginia Business and Cecipation Tax, The cost of producing
the well is estinated at 31,800 per y=zar which includes:
meter reading, normal field maintazinarce, overhead, etc,
Net operating incone, before Federal Ircoms Tax,0f3535,112
| S givenatthe bottom cf Celumr {5) of Table V (Coluun (3)

m nus operating expense of 31,807 per year).
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TABLE |11

| NI TI AL InNvESTMENT COSTS

INTANGIBLES

LABOR

IOCATION (CONSTRUCTION, PERMITS, ETC)

CONTRACT DRILLING 4000 ft, @ $9.25/ft.

DAY wWOoxK: 1 DAY 2 $3,000/DAY

SERVICE RIG 7 DAYS 23700/DAY

SERVI CES:
CEMENTING AND FLCAT EQUIPMENT
ELECTRI C LOGE NG (orsy HOLE)
TREATMENT COSTS ( FRACTURE)
PERFORATI NG AND caszp HOLE LOGE NG
TRUCKI NG AND D0z =2 WORK

OVERHEAD

CONTI NGENCY (5%)

SUBTOTAL

TANGIZLES

CASING AND TUBING:
9 5/8 " 200 ft. @ $10,24/ft,
7 * 2500 ft. @ 36.53/ft,
Lo1/2 = 4000 £t, @ 33,7L/f¢,
2 3/8 " Looo ft, @ 31,84/ft,
WELLHEAL ASSEMBLY, METER, ETZ.,

SUBTOTAL

TOTAL

BASI S OF =CONQOMIC ANALYSI S

GAS SALES vaLue = $1.75

WORKI NG INTEREST - ROYALTY(12,5%) = 87.5%
OVERHEAD COST3 = $1,800

MSC. TAXES = 0

B & 0 TAXES = 8.63%

| N\VESTMENT COSTS = -3116,625
TANG BLE COSTS = 842,775
INTANGIBLE COSTS = $73,850
SALVAGE VALUE = 0

FEDERAL 7ZNCOME TAX BRACKET = L48%
LIFE OF | NVESTMENT = 40 YEAERS

$ 2,050
16,325
14,960
7, 4U0

1,000

s 42,775

1§

$115,825

48
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FOR AYTRATEZ BROWN SHALT WELL

(3)

Yearly Production

29190
22532
19292
17283
15866
14791
13940
13241
12652

12748
11326
10980
10672
10388
10312
9898
9634
9431
9296
9124
8960
a306
8662
ab29
8400
8278
8162
8054
7948
7847
7752
7662
7570
7486
740¢€
7329
7252
7182
7112

- (4) .
(MCF) Cumulative QICF)

29190
51702
70994
88277
104143
118934
132874
146175
158757

1325628
193952
204932
215604
225992
236124
246022
255706
265187
274433
283507
292567
301373
310135
318564
326964
335242
343404
351458
359406
367253
37 53035
382667
393237
397723
405129
412458
413710
4268492
434004

w7
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NE
(1)

YEAR

1978
1979
1980
1981
1982
1383
1984
1985
1936
1937
1988
1939
1390
1991
1992
1993
1994
1995
1994
1937
1998
1999
2000
20401
2032
2303
2304
2305
2006
2007
2008
2009
2010
201l
2012
2013
2014
2015
2016
2017

40

[aal
ES

WORKING

(z)

MC /YR

29190
22512
19292
17233
15866
14791
139140
13241
12652
12148
11711
113254
19989
10672
10338
10132
9898
9684
9431
9296
9124
8960
8805
8662
8529
8400
8' 78

433944

TABLE V
INCOMZ BEFORE. FEDERAL INCOHW
(3) (&)
GROSS WORKING
| NTEREST
RIVENUE CVERHZAD
43697. 10 1800. 00
34471. 50 1800.90
29540. 80 1806.00
26464. 50 1800. ~0
24291. 80 1800.00Q
226438.70 1835, JO
21345. 60 18GC .00
20275. 20 1306.00
19373.30 1800. 00
18601. 60 1800. 00
17932. 40 180C.00
17342. 90 180,00
16813. 10 180 .00
16341. 53 1800.GC0
15906.60 1803.060
15514. 60 187 3.¢0
15156. 30 1855. 30
14328.60 1800. 00
14517. 70 100,09
14234. 50 1300.00
13971. 10 1800. 00
13720. 00 1800. 00
13484. 10 18C00. 09
13263. 60 1803. 00
13060. 00 1800.G0
12562. 50 1800. 00
12675. 60 1800 . QO
12498. 00 1800.00
12332. 60 18G9. 0
12170. 30 1809.00
12015.79 1800.00
11870. 23 1300.00
11732. 40 13070.00
11499. 50 1800.00
11462.99 18C2.00
11340. 40 1800. 00
11222. 50 1800.C0
11104. 60 1800.00
10997.40 1800.G0
10890. 20 18013. 00
664' 458. 00 72000.00

= TAY

{(5)

| NTEREST
BFIT

39039. 70
29696. 60
25191.40
22380.6¢C
203%8.10
12394.1¢C
17703.40
16725.40
15331. 30
15155.20
14523, 880
14046, 20
13562,10
13131.2¢C
12733. 50
12375. 60
12043 ,39
11743.50
11461. 80
11205.00
10365. 30
10735. 31:
10520.1¢C
10313. 90
10132.9u
9952. 40
9781. 60
9619. 40
9468. 20
9320. 00
9178. 70
9045. 80
8919.20
8707..0
8573. 60
8551.79
8453.5%0
3346. 20
6248. 30
815J.37

535112. 00

56

NET VORKI NG
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Taxabl e income (Column (6) of Table VI) is conputed
by substracting the net coverating cash flow before Federa
I nconme Tax from the sum of the intangible well =zosts
($73,850), the depreciation of the tangible inconme ($1,069,37
per year), and the depreciation allowance. The depreciation
allowance Was conputed by multiplying the net incone in
Colum (4) of Table VI by the appropriate depreciation
per cent age,

The net ca2sh flow after Federal |ncone Taxas IS given
in Colum (5) of Table VII. A cumulative cash flow (Column
(7)of Table VII) of $248,523is expected with all of the
initial investment returned in the seventh year of produc-
tion,

In order to accoun® for the length of tinme an invest-
ment has, cash flows are discounted. Discounting equates
money-on- hand to noney received during some point in tinmne,
Adollar to be received in 40 years is not worth a dollar
today, So, by discounting the dollar to be received, ths
two are conparable.. The net income sf the well after Federal
Taxes is discounted at a 16.5% rate and yields the dis-
counted cash flow inColum (5) of Table Vi1, The cumula-
tive present worth (Column (6) of Table VIII) at the end
of 40 years is $-132,54, The last ten years of oroduction
represent 17,14 of the total recoverable reserves, &but only
contribute 1% of the cumulative net cash flow,

Various criteria are used to rank investnents in tsrms



e - prpes P e - «e- - . D e e e e

52
TASLE VI
INCOME TAX SCHEDULZ

7385C.00

(1) (2} (3} (L) (5) (6) (7)
INTANGIBLE DEPRRTI- NET DEPRECIATION TAXABLE

Y2AR WELL COSTS ATION  INCOME ALLOWANCE INCOME FIT
1678 73850.00 1069.37 -35879.€0 0.00 0.00 £6.08
1979 0.00 1069.37 28627.2C 7583.73 21043.40 10100.¢g2
1580 0.00 1069.37 24122.00 5498.57 17623,00 g159.24
1981 0.00 1069.37 21311.20 5822.19 15489.00 7434.72
1682 0.00 1059.37 19328.70 4373.C5 14355.60 7178.£2
1923 0.09 1089.37 17821.70 3623.7¢ 14200.90 581% .42
1984 0.00 1069.37 26634.00 3201.84 12432.10 6147.40
1983 .00 1069.37 15656.00 3041.28 12814.7C £655.05
1586 0.03 1069.37 14831.90 2905.99 11923.90 5724.43
1987 .00 1669.37 14126.80 2790.24 11336.50 5441.537
15¢3 0.00 10469.37 15515.40 25689.856 10825.50 51¢5.24
1989 0.00 10693.37 12976.80 260L.43 103275.20 4980, 14
1359 0.00 1059.27 12492.70 2521.,96 8573.74 £4735.95
1931 0.00 1069.37 12061.80 2451.22 96130.58 4613.57
1932 0.00 1069.37 11664.40 2385.9¢ 9273.41 4453,82
1393 0.C0 1069.37 11306.20 2327,19 8979.01 4309.32
12364 0.00 1669.37 10978.90Q 2273,44 8705.43 4178.52
19395 0.00 10e9.37 10679.40 2224.29 8§1455.11 4453 .4
1996 0.00 1869.37 10395.40 2177.65 8217.75 3944,52
15¢7 0.00 1089.37 10136.60 2135.17 B0GCL.43 3g402.572
1368 3.00 1069.37 9895.93 2095.566 7800.27 3744.12
1999 0.00 1069.37 9666.52 2058.40¢0 7608.53 3252.0%
2000 0.00 1069.37 5451.023 2022.61 7428.42 295,54
2001 .09 1069.37 §245.53 1985.54 7259.99 3481 .7%
2002 .09 1069.37 9063.53 1959.00 7104.53 3110.17
2003 0.00 1069.27 8833.C3 1929,37 £953.€58 3337.75
2004 0.09 1069.27 8712,.23 1901, 34 £6810,89 3269, 22
2005 0.00 1069.37 €550.C3 1874.70 6975423 3204,15
2006 0.00 1059.37 8398.83 1849.885 5548, 94 143,49
2007 0.00 1063.37 £250.63 1325.54 5425.09 3084,04
200¢ ¢.00 1059.37 3109.33. 1802.35 6306.98 3627.35
2009 0.00 10869.37. 7976.4°2 1780.%3 6195.90 2974.,03
2010 0.09 1069.37 7850, 43 1759.86 6090.57 2923,47
201 0.00 106G.37 7637.73 1724.94 5912.79 2838.12
2312 0.03 108¢.37 7604.23 1719.43 5834.80 2324.7¢
2012 0.00 10%9.37 7492.33 1701.06 57381.,27 2773.873
2014 G.00 1369.137 7384.53 ©1683.37 5701.16 27356.55
2015 6.00 1069.37 7276.83 1665.69 5511.14 26%3 ., 34
201¢ g.00 1069.37 7178.93 1849.,€1 5529,32 2654.C7
2017 €.C0 1069.37 70€1.00 1633.53 5447.47 <614.,73

40 42772.70 418487.02 100253.00 354110.00 1693571,00
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3 (1)

YEAR

1978
1979
1980
1931
i 982
1983
1984
i 1985
3 1936
11937
¥ 1988
¢ 1989
1990
1931
1992
3 1993
i 1994
1995
19936
1997
1398
1339
2300
2001
2002
2003
2004
2905
M6
2007
2338
P 2005
29 1¢
2011
2312
20 13
2014
20158
2015
2017

40

NET

(2)

NET WORKING
"INTERZST
BEFORE

39039. 70
29696. 60
25191. 40
22380. 60
26398.10
18894.10
17703.40
18725.40
15901. 30
15196. 20
14584.8¢C
140416.20
13562. 10
13131. 20
12733. 80
12375.60
12048.30
11748. 80
11464.8C
11205.90
10965. 30
10735. 90
10520. 40
10318.9¢0C
10132.9¢C
9952. 40
9731.60
9519.40
9r 68. 20
9320.00
9178,70
9045. 30
8913. 80
8707. 10
8673. 60
8561. 70
8~53. 90

FIT

WORKING INCCILE

(3)

FEDERAL N=T

INCOME
TAX
0.00
| " JI CO. 83
3459. 04
7434.72
7178. 68
6816. 43
6447.40
6055,05
5724. 43
51111.52
51' 36. 24
4380. 14
4725. 95
4613. 07
4453,63
43C9. 92
4178 .€2
4058.¢5
3944,52
3840,68
3742.12
21652.09
3565,.61
1 484. 79
3410. 17
3337.75
5269. 22
3204.15
2143.49
3084. 04
3027.35
2974.03
2923. 47
2638. 13
2824.70
2779.E0
2736. 55
2633. 34
2654.C7
2614,

169971.00

(&)

39039. 70
19595. 80
16732. 30
14945. 80
13215.490
22077.60
11256.00
10670. 30
10176. 80
9754. 63
9383. 56
9056. 06
8776. 15
8518. 13
6280. 17
8065. 68
7369. 68
7690. 35
7520. 26
7365. 32
7221.18
7053. 81
5934.76
6834. 11
6722.73
6614.65
6512. 38
5415.25
5324.71
6235. 96
5151. 35
6071. 77
5995. 33
5868. 97
5348,23¢C
5731. 90
5717. 35
5652.88
5594. 23
5535.59

355130. 019

WORPKING
INTEREST

AFTER PIT
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TABLE VIII

NET INCCME AFTER FEDERAL INCOME TAX DI SCOUNTED AT 16,5%

(1) (2) (3) - (8) (5) (6) :
DISCOUNT  CUNMULATIVE ;
DISCOUNT DISCOUNT CAS! CASH ,
YEAR NET AFIT FACTOR AFIT FLOW oW L
1978 39039. 70 0.92648 36169. 58 -71881.39 -71831. 39 i
1979 19595. 80 0. 79526 12583. 83 15583.82 -56297.57 ¥
1980 16732. 30 0. 68263 11421. 97 11421.97  -24875.60 {
1981 14945. 80 0. 58595 8757. 47 8757.47  -35115.14 “
1982 13219. 40 0. 50296 6648.83 6648.83  -29469.31 5
1983 12077.50 0.43173 5214. 20 52.14. 20 -24255.10 L
1984 11256. 50 0.37058 4171. 24 41.71.24  -20023.8% ¢
1985 10670. 30 0. 31809 3394. 15 3394. 16 -16685. 75 :
1986 10176. 80 0. 27304 2778.6': 2778 .69  -139:1.01 :
1987 9754. 68 0.23437 2236. 21 2286.21  -11624,7 *
i 988 9388. 56 0.20118 1888.75 138€.76 -9736. ¢2 p
1989 9066. 06 0.17268 1562.55 1555. 56 -3170.47 :
1990 8776. 15 0. 14823 1300.€6 1300.86 -6869. 61 .
1991 8518. 13 0.12723 1083. 79 1083.79 -5725.82 {
1992 8280. 17 0.10921 904. 30 904. 30 -4381. 52 :
1993 8065. 68 0. 09375 756.12 755.12 -412 5.40 ;
1994 7869. 68 0. 08047 633. 26 633. 26 -3492. 15 e
1995 7690.35 0. 06907 531. 13 531.18 -2960.57 -
1996 7520.28 0. ¢5929 445.87 445. 87 -2515. 10 z
1997 7365. 22 0.€5089 374. 33 374. 33 -2140.27 )
1998 7221.18 0.04368 315. 45 315. 45 -1824.32 .
1999 7083. 31 0.03750 265. 62 265.62 -1559. 20 i
2000 6954. 76 0.03219 223.85 223. 85 -1335, 35 -
2001 6834. 11 0.02763 188.81 188. 81 -11~6. 55 L
2002 6722.73 0.02371 159. 43 159.43 -987. 12 i
2003 6614. 65 0. 02036 134.65 134.65 -852,48 5
2004 6512. 18 0.01747 113.79 113.75 -733.59 i
2005 6415. 25 0. 31500 96. 22 96. 22 ~612.47
2006 6324. 71 0. 01287 81.42 31.42 -551,35
2007 6235. 96 0.01105 68. 91 58.91 -432.13
2008 6151. 35 0. 00949 58. 35 58. 35 -433,79 2
2009 6071. 77 0. 30814 49. 44 49. 44 -384.25 i
2010 5996. 33 0.00699 41.91 41.91. -342.44 i
2011 586€.97 0. 00600 35.21 35.21 -337. 23 S
2012 5948. 90 0. 00515 30. 12 30. 12 -277.12 B!
2313 5781. 90 0.30442 25. 56 25. 56 -251. 56 ¢
2014 3717.35 0.00379 21. 69 21. 69 -229.87 P
2015 5652. 86 0. 00326 18. 41 i8.41 -211.46 'y
2016 5594. 23 0.00230 15. 64 15. 64 -195. 32 i
2017 5535. 59 0.00240 13.28 13. 28 -182.54
40 365130. 00 0. 00000 107368,44 -182.54 X

s

i
o

¥
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of their profitability. The nmost conmmon yardsticks used
in the Appalachians are the profits-tO-investnent ratio (?/1
ratio), payout, and the rate of return. The ?/1 ratio for the
well has a yield of 2,13 which means for every dollar in-
vested, 2,13 dollars will be retvrnei, The P/l ratio,. when
multiplied by 10607, yields the tetal percent crofit sener-
ated by the investment, or 213%, Payout is an inisx which
states when the initial investnment will be returnzd, The
payout for the initial investment of $116,625 Will occur
inthe seventh. year which is arelatively high ind2:x, The
rate of returr is an index which takes time irto account
by discounting the Cash flows, It is the percentage which
di scounts the net working incone after Federal Taxes to
zero. The rate of wreturn for the exanple well is 1&,5%
whi ch is good when conpared to an excellent rate of 207,
From an investor's viewpoint, a Brown shale w2ll is
agood investnment,. particularly because of the relatively
low drilling Costs (low initial investnment) and the low
risk, (Under5% of the w2lls drilled in the field were
pl ugged after reaching tetal depth.) Because all zhe wells
inthe field were shot, the decline curve of the production
schedule for the exampla well. wovld be | ower thar a modern-
day fractured well. The hydro-fractured well should resul:
in accel erated production, increasing the profi <ability
indices.

Consuners of natural gas are of two types; the rssi-
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dential and the commercial users. The residential consuner
I's dependent ucon the gas producer and the gas uzility to
suroly their vroduct at rates conparable to other forns of
energy. Under a free market, the gas price wll undoubtedly
rise to a price conparable to the cost of other forns of
energy. The producer can then achieve nore effective gas
recovery and W |l achieve profits comparavle to other in-
vestnents, \Wile the effect on the consumer will be highsr
cost, it will be to the consuner's advantage because he will
have a relatively long term supply cf gas, The commercia
user of natural gas has the option of either passing the
I ncreased cost on to his custoners, or if he is capable,
he can devel op his own reserves. The last cttion i S occur-
ring morz often today in Brown shal e producing areas because
of the relatively inexpensive, long-termreserves and the
[ ow well maintainance and initial investment costs, If a
comnany ware to borrow capital for the devel opnent of a
wel | for its ownuse, the average cost over a 40 year period
woul d be approximately $,5:/%CF using the same assumpticns
previously stated, The free nmarket »price is row 31,75/NCF
(1978), Wth deregulation of prices, it will probably climb
hi gher.

The recent curtailnents of natural gas to the larger
i ndustrial consuners during the winter of 1$77-78 have made
us aware of the fact that the »rice of gas |s perhars nct

as inportant as the supply of natural gas, From t he st and-
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point of future planning and growin, the commevcialconsunsr

dependent upon ratural gas should obtain Long-range (30 to

Lo years) rather than accel erate3 sucolies,
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CONCLUSIONS

The Midway-Zxtra Devoni an srale field began produc-
tion in the late 1940's, and it is still a viable expanding
field, Initial drilling was projected to the Oiskany
Sandst one interval With upoer pavs as secondary targgts.
The shal e producing trend was soon established, and nost
of the drilling had been conpleted by the late 1950's.
From 1974 to the present, drilling develovment and step-
out wells have been tied to increased well-head price and
the need for |long range reserves,

The stratigraphy of the Brown shale portion of the
Devoni an shale is characterized by a zone of kerogen-rich
shales alternating with gray shales. 'Total average thick-
ness of] the Brown shale (Lower Huron) is 400 feet with 59
to 70% brown to black (colored) shales. The zone thickens
to ths east, but as it thickens, it becomes Iess rich in
kerogen-rich shales. The zones of Brown shal es probably
represent times of decreased clastic deposition. T he
t hi ckness of the Brown shales is greater in synclines
adj acent to structures, suggesting that these were grow ng
during Late Devonian tine,

Structurally, the field includes several synclines
and anticlines. The domnate feature is the ¥idway anti-
cline, a growth structure, striking n60°Z, which can be

traced 'from the study area into Kentucky. |ntersecting
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the Midway Anticlire IS @ low relief north-south structura
hi gh whi ch extends rnorthward out of the study area,

Brown shale production is fromthe top and mddle
portions of the Brown shales with an indication that the
| ess dense and nore kerosen-rich portions Oof the shale are
more productive, The relaticnshid between orsduction znd
structure sugzest that the gas oroduction is froma fracture
syst em devel oped by stresses during or after folding. For
reasons not readily aovarent, the main fracture norosity
Is situated on the flank of the northwestern structure near
the adjacent syncline. Wells driiled On the crest of the
M dway Anticlins have resulted in dry holes or wells with
| ow production. Structure and isopotential maps are userul
tools in delineating production trends. The conbined use
of these maps allows one to predict the relationship of
production to structure and foliow an exoloration rational a
rather than resorting t0 a random drilling program,

The reserves for the averase shale well in the field
is limted by the numbzr of years the well is cavable of
produeing, not by the rate of production, The averace wel .
to date has produced |ess than half of the estimted 432
mllion cubic feet of recoverable reserves, The time to
recover investment costs within the prasent economc frane-

work is 7 years,
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Sub-sea Elevations and Initial Open Flows
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NUUBER

300
30L
307
310
320
72
333
389
391
358
400
4¢3
L1113
L2y

25
L 3L
437
LL2
l;l;}
by
Lysg
+50
455
457
450
441
Lba2
Ls53
4635
iRl ]
L73
iRedi}
L7s
476
L7
79
481
482
L83
L36
[iRsT0]

AT
TLEV.

832
5566
926
589
572
34
L
534
59
658
573
602
594
579
618
613
604
592
952
857
798
501
389
883
839
622
729
627
939
750
20
7C7
661
591
928
755
898
655
591
835
700
893
572
901
662
603
787
876
335
870
621
920
811
673

SUB-SE.5 ELEVATION

TOP
BEREA

-1495
-1532
-152L
-1474
-1539
-1527
-1608
-1615
-1550
-1620
-1533
-1629
-16Ls
-1637
-1659
-1632
-1541
-1579
-1559
-150L3
-1582
-1695
-1630
-1541
-1688
-1526
-1599
-1610
-1575
-1679
-1703
-1599
-1491
-26L7
-.592
~1662
-1800
~1534
-1717
-1563
-1670
-1630
-1657
-16L2
-1£657
-1624
-1657
-1597
-1662
-1691
~-1841
-1599
-15238

BASE
BR. SH

-2137
-3169
-3135

- —

-3066
-3186
~-3134
-3122
-3099
-3245
-3137
~-2955
-3132
-3162
-30868
-3143
-3218
-3188
-3156
-31k9
~-3631
~-3231
-3168
-3133
-3126
-3193
-3336
-32 31;
-3209
-3249
-3147
-3227
-3212
-3125
-3167
-3157
-3189
-3055
-3195
-3237
~3124
-- 3209
-3199
-2077
-3165
-3239
-3151
-3230
-3311
-3221
-3133
-31381

150

NA
gly
NA

S how
Show
NA
NA
Show
94
NA
i5
Nh
12
el
Show
18

-

18

1C3
20
21
231
Shaow

NA

327

NA
260
NA

FOF/HR

243/13
63/16
NA
150/NA
327/27
251/NA
111 /N4
313/NA
133/1
1007/3
329/3
329/8
553/6
320/1
1023/NA
49S/NA
800/1
2L/19
502/U
NA
987/NA
939/NA
1265/1
325/N4
377/2
152/1
298/30
750/2
?5 ‘:‘./N A
1184 /NA
6072 /NA
2L G%/NA
152/MA
140,/NA
8u8/2

NA -
1175/1
193/11
315/NA
NA
367/N8
50/ NA
200/NA
377/NA
8§20/NA
827/NA

1025 /N4
412/54

852/NA
NA
L99/Na

830/2L
850/96
NA
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SUB-SEA ELEVATION 3.
PERMIT TO? TO? BASE Fo
NUMBER ELEV. BERZIA  BR. SK. BR. SH  IOF FOF/HR  PRA3S/ER !
507 886 ~-165L -2538 -3252 37 202/138 787/%2 §
508 86L ~-1658 -2836 -3224 73 511/NA NA b
510 811 -1618 -2779 -3209 21 660,/NA 9571
511 8138 -1592 -2746 -3117 103 379/NA NA i
512 9L ~1625 -2815 -3222 158 1961/NA NA !
513 923 -1652 -2882 -3218 325 781/NA 800/NE
51 865 -1647 -2822 -3235 73 165/10 Los5/13 L .
517 65k -1578 2746 -3158 NA 48/51 835/2L0 5
518 437 -1596 -2729 -3153 NA 84 /NA NA 8
519 880 -1641 -2830 -32L8 20 78/30 850/163
520 €20 -16k5 -2820 -3180 NA 2 158 NA :
521 712 -1557 -2613 -2 78 NA N N4 ‘
522 873 -16k5 -2762 -3232 15 1h5/NA 810/72 Lo
523 901 -1619 -2796 -3109 NA 1 00/88 - 71/ Lo
524 834 -15k9 -a- -3076 5 35 8/nA NA i
525 932 - 1594 -2891 -3208 Snow NA NA B
526 910 -1564 -2735 -3121: Show NA N
527 925 -1622 =270 -3185 Show 23/15 N ;
£30 623 -1655 -2825 -3203 21 336/1 g30/25 {
535 715 ~-1649 -2803 -32¢9 Show 14 /23 LA i
536 897 -1577 -2695 -3112 21 381 /N4 70/1 i
537 920 ~1623 -2794 -3196 174 ] 00/ma N& :
538 955 -1671 - -28353 -332 2t 211/1 23/96 !
539 621 -160L -2724 -3199 15 327/NA L20/15 )
543 540 -16LL -27L0 -3130 2L 250/1 NA
550 823 -1566 -2752 -3147 39 79/15 NA
552 581 1614 -2740 -3109 NA 876/1 NA
553 542 -1543 ., -2728 -3184 NA 152/NA 700/14
558 a97 -1661 -2828 ~-3209 33 1 6/%4 bi/1
566 916 -1.597 -2778 ~3185 N 70/2L NA
5856 854 -17.16 -2926 -3334 60 103/NA 825,43
596 68% -1704 -2941 -3346 33 119/NA 850,/42
599 601 -1612 -2766 -319L 7 158/25 800/95
603 598 -1610 -2782 -3188 28 b2u/3 NA
6oL 595 -1715 -2927 -3335 .18 6 0/N& 855/72
607 813 -1702 -2909 -3347 15 198/29 88C/72
613 608 -1508 -2742 -3237 S how 158/NA 710/NA
618 63k ~1694 -2920 -3344 24 73/29 870/72
621 628 -1677 -2893 -3305 47 189/24 890/13
62t 933 ~1537 -2759 -32L7 Show NA NA
627 638 -1k 75 -2622 -2959 Show 15/4 8 NA
629 8Li0 -156512 -2865 - 3301 56 24 6/M4 9zogh2
630 8L8g ~169L -2892 -330b Show 8L /NA 790772
632 668 -1627 -2849 - 3295 23 207,/ NA aho/;+
63 6oL -1507 -2708 -2126 NA 43/NA uoo/Lu
&3k 913 -1622 -2345 -3272 11 61/1ia 760,772
635 830 -1€85 -2673 -3295 158 231/N4 875/L3
637 923 -1620 -2326 ~3282 21 60,728 820/72
638 575 -1583 -2719 ~3171 ' a 1538/30 790/95
639 647 -1604 -2788 -3172 S now 10 3/n4 oM
641 907 -1638 -2856 -3323 Show 57/29 680/72
€42 992 -1604 -2806  .-3247 NA 43/21 NA
é46 660 -1635 - 278k -3170 Show 3 5/%A L20/143
647 905 -1635 -2879 -3315 89 273/NA 800/S5

oky 777 -1626 -27L3 -3159 14 9L /22 MA
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PERIIT
NUMBER ELEV.

653
654
657
€61
662
653
866
667
669
672
Y
€75
680
6385

686

691
697
701
704
L7
750
755
765
770
778
781
783
7853
783
787
790
792
794
793
799
797
798
799
800
801
802
307
8C8
809
8§10
811
B12
813
81l
815
816
822
323

g2l

918
921
909
~915
81
833
6Lus
956
737
2l
917
£56
672
6L
584
862
970
6501
6oL
896
828
592
58
8Lk
349
668
809
629
91l
911
912
g8L2
838
609
629

799

595
782
879
612
628
634
6L 4
633
696
656
739
732
928
958
583
975
660
852

SUB-SEA ELEVATION

TOP

BEREA

-1578

-1536
-1710
-1679
-1504
-16388
-1609
-1609
-1673
-1557
-1600
-1589
-1675
-1stb
-1565
-1661
-1705
-1686
-154L4
-1706
-1490
-1478
-15483
-1655
-1662
-1698
-1713
-1706
-1672
-1625
-16ks
-1650
-16L5
-1589
-1486
-1510
-1658
-1677
-1719
-1430
-1676
~16LYy
~164y
-1566
-1690
-1590
-1611
-15L46
-1572
-1642
~-1536
-1695
-1680
-1633

TOP
3R. SH.

-2877
-273%
-2%01
-2790
-25G1L
-2887
-27L9
-281tL
-2813
~272k
-2993
-28L5
-2705
-2758
-2318
-2915
-2874
-2536

-2680
-2716
-2892
-2907
-2905
-2836
-2804
-286

~2828

. -2718

-2336
-2349
-2911
-2876
-2362
-2822
-2846
-2782
-2885
2804
-2829
~-2764
~-2732
-2862
-2743
-2899
-2837
-2898

BASE

BR. SH.

-3320
3119
-3335
-3225
-3269
-3292
-3198
-321k
-3208
-3095%
-3208
-3228
-3077
-315L
-3238

Na
-3305
-3066
-3098
-3141
~3327
~3339
~3347
-Jeze
-3226
-3344
-3258

-3153
-3257
-3275
-324L
-3294
-3292
32kl
-3306
-3237
-3304
-3268
-3293
-3220
-3250
-3322
-3192
=3335
-3366
-3368
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Show
Show
10
NA
Show
Show
2L
Show
133
NA
NA

39
Show

NA

Show
NA
Show
Show
NA
NA
Show
N
Show
NA
Show
Show
Show
Show
Show
Show
17
Show
NA
‘NA
NA
NA&
NA
NA
NA
NA
NA
NA
N4
Show
S how
Show
NA
Show
NA
NA
NA
NA
NA

FOF,/HR
169/NA
163/miA
103/32
60/NA
110/54
84 /23
146/24

NA
55/NA
231/%A
56/M4
NA
122/29
39/3
NA
66/ NA
NA
119/1a
25/19
NA
NA
NA
NA
NA
NA
50/2L
202/2L
119/19
8L /2L
127/24
119/2L
47/NA
73/11
NA

NA
26/54
ol /18
9%4/.3

239/ NA
119,17
233/14
8L /N
179/NA
315/NA
36 /24
L92/NA
103/NA
73/ 84
73/NA
163/Na
60/18
388/L
160/4
329/5
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PERMIT

NUM3ZER

823
829
830
832
833
83k
835
833
8Lo
84s
gL
gug
849

CH7

ST H DD

i) ray 0xf g e
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NN\ S~ OO0 SO0\ W O

650
927
960
949
662
833
920
800
850
926
530
925
863
913
666
480
673
612
518

590
573
560

SUB-SEA ELEVATION

TO?
BEREA

-168L
-1720
-1661
-16L3
-1695
-1669
a__
W__
a__
W__
-1683

4 2L -

-:03)

-1638
-1695
-1665
-1695
-1655
-1688
-1663
-1708
-1694
-1707
-16:5
-1660
-1684
-1709
-1635
-1703
-17C0
-162>5
-1572
-1591
-1599

TOP

Be. SH.

-2223

-2535

-

-2816
-2905
-2871

-

a__
-2906
~2351

em-
-2820
-2906
-2904
-2906
-2850
-2890
-2870
-2913
-2910
-2927
-2315
-2844
-2895
-2918
-2935
-2794
-289S

W -

e

BASS

BR. sii.

3346
-3L05
-3235
-3330
3313

-3395
-3232

-3250
~3388
-3383
-3378
-3328
-3350
-3333

-3.262
-3282
-3372
-3392
-3Lc3
-3293
-3343

(S

—

103

Na
MA
Show
NA
NA
NA
NA

25
27
NA
[A
NA
NA
18
13
NA
NA

16
‘5
NA
HA
Show
NA
NA
NA
NA
NA

FOF/H®

82/!.\&
350/4
28L/L

2(0/3
NA
NA
NA
NA
1A

332/24

WA

\A
NQ
322/5%
385/ 5
582/3%
LOO/L
N A
123/L

’9)/“
NA

N?L
-70 !
80/u
280/L
NA
‘Lo/z[
QQ/ZU
N4
NA
NA
NA
N4

e

I35 /R
725/ NA
B65/NA
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530/HA
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LG /1A

NA
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