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The Midway-Extra Field prsdqces from the Lower XG:?:I

Shale (Brvdn shale) Member of t.?e Ohio Shale wi-;:~ an. ZJ-ZT-

age reserve of &Jk m'illion cubic feet per well. The t:iLal

average thickness of the Z-own shsle is QOrJ feet, thick-

ening to tile east with a loss 0:‘ toTal radioactive ir,<e:-

sity. Commercial production is limited to a narrow 3ar.i ,>Y!'

frclctvred snales with open porocizy Iccat,ed ir: thzc spcli-3i

Tortion of the field. % series of sfructural a26 ocen flc:.+i

maps ,tiith crgss secti3r.s indicate production trends and

future areas to-explore. _Expanded drilling ?roE;raz;l; ax-3 TO'~*;

urderway due to the 13~ risks involved ar,d hizk rat.? of Ye-

-turn on investments (16.5;;').



INTRODUCTION

The shortages of natural gas during the winter of

1977-78 have emphasized the naticn's diJindlin5 gas reserves,

Recent public attention has been focused on the devel>F-

ment of the Devonian shale reserres to suoolement @u? sr:e-r‘.<,:.

r,eeds, While many factors affecl reserve figures, r*;:37'er2'.:L.:

reserves of the shales are largely depe3der.t u;On thE! KO?%;2T'~

value of the gas to the consumer, Gas 7;alued to the ore-

ducer at $3/K? a+ the well head is bec3minz a realistic

near- term cost figure. This increase woKId boost total ~cuI'~~:I:

recoverable reserves of the shale', based at '$1.?s/IflL??,  from

under 8 trillion cubic feet to 16 trillion cubic r"eet for --L;:?

Appalachian basin (Kuuskraa, et al, 1973). Comnexial.

.

'-~3V~Onian  8rown Shal? oroduction in Viesi; Yirg,ini-a is cur---

rently limited to the mid-western and southw~sSern portion

of the state, Until recently, the geology 0T the D;Lv.onizn

shales has been given relati:lely little study, xlthouzh

as early as the 1930's, Srown shale _Droducticn was !cr.o~n
cbo be related To-fracture porosity (Lafferty, 193.5).

Until recent years, well locations were based cn a~s.lla.'ole

scre~~gn and on empirical procuction trends txi-kh many Yells

bei,ng completed in the shale as a secondary target.

The general pur-,ose of this study is to relate the

geo1osJj of a Devonian Srown shale fieid (Xidwe;-Extra) to

the r,roduction trends in and outside the field, The spe-

I



cific objectives of this study are tor

(1)

(3)

(it 1

Describe the historical development of the Mid*tiay-

Extra Field.

Describe the stratigraphy  and structure of the

field.

Analyze ivell and production data and d~~*~~c? an-. k,__

exploration method to predict future shale croduc-

tion in and outside of the field,

Review the econo!nnics of drilling and cor?pleti.nc

a typical shale well from the viewpoint of the in-

depsndent qas producer ant! to analyze the im-3lica-

tions of this review to the consumer,

The Midway-Extra Field (figure 1) was selected for

this study because of the writer's working exporier?:? *Miti?~R

the field which has proven to 'be importan? in evaLuatil:g

well records and interpreting prcduction  data, The study

wa. s limited to the data available to the independent pro-

ducers, such as: well records, production data, and wire--

Line logs. Subsurface napping wzs based 3n radioactiys

lees and ;vell record data, as reported to the Stat; sl ;Jes'6

Virginia, Wire-line logs from thirty-six wells (figure 2)

were used in the st!ldy and included gam.ma-ray, density,

and gas entr:l itemperat7Ar.e and noise detection) logs.

Cumuia.tive production records, by year, for 71 wells f~itkin

the study area were furnished by Devon Corporation (figure

31. A Hewlett-Packard o8JCA calculatsr with mass mz~ory
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drive was made available for evaluating production data

by Union Oil and Gas, Incorporated.

.::



&OCATION

Located in Putnam Ccunt,y, West Virginia, the Midway-

Extra Field is defined by a band of 99 e;ss wells prDducing

primarily from the Devonian 3rom shales. The field as

cutlined on thz Oil ar.d Gas Fields Ti!ap of West 'Iir~ir?.iz

(Cardwell, et al, 1376) begins in Teays Valley Diskric?,

south 0: the Kanawha River, atid extends in a northeasi

directj.on into 3uffalo and Union Dis:ricts (fig.4r2 4).

~Ji.dway-~:ctra is approxzmately  12 miles long ar,d $2 miles

*tilde, and has a total of 34,560 acres tasted for 3roW2

shale production, of which only 14,303 acres are rJrodlJcirLE,

Walls used in the :study with their rss;cective state ~er?.i.t

numbers are shown in fiEu?e 4. Viells wi ;ho:~'; state per~.;".i-k

R:imbers are .designated with an F or D 2r2fix.I.

. . .._
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HISTORICAL DEVELCP::S'iT

The first well in the study erea to be completed

in the Devonian Brown shale was drilled in 1947 by Terves

Gil and Gas,Ina., TUT-372-P, the V;ntrour Heirs, The re-

ported open flow after shot was 150,OOQ cubic fe?t ~;er

day. The -Hell was abandoned in 1975, when prod.lc<ioe

ceased due to deterioratin<  well-bore conditions and the

influx cf water, V. C. Smith, Mana~~ement drilled. an

(VCS 71) , in 194113, ;rs--

town of Nidwa;?:,  'riest

Qriskany Sandstone test, PUT-391

proximately one mile south of the

T.'i. rginia, The reported natural o

feet per day. After shooting:  the

fan flow was 150, OGC c,2:Sy::

Oriskany Sandstone, XOJ.I~J...

Brown shale, and middle Brown shale sections of the Da,vo.?zn,

the open flow was 926,OOC cubic feet per da:;, When liner

and 'ubing were run just through the Bro+/n shale in 1973,

there was lit+le or no change in we!;1 produ,ztion, Thi S

indicates %hat primary production from this well is fr;:;-.

the Brown shale, In 1949, V. Cl, Smith, ?M-ac;,sment corn-

plet2d the 'JCS $2, PUT-kG0, through the Lower i3roxn shel-?

as an offset to the KS #I. The open fl3lv, -after shco ii:-.g,

**as given as 313,CCO cubic feet per day,

Gf the 1Oic yells drilled within :he producing marzin

cf tile field, 51 percent were drilled from the period I?:;?

'i;3 1952 (figure 5). This dril1iy.g cs?lplete:! the so~:~~~:.:;i?~~~

?orfJ.on 01' Midway section of ti:e field (figure 6). -+c;!

*

.
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FIGURE 5
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1953 through 1961, drilling concentrated in the nor.thern

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 from the more prolific

Wewburg and Oriskany Sandstone discoveries and because of

the availability of less expensiv; interstate gas. ThJ.rf;y

wells were completed in the six year period, 1972 througi'.

1977 (figures 5 and 6). Current driliino activity is

concentrating in the 3xtra section of the field with ';C

development and step-out wells expected to be completed 3~

the end of 1978 {figure 7).

Factors which have influenced the current drilling

activity arei (Ij increases in intra-state gas prices,

(2) the potential long-range reserves at lcw drilling and

operating costs, (3) the low geoioqical risks involved,

(4) A.7 $2access to existing pipelines, and (5) competibrl-

leasing action by operators.

i :
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STRATIGRAPHY

The Devonizn shale of this study is considere? to

be that shale found between the Onondaca Limestone

(Kiddie Devonian) and the Berea Sandstone (basal Missis-

sippian).

i
The Devonian Brown shales as referred to t!?rOughouZ

1
f

‘,his paper form only a small part of the total Devonian
11 shzle section. They are those 202~s of higkiy radioac-i?iY:z,
iI low-density shales found within the middle portkons of t:?

Devonian shales, 2r:d are equivalen,+ to the Lower f!urOn

Shale Member of the Ohio Shale (Patchez, 1975). ci?ipre I_

is a cross section throug?, western Wea-t T,'irginia (??&rti>

i 2nd hTuckols,  1976 i which shows the stratigraphic relation-

ship of the shales to the interbedded sands, silts, an:

shales of the east-central portion of the state. The 3eLrGniEie:

brown shales, Zor,es I and II of Martin and Nuckols (19:?6),

we equivalent to zhe Brown shale intervals studied an::' c?.r4

Upper De-Jonian in age (figure 8). The Brown shales We

easily correlated in western West Virginia, but east:'iardl 1.2

western Calhoun County, they begin tp interfinger  with a pre--

dominate gray shale facies and correlations are tenuo!ls. Thz

thickness of tne tot21 Devonian s.'ls.le section ranges fro7

less than 1'300 feet {figure 9) in ?he extreme westen

counties of the state to over 3200 feet ir. eastern ?-ana~~~i?:a

County (Bag:all 2nd Ryan, 1975). The entire Devonian shalz

.

i
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section chances facies  eastward,  generally becoming more

coarse in grain size. The regional t,h,ic;mess of the Bro:vn

shales is difficult to determine east of the study area as

the organic shales rapidly change to interbedded gmy sh~lss

and  s i l t s . The limited area of this study excludes most

of these regional s.cratigraphic pro'olems,

The Brown shales are well defined on radiation iog:

and drillers can readily select these shales sc that dr:ll-

ers’ logs are q:lite reliable, The Brc:vn shale zone Is

picked from radiation logs (figure 10) by a contrasting

increase in the ga,mma-ray count aAqc! a decrease in the b:Ck

density, The Brown shales have ga.mma-ray counts of over

200 API units, and are generally 40-50 API units greater

than the gamma-ray counts of the sha?,es and silty shales

above and below, Bulk density for the 3robn shales ra;?-c,e  2

from 2.65 to less than 2.5 gra.ms per cubic centlm.ete:*  dc-

pending primarL1y upon the kerogen content, h;ldrocarbon

concentration, and the degree of fracturing. The slhad 3s

of bi~olm color imparted to the shales are due to the vary-

ing degrees of organic, hydrccarbon, an< kerogen can';ent.

The colors vary from light brown to Xack.

The Erown shales range from less that! 375 feet i:?

the eastern part of the study area tc o'ver 475 feet in tile 1
nortlleastern  part (figure 11). The percent of 33rown shale; '.

(net percent) to total, thickness of the interval as de-

fineti by drillers’ fogs, varies from Irj percent in the east
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to over 75 percent in the western portions of the study

area. Most of the observed thickening is four.d in the upl;er

two-thirds of the section between lines 7 and j of figure

12, The Brown shale zones are generally considered to be

associated with periods of relatively lower rates of c:astic

sedimentatior., whereas.the interbkdded g=~'ay shales 2r? as-

s.ociated with periods of hig.ner rates of elastic sed-ir;,entz-

tion. This is illustrated in figure 13 as the u:IL~ ‘cP~:.:~?~::

the correlation line:; 3 and tk of the cross-section.

Grillers' logs indicate that the shales Grad? from

a thin, dark, kerogen-rich (hi<h AFI gartma-r,x:j  count) a:-e?

in the west to a thic!c gray shale in the eastern sec';i:1jn,

In the cross-section (figure 19) the facles chan;e is noted

by the decreased garrma-ray intensity in the E;-c!;:n  shale:;

towards the e a s t . Cable teal records al.so indicate the

facies chanse by reporting the lower two 3rcwn shale zor.es

in the east (lines 1 to 3 and 4 -to 5, figure 12) as or.e ~9~7

in the west (lines 1 to j, figure 12). -4s indica-Led, the ;;r23

shales (lines 6 to 7, figure  12) are associated with'thiok?::~?.

intervals for approximately the same period of tine, th:x

indicating a mre rapid rate of sedimentation. The rste

or' sedimentation as indicated by facies a;ld >hickness

figures is co!nparitively uniform in the north-south .",irec-

tio'n, but there aTFears Lo be a slight th1ckenir.g  JO tPLs

south (figure 13).

A compilation of all the Iriliers' 3.0~s (figure 12)
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indicates that the DUreatesYfrequency of gas sho?Ms occurs

in the top and middle ~;or+ions of the Brclrn shaie, Gas

entry 10.5s (tempera,Cure i0;s and sibilat$on 10:;s) show it?:?.:?

gas entry generally comes from zones of low density and

high gamma-ray count which occur predominately ir: th? 7~;

and in the lower sections of the 3rov.n shales. :,'I .e 1.11 - f (2 - .j: 2 7 -1 _ -. -.

correlation is difficult in older wells that have such !_:<?

becaze of the varying degrees of skin damage and D~~c.E.us?

of t:?e lover sensitivity of the older I..og,;ging tools, .F t 2 3 y-. :.

logging in the eastern secticrs of the field, using ir.:-;:rz;v'3.7‘

techniques, indicates that shows may be correlated 3y s'fr?-

tie,reDhic intervalL from well to well. Figure j.6 ShG’:iS $j,Z;

entry points based on 11 sonic gas-detection,logs. "hess

are shown as a gamma-ray log which represents t-52 11 WJ.-~S

Shows are most numerous between Correl2tiOil Lines 3 3.r.d 2,

Closer examination reveals that the entry points -;r~ s~r?i:?

across a "hot" shale and a shale streak just 'tj?ne;tI;,  ?o;-

sible correlation errors be%seen entry point and gala-:.a;,

count make it di Sficult to pinpoint the gas-'bearins  son?,

I-t is possi3le tk2: ;as entry nay occur at the sharp connk=,:,:-?

bettieen the two shales, or from a more porous zone di.~~cS::.~~

above the contact,

There is 3 d'efini<e correlation betwze;l producfion

and the stratigraphy wi?hin the Devonian shale, y!'r; i-- s~!l:,-

‘a?6 the Brown shales (Euron shales) the most pc~~duc kiTu,s  )

bjl-5 specific lox-densi-ly, high-organic zones r?rithi:I ti?es?
w
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shales are the most productive, While there is not a

precise one-to-cne correlation between stratigraphy and

shows from well to well, there is clearly a tendency for

shows to correlate by stratigraphic position.
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STRLCTUIIZ 

P i g g r e  17 i s  a nap showing t h e  f o l d  zxes o f  s o u t h e r n  

Vfest V i r g i n i a  m o d i f i e d  from t h e  West V i r g i R i a  ;3eolo<ic  and  

Economic Survey  map ( C a r d w e l l ,  e t  all 1976). The domlnazf 

s t r u c t u r a l  f e a t u r e  i n  t i le  s t u d y  a r e a  i s  t h e  Midway a r , - t i -  

c l i r . e .  

K s n t u c k y ' i n t o  t h e  study area, s t r i k i n g  appro :u lmr te ly  

and  p l u n g i n g  n c r t h s z s t w a r d  i n t o  t h e  Appaiachia?.  Sas ln .  

The n o r t h e a s t w a r d  exter . . t  i s  unkno:m,3Qt i*  is r.ot shc..cm t o  

c o n t i n u e  on any  p::blished map. 

The a . r : t ic l i r !e  c a n  be t r z e e d  in the s u b s u r f a c s  fr3::- 

176@9, ' 1  

S e p a r a t i n g  tb.9 Midway and  Xx t ra  sections o f  t h e  f i ? l c !  

i s  a low r e l i e f  a n t i c l i n e  which s t r i k e s  N l Q - l 5 " Z ,  

s t r u c t u r e  i n t e r s e c t s  th .  Midway a n t i c l i r , e  i n  t h e  c; .nter o f  

t h e  s t u d y  a r e 2  ( f i c u r e  18) .  

A n t i c l i n e  i s  g r e a t e s t  i n  t h e  s o u t h w e s t  p o r t i s r ?  o f  t h e  s~L:?..!! 

a r e a ,  p a r t i c u l r r l y  on t h e  s o u t h  f l a n k .  

s h a r p l y  r educed  where t h e  two s t r u c t u r e s  m e r g e ,  

t u r a l  f e a t u r e s  o b s e r v e d  a r e  p r o S a b l y  due t o  d e e p l y  b u r i e d  

basement  f a u l t s  a s s o c i a t e d  w i t h  t h e  Cambrian A s e  R.grn2 Trcugi? 

(Shumaker,  1978a).  

T h i s  

S t r u c t u r a l  r e l i a f  r;f t h e  Xir? . s r?y  

TnZs r e l i e f  f-s 

?ha s t r u c - .  

mere w e l l  c o n t r o l  i s  abur .dant ,  t h e  s t r u c t u r e  as 

mapped on ?he ba.se of  t h e  Brown s h a l e  c o r r e l a t e s  well wi+h 

t h a t  on t h e  Berea Sandstone,  

is more subdued th2.n t h e  BrGwn s h a l e  s t r u c t u r e  (fi;;u-'e 

The p r e d o n i n a t e  s t r u c t u r a . 1  f es . tu re s  p e r s i s t  upward int.; 

Ths Berea  strt ;ctG.?e ( fLgure  IS) 
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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-??xtra 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

thickenina and facies changes of the shale t0.tb.e east,
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PRODUCT03

Commercial production from the Devonian shale is

generally considered to be a function of the quantity of

open fractures which intersect the well bore. Production

from the Brown shales .in the studjr area should be related

to 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 are more pro;

ductive. If the production is strictly related to strati-

@-W-w t it should be similar to stratigraphic traps, or

production should be on the crest of strzctures if the

porosity is a blanket type.

TO study the three-dimension&l aspect of the produc-

tion, an isopotential map (figttre SO) was prepared based

on the.initial open flows reporte:! alter s'tim.ul.ati~n. The

commercial production in the Midway portion of tne field

follows the trend of the northvest flank of the structure

extending six miles long 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

is separated by the north-south trending structural high

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

cross-sections  (figure 21j was prepared with a cross-section
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of the isopotential map superimpGsed.(figure  22). The pro-

duction is structurally related, as it sharply increases

in the same structural position on each cross-section.

There are no noticeable stratigraphic changes in the region

of higher production, so it is assumed that the porosity

is a fracture porosity. .
The highest t3roduction Do,zntial,

and thus, the most in?ense fracturing, is located on the

west flank of the Midway anticline, just east of the a:<is

of the synclina (see J-J', figure 22). The prodlJc5iGn also

increases slightly along the east flank of the structure

(see H-H', figure 22). but there is no appreciable prodac-

tion associated with the cresLb of the M%dway anticline.

As indicated, the relationship is best seen Fn the Xid~ay

section of the study area where producticn  fellows the Yiest

flank of the Midway anticline. Hov:ever, r,ote that the

isopotential lines turn to 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

Extra section of the field does not show this relationship

as clearly as ?;he Midway section, This may relate to less

well control in the Extra section,, Current drilling in
the Extra area may prove that shale prGdu.ction is highest

on the lower flank of the Midway anticline.

The origin of the porosity at this position CA the

struct:lre is not certain, However, production is pro'ca.nly

a function of local porosity caused either l~;y the deveizp-
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ment of a unique.local 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,

1978bb).

The thinning of the Brown shale (figure 11) over the

Midway-Extra field suggests growth of the structure during

Late Devonian time. Structural trends are similar to the

basement structures maDped by Shumaker .(1978b). These facts

indicate that structure in the bower Huron in the study'area

is probably related to basement structure, The regional

fracture system has been noted TO change across the ‘Rome

Trough (flulander and Dean, 1978), The porosity may relate

to a regional fracture system or to more intense local

fracturing, Furthur work is required to de?ind'which is

correct.

The combina'ion cf structural and isopotent.ial  maps is

a caluable exploration method to predict trends and future

weli locations in the Brown shaie for this study area. The

highest production Dotontial i-b adjanant to the synclink

trough whe-:,? dir, IF high, Areas fitting these criteria I

would include bcth flanks of the Midway anticline in the

western portion of the Extra section and an extension of

the present production trend along the western flank of the

Midway anticline in the Midway section of the field.

.

.



All producing Brom shale wells in the field drilled

- 39

before 1977 were shot, after drilling %o total depth, gen-

erally with.6300 pounds of explosives (ten pounds of ex-

plosives per foot). The tyDe of exnlosive varied from 80':

gelatinated nitroglycerin to a mixture of amTcniu.n nitr*ats

and fuel oil. After cleaning o~lt the shot to total depth,

a slotted liner covering the section was usually run in

the well to keen the well bore open. Tu3ins was then run

to facilitate fluid removal.

The initial open flow after shooting 81 wells within

the field (Table I) indicates that wells with initial open

floWs greater than 100,GOO cubic feet per day were not a;

significantly affected, Indeed, expiosivs stimulation *32::

damage the formation, which nay result in a loss of produc-

tion,

A new method of shooting calle,J "gaseous fras" has

been devaloped to achieve greater insluced fracture ~;zr.;tra-

tion than the conventional 80% gel shots, In this process,

a shaped charge, similar tc a perforation je*t* is detonated

to initia.te fracture. Several microseconds later, a hish

-velocity charge is detonated which causes high pressure

gases to propoqate the fracture, A test shot was conducted

on a shale outcrop by Basin Sttrveys in 1978 resulting in

penetration of 12 to lb feet by the shaped charge. Fre',im-

ipary results indicate that +,he gaseous frac is e~L!iva!.%n-t
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to convential gel shots in stimulating the Brown shale.

If so, then no advantage would be realized in using the

more expensive gaseous ?rac.

Hydraulic fracturing is proving to 30 an efficient

means to stimulate Brown skald production. Devon Corporation i1i
successfuily water-fractured the Brown shale in the b!id:*:ay-

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 zauqed 332,000 cubic feet per day,

Wells driiled in the Extra section of the field in lo.78 have

shown that those wells which were fractured had ooen fio:~vs

significantly greater than those wells which were shot,

The wells completed by fracturing have not been "on line" I
t

long enough to cornFare with ;vells complete,: by.sho0tir.g.

The increase in cumulative production of fractured wells

may surpass the 17-46s increase over shot wells as reported

by Ray 0976). This increase probably reflects improvement

in fracture technolog;l since the tine cf Ray's original

analysis.



Calculzting TJitimzte recoveraSle reserv2s for the 9,r2W.

shale has generally been based ori empirical extrapolation Of

the.rate of ?rodilction to the economic Life of The weI-1 or to

the economlC producticn rate limit. The eco~anlc life of t:?e

well is tha'u point in time *r/here cost Of Work-OVC?r ?rOgra,m

is not ,justLfied by the expected increased producticn after

workover. For the purpose of this oa?er, a well. life of

40 years will be used for calculating reserves. The ecsnomic

iimit of the production rate is the crodustion rate 'Niiich

will pay for the operation of the well, Tk!is limit is gov-

erned by the market price of the gas and +,I-,e cost of the

services to produce the well. Such services inclu5e well

maintaina.nce) chart reading, overhe-ad exuenses, c:‘rrent

liability for the well, salvage value, etc. El2 ecor.or;ilc

limit has droppeli because the field market price has rise;?.

For the purpose of Lhls study, the economi:: limit will be

set a;: a conservati :'e figure of 7,030 cubic fee< rsr day,

A hyberbolic decline curve, was used to calc:llate rz-

serves using the Simplex method of qptimization,( Deming

and Morgan, 1973). The hyperbolic decline rate is groper-

tional to a fractional power of the production rat? as ;iv?::

by the eq.uationl

qt = qi. x (1 + n x di x t) W/n> f?\, -- 1

w h e r e  a c-t = production rate at time t; qi = ip.i<ial_ procjl:.,=-

tion rate; n = fractional exponent; and di = initial cjqcli.ye
.
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rate. Simplex was set to minimize the sum of the deviations

from the actual production rate minus the caiculated prn-

duction rate, Cumulative production (at) for a git*en tLm?

was calculated by the equation!

Qt = (qi”/(l-n)di)  x cqi
(I-n) _ qth)) (2;

wlhere qt was de termined by equatibn (I).

Figure 23 shows the production decline curve for a?

average of 39 wells within the field, CunmulatiT/e pE’GdLE--

tion for 40 years (350 days per year) is 434,oo 3,occl cubic

feet with the rate at the 40th year, 20,000 cubic feet per

day. Using this decline, at the end of IjO years, the aver-

age well in the field will be producing over 12,000 cr;bic

feet per day with a cumulative production of over

1,000,000,000 cllbic feet, It is dou'otful if this would ever

be reaciled because (1) the nature of the hype:*bolic decline

tends to over estima5e towards the end of pr?dllction,

(2) the well bore would not physically last 150 years, and

(3) fluid encroachment woilld drovm out production,

The average well spacing for the field is 160 acres

?er well which is based on the area within the iOO,OCO cubi?

feet -per day contour on %he isopotential map (figure 23:'.

Reserves Fer acre per well are calculated at 2,721,OOO cubic

feet per acre-foot (Table II).
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the Mississippian whzre the Midway Anticline can be mapped

on top of the Grc::enbrier Limestone,

The study al-ea lies above the deeply buried Rome

Trough, and the Midway-Extra structure is considered to be

related to basement r'ault:ng, Even tho:Jgh the ma,jor base-

ment deformation forr;ling -Ihe Ro~e'Trouoh  occurred during

the Cambrian, it is now realized that these faults were

intermittently active during the Pal_pozcic,  and that the.1

were active growth faults that affected sedin:entation.

Structural offsets of the basement occurred throuehogt ":,p,,_.4

time of Brown shale sedimer?tation causinc the observed

thickenir,ci  and facies change; of the shale to +-he east,



Commercial production from the Devonian shale is

generally considered to be a function of the quantity of

open fractures which intersect the we!.1 bore. ?roduction

from the Brown shales in the study area shouid be related

to fractures. Therefore, the more intense or cpen these

intersecting fractures are, the greater the I;roduction

potential, providing there is no well-bore damape. iz.z

indicated in the discussion of stratigra?hy, certain hi{;h

orgdnic z3nes within the Brown.shale zones are more p-:c-
.

ductive. if *'he production is strictly related to s?+rat?--

graphy, it should be similar 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 I;repared based

on the initial open flows reported af%er stimulation. %P.e

commercial production in the Midway portion of the field

foilows the trend of t'ne northwest flank of the structure

extending six miles long and less than two miles wide.

The ?rodustion in the Extra -i;‘ortion of the field is net as

sharply defined. Seemingly, the production of the field

is separated by the north-south trending structural high

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

cross-sections (.flgLre 21) was Fre?ared with a cross-sectlo-
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Economic cons j.derations  are of ?arazio:~r,t imports>?c?

in the evaluation of Feoloqic prospects oresentsd to the

individual or company financing a. well. The cost vai~ls

of any sttldy are most often related to the oresEnt eco7I-:llC
. . .concA.tIons or to predicted economic coridition.s. Thes.2

values are different from the vieqoint of the independent

producer as comoarld to the ccnsJm?.sr. The independ2nT

producer evit‘uates  a prospect by using an economic yard-

stick (payout time, present worth, rate of ret::rn, etc.!.

The consumer evaluates the well in terms 3f recoverable.d

reserves over a given amount of time,

For %he oroducer, economic evaluations are oase3 ,311

the cash flow generated by the pro3listion  schedule (e:c;~ect~ct

production fo r a well per unit len-gth of tiClO). For th2

purposes of this discussion, the production schedule used

in the following example is calculated from the dezlin?

curve for the average Devonian shale ;vell In the Xi&;zy-

Extra Field, Private companies and investor.5 30 not iike

to disclose facts such as the price received for the zas,

their tax brac!cet, the ar,ticiI+ted  rate of return. on t;?air

investment, or their investment costs, ThereforE, N"i 1 e

these data were generally available to the author, soeci.F'i~z

of The data could not be publishe,d. For the purposes zf

this writing, General bvl: realistic figures will b2 us:c'
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which do no% reflect any one company's or investor's

standards and goals.

The assumptions mer!e are that a E!rown shale well is

drilled and completed to a depth of 4COO feet in 1978, and

that the field market price of the gas is $1,75/K?, The

initial investment for the well is $116,625 (~zble III 1.

Depending tipon the drilling and completion methods to be

used, ,costs may vary from $70,000 to $150,000 or more. L

production schedule for the averas: well is given in 'Ta3l.e

IV. Column (2j is the average rate (in thousand cubic

feet per day) that the wel'l is expected to produce eat?h

year and Column (3) is th+ annual production based (;n 352

days per year. Actual oo: -ation of the field has been an

average of 114 days on-i-in: production for the first zear

and an average of 240 d..ys on-line producticn per year

thereafter. Until rec::ntly, most of the wells in the field

were shut-in during th: summer months when demand for pro-

duction is lcw. Colum:r.  (3) of Table V is the cash floti

generated per year.based cr: a $1.75/MCF field-market price

minus l/8 p,aid for royaltvl and 8.63% paid for the Xest

Virginia Business and Ccclpation  Tax, The cost of producing

the well is estimated at $1,800 per year which includes:

meter reading, normal field naintzinance, overhead, etc.

Net operating income,before Federal Tr.comSe '?a:<,of  $535,1’-2

is siven at the bottom cf Cclumr. (5j of Table V (CL;IL;X  (3)

minus aperating expense of $1,803 per year).
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TA3LE III

INITIAL INVESTZ~?iT COSTS

INTANGISLES'

LABOR $ -2,000
I,OCATION (CONSTRUCTION,  PEZ~ITS, ETC) 3,150
CONTRACT DRILLING: 4000 f-t. @ $9.25/I^t. 37,000
DAY WORK2 1 DAY 9 $3,OOO/DAY 3,000
SERVICE RIG: 7 DAYS 3 37oo/wf &,95,-J
SERVICES:

CEblENTING AND FLO.4T E~UI??'lE:!T I ,8OO
ELECTRIC LOGGING (OPE?! HOLE) 3,000
TREATMENT COSTS (FRACTURE) 9,000
PERFORATING AND CASZD HOLE LOGGING 2,000
TRUCKING AND NZE? WORK 3,000

OVERHEAD
CONTINGENCY (5$j

1,520
3,500

SUBTOTAL S 73,850

TANGI3LES

CASIYG AND TTJBING:
9 5/8 ” 200 ft. @ $10.24/f-t.

@ $6.53/e.
s 2,050

” 2500 ft. 16,32j
)( 4000 ft. 9 $3,7k//ft. 14,960

2 3/8 ” 4000 ft @ :jl 85,'ft
WELiHEAD ASS%BLY, hETER,'E.?C.,'

7, j&G
i,Oc'D

SUBTOTAL $ 42,775

TOTAL $115,625

BASIS OF ECONO:4IC ANALYSIS

GAS SALES VALT;E = $1.75
WORKING INTZREST - RO'AL.TY(i2,5$) = 87.55
OVERHEAD COST3 = $1,800
MISC. TAXES = 0
B & 0 TAXES = 8.63%
INVESTMENT COSTS = -S116,625
TANGIBLE COSTS = $'C2,775
I?lTANGI3LE  COSTS = $73,850
SALVAGE VALUE = 0
FEDERAL ?NCOFCE TAX BRACKET = 4%
LIFE OF INVESTMENT = 40 XSAES
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(1)
Year

1 83.4
2 64.3
3 55.1
4 49.4
5 45.3
6 42.3
7 39.8
8 37.8
9 36.2

10 34.7
11 33.5
12 32.4
13 31.4
;4 30.5
15 29.7
16 29.0
17 28.3
18 27.7
19 27.1 ’
20 26.6
21 26.1
22 25.6
23 24.8
24 14.8
2s 24.4
26 24.0
27 23.6
28 23.3
29 23.0
3.1 22.7
31 22.4
32 22.2

: 33 21.9
34 21.6
35 21.4
36 21.2
37 20.9
38 20.7
39 20.5
40 20.3

(3) . (4)
yearly  p.r(2ducrion  (HbF)  CUTlUlEitiVe (?!CF)

29190
225;.2
19292
17283
15866
14791
13940
13241
12652

1214811711
11326
10930
10672
10388
10312
9898
9634
9431
9296
9124
8960
a306
8662
a529
8400
8278
8162
8054
7948
7847
7752
7662
7570
7hSb
7&O&,
7329
7252
7182
7112

29190
51702
70994
88277

104143
118934
13287-i
14hlij
15375:

170915 _132626
193952
204932
2156~jC
225992
235124
246022
255706
265187
274433
283507
292567
301373
310135
315564
326964
335242
343404
351458
359436
367253
37 50.35
3a2667
393237
397723
405129
412458
419710
4268'32
434004



(1) (2.)

YEAR MC F/YR

(3)
GROSS !JORKINC

INTEREST
RSVENUE

(1;) (5)
NZT WORKING

INTEREST
BFIT

1978 29190 43697.10
1979 22512 34471.50
1980. 19292 29540.80
19al 172a3 26464.50
1982 15866 24291.80
1383 14791 2264S.7d
1984 13340 21345.60
1985 13241 20275.20
1936 12652 19373.30
1987. 12148 18601.60
i9S8 11711 17932.40
1339 11326 17342.90
1390 1393~0 16813.10
1991 10672 16341.53
i992 10338 15906.60
1993 lo.:,32 15514.60
1994 9898 15156.30
1995 9684 14328.60
1994 9431 14517.70
1937 9296 14234.50
1998 9124 13971.10
1999 8960 13720.00
2oso 8906 13484.10
2'301 8662 13263.60
2032 8529 13060.00
2303 8400 12562.50
2904 8'78 12675.60
2305 8 1 6 2 12498.00
2006 8054 12332.60
2007 7348 12170.30
2008 7847 12015.7;)
2009 7752 11870.23
2010 7662 11732.40
2011 7510 11499.50
2012 7486 11462.99
2013 7406 11340.40
2014 7329 11222.50
20f5 7252 11104.60
2016 7182 10997.4c
2Ol7 7112 10890.20

1800.00
180C.30
lSOG.30
1800.~0
1801?.00
1sor;. JO
lSG,.OO
lSOG.00
1800.00
1800.00
18Oi;.Oil
1s 0 : : . 0 0
180 '.CU
i8Oi).fiO
1anli.00
15; 3.20
1855.30
1EOU. 00
1S 13 0 0 cl
1so~:oo
1800.00
1800.00
1aoo. 00
1803.00
1833.GO
1800.00
!.SCO . GO
l8CO.00
isco. co
1300.00
l800.GO
1900,30
133~?.00
18r30.00
18CiJ.00
1800.00
18OO.CO
1soo.cIo
180t1.00
18013.00

39039.70
29696.60
25191.<0
22390.6Q
20338.1.0
19394.10
17703.4G
16715.40
15331.30
151;j6.?0
l4S.?.l 80
p.is‘liJ:  21)
L3562.10
13131.20
12733.50
12375.60
12?43.33
11743.SO
11461.80
i1206.sZO
10365.30
10735.31::
1052O,?C
10313.90
10132.9v
9952.40
9781.60
9619.40
9468.20
9320.00
9178.70
9045.80
s319.ao
8707.;0
8573.60
8551,713
6453.5;0
3346.20
6248.30
8153.37

4 0 433944 664'458.00 72OOd.00 535112.00
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Taxable inccne (Column (6) of Table VI) is computed

by substracting the net onerating cash flow before Federal

Income Tax from the sum of the intangible well zests

($73,850), the depreciation of the tangible income ($1,06?.37

per year), and the depreciation allowance. The depreciation

allo;vance was computed 5~1 multiplying the net income in

Column (4) of Table VI by the appropriate depreciation

percentage,

The net cash flow after Federal Income ,T.a~es is given

in Column (5) of Table VII. A cumulative cash flo*;q (CoLu?!r

(7) of Table VII) of $248,523 is expected with all of the

initial investment returned in the seventh year of produc-

tion,

In order to account for the length of time an invest-

mont has, cash flows are discounted. Discoun-tin< equates

money-on-hand to money received during some point in time,

A dollar to be received in 40 years is not worth a dollar

today, So, by discounting the dollar to be received, the

two are comparable.. The net income of the well after Federal

Taxes is discounted at a 16.5% rate and yields the dis-

collnted cash flow in Column (5) of Table VIII, The cumula-

tive present worth (Colum;- (6) of Table VIII) at the end

of 40 years is $-1,82.54. The last ten years of ?roductian

represent 17.16 of the total recoverable reserves, but; only

contribute 1% of the cumulative net cash floilr.

Various criteria are used to rank investments in terms

i
I.

,’ :



1 3 3 1  1 1932 

2015 
20 Ic' i 2017 

40 

7 3 8 5 0 . 0 0  
0.00 
0.00 
0.00 
0 . 0 0  
0 . 0 3  
0.00 
C.00 
0 . 0 3  
0.00 
0 . 0 0  
0 . 3 0  
0.00 
0.co 
0.00 
0. c o  
0 . 0 0  
0 .00  
9.00 
0 . 0 0  
3 . 0 0  
0.00  
0 . 0 0  
0 . 0 3  
0 . 0 3  
0.013 
0 . 0 3  
0.00 
0 .00  
0 .00  
C.03 
0 .00  
0.03 
0 .00  
0 .03  
0.00 
C.00 
6 .30  
0 . 0 0  
C.C0 

7 3 8 %  0 9  

1 0 6 9 . 3 7  
1 0 6 9 . 3 7  
1 0 6 9 . 3 7  
1 0 6 9 . 3 7  
1 0 5 9 . 3 7  
1 0 $ 3 . 3 7  
1 0 5 9 . 3 7  
1 0 6 9 . 3 7  
1 0 6 3 . 3 7  
1 0 6 9 . 3 7  
1 0 6 9 . 3 7  
1 0 6 9 . 3 7  
1 0 5 9 .  3 7  
1 0 6 9 . 5 7  
1.069.37 
1 0 6 9 . 3 7  
1 G 6 9 . 3 7  
1 0 6 9 . 3 7  
1 C 6 9 . 3 7  
1 0 6 5 . 3 7  
i C 6 9 . 3 7  
1 0 6 9 . 3 7  
1 0 6 9 . 3 7  
1 0 6 9 . 3 7  
1 0 6 9 . 3 7  
106'3.27 
1 0 6 9 . 3 7  
1 0 6 9 . 3 7  
l .059.37 
1 0 6 9 . 3 7  
1 0 6 9 . 3 7  
1 0 6 9 . 3 7  
1 0 6 9 . 3 7  
1 0 6 5 ,  3 7  
1 0 6 s .  37 
1 0 5 9 . 3 7  
1 3 6 3 .  37 
1 0 6 9 . 3 7  
1 0 6 9 . 3 7  
1 0 6 9 . 3 7  

4 2 7 7 2 . 7 C  
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- 3 5 8 7 9 . 6 0  
2 8 6 2 7 . 2 0  
2 4 1 2 2 . 0 0  
2 1 3 1 1 . 2 0  
1 9 3 2 8 . 7 0  
1 7 8 2 1 . 7 0  
li6 3 4 . 0 3  
1 5 6  5 6 . 0 3  
1 4 8 3 1 . 9 0  
1.2 1 2 6 . 8 0  
1 3 5 1 5 . 4 0  
1 2 9 7 6 . 8  0 
1 2 4 9 2 . 7 0  
1 2 0 6 1 . 8 0  
1 1 6 6 4 . 4 0  
1 1 3 0 6 .  20 

1 0 6 7 3 . 4 0  
1 0 3 9 5 . 4 0  
10136.613 

9 8 9 5 . 9 3  
9 6 6 6 . 5 3  
S 4 X .  123 
9 2 r 9 . 5 3  
9 0 6 3 . 5 3  
8 8 3 3 .  U3 
8 7 1 2 . 2 3  
8 5 5 0 . C 3  

8 2 5 0 . 6 3  
3 1 0 9 .  3 3  
7 9 7 6 . 4 ;  
7 8 5 0 . 4 3  
7 6 3 7 . 7 3  
7 6 0 4 .  2.3 
7 4 9 2 . 3 3  
7 3 8 4 . 5 3  
7 2 7 6 . 8 3  
7 1 7 3 . 9 3  
70E 1 . 0 0  

i o w a . 9 0  

8 3 9 3 . 9 3  

0 . 0 0  
7 5 8 3 . 7 3  
5 4 9 8 . 9 7  
3E22.19  
4 3 7 3 . C 6  
3 6 2 3 . 7 5  
3 2 d 1 . 6 4  
3O-L 28 
2 9 0 5 . 9 9  
2 7 9 0 . 2 4  
2689.36  
2 6 G L . 4 3  
2 5 2 1 . 9 6  
2 4 5 1 . 2 2  
2 3 2 5 . 9 0  
2 327. i 3  
2 2 7 3 . 4 4  
2 2 2 4 . 2 9  
2 1 7 7 . 6 5  
2 1 3 5 . 1 7  
7 0 9 5 . 5 6  
20 5s. 0 c  
2 0 2 2 . 5 1  
1 9 8 9 . 5 4  
L959.03  
1 5 2 9 . 3 7  
1901,34 
1 8 7 4 . 7 0  
1,813.89 

1 8 0 2 . 3 5  
1 7 8 0 . 5 3  
1 7 5 3 . 8 6  
1 7 2 4 . 9 4  
5 7 1 9 . 4 3  
i 7 0 ~  06 
1 6 8 3 . 3 7  
1 6 6 5 . 5 9  
; 5 4 9 . 6 1  
1 6 3 3 - 5 3  

sa 25.54 
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1978
1979
1980
1931
i982
1983
1984
1985
1936
'1937
1988
1989
1990
;991
1992
1993
1994
1995
I.936
1997
1398
1'3 3 9
23i30
iOtt
2902
2003
2004
2305
211 0 6
2007
2338
2009
2.9 1c
2911
2312
20 13
2014
2015
2015
2317

39039.70
29696.60
25191.40
22380.60
TC398.10
iSB94.10
i7703.40
3.6725.40
15901.30
15196.20
14584.8C
14016.20
13562.10
13131.20
12733.80
1.2375.60
1204a.30
11748.80
1145?.8C
112o;j.cIo
10965.30
10735.90
10520.40
:0318,9c
',0132.9e
9952.40
973i.60
3619.40
9r68.20
932o.oc
9L78.70
9045.30
8913.80
8707.10
8673.60
8561.70
8~53.90
8346.20
8248.30
3153.37

0.00
l'JlC0.83
3459.04
7434-72
7178.68
6816.43
644?.40
5055.05
5724.43
51111.52
51'36.24
4380.14
4725.95
4613.07
4453.63
43C9.92
4178.62
405&.r5
3944 .52
3840-68
3742.12
Z652.09
;565.6?
i484.79
3410.17
3;37..75
5269.22
3204.,15
3i43.49
3084.04
3027.35
2974.03
2923.47
2638.13
2824.70
2779.60
2736.55
2633.34
2654.C7
2614.76

39039.70
19595.80
16732.30
14945.80
13?19.4[3
12C77.60
lL256,00
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
66L4.65
6512.38
5115,25
5321.71
6235.96
5151.35
6071.77
5995.33
5868.97
5345.30
5731.90
5717.35
5652.86
5594.23
5535.53

40 535li2.00 L69971.00 355130. C;!

‘..‘A*.

0.03
0 . 0 3
0.00
0.9'3
o.cIc
0.02
C,CO
0 * 17 e
0 r. 0
c:,;()
C.CO
0.00
O.Or;
0.00
11.00
0 .oe
0.00
0.00
0.00
G.(?O
0.02
C.OO
C,i20
0 ,C'>
2.00
t;.r)G
Cl,OtJ
I?,-00
0.00
0,oo
0,OO
0,GO
0.00
0 . 2'0
0 .co
0,30
3,110
c,oo
0 1 c 0



NET INCGP;F, AFT"ca FEDEWL I?rCOb% TAX DISCOUNTED AT 16,%

(1) (2) (3) ’ (4)

YEAR NET AFIT
DISZG33T

F.1CTOR
DiSCOUNT
AFT"

1978 39039.70 0.92648 36169.58
1979 19595.80 0.79526 12583.83
1980 16732.30 0.68263 11421.97
1981 14945.80 0.58595 8757.47
1982 13219.40 0.50296 6648.83
1983 12077.50 0.43173 5214.20
1984 11256.50 0.37058 4171.24
1985 10670.30 0.31809 3394. ii
1986 10176.80 0.27304 2778.6':
1987 9754.68 0.23437 2236.21
i988 9388.56 0.2Oli8 188;3.76
1989 9066.06 0.17268 1565.5ij
1990 8776.15 0.14823 13oo.eG
1991 8518.13 0.12723 1083.79
1992 8280.17 0.10921 904.30
1993 8065.68 0.09375 756.12
1994 7869.68 0.08047 633.26
1995 7690-35 0.06907 531.13
1996 7520.%8 0. c5929 445.87
1997 7365.22 O.CSO89 374.33
1998 7221.18 0.04368 315.45
1999 7083.31 0.03750 265.62
2000 6954.76 0.03219 223.85
2001 6834.11 0.02763 188.Bl

2 0 0 2 6722.73 0.02371 159.43
2003 6614.65 0.02036 134..65
2004 6512.18 0.01747 113-79
2005 6415.25 0.31500 96.22
2006 6324.71 0.01287 81.42
2007 6235.96 0.01105 68.91
2008 6151.35 0.00949 58.35
2039 6071.77 0.30814 49.44
2010 5996.33 0.00699 ,41.91
2011 5868.97 0.00600 35.21
2012 5948.90 0.00515 30.12
2313 5781.90 O.JO442 25.56
2014 3717.35 0.00379 21.69
2015 5652.86 0.00326 18.41
2016 5594.23 0.00230 15.64
2017 5535.59 0.00240 13,?8

40 365130.00 0.00000 107368.44

(5)

DISCOliN,!'
CASII
FLOW

-71881-39 -71831.39
15583.33 -5329 7.5’7
11421.97 -2-13; j. fii)
3y57.47 “a3 -A.3 . L -,‘il  ̂ ‘,J
6648.83 -Z3&ij?. 31
52.14. 29 -24235.10
41.71.24 -20083-36
3394.16 -16685.75
2778 .,59 -i391L.[?l
2286.21 -L16?4.79
138E.76 -9736. c3
1555.56 -3170-47
13CJO.56 -6869.61
1083..79 -5735.82
904.30 -4381.52
755-12 -41% j.<J
633.26 -3492. J.5
531.18 -29eo.s:
445.87 -25;s. 10
374.33 -,1::0.27
315.45 -1824.52
265.62 -1559.20
223.85 --1335,3i
188.81 -11~6.55
159.43 -g,cJ:. 1;:
134.63 -35z.zs
113.75 -733.59
96.22 -6:2,43
81.42 -56l.:JS
58.91 -432.13
58.35 -433-79
49.44 -3s4.55
41.91. -312.d::
35.21 -337.23
30.12 -277.12
25.56 -251.56
21.69 -223,87
28.4; -21:"46
15.64 -195.32
13.28 -ia 2.54

-182.54
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of their profitability. The most common yardsticks used

in the Appalachians are the orofits-u'o-investment ratio (?/I.

ratio),payout,  and the rate of return. The ?/I ratio for the

well has a yield of 2.13 which means for every dollar in-

vested, 2.13 dollars will be returned. The P/I ratio,. why;:

multiplied by 1005, yields the tc?tal percent profit cnr.=r--,b,""L

ated by the investment, or Z!ljq<, Tayout is an iniex which

states when the initial investment will be returr,ed, The

payout for the initial investmert of 3116,625 will occur

in the seventh. year which is a relatively high ind.!x, ~?Yle

rate of return. is an index which takes time into account

by discounting the Cash flows, It iS the percentage which

discounts the net working income after Federal Taxes to

zero. The rate of ,return for the example well is li.5S

which is good when compared to an excellent rate of 2ci<.

From an investor's viewpoint, a Brown shal.e wzll is

a good investment,. particularly because of the rela-ti;rely

low drilling Costs (low initial investment) and the 10~

risk,(Under  5% of the ~~1.1s drilled in the field were

plugged after reachin tctal depth.) Eecause a11 The Vel',s

in the field were shot, the decline curve of the production

schedule for the exempl e well. would be lower than a moderr:-

day fractured well. The hydro-fractured well should resu-‘i,

in accelerated production, increasing the profi :ahility

indices .

Consumers of natural gas are of two types; the resi-
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dential and the commercial users. The residential consumer

is dependent upon tile gas producer and the gas u-Gility to

su~?ly their Droduct at rates comparable to other forms of

energy. Under a free market, the gas price will undoubtedly

rise to a price comparable to the cost of other forms of

energy. The producer can then achieve more effecti'le $2~

recovery and will ac,hieve profits zompa.rabLe to other in-

vestments, While the effect on the consumer will be higher

cost, it will be to the consumer's advantage because he wili

have a relatively long term supply cf gas, The commercial

user of natural gas has the option of either passing th?

Increased cost on to his customers, or if he is capable,

he can develop his own reserves. The last oFtion is occL'r-

ring mar? often today in Brown shale uroducing areas bece.'-1se

of the relatively inexpensive, long-term reserves and the

low well maintainance and initial investment costs, If a

company wsre,to borrow capital for the development of a

well f or its own use, the average cost over a 40 year period

would be approximately $.51,/XZF using the same assumpticns

previously stated, The free market ?rlce is now $1.75/?<.SF
w

(1978). With deregulation of prices, it will probably climb

higher.

The recent curtailments of natural gas to the larger

industrial consumers during the winter of 1977-78 have made.
us aware of the fact that the ?rlce of gas Is perhaps net

as important as the sl~pply of natural gas, From the stand-



point of future p?.anr.i.ng, a.nd ~mwth, the cJ;:::ncrTi.al  CO:ISU',YCL'

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

40 years) rather than accelerate3 supplies.
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CORCLUSIONS

The MidNay-,Txtra Devonian sk:ale field began produc-

tion in the late 1940's, and it is still a viable expanding

field, Initial drilling was projected to the Oriskany

Sandstone inte,-val with upoer naL?s as secondary d-Lf;lUt-2~3~tS.

The shale producing trend was soon established, and most

of the drilling had been completed by the late 1950'3.

From 197'4 to the present, drilling deve1onmer.t and stc-

out wells have been tied to increased well-head price and

the need for long range reserves,

!
‘I

The stratigraphy of the Brown shale portion of the

Devonian 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 v:ith 50,
to 70% brown to black (coloz-ed) shales. The zone thir,:cens

to the east, but as it thickens, it becomes less rich in

kerogen-rich shales. The zones of Brown shales probably

represent times of decreased elastic deposition. T he

thickness of the Bro*wn shales is greater in synzlines

adjacent to structures, suggesting that these were growing

during Late Devonian time,

Strusturally, the field incllldes several synclines

and anticlines. The dominate feature is the Midway anti-

cline, a growth structure, striking R60cZ, which can be

traced 'from the study area into Kentucky. Intersecting

F,

t.



.

59

the Kidway Anticlir,e is a low reJ.ief.norti-i-south  structur,:

high which extends northmrd out of the study area,

Brown shale production is from the to? and middle

portions of the &own shales with an indication that the

less dense and more kerogen-rich Dortions of the shale are

more Droductive. The relationshi between ;r,~r;duction end

structure suggest that the gas production is from a fracture

system developed by stresses during or after folding. For

reasons not readily appa.rent,  the main fra.c;;ure oorosity

is situated on the flank of the northwestern structure near

the adjacent syncline. Wells drilicd on the crest of the

Midway Anticlins have resulted in dry holes or wells with

low production. Structure and isopotential maps are YusefuI

tools in delineating production trends. The combined us?

of these maps allows one to predict the relationship of

production to structure and foliow an exoloration rationala

rather than resorting to a rar.dom drilli:?g prosram.

The reserves for the averace shale ,crell in the field

is limited by the numbr:r of years the well is capable of

producing, not -rt,y the rate of production, The averaG;e well.

to date has produced less than half of the estimated 432

million cubic feet of recoverable reserves, The time to

recover investment costs within the present economic frame-

work is 7 years,
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Sub-sea Elevations and Initial Open Flows
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534
634
534

2'8'

$2
594

g;
;13
604
592
952

",;;
501
889
883
839
622
729
627
939
750
706
X7
601
591
928
755
898
655
591
835
700
893

5,gL

66:;.
603
787
575
335
870
621
920
811
673

SUB-SE.5 ELZdATiON  -
TOP

BEEA

-1495
-1532
-152b

- - -
-1474
-1539
-1527
-1608
-1615
-1-550
-1620

1:g;
-1645
-1637
-16j9
-1632
-1541
-1579
-I.559
-:_6l?3
-1582
-1695
-1630
-l&l
-1688
-1526
-1599
-1610
-1675
-1679
-.I703
-1599
-169L
-r647
;iz?;
-i&o
-1jT.b
-'717
-1563
-167d
-1630
-1657
-16122

rig
-1657
-1597
-1662
-1691
-1ij41
-1599
-1;2a

-2683
-2725
-2734

mm-
- - -

-2696
- - -

-2801
-2735
-2738
-2728
-2768
-2739
-2771
-27&2
-2767
-2771
-2.773
-279s
-2823
-2767

- - -
-2331
-2504
-2'301
-2758
-2761
-2797
-29S3
-2805
-2807
-2852
-2759
-2784
-2937

:;3'53;
-2760
-2759
-2725
-2831
-2337
-2743
-2829
-2773
-2767
-279?
-2819
-2770
-28;!0
-2399
-2515
-2729
-2776

-31-37

1;;;;
v--
- - -

-3066
- - -

-3186
-313'r
-3122
-3099
-3245
-3137
-2955
-3132
-3162
-3686

1;:;;
-3188

1;:;;
-3b33
-323i
-3148
;;gi

-3193
-3336
-323'1
-3209
-3249
-3147
-3227
-3212
-3125
-3167
-31 j-1

:;;;;
-3195
-3237
--y211
-- 3203
-3199
-3C7?
-3165
-3239
-3151
-3230
-3311
-3221

-;ig-I-

IOF

2:
HA

- - -
--..

NA
- - -

25
150
84
KA
5!i-/
?i!'i

S how
Show

Nh
HA

Show
94
NA
i5
Nh
12

1 a:
Show

18
15
18

7
1c3

30
2i

231
s hc,vi

377
PiA
45

233
FI A
21
30

Shaw
50
NA
30
21
NA
15

327
Nh
15
HA

260
NA
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z�6:

811

;:F!

oal
65r:
437
880
a.20
7i2
$73
$01
834
9?2

;2;
623
71.5
897
920

2:
540
823
581
542
a97
914

%
601
59:

27:
606
6y
428

9,:;
8110
848
668
6or:

ii;;
923
575
647
90:’
992
660
905
777

SUB-SEA ELEVATION
TO? BASE

BZ. SK. m. SK
TO?

BE ?*A
-165’
-1656
-16lE
-1592
-1436
-1652
-1647
-1578
-1556
-1641
-1645
-1513
-16lr5
-1619
-15b9
- 1594
-1564
-1622
-1655
- 164 9
-15 7’7
-1623

1,':;; '* I
-161;L
-1566
-161::
-1543 #
-1561
-1.597
-17;6
-1704
-1612
-r6:.0
- :715
-1702
-iL;03
- 1 ;j74
-1677
-ISiS
-14 7j
-1653
-1691:
-1627
-1507
-1622
-16&j
-1620
-1583
-1604
-1635
-;60b

I;;$
-1626

-2538
-2836
-2779
-2744
-2815
-28a2
-2822
-2746
-2729
-2830
-2820
-2613
-2762
-2796

- a -
-2891
;',w;

-2&5
-2803
-2695
-2794
-2853
-2724
-27ko
-2752
-2740
-2728
-2828
-2778
-2926
-2941
-2766
-2782
-2927

-z9:;- c. 7
-2920
-2893
-2759
-2622
-2865
-2892
-2849
-2708
-2345
-;;;z

-2719
-2?88
-2856
-2806
- 2’7%
-2879
-27u

-3252
-3224
-3209
-3117

1;;:;
-3235
-3158
1;;;;
-3180
-2 78
-3232
-3109
-3076
-3203
-3121:
-31ej
-3203
- 32C9
-3.112
-3196
-3329

1;;;;
-3147

:;y,’
4);

-3334
-3346
-3191-:
-3188
-3335
-3347
I;;?;
- 33:5
-32L7
-2959
-3308
-3301;
- 3295
-?I&
-5272
-3235
-3252
-317r
-3172
-3323
.-32k7

1;;:;
-3159

IOF

PiA
33
Mi
.50
33

7
28

. 18
15

S hOW

c’;
ShOVJ
Shovr

56
Show

23
NA

1;;
21v a

s hoa
Show

N&l
Shovr

a9
14

FOP/K?
202/Q
jll/%A
g;;g;'

196;,;::
781/m
163/10
48/51
84/;\\A
78i30
2 i/S.4

Pi A\
14 j/“.J
1 OO/NA
35 8/M

NA
NA

23/15
336,/l
lb/23

38 r/m
j 0 O/r:A
211/l
327/M
wvl
79A5

874/l
152/h%
14 6/x4

70124
103,&A
119/m
158,‘25
424/8

6 O/Nil
19t?/23
15&M
73/2Y

la9/24

1”574 8
24 6,‘~

84/‘Vfi
207~‘ru

4 3/r; A
61/w

231&A
60,'28

158/3C
i 0 3/NA
57/23
43/21
.3 j/M

273hA
94/p



TO? 
B?Z?ZA 
-1678 
-1536 
-1710 
-1679 
-1534 
-1638 
-1609 
-1607 
-1673 
-1557  
-1690 
-158$: 
-1b75 
- 1 S l A  
-1565 
-1661 
- 1705 - 15E.6 
- 1 5 ~  
-1 706 

-1ri78 
- 1 5 U  
-1665 
-1662 
-1698 
-1713 
-I 706 
-1672 
-1625 
-16b5 
- 1 s j o  
- 1 6 U  
-15s9 
-1466 
- 1 j l . O  
-1658 
-1677 
-1719 
-1630 
-1676 
- 161~4 
-1644 
-1566 
-1 690 
-1570 
-1611 
-1546 
-1572 
-1662 
-1j36 
- 16\95 
-1690 
-1.593 

-1490 

TOP SASS 
3E. S H .  3 3 .  SH. IOF 
-2877  
-2736 
-2901 
-2790 
-249 :  
-2387 
-27 i i9  
-28il: 
-2813 
-2724 
- 299 3 

-28b5 
-2736 
-2758 
-2318 

--- 

-2315 
-2371: 
-21636 --- 

--- 
-2680 
-2716 

-2592 
-2907 
-290 j  
-2336 
-280b  
-2866 

--- 
--- 

--- 
-2828 

--- 
--- 

-27Le 
-2836 
- 2 3 4 9  
-2311 
-2876 
-2362 
-2822 
-28L16 

. -2782 
-2886 
-2804 
-2829  
-2764 
-2732 
-2862 
.- 272 3 
-2899  
-2887 
-2898 

-3320 

-3335 

- 3259 

-3198 
-321b 
-3298 
-3096 
-3209 

-3228 
-3377 -3:sL! 
-3238 

-3305 
-3056 

-3098 
-314 1 

-3327 
-3339 
-3347 
-3232 
- 3226 
-5341: 

-3258 

-3153 
-3257 
-3275 
-331r4 
-3294 

-3:!L?b 
-3306 
-3337 
-3304 
-3268 
-3293 
-3220 
-3250 
-3322 
-31-92 
73335  
-3356 
- 3368 

-3i19 

-3225 

-33-92 

--- 

N A 

--- 
--- 

--- 
--- 

--- 
--- 
--- 

-3292 



SUB-SEA SL,E’IA’JJI!)N

2 I,E?/

91;2
625
711
852
910
et97
-^-

TO?
BE sz;\

-168L;
-1720
-1661
-16kS
-1695
-1669

a - -
s e - w--
- - - a - -
e-- w--
650 -16Sa
927 -165;
- - - - - -

980
p;

833
920
800
850
926

;z;
863

8;;

480
673
- - .-
612
518
- - -

Z907 3
5%
- - -

w--
-1638
-16gj
-1495
-1695
-1655
-1688
-1663

'I 708-A-I
- 2 byi
-1707
-1t;rj
-1660
-I@4
-I?09
-1f53j

- - -
-1?03
-I;?00
-‘1623
-1572
-159;
-1599

- - -

-25e3

-2535
-a-

-2816
-2905
-2871

- - -

-se

-3235
-3380
-3313

- - -

TOP BASS
B?. St?. BZ. s i i .

e-e --a
- - - - - -

- - -

a - -
-2906
-23jl

- - -

- - -
-3395
-3282

- - -
e m -

-2820
-2906
-2904
-2906
-2850
-2830
-2870
-291S
-2910
-2927
-2315
-2844
-21396
-29i8
-2935

- .- -
-2794
-289S

e-m

w--
-3250
-33,28
3;;;

-3329
-3350
-3333

- - -

- - -
-3.262
-3282
-3372
-3392
-3!q

- - -
-3293
-3343

- - -
- - -
w e-
- - -
- - -

- - -
em-
- - -
W-M

IOF

iv.4
N A

4":
NA

103
N A
NA
VA
NA

S h o VI
N.4
NA
NA
NA
42
2.5
2’:
;:A
FiA

NA
NA
18
13
Pi A
NA

8
ih
1FA>

i\i A
rIA

Show
&A
RA
r: A
NA
NA


