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PREFACE 

By letter dated June 20, 1978, the National Petroleum Council, 
an industry advisory committee to the Secretary of Energy, was 
requested to prepare an analysis of potential natural gas recovery 
from coal seams, Devonian Shale, geopressured brines, and tight gas 
reservoirs. In requesting the study, the Secretary stated that: 

• • •  Your analysis should assess the resource base and the 
state-of-the-art of recovery technology. Additionally, 
your appraisal should include the outlook for cost and 
recovery of unconventional gas and should consider how 
government policy can improve the outlook. (See Appen
dix A for complete text of the Secretary's letter and a 
further description of the National Petroleum Council.) 

To aid it in responding to this request, the National Petroleum 
Council established a Committee on Unconventional Gas Sources under 
the chairmanship of John F. Bookout, President and Chief Executive 
Officer, Shell Oil Company. R. Dobie Langenkamp, Deputy Assistant 
Secretary for Resource Development & Operations, Resource Applica
tions, u.s. Department of Energy, served as Government Cochairman 
of the Committee. A Coordinating Subcommittee and four task 
groups, by source, were formed to assist the Committee. The 
Devonian Shale Task Group was chaired by John L. Moore, Consoli
dated Natural Gas Service Company, and cochaired by Jeffrey B. 
Smith of the Department of Energy. (Rosters of the study groups 
responsible for this volume are included in Appendix B.) 

The National Petroleum Council's report on U nconventional Gas 
Sources is being issued in five volumes: 

• Volume I Executive Summary 

• Volume II Coal Seams 

• Volume III - Devonian Shale 

• Volume IV Geopressured Brines 

• Volume v Tight Gas Reservoirs. 

The Coal Seams, Devonian Shale, and Geopressured Brines volumes are 
being issued in June 1980 with the Executive Summary and Tight Gas 
Reservoirs volumes being issued in late 1980. 

For each source, reserve additions and producing rates are cal
culated at five gas prices, three rates of return, and at least two 
levels of technology. Constant January l, 1979, dollars were used 
in all analyses. The report presents estimates of what could 
happen under certain technical and economic circumstances and is 
not intended to represent a forecast of what will occur. 
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SUMMARY 

The obje c t ives of the Devon i a n  S h a l e  s t udy are a s  fo l l ows : 

• E s t imate the i n-place gas re source o f  Devon i a n  S h a l e  i n  the 
e a s te r n  U n i ted S t a te s . 

• Proje ct po s s i b l e  prod u c t ion vo l ume s and r e s e rve add i t i o n s  o f  
recoverab l e  gas a t  va r i ous pr i c e  l eve l s  wi t h  c ur r e n t  
tech nol ogy . 

• E s t ima te the po ten t i a l  of new t e c h n o l ogy and i t s e f f e c t  on 
prod uc t i on and r e s e rve add i t i o n s . 

• E x am i ne constra i n t s  o f  Devon i a n  S h a l e  d eve l opmen t .  

• Compare f i nd i ngs w i t h o t h e r  p ub l i s h e d  s t ud i e s . 

The geolog i c  d i s tr i bu t ion o f  Devon i a n  S h a l e  e x te n ds o ve r  o n e
fou r t h  of the No r th Ame r i c an cont i n e n t . S i n c e  the mo s t  s i g n i f i c a n t  
kn own d e pos i t s a r e  i n  the e a s te r n  Un i t ed S t a te s , the scope o f  the 
s t ud y encomp a s s e s  the Appa l a ch i a n , M i ch ig a n ,  and I l l i no i s  b a s i n s .  
Devon i a n  S h a l e  i s  a co l l e c t i ve n ame for the var i ou s  s h a l e  s t r a t a  
tha t l i e  b e twe e n  t h e  you nge r  Be rea S ands tone a n d  t h e  o l d e r  Devon i a n  
c a rbo n a te s .  Al though d i f f e re n t  geolog i c  n ame s t o  d e s c r i b e  t h e  
s h a l e  a re commo n , they a r e  t h e  s ame orga n i c  s h a l e . I n  th i s  repo r t  
the t e rm " Devon i a n  Sh a l e " i s  g e ne r al ly u s e d ; f o r  c l a r i ty , h oweve r ,  
the o rg a n i c  s h a l e  i n  the M i c h ig a n  ba s i n  i s  r e f e r re d  to a s  " An tr im 
Shal e "  and i n  the I l l i no i s  bas i n  a s  " N ew A l b a ny S h a l e . "  S i nc e  mo s t  
Devon i a n  S h a l e  pr od uc t i on h a s  occurred i n  the Appa l ach i a n  b a s i n , 
the major i ty of data are f r om th i s  are a . 

The i n-pl ace gas r e source wa s e s t ima t e d  for e a c h  b a s i n , b a s e d  
on t h e  volume of orga n i c  s h a l e  i n  each cou n ty a n d  the av e r ag e  g a s  
conte n t .  For t h e  Appa l ac h i a n  bas i n ,  t h e  b l a ck s h a l e  thi c kne s s  wa s 
d e t e rm i ned separate ly , u s i ng both the s ampl e  th i ck n e s s  f ig ur e s  
iden t i f i ed by c o l o r  ( p ub l i shed by t h e  u.s. Geo l o g i c a l  S urvey ) and 
the amoun t of shale rad ioac t iv i ty id e n t i f i e d  by g amma - r ay we l l  
log s .  The b l a ck s h a l e  th i ckne s s  wa s s ub t r a c t ed f r om the to t a l  
s h a l e  th i ck n e s s  t o  a r r ive a t  the g r ay s ha l e  t h i ck n e s s . T h e r e fore , 
two e s t ima t e s  of the re source we re c a l c ul a ted for th e Appa l a c h i a n  
bas i n ,  ba sed o n  two b l a ck s h a l e  t h i ckn e s s e s . I n  the M i ch ig a n  
bas i n , the h i g h ly r a d i o a c t i ve po r t ion o f  Devon i a n  ( An t r im ) S h al e 
wa s ide n t i f i e d  f rom the le s s e r  rad i oa c t ive s h a l e  b a s e d  o n  g amma - r ay 
log s .  Th i s  wa s s i m i l a r  to the log d a t a  re s o ur c e  d e te rm i na t i o n  fo r 
the Appa l ach ian bas i n .  I n  the I l l i no i s  b a s i n , the r e s o u r c e  wa s 
based on the total th i ckne s s  o f  N ew Al b a ny S h al e , s i nce t h e r e  wa s 
i n s u f f i c i e n t  i n forma t ion to d e l i ne a te the b l a ck s h a l e  f r om t h e  g r ay 
s h a l e . Gas conte n t  va l ue s  o f  0 . 6  and 0 . 1 s t andard c ub i c  f e e t  o f  
g a s pe r cub i c  foot o f  s h a l e  for b l a ck s h a l e  and g r ay s h a l e ,  r e 
spe c t i ve ly , we re u s ed for t h e  Appa l a ch i a n re s o urce e s t ima t e . The 
s ame va l u e s  of 0 . 6  and 0 . 1 s t an d a rd cub i c  f e e t  o f  gas pe r c u b i c  
foo t o f  s h a l e  for the h i gher a nd l e s s e r  r ad i o a c t iv e  s h a l e  i n ter
v a l s , r e s pe c t ive l y , we r e  s e l e c ted f o r  the M i ch ig a n  ba s i n .  A g a s  
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conte n t  o f  0 . 6 2  s ta n d a r d  cub i c  f e e t  o f  g a s  p e r  c u b i c  foo t of s h a l e  
was appl i e d  t o  t h e  t o t a l  s h a l e  th i ckne s s  i n  t h e  I l l i no i s  b a s i n . 

Re source e s t ima t e s  for th e Appa l a c h i a n  ba s i n v a ry f rom a l ow of 
2 2 5  t r i l l i on cub i c  f e e t  ( T C F )  if  only g a s  i n  t h e  b l a ck s h a l e s  a s  
d e t e rm i n e d  by g amma - r ay l o g s  i s  i n c l uded , to a h i g h  o f  1 , 8 6 1  TC F i f  
s ample th i ckne s s e s  are u s ed and both b l a ck and g r ay s h a l e s  a re i n 
c l uded . The re source e s t imate obta i ned by u s i ng the log t h i ckne s s  
i s  bel i eved t o  b e  l e s s  s ub j e c t ive than the e s t ima t e  u s i ng s amp l e  
th i ckne s s  b a s e d  o n  color . The g a s  i n  p l a c e  e s t ima te f o r  the 
I l l i no i s  b a s i n  is  8 6  T C F , a nd for the M i ch ig a n  b a s i n  t h e  e s t ima te 
is 7 6  TCF . S i n ce by de f i n i t i on the re s o u r c e  is the vo l ume of g a s  
i n  p l a c e , the s e  e s t ima t e s  shou l d  n o t  be i n te rp r e t e d  a s  a r e co ve r 
a b l e  re s o u r c e . 

Th e po ten t i a l  for recove r able g a s  wa s pro j e c te d  o n  the progno
s i s  of technology d e ve l opme n t . The pr i c e  o f  th i s  g a s , b a s e d on 
e co nom i c s , wa s d e t e rmined ac cord i ng ly . Th i s  s t ud y  d e f i n e s  the 
total produ c i b l e  gas a s  the amo u n t  of gas in p l a c e  t h a t  can b e  re
cove r ed a s  a f un c t ion o f  t e c h no logy , i r r e s pe c t i ve of pr i c e , wh i l e  
pote nt i a l  r e s e rve i s  th a t  po r t ion o f  r e cove r a b l e  g a s  t h a t  c a n  be 
e xplo i ted at a g i ven pr i ce . 

I t  wa s a s s u med t h a t  the produc i n g we l l  l i f e i s  3 0  ye a r s . De
von i a n  S h a l e  we l ls s ome t ime s prod u c e  ove r a much l onge r pe r iod of 
t i me , re s u l t i ng in ul t imate re cove r a b l e  re s e rve s that are g r e a t e r  
than t h e  3 0 -ye a r  r e s e rve s u s e d i n  th i s  s t ud y . The e c o nom i c r e s u l t s  
are n o t  ma te r i a l ly a f f e c ted b y  prod uc t i on b e yond the 3 0 -year pe r i 
od ; howeve r ,  the l ong e r  t e rm produc t ion i s  r e c og n i z e d  a s  a n  impo r 
tan t add i t i on t o  f u ture g a s  s uppl i e s . 

Es t ima t e d  r e c ove ry o f  gas f rom Devo n i a n  S h a l e  and e c onomi c pro
j e c t i o n s  we r e  c o n f i ned to the Appa l a ch i a n  b a s i n .  Al though s im i l a r  
pro j e c t i o n s  c o u l d  h ave b e e n  made f o r  t h e  I l l i no i s  a n d  M i ch i g a n  b a 
s i n s , the ve ry l im i ted d a t a  ava i l a b l e  wou l d  ma ke s uc h  e s t ima t e s  
s p e c u l a t i ve . S i n c e  the App a l a c h i a n  ba s i n h a s  probab ly t h e  g r e a te s t  
poten t i a l  o f  the three b a s i n s  and a l ready h a s  s ig n i f i c a n t  prod u c 
t i o n , i n  t h e  n e a r  te rm i t  i s  mo re l i ke ly t h a t  e xp a n d e d  d e ve l opme n t  
o f  De von i a n  S h a l e  w i l l  oc cur i n  that a r e a . 

Thr e e  leve l s  o f  t e ch no logy we re con s i d e re d  i n  e s t ima t i n g the 
recove ra b l e  ga s f r om the App a l a ch i a n b a s i n . T a b l e  1 g i ve s e s t i 
ma t e s  of the po t e n t i a l  r e s e rves a nd t o t a l  produc i b l e  g a s  a s  a f un c 
t i o n  of f i ve pr i ce l e ve l s  a t  1 0  pe r c e n t  a f te r - t a x  r a t e  o f  r e t urn 
( ROR ) ( ba s e  c a s e ) .  S im i l a r  e s t ima t e s  we re c a l c u l a ted f o r  15 a nd 2 0  
pe r ce n t  ROR ' s  a nd the s e  re s ul t s are pre s e n ted i n  the r e po r t .  

Th e ma j or i ty o f  Devon i a n Shale we l l s r e q u i re some f o rm o f  s t im
u l a t io n  to i nc re a se prod u c t ion to a n  e conomi c l eve l . The trad i 
t i onal form o f  t e c h no l ogy u s e d  h a s  b e e n  we l l  bore s h oo t i ng . Th i s  
me thod o f  s t imul a t ion i s  re l a t ive l y  i ne xpe n s ive a nd a ch i ev e s  s a t i s 
f a c tory re s ul t s  i n  fo rma t i on s  whe re f avorab l e  g e o l o g i c  cond i t i o n s  
e x i s t . Ove r the l a s t  1 0  t o  1 5  ye a r s , conve n t i o n a l  hyd r a ul i c  f r a c 
t u r i n g  te chnol ogy h a s  b e e n  adapted t o  s t im u l a t e  s h a l e  we l l s . 
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TABLE 1 

S ummary o f  P rod u c i b l e  Gas E s t ima t e s  ( Appa l a c h i an B a s i n ) 
( Co n s t a n t 1 97 9 Dol l a r s  and 1 0 %  RO R )  

Cumul a t ive Poten t i al Re s e rve s ( TC F )  v s . Total 
P r i c e  ( $/MMB t u ) Prod uc i b l e  

2 . 5 0 3 . 5 0 5 . 0 0 7 . 0 0 9 . 0 0  G a s  ( TCF ) 

Trad i t i on al 
Te chnol ogy 3 . 3  8 . 5  1 1 . 4  1 4 . 9  1 6 . 6  2 5 . 3 

Conve n t i onal 
Technol ogy 7 . 3  1 4 . 5  1 9 . 5 2 3 . 5  2 7 . 0  3 7 . 4  

Ad vanced 
Te chnol ogy 1 1 . 8  2 0 . 1  2 7 . 2 3 2 . 9  3 8 . 9  4 9. 9 

Al though hyd r a u l i c  f r a c t ur i ng i s  typ i c a l ly mo re e f f e c t ive i n  s t imu
l a t ion than i s  we l l  bore s hoo t i ng , it a l so pre s e n t s  s e ve r a l  u n ique 
prob l ems i n  the s ha l e  fo rma t ion . Wh i l e  t h e re h av e  b e e n  imp rove 
me n t s  i n  prod uc t i on t e ch no l ogy , current t e c h n i q u e s  i n  e xp l o r a t ion 
tech no logy make it d i f f i cu l t  to de f i ne bo th t h e  a r e a s  of and 
i n t e rva l s  wi t h i n  Devon i a n  S h a l e  wh i c h  h ave e c onom i c  prod uc t i on 
pote n t i al . 

H i s to r i ca l  produc t i o n  f r om a n  e s t ima ted 2 , 7 4 1  De vo n i a n  S h a l e  
we l l s  i n  36 coun t i e s  i n  four s t a te s  ( Ke n t u cky , We s t  V i r gi n i a , Oh i o , 
and New Yo rk ) we re a n a l y z e d  i n  orde r to deve l op a r a t i o n a l e  for 
e x trapo l a t ion o f  the prod uc t i on a nd re s e r ve s data to areas whe re 
there i s  no c u r r e n t  produc t i on and to pred i c t the volume o f  g a s  
t h a t  c a n  b e  prod uced unde r va r i ous e conom i c  cond i t i o n s . I t  wa s 
or ig i n a l ly i n t e nded to mod e l  the ave r age we l l  produc t i o n  de c l i ne 
for each coun ty w i th the fo l l ow i ng g e ne r a l  hype r bo l i c  e xpre s s ion : [ C 

t
] - l/C

3 P roduc t i o n  R a t e  ( P R )  = c
1 

1 + 
C
� 

whe r e  C 1 , c 2 , and C 3 a re cons ta n t s , PR i s  the prod uc t i on r a te 
i n  thou s a nd cub i c  f e e t  per day ( MCF/D ) ,  a nd t i s the t ime i n  ye a r s . 

Wh e n  the a c t u a l  produc t i on wa s matched , i t  wa s found t h a t  a l l  
the county d e c l i n e  c urve s c o uld r e a sonably b e  repre s e n ted by u s i ng 
va l ue s  of C 2 a nd C 3 e q u a l  to 3 . 0  a nd 2 . 5 ,  r e s p e c t ive ly . Ave r -
age we l l  prod u c t ion i n  e a c h  of the 3 6  coun t i e s  wa s d e te rmi n e d  by a 
hyperbo l i c  d e c l i ne curve c h a r a c te r i z e d  by repre s e n t a t ive C 1 v a l 
ue s f o r  e a c h  c o u n ty . Af te r th e C 1 va l u e s  we re d e t e rm i n e d  f o r  
e a ch o f  t h e  c oun t i e s , l i ke ly parame t e r s  we re e xam i n e d  for pos s i b l e  
corre l a t i on w i t h  C 1 . The s e  parame t e r s  i nc l ud e d  the to t a l  s h a l e  
th i ckne s s , b l a ck s h a l e  th i ckn e s s  a s  d e t e rm i n e d  b y  g amma -r ay l og s , 
s ampl e  b l a ck s h a l e  t h i ckne s s , a nd d e p t h . The th i ckne s s  o f  the 
black s h a l e  as d e t e rm i ned by g amma -ray l og s  wa s the o n ly parame t e r  
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t h a t  c o rr e l a t e d  w i t h  C 1 and can be e xpre s s e d a s  a c on s ta n t  or 
l i near c o e f f i c i e n t f a c t or . The ave r age c ou n ty b l a ck s h a l e  th i ck 
ne s s  a s  de t e rm i n e d  by g amma - r ay logs wa s mul t i p l i e d  b y  t h e  l i n e a r  
coe f f i c i e n t  0 . 2 1 3  t o  de t e rm i n e  t h e  av e r age C 1 va l u e f o r  e a ch 
coun ty . Th i s  wa s u s ed a s  the bas i s  for the t r ad i t i o n a l  c a s e . 

As pre v i ou s l y  me n t ioned , the ma j o r i ty o f  the we l l s a n a l y z e d  i n  
t h e  h i s tor i c a l  d a t a  b a s e  we r e  s t imu l a ted by we l l  bore s hoot ing . 
A l so e x am i n e d  we re prod uc t i on data f rom the mo re r e c e n t l y  d r i l l ed 
Devon i a n  S h a l e we l l s comp l e ted by hyd r a ul i c  f ra c t ur i ng in both the 
pr ima ry s h a l e  areas and o u t s ide the pr ima ry a r e a s . I n  t h e  p r i ma ry 
s h a l e a r e a s , the d a t a  i nd i c a te d  t h a t  conve n t i o n a l  f r ac t ur i ng t e c h 
no logy y i e l d ed h i ghe r pro d uc t i on than d i d we l l  bore s h oo t i ng . I n  
the other s h a l e  a re a s , h oweve r , the comp a r i s o n  wa s l e s s  ce r ta i n . 
The re fore , C 1 va l ue s  for both trad i t i on a l we l l  bore s hoo t i ng and 
conve n t ional f r a c t ur i ng t e c h nology we r e  re cog n i z e d  in the econom i c  
a n a ly s i s . 

Improved s h a l e  prod uc t i v i ty wh i c h  m i g h t  be e xpe c t ed f rom ad
vanced e x t r a c t i on tech no logy wa s s t ud i ed . Eq u a l ly impo r ta n t  are 
new e x p l o r a t i on me thods to l o c a te po te n t i a l  a r e a s  h av i n g b e t t e r  
n a t ur a l  f r a c t ur e s  wi th i n  t h e  s h a l e  forma t i on s . Improved d i ag no s t i c 
tech n i q ue s  a re needed to b e t t e r  d e f i n e  the s h a l e  i n t e rva l to be 
s t imula ted . 

The r e  i s  s ome l imi ted e xpe r ime n t a l  e v i d e n ce to d emon s t rate t h a t  
advanced s t im ul a t ion t e ch nology c a n improve prod uc t iv i t y  ove r con
ve n t ional s t im ul a t ion t e c h n i q ue s .  On the b a s i s  o f  the ava i l ab l e  
d a ta , i t  wa s a s s ume d t h a t  ad va n ced t e c h no l ogy wo u l d  d o u b l e  the im
proveme n t  of conve n t i o n a l  t e c h nology ove r t r a d i t i o n a l  t e c h no l ogy . 
Fo r exampl e ,  a we l l  c h a ra c t e r i z e d  by a C 1 va l ue o f  7 0  M C F/ D  f o r  
t r ad i t io n a l  s t i mul a t ion would b e  e xpe c ted t o  h ave i t s  C 1 va l ue 
i n c re a s ed by 1 5  MCF/ D  to 8 5  MCF/D i f  s t im u l a ted by conve n t i onal 
t e c h no l ogy . B a s ed on ad vanced techno l ogy , the C 1 va l ue wo uld be 
i n c r e a s e d  by 3 0  MCF/ D  and s uc h  a we l l  would be repre s e n ted by a 
C 1 of 1 0 0  MCF/D . Th i s  wa s the bas i s  for the advanced t e c h nology 
c a se . 

The econom i c  analy s e s  we re pe rformed on a d i s c oun ted c a sh f l ow 
a f te r  t ax rate o f  re t urn bas i s  a t  r a te s o f  1 0 ,  1 5 , and 2 0  pe r c e n t 
to d e t e rm i n e the amo u n t  of po tent i a l  r e s e rve s  a t  va r i o u s  pr i c e  lev
e l s . Cap i t a l  cos t s  and a s soc i a ted e xpe n s e s  a t t r i b u t e d  to the pro
d u c e r  i n c l ud e d  l e a s eh o l d  a cq u i s i t i on , we l l  i nve s tme n t , g a the r i ng 
l i ne ( e x c l u s i ve o f  c ompre s s ion and s uc t ion t r unkl i ne s ) ,  o ve rh e ad , 
ope r a t ing a nd ma i n tenance ( O & M ) , a nd d ry h o l e  r i sk .  O t h e r  pa ram
e t e r s  i n c l uded s uc c e s s  r a t io, roya lty, a nd t h e  B r i t i s h t h e rma l un i t  
( B t u )  con t e n t  o f  the ga s . 

I t  i s  t he ge n e r a l  pr a c t ice for the p ur ch a s e r  i n  th e Appa l a c h ian 
ba s i n to bear the f i e l d  cos t o f  compre s s i ng the g a s .  Wi th so ma ny 
d i f fe r e n t  prod u c e r s  ope r a t ing w i th i n the s ame a r e a , i t  i s  not 
f e a s i b l e  for e a c h  one to own sepa rate f ac i l i t i e s . I n s t e ad , the pur 
c h a s e r , wh i ch i s  n orma l ly a gas ut i l i ty ,  wi l l  own a nd op e r ate c e n 
t r a l i zed compr e s sor s t a t i on s  and w i l l  e x te n d  the i r  s uc t i o n  t r unk
l i nes i n to deve l op i ng a r ea s .  
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Wh i l e the i n-p l a ce re source e s t ima te con s i d e red a l l  l a nd s  w i th
i n  the boundary o f  the Devon i a n  S h a l e  bas i n , it wa s unrea l i s t i c  to 
a s s ume that all o f  the area could be d r i l l ed . L a nd u s e  re s t r i c 
t i o n s  s uch a s  a r e a s  whe re d r i l l i ng i s  proh i b i ted , s torage f i e l d s , 
and deve l oped s h a l e  produc i ng f i e l ds , we r e  e x c l ud e d  f rom the tota l 
i n -place re source a r e a . Ac t ua l  e xpe r i ence d i c ta t e s  t h a t  n o t  a l l  o f  
t h e  rema i n i ng po t e n t i a l  d r i l l a b l e  a r e a s  c a n  be l e a s e d  f o r  d r i l l i ng 
because of coal mi n i ng d i f f i c ul t i e s , l a nd owne r s •  re f u s a l  to l e a s e , 
e t c . A ce r ta i n  pe r c e n t age of those prop e r t i e s  a c t ua l ly l e a s e d  w i l l  
be s ub j e c t  to pro b l ems i nvo l v i ng mi ne r a l  t i t l e , r i gh t-o f -way a c 
ce s s ,  or other con f l i c t s . The n e t  d r i l l a b l e  a r e a s  we re cons i d e red 
on a coun ty- by-c o un ty b a s i s  s i nce the f a c to r s  a re va r i a b l e  f rom one 
area to anothe r . O f  a total i n-pl a c e r e s o u r c e  a re a  o f  1 1 1 , 1 0 0  
square m i l e s , i t  wa s e s t ima t ed t h a t  6 2 , 0 0 0  s q ua r e  m i l e s  c o uld b e  
d r i l l ed i n  t h e  Appa l a ch i a n bas i n . 

Po s s i b l e  a n n u a l  prod uc t i on and addi t i o n s  to re s e rve s  we r e  e s t i 
ma ted for t h e  Appa l a ch i a n ba s i n based on t h e  amo unt o f  d r i l l a b l e  
a re a , ave rage we l l  s pa c i ng of 1 6 0  a c re s ,  a nd l ow and h ig h  d r i l l i ng 
r i g  sched ule s .  The r e s ul t s a re t a b ul a ted i n  T a b l e  2 for e a ch o f  
the three technol ogy c a s e s , a s s um i ng the h ig h  g rowt h  d r i l l i ng 
schedule . The i n c r eme n t a l  pr i ce o f  g a s  c omp u ted a t  a n  ROR of 1 0  
pe rcent i s  a ls o  g i ve n i n  the tab l e . 

Th e pr i c e s  a t  wh i ch s uppl i e s  could be d eve l op e d  ( Ta b l e  2 )  r e 
pre s e n t  t h e  f i e l d  pr i ce pa id t o  t h e  prod uce r ,  e xc l u s i ve o f  c ompre s 
sor f a c i l i ty co s t s .  Ad d -o n  compre s s i on cos t s  amo u n t  to b e twe e n  
$0 . 4 9 and $0 . 6 8 pe r mi l l i o n  B t u  ( MMBt u )  for the 1 0 pe rc e n t ROR 
case . The s e  cos ts we re e s c a la ted as the f i e l d p r i c e for g a s  to 
ope rate the f a c i l i t i e s  rose f r om $2 . 5 0 to $9 . 0 0 pe r MMB t u . 

I n  con s ide r i ng the two d i f f e r e n t  d r il l i ng r i g s c h e d ule s ,  the 
mo re mod e ra te r ig s c e n a r i o  a s s ume d tha t t h e re wo u l d  be i n i t i a l ly 1 2  
r i gs d r i l l i ng Devon i a n  S h a l e  we l l s i n  1 9 8 0 , w i th a 1 2  pe r c e n t  i n 
c r e a s e  i n  r ig s  e a ch s uc c e ed i ng ye a r . Th i s  i s  s im i l a r  to the g rowth 
rate o f  d r i l l i ng r i gs e xpe r i e nced be twe e n  1 9 7 3  and 1 9 7 9 in the Ap
pa l ach ian a rea , wh e r e  pre s e n t ly 1 2 5  r i gs a r e  a c t iv e . An a c c e l e r
ated or h i gh g r owth rate wa s repre s e n ted by 1 5 r i g s  d r i l l i ng De 
von i an Sha l e  i n  1 9 80 , wi th 1 5 r ig s  added p e r  ye a r  t h rough the ye a r  
2 0 0 0 . Th i s  re f l e c t s  the mo re recen t Appa l a c h i a n  d r i l l i ng i n  t h e  
l a s t  seve r a l  ye a r s . Al l r ig s  we r e  as s umed to d r i l l  3 5  p r od u c t ive 
we l l s pe r ye ar b a s ed on a c t ua l  e xpe r i e n ce . 

The order i n  wh i c h  the Devon i a n  S h a l e  we l l s wo uld be d r i l l e d  
wa s b a s e d  o n  t h e  lowe s t  pr i c e g a s  be i ng p r od uc e d  f i r s t ,  wh i ch ge n 
e r a l ly repre s e n t s  the h i gh e s t  prod uc t i v i ty we l l s . T h e  un i t  pr i c e  
of prod u c t ion was e s ta b l i shed geogr aph i c a l ly o n  a coun ty-by-c o u n ty 
ba s i s  by the d i s c o un t e d  c a s h  f l ow ( DC F ) e c onom i c  mod e l  a t  the r e 
spe c t ive ROR ' s .  Al l coun t i e s  wi th pr i ce s  l e s s  than $2 . 5 0 p e r  MMB t u  
we re g rouped toge t h e r , wh i le $2 . 5 0 t o  $3 . 5 0 pe r MMBt u repre s e n t s  
the n e x t  h i ghe r grou p i ng , e t c . Beg i n n i ng w i th t h e  l owe s t  pr i c e  
group , those c o un t i e s  wo uld b e  d r i l led f i r s t  i n  a c c o r d a n c e  w i t h 
the respect ive d r i l l i ng s c h e d ul e . The coun t i e s  i n  the n e x t  h ig h e r  
pr i ce c a t egory wo uld t h e n  b e  d e ve l oped , a n d  so o n . 
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TABLE 2 

Potential Incremental Supply (Appalachian Basin) 
High Growth Drilling Schedule 

(Produc tion & Re serve Volumes [BCF] and Price [$/MMBtu] ) 
(Constant 1979 Dollars ) 

Annual Product ive Wells 
Drilled 

Cumulative Wells 

Traditional Technology 
Annual Production Rate 
Annual Re se rve Additions 
Cumulative Additions 
Incremental Pr ice @ 1 0 % 

ROR 

Conventional Te chnology 
Annual Production Rate 
Annual Reserve Additions 
Cumulative Additions 
Incremental Price @ 1 0 % 

ROR 

Advanced Technology 
Annual Production Rate 
Annual Reserve Additions 
Cumulative Additions 
Incremental Pr ice @ 1 0% 

ROR 

1980 

770 
770 

15 
200 
200  

<2 . 50 

1 7  
240 
240 

<2 .50 

2 1  
290 
290 

<2 . 50 

1985 

3,400 
1 2,50 0  

1 90 
890 

3,300  

<2. 50 

220  
1 1040 
31800  

<2 .50 

2 70 
11290 
41800 

<2 . 50 

1990  

61000  
3 713 00  

430  
11250 
8180 0 

<5 . 00  

550 
1 1660 

1 110 0 0  

< 3 .50 

7 0 0  
210 3 0  

1 41000  

<3 . 50 

1995 

81650 
75130 0  

620 
1 1 1 1 0 

1 41300  

<7 . 00  

865 
11690 

1 9160 0  

<7 . 0 0  

1 1 1 1  0 
21 1 70 

251 1 0 0  

<5 . 0 0  

2 0 0 0  

ll 1300  
1 2 6,400 

690 
72 0 

1 81400 

< 1 2 . 00 

1100 5 
1 1 1 40  

2 61 1 0 0  

<9. 0 0  

1 1355 
11600  

34150 0 

<9 . 00  

Va r i ous f a c tors we re e x ami ned a s  po s s i b l e  con s tra i n t s t o  t h e  
deve l opme n t  o f  De vo n i a n S h a l e  prod uc t i on . The mo s t  e a s i ly re cog
n i zed con s t ra i n t s  are those in the near te rm . I t  i s  e s t ima ted t h a t  
1 3  pe r c e n t  ( t rad i t i o n a l ) t o  2 0  pe r c e n t  ( c onve n t i o n a l )  o f  the tota l 
prod uc i b l e re s e rves ( ba s e  c a s e ) can be d r i l l ed a t  a pr i c e  o f  $2 . 5 0 
pe r MMB t u  o r  l e s s . C u r r e ntly , d eve l opme n t  i s  a t  a ve ry mo d e ra te 
rate . S e ve r a l  r e a so n s  for th i s  are : the e x ce s s  a va i l ab i l i ty o f  
g a s  s uppl y ; s uppr e s sed Appa l a ch ian f i e l d  pr i c e s ;  c ompe t i t i on wi t h  
conve n t i o n a l  s o ur c e s ;  a n d  t h e  pos s i b l e  i n ad e q ua cy o f  t h e  ROR ( b a s e  
c a s e ) . I n  ad d i t i o n , a s ig n i f i c a n t  po r t ion o f  the $2 . 5 0 g a s  i s  lo
c a t e d  wi t h i n  the known Devon i a n  Shale prod uc i ng a r e a s  wh i c h  are 
a l r e ad y  l e ased , a nd the d ema nd wi l l  dic t a t e  wh e n  t h e  gas wi l l  b e  
pr od uc ed , i r r e s pe c t ive o f  pr i c e . I n  t h e  longe r te rm ,  i t  appe a r s  
t h a t  wh i l e  e nv i r o nme n t a l  and soc ioe conomi c prob l em s  may h i nd e r  d e 
ve l opme n t  t o  some e x te n t ,  t h e s e  a r e  no t e xpe c ted to b e  ma j o r ba r
r i e r s . Dr i l l i ng a c r eage may b e  cons i d e r e d  a ma j o r  cons tra i n t  b u t  
i s  s im i l a r  t o  t h a t  e xpe r i e nc e d  by i n d u s t ry i n  conve n t i o n a l  o i l  and 

8 



gas deve l opme n t . Al though s ig n i f i c a n t  gas pro duc t i on f rom De vo n i a n  
Sh ale i s  de pe nde n t  on a l a rge n umbe r o f  we l l s t o  be d r i l l e d ,  the 
dr i l l i ng s c e na r ios repre s e n t  reasona b l e  r ig bu i l dup s c h e du l e s  b a s e d  
o n  r e c e n t  i n du s t ry pe r fo rmance . R ig ava i l ab i l i ty s ho ul d  n o t  be a 
cons tra i n t . A l arge amo u n t  of i nve s tme n t  c ap i ta l  i s  r eq u i re d  for 
dr i l l i ng o f  the we l l s ne ce s s a ry to ach i e ve the pre di c t e d  produc
t i on . Dur i ng the 2 0 -ye a r  pe r i od ( 1 9 8 0  to 2 0 0 0 ) , i t  i s  e xpe c te d  
that the i n du s t ry w i l l  n e e d  about $3 1 b i l l i o n  ( 1 9 7 9  do l l a r s ) to 
f i nance a De vo n i an S h a le prog ram . The con c e r n  i s  tha t o t h e r  r e 
s o urce prog r ams f i na n c e d  b y  i n dus t ry wi l l  b e  c ompe t i ng for th i s  
cap i tal a nd th i s  may repr e s e n t  the mo s t  s e r i ou s  cons t r a i n t .  

The re s ul t s  of th i s  s t udy we re comp a r e d  w i t h s im i l a r  r e s ul t s  of 
two e a r l i e r  r e po r t s : the O f f i c e o f  Te chno l ogy As s e s s me n t  ( OTA ) r e 
port and t h e  Lew i n  repo r t .  The OTA a n d  Lew i n  r e po r t s  a re de s c r i be d  
i n  Chap t e r  E i gh t ,  whe re the ma j o r  re s ul t s o f  th i s  s t udy a n d  those 
repo r t s  are comp a r e d  ( Tab l e  1 7 ) . The re s ul t s  o f  th i s  s t udy a re 
broade r  i n  sc ope a n d  b a s e d  on more e xt e n s i ve da t a  than e i th e r  the 
Lew i n  repo r t  or the OTA repo r t . The a s s ump t i o n s  and me t h o do logy 
used in the l at te r  two re po r t s  we re d i f f e re n t  f rom t h o s e  in th i s  
s t udy ;  t h e re fo r e , the s im i l a r i ty of re s ul t s may b e  co i n c i de n t a l . 

The fo l l ow i ng conc l u s i o n s  can be dr awn f rom t h e  re s ul t s  of th i s  
s t udy :  

• The n a t ural gas re s o urce base i n  Devo n i a n  S h a l e  i s  pro
di g i o u s , r ang i n g  b e twe e n  2 2 5  T C F  a n d 1 , 8 6 1 T C F  f o r  the 
Appal ach i an ba s i n al one . 

• A l i ne a r  corre l a t ion e x i s t s be twe e n  i n i t i a l  we l l  p r o duc t i o n  
rate ( C l ) and b l ack s h al e  th i ckn e s s  de te rm i n e d  b y  g amma 
r ay l og s . 

• Conve n t ional h ydr a ul i c f ra c t ur i ng re s ul t s i n  i n c r e a s e d  C 1 
val ue s  ove r h i s to r i c a l  we l l  bore shoo t i ng , the deg r e e  o f  im
pr oveme n t  be i ng a f un c t ion of t h e  C 1 va l ue fo r we l l  bore 
shoo t i ng . 

• The area avai l a b l e  for dr i l l i ng i n  the Appa l a ch i a n  b a s i n  i s  
6 2 , 0 0 0  sq uar e  mi l e s  o r  about 5 6  pe r c e n t  o f  the to t a l  a re a ,  
wh i ch s ig n i f i c a ntly reduc e s  the ava i l a b l e  r e sour c e  b a s e . 

• S ig n i f i c a n t  l eve l s  of De vo n i a n S h a l e  ga s pr odu c t i on are po s 
s i b l e  ove r  the n e x t  2 0  ye ar s ; howeve r , the rate o f  pro duc 
t i o n  w i l l be c o n t ro l l e d  by g a s  pr i c e  a n d  tech nology de ve l op
me n t s . 

• Ab out 1 5  TC F o f  produc i b l e  g a s  f rom Devo n i an S h a le u s i ng 
conve n t i o n a l  f r a c t ur i ng technology c an be produc e d  a t  pr i c e s  
u p  to $3 . 5 0 pe r MMB t u  for a 1 0 pe rce n t  ROR .  

• I n s uf f i c i e n t  pro duc t ion da ta for the I l l i no i s  a n d  M i ch igan 
b as i ns are ava i l ab l e  to e s t ima t e  produ c t i o n  l e ve l s  w i t h i n  
those are a s . 
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• Al though e f fo r t s  by gove r nme n t  a n d  i nd u s t ry a r e  b e i ng di 
re c t e d  towa r d  the deve l opme n t  o f  ad va n c e d  t e c h no logy , f ur 
t he r  wo rk i s  r eq u i re d  t o  deve l op op t im i z e d  s t im u l a t i o n  me t h 
o ds a n d  mo re re l i able e x pl ora t i o n  t e c h n i que s . 

• The l i mi ted demo n s t r a t e d  s uc c e s s  o f  pro duc t i o n  t e c hn o l o g y  
for De vo n i a n  S h a l e  repre s e n t s  a s e r iou s ba r r i e r  to e a r l y  
e x plo i t a t i o n  o f  t h e  re s o urce by i n d u s t ry . 

1 0  



C H APTER ONE 

I NTRODUC T I ON 

OBJEC T I VES 

Th i s  r e por t a s s e s s e s  the po te n t i a l  of Devon i a n  Sh a l e  in the 
e a s tern Un i te d  S t a te s ,  the s t a te o f  r e covery t e c h n o l og y , a nd the 
pr ospe c t s  of f u t ur e  nat ur a l  g a s  s upply from th i s  s o ur c e . A r a nge 
o f  pr o j e c t i o n s  for po s s i b l e  pr od u c t i on vol ume s a nd r e s e r ve a d d i 
t i ons o f  r e co ver a b l e  g a s  a t  var i o us pr i ce l e ve l s are d e ve l oped for 
c ur r e n t  technolog y  ( tra d i t ional a nd conve n t i o n a l ) a nd for adva n ced 
te chno l og y . Re s ul t s  o f  th i s  ana lys i s  are compar e d  w i th pr e v i o u s l y  
pub l i shed s t ud i e s  de a l i ng w i th s im i l ar e s t ima te s f o r  De von i a n  
Sh a l e . 

BAC KGROUND 

The f i r s t  g a s  we l l  dr i l l ed in 1 8 2 1  a t  Fr e d on i a ,  New Yor k , pr o
d uced g a s  fr om De vo n i a n  S h a l e  ne ar ly 40 ye ar s be f or e  the dr i l l i ng 
o f  the f amo u s  Dr ake o i l  we l l . La ter , De von i a n  S h a l e  pr oduc t i o n  wa s 
e s tabl i s hed i n  e a s te r n  Ke n t ucky , e x tr eme we s te r n  a n d  s o u ther n We s t  
Virg i n i a ,  a nd ove r  s c a t tered ar e a s  i n  ce 11tr a l  a n d  sou t h e r n  Oh i o  a nd 
along the souther n edge o f  Lake Er i e  f r om Oh io i n to New Yor k .  The 
ma j or De von i a n  S h a l e  dr i l l i ng has been con f i n e d  to the Appa l a c h i a n  
bas i n  where abo u t  9, 6 0 0  we l l s are known to b e  pr od uc i ng f r om De vo
n i a n  S h a l e . I t  i s  e s t ima t e d  that pr e s e n t l y  s ome wh e r e  around 1 0 0  
new pr od uc t i ve s h a l e  we l l s are be i ng dr i l l ed a n n u a l l y . 

There ar e a l so c ommer c i a l ly e xplo i t a b l e  s a n d s to ne and s i l t s tone 
beds wi th i n  the g e o l og i c  s e q uence of De von i a n  s e d ime n t s . The s e  ar e 
mo s t ly pr e va l e n t  i n  the nor thern por t i on o f  We s t  V i r g i n i a  a n d  we s t 
e r n  Pe n n syl va n i a ,  o c c ur r i ng w i th i n  the upper a n d  l owe r g e o log i c  s e 
q ue nce o f  Devon i a n  ag e .  The s h a l e  a nd s a n d s tone forma t i o n s  ar e 
wide ly d i f f e r e n t  w i t h r e s pe c t  to l i tholog y , s tr a t ig r aphy , r e s e r vo ir 
pr oper t i e s , a nd pr o d uc i ng char a c ter i s t i c s . Ther e for e , the i n te n t  
o f  t h i s  repor t i s  n o t  to i n c l ud e  De von i an ag e s a n d s tone forma t i ons . 
Ne i ther i s  i t  the p ur pose to i n c l ude a ny o ther e a s te r n  t i g h t  g a s  
pr oduc i ng forma t i o n s  of M i s s i s s i pp i a n , S i l ur i a n , or Or d ov i c i a n  ag e .  

De vo n i an S h a l e  i s  r e f e r r e d  to by d i f f ere n t  n ame s a c cor d i ng to 
local geolog i c  te r mi nolog y . Common us ag e  i nvo l ve s  n ame s s uc h  a s  
"Oh i o  S h a l e , "  "Br own S h a le , "  and "Ch a t ta noog a  S h a l e " i n  the Ap
pa lach i a n  ba s i n , "An tr im Sha l e " i n  th e M i c h ig a n  b a s i n , and "New 
Alba ny S h a l e "  i n  the I l l i no i s  ba s i n .  

ANALYS I S  OVERVI EW 

The me thodo l og y  o f  th i s  s t udy wa s to e s t i ma te the i n -p l a c e  g a s  
r e sour ce o f  De vo n i a n  Sha le , to pr o j e c t  pr oduc t i on vo l ume s a n d  ad
d i t ions to r e s e r ve s  ach i e va b l e  a t  pr i c e s be twe e n  $2 . 5 0  a nd $9. 0 0  
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per MCF ( c o n s t a n t  1 97 9 dol l ar s ) ,  a nd s im i lar pr o j e c t i o n s  for a d 
vanced r e covery te ch no l og i e s .  The ba s i n s  cons ider e d  i n  th i s  s t ud y  
ar e the Appa l a ch i a n , M i ch ig a n , a nd I l l i no i s  b a s i n s . 

For the Appa l a ch i a n  bas i n ,  a s  much i n d u s try pr oduc t i on and cos t 
data a s  po s s i b l e  we r e  a c c um ul a ted on a c o un t y-by-c o u n t y  b a s i s . 
Fr om t h i s  i n forma t i on , i t  wa s po s s i b l e  to e s t ima te the ga s i n  pl ace 
on a vo l ume tr i c  b a s i s , to d e ve l op pr od uct ion for e c a s t s  based on the 
s t a t e -o f - t h e -ar t te chno logy , a nd to der ive s im i l ar e s t ima te s for 
ad va n c e d  te chno l og y . 

The l imi ted s h a l e  g a s  d a ta i n  th e Mi ch ig a n  a nd I l l i no i s  b a s i n s  
a l l owed o n ly a g e ne r a l  analy s i s  a s  comp ar e d t o  t h e  d e t a i l e d  tr e a t 
me n t  a c cor d e d  t h e  Appa l a c h i a n  ba s i n . An e s t i ma te o f  the i n -p l a c e  
g a s  wa s pr epar ed f o r  t he M i c h i ga n  a n d  I l l i no i s  b a s i n s . Howe ver , to 
a t tempt an e co n om i c  ana lys i s  of r e cover a b l e  g a s  wa s con s i d e r e d  too 
s p e c u l a t i ve to h ave much me a n i ng . 

1 2  



C HAPTE R  TWO 

RES OURC E 

ORI G I N  AND GEO GRAPH I C  EXTENT 

Sh a l e  is de f i n e d  a s  a f i ne -te x t ur e d  l am i n a t e d  s e di me n tary r o c k  
forme d b y  t h e  di ag e n e s i s  of m uds and c l ays h av i ng mi ner a l  p ar t i c l e s  
o f  microscop i c  s i ze .  B l a ck s h a l e s  a r e  r i ch i n  or g a n i c  ma t te r  a n d  
have a h ig h  c ar bon conte n t  per un i t  vo l ume . Th e s e  s h a l e s  a r e  of 
g r e a t  th i ckne s s , e x te n di ng ove r  w i de ar e a s , a n d  are of par t i c ul ar 
i n tere s t  a s  a po te n t i al sour ce o f  hydr o c a r bon s . 

The term De von i a n  r e fer s to the g e o l og i c  t ime of de po s i t io n ; 
and the spe c i f i c r o ck un i t ,  Devon i a n  S h a l e , i s  a col l e c t i ve n ame 
for the var ious s h a l e  s tr a ta tha t l i e  be twe e n  yo unge r  B e r e a  S a n d
s tone a n d  o l der Devon i a n  car bo n a te s .  De von i a n  S h a l e  wa s de pos i te d  
some 3 5 0  m i l l i on ye a r s  ag o i n  a s h a l low s e a  t h a t  cove r e d  a ppr o x i 
ma te ly h a l f  o f  the pr e s e n t  con t i ne n t a l  l a n d  ma s s  o f  t h e  Un i te d  
State s . Er os i on of the a dja c e n t  l a n ds pr o duc e d  ma s s iv e  q ua n t i t i e s  
of s e dime n t  a n d  or g a n i c  de br i s  wh i ch wer e  carr i e d  b y  r i ver s i n to 
th i s  va s t  sea . Fine par t i c l e s  of s e di me n t  a n d  org a n i c  ma t te r  se t
tled to the bot tom in q u i e t ,  to x i c  wa ter s .  Whe r e  the s i te s  o f  de 
pos i t i on we r e  i n  a r e duc i ng e n v i r onme n t ,  tha t i s , s tag n a n t  wa ter , 
the org a n i c  ma t te r  wa s pr e se r ve d  and forme d  the b l a ck or g a n i c -r i ch 
mud . 

The i n l a n d  s e a  wa s eve n t ua l ly f i l le d  by f ur t her de po s it i on of 
se dime n t s . The we ight o f  the s ub s eq ue n t  o ve r l y i ng s e d i me n t s and 
the heat from the e ar t h ' s  ove r burde n  pr e s s ur e , c omb i ne d  w i th geo
chemi c a l  r e a c t i o n s ,  g r a dual ly tr a n s forme d  the or g a n i c  m ud i n to the 
black org a n i c  s h a l e  a s  we kn ow i t  today . At o n e  t ime t h e s e  De vo
n i a n  Sha l e s  cove r e d  near ly a l l  of the m i d-Con t i n e n t  ar e a , b u t  s ub
seq u e n t  upl i f t  a n d  eros ion have s tr i ppe d away m uc h  o f  the s h a l e  so 
that the De von i a n  S h a le s wh i ch r ema i n  today cover appr o x ima te ly 
one - f o ur th of the Nor th Ame r i c a n  co n t i ne n t . They a r e  pr om i n e n t  i n  
the e a s ter n Un i te d  S t a t e s  i n  areas whe r e  the s h a l e s  h a ve n o t  bee n 
erode d ,  s uch a s  the Appa l a ch ian , M i ch ig a n ,  a n d  I l l i no i s  ba s i n s . 
The spe c i f i c geolog i c  name s  a s s ig ne d  to the di f f er e n t  i n te r va l s  
w i th i n  Devo n i a n  S h a l e  var y wi th i n  the b a s i n  a s  we l l  a s  b e twe e n  
bas i n s , but they ar e , i n  f a c t , the s ame or g an i c  s h a l e . 

The chemi c a l  r e a c t i on s , he a t , a n d  pr e s s ur e  wh i ch tr a n s formed 
the mud to shale a l s o  pr oduc e d  n a t ur a l  gas f r om t h e  e n tr a i ne d  
organ i c  ma t ter . Some o f  the pr o duc e d  g a s  migr a t e d  i n to adj a c e n t  
porou s r ock s , s uc h  a s  s a nds tone s ,  t o  form the mo r e  conve n t i o n a l  
gas r e se r vo i r s ,  whe r e a s  o ther g a s  r ema i n e d  l o cke d i n  the nonpor ous 
s h a l e . The s e  s h a l e s  have long been r e cog n i z e d  as a hydr ocar bon 
sour c e , par t i c ul ar ly the g a s -bear i ng i n te r va l s  a s so c i a te d  w i th 
black s h a l e  beds . 
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RESOURC E E S T IMAT I ON PROCE DURE 

I n  th i s  s e c t i on , the r e s o u r c e  e s t ima t ion t e c h n i q u e s  and a t t e n
d a n t  nome n c l a t ure are d i s c u s s ed . 

Re s o u r c e  E s t imate D e f i n i t i on 

There are s eve r a l  r e so urce e s t ima te s  t h a t  c a n  b e  d e t e rm i n ed , 
d e pe n d i ng upon the nom en c l a t u r e  and d e f i n i t i o n s  employe d . I n  t h i s  
s t ud y , the re s o ur c e  e s t ima te i s  d e f ined a s  the amo un t o f  n a t ur a l  
g a s  i n  p l ace t h a t  "c a n  e s c ape from a rock v o l ume u n d e r  amb i e n t  con
d i t i on s g iven s u f f i c i e n t  t ime wi thou t a ny h e a t  s t im u l a t i o n  a nd 
w i thout g r i nd i ng the rock . "l Th e r e  i s  a d i s t i n c t  d i f f e re nc e  
be twe e n  the re s o u r c e  of t h e  source r o c k  a nd t h a t  wh i ch i s  po t e n
t i a l l y r e coverab l e . I n  Chapter Fi v e , prod u c t i o n  and re s e rv e  p o t e n
t i a l  o f  Devo n i an S h a l e  i s  d i s c u s s ed . Th u s , i n  te rms of r e c ov e ry , 
pote n t i a l  r e s e r v e  r e f e r s  to the qua n t i ty o f  g as t h a t  c a n  b e  comme r
c i a l l y  explo i t ed a nd e conom i c a l l y  r e c ove r ed a t  a g i ven pr i ce ; l i ke
w i s e , t o t a l  prod uc i b l e  g a s is that por t i on of the gas i n  p l a c e  t h a t  
can b e  to t a l l y  re c ove r ed . 

Gray v s . B l ack S h a l e s  

Devo n i an S h a l e  i s  c ompo s ed o f  s tr a t a o f  "b l ac k "  a nd "g r a y "  
s h a l e s . B l ack s h a l e , r i c h  i n  org a n i c  ma t t e r , h a s  a much h ig he r  g a s  
c o n t e n t  than g r ay s h a l e . The g a s  con t e n t s  i n  the b l a ck a nd g r a y  
sha l e s  w e r e  d e t e rm i ned s e pa r a t e l y  for t h e  Appa l a c h i a n b a s i n , a nd 
the re source e s t ima t e s  for e a ch we re add ed toge t h e r  to a r r ive a t  
the to t a l  amoun t .  A s im i l ar approa c h  wa s f o l l owe d i n  t h e  M i c h i g an 
ba s i n b y  d i f f e re n t i a t i ng be t we e n  the o rg a n i c- r i c h  a nd o rg a n i c- l e an 
i n t e rv a l s  o f  De von i an ( An t r im )  S h a l e . I n  t h e  I l l i no i s  b a s i n , the 
re s o u r c e  o f  Devon i a n  ( New Alban y ) S h a l e  wa s b a s ed o n  the to t a l  s e c
t io n , b e c a use d i s t i n c t ion be twe e n  b l a c k  and g r ay s h a l e s  wa s not 
po s s i b le . Th i s  wa s d ue to l im i t ed d a t a , s i n c e  t h e re are v e ry few 
rad ioac t iv e  we l l  log s av a i l ab l e . 

O f f- g a s s i ng D a t a  

Va l u e s  u s e d  f o r  t h e  g as conte n t  a s s o c i a t e d  w i t h b l a c k  and g ray 
s h a l e s  we r e  ba s ed o n  core o f f- ga s s i ng a n a l y s e s  o b t a i n ed f r om v a r
ious cored we l l s  in the Appa l a c h i a n  and I l l i no i s  b a s i n s . 

Un fo r t unat e l y , t h e r e  was no o f f - g a s s i ng i n forma t i on av a i l a b l e  
i n  t h e  M i c h igan b a s i n . Howev e r , prod u c t ion v s . b l ack s h a l e  th i ck
ne s s  r e s u l t s  ind i c a te that An t r im Sh a l e  may h av e  gas c o n t e n t  c ha r
a c t e r i s t i c s  s im i l a r  to those of the s h ale s i n  t h e  Appal ach i an 
bas i n . 

l sm i th , E r i c  c. , A P r a c t i c a l  Approach to E v a l u a t i ng S h a l e  
Hyd r o c a r bo n  Pote n t i a l , Second E a s tern G a s  Sh a l e s  Sympo s i um ,  
METC/ S P- 7 8  Vo l . I I , EGS - 7 0 , pp . 7 3- 8 7 .  
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Sha le Th i c kne s s  

To tal s h a l e  th i ckn e s s  wa s d e f i n ed i n  the Appa l a ch i a n  b a s i n  as 
the s h a l e  se c t i on be twe e n  the base o f  the Ber e a  S a n d s tone and the 
top of the Onondag a L ime s tone . S a nd s tone membe r s  that are pr e s e n t  
wi t h i n  th i s  i n te r va l  wer e  e x c l ud e d  a s  e xpla i n e d  i n  t h e  Ba c kg r o und 
s e c t ion of C h ap ter One . I n  the M i ch ig a n  bas i n ,  the forma t i on from 
wh ich s h a l e  g a s  c o ul d  be pr o d uc e d  i s  t h e  An tr im S h a l e  o f  Devon i a n  
age . An tr im S h a l e  everywh e r e  ove r l i e s  t h e  Tr ave r s e  forma t ion . I n  
e a s ter n M i c h ig a n , t h e  i n te r va l  be twe e n  t h e  Mi s s i s s i pp i a n  s tr a ta and 
the top of the Tr ave r s e  forms the An tr im Sha l e . Mov i ng we s tward 
acr o s s  the bas i n ,  the uppe r An tr im gr ade s l a ter a l ly i n to a th i ck 
gree n i sh g r ay s h a l e  c a l l e d  E l l swor th S h a l e . Th i s  g r ad ua l  f a c i e s  
chang e  ma ke s i t  d i f f i c ul t  t o  d i s t i ng u i s h  be twe e n  t h e  two forma 
t i on s . Wh ere separa te ide n t i f i c a t i ons cou l d  n o t  be ma de i n  th i s  
trans i t i ona l zone , the e n t i r e  i n ter va l wa s i n c l ud e d  i n  the to t a l  
t h i ckne s s  for t h e  p ur pose of t h e  r e sour ce a n a ly s i s . I n  the we s te r n  
edge o f  t h e  ba s i n  wh e r e  E l l swor th Shale i s  r e cog n i z a b l e , i t  wa s e x 
c l uded b e c a u s e  i t s  l i tho l og y  i s  d i f f e r e n t  f r om An tr im S h a l e . For 
the I l l i no i s  ba s i n , the total s h a l e  th i ckne s s  c on s i s t s  o f  the New 
Al bany S h a l e  g r o up , wh i ch i s  dom i na n tl y  s h a l e  w i t h  some l i me s tone 
and s i l t s tone i n te r va l s . 

Var i o u s  geo l og i c  s o ur c e s  we r e  u s e d  for the d e t e r m i n a t ion o f  the 
tot a l  s h a l e  th i ckne s s , pr imar i ly we l l  l og d a t a  in t he Appa l a c h ian 
and M i c h igan ba s i n s  a nd s t a te g e o l og i c a l  s ur ve y  map s  for the 
I l l i n o i s  b a s i n .  

The b l a ck s h a l e  th i ckne s s  i n  the Appa l a ch i an ba s i n wa s e s t i 
ma ted us i ng two d i f f e r e n t  cr i te r i a . The f i r s t  appr o a c h  wa s based 
on log da ta , a nd the th i ckn e s s  of the b l a ck s h a l e  h av i ng a g amma 
r ay r ad i a t i on g r e a te r  than 2 3 0  AP I un i t s 2 i s  r e f er r ed to i n  th i s  
s t ud y a s  log b l a ck s ha l e  th i ckn e s s  ( T ) . Th i s  i s  i nd i c a ted l a ter i n  
the s t udy a s  a n  impor tan t var i a b l e  i n  e s t ima t i ng pr o d uc t ion f r om 
De vo n i a n  S h a l e . A s e cond appr oach emp l oye d the u.s. Ge o l og i c a l  
S ur ve y  d a ta b a s e d  o n  id e n t i f i c a t ion o f  b l a ck s h a l e  s tr a ta b y  color . 
Th i s  i s  r e f e r r e d  to a s  s amp l e  b l a ck s h a l e  th i ckn e s s  i n  t h i s  s t udy . 
Al t ho ug h  the s ame n ame s , b l a ck s h a l e  and g r ay s h a l e , we r e  u s e d  for 
ide n t i f i c a t i on p ur po s e s  in the l og and s amp l e  s t ud i e s , t h i s  doe s 
not ne ce s s ar i ly r e fer to the s ame i n te r va l s . I n  t h e  Mi c h ig a n  ba
s i n ,  a s im i l ar appr oa ch wa s take n con s i s te n t  w i t h  the Ap pa l a ch ian 
log ana lys i s  me t hod . Fr om pr e v i o u s  wor k s  r e por t e d  by Gar l a nd D . 
El l s , 3 the Antr im Sh a l e wa s d i v i d e d  i n to spec i f i c i n ter va l s  based 

2 where the s ta nd ard AP I c a l i br a ted l og s wer e  n ot a va i l a b l e , a 
j udgme n t  f a c tor wa s appl i e d  ba sed on the g amma -r ay s h i f t  f r om the 
norma l  shale l i ne . 

3 E l l s , Gar l a n d  D . , An Appr a i s a l  o f  Known An tr i m  S h a l e  and 
Ber ea O i l  and Gas Poo l s  i n  M i c h ig a n , Se c ond E a s te r n  Gas S h a l e s  
Sympo s i um ,  METC/SP- 7 8 Vo l . 1 ,  EGS - 8 8 , pp . 2 8 0 - 2 90 ; E l l s , Gar l a nd 
D . , S tia t igr aph i c  Cr o s s  S e c t ions E x te n d i ng f r om De von i a n  An tr im 
Sha le to M i s s i s s i pp i a n  S un bury Shale in the M i c h i g a n B a s i n , DOE 
Con tract No . EX- 7 6 -C- 0 1- 2 3 4 6 ,  p ub l 1s h e d  Novembe r  1 97 8 .  
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o n  the deg r e e  o f  r ad i oa c t iv i ty from g amma -r ay l og s . Th e s e  i n ter 
vals o f  h ig h  r ad i oa c t i v i ty ,  l A ,  l C , and 2 ( El l s  c l a s s i f i c a t i o n ) ,  
we r e  cons i d e r e d  to be org a n i c a l ly r i ch ,  a nd for the p ur p o s e  of th i s  
s t udy they r e pr e s e n t  the l og b l a ck s h a l e  th i ckne s s . 

For the Appa l a ch i a n and M i ch igan b a s i n s , the org a n i c - l e a n  or 
g r ay s h a l e  th i ckn e s s  wa s ar r i ve d a t  by s ubtr a c t i ng the l og ( or 
s ampl e ) b l a ck s h a l e  th i ckne s s  fr om the to t a l  s h a l e  t h i ckne s s . 

Con tour map s  o f  total s h a l e  th i ckne s s  a nd b l a ck s h a l e  th i ckne s s  
wer e  pr e par ed a s  pr e v i o u s l y  d e scr i bed for e a ch ba s i n .  The s e  map s  
a r e  i n c l uded i n  Appe nd i x  C ,  from wh i ch t h e  c o un ty a ve r ag e  t h i ck
ne s s e s  we r e  obta i ned in comp u t i ng the r e sour c e . 

Ar e a  E x t e n t  

T h e  r e so ur c e  ar e a s  w i th i n  t h e  thr ee De von i an S h a l e  ba s i n s  
j udg ed t o  h ave g a s  po te n t i a l are o u t l i n e d  i n  Fig ur e  1 .  The con t o ur 
map s  i n  Appe nd i x  C s h ow the boundary o u t l i ne i n  g r e a te r  d e ta i l . 
The ar e a s  s e l e c ted r e pr e s e n t  the j udg me n t  and op i n i o n s  o f  ma ny i n 
d i v i d u a l s a nd mo s t  l i ke ly w i l l  change a s  mor e  i n f orma t i on i s  ob
ta i n ed in the f u t ur e . Also , the s h a l e  beds und e r l y i ng the Gr e a t  
La ke s  i n  t h e  M i ch ig a n  and Appa lach i a n  ba s i n s  we r e  n o t  i n c l ude d i n  
t h e  area f ig ur e s .  The to t a l  r e s o ur ce ar e a  amo unted to 1 1 1 , 1 0 0  
s q uare m i l e s  i n  the Appa l a ch i a n  bas i n , 2 8 , 1 5 0  s q uar e m i l e s  i n  the 
I l l i no i s  b a s i n ,  and 3 5 , 4 0 0  s q uar e m i l e s  in t h e  M i ch i g a n  b a s i n . 

Me thod and Pr oced ur e  

The i n -place g a s  r e s o ur c e  wa s c a l c ul a t e d  on a c o un ty- by-c o u n ty 
ba s i s for e ach ba s i n . The tech n i q ue c on s i d e r e d the v o l ume o f  or 
g a n i c  s h a l e  a nd the aver ag e g a s  conte n t ,  e xpr e s s e d  a s  t he vol ume o f  
g a s  co n t a i ne d  p e r  un i t  vol ume o f  s h a l e  r o ck . 

Appa l a c h i a n  Bas i n  

Log da ta we r e  ava i l a b l e  from a bo u t  7 5  per c e n t  o f  the tota l 2 3 3  
coun t i e s  i n  t h e  Appa l a ch i a n  b a s i n . I n  some c o un t i e s ,  d a ta f r om a 
l a rg e n umber o f  we l l s we r e  ava i l a b l e ; so i n  th i s  c a s e  s ampl i ng 
t e ch n i q ue s  wer e  empl oyed to ar r ive a t  the th i ckne s s . I n  s ome o t her 
coun t i e s ,  we l l s w i th u s a ble l og d a t a  we r e  l im i te d ; in the s e  c a s e s 
e x trapo l a t i o n  wa s empl oye d to e s t ima te the th i ckne s s . Gas con t e n t  
va l ue s  o f  0 . 6  a nd 0 . 1  s ta ndard cub i c  f e e t of g a s  p e r  c ub i c  f o o t  o f  
s h a l e  for t h e  b l a ck and gr ay s h a l e s ,  r e spec t i ve l y , we r e  a s s ume d to 
be r e pr e se n t a t ive over mo s t  of the b a s i n . T a b l e  3 e xh i b i t s o f f 
g a s s i ng d a ta fr om s ome o f  the r e c en t cor e d  we l l s i n  t h e  App a l a c h i a n  
ba s i n .  

Us i ng the are a l  e x t e n t  o f  e a ch coun ty under l a i n by the s h a l e , 
tog e t he r  w i th the aver age c o un ty s h a l e  th i ckne s s  and g a s  con te n t 
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THE AREA SHOWN REPRESENTS THAT PORTION WI THIN EACH BASIN CONSIDE RED BY T HIS 

STUDY TO HAVE SHALE GAS POTENTIAL AND DOES NOT NECESSARILY REPRESENT THE 

ENTIR E DEVONIAN SHALES THAT EXIST IN THE BA SINS. 

Figure 1. Geographic Outline of Potential Devonian Shale Areas. 
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val u e s , the g a s  i n  pl a ce es t ima t e s  for each coun t y  i n  the 
Appa l a c h i a n ba s i n we r e  c omp u ted us i ng the fol l ow i ng e q ua t i on : 

To tal g a s  i n  pl a c e  = ( Bl a ck s h a l e  th i ckne s s  x Ga s con te n t  o f  
bl ack s hal e 

+ Gr a y  s hal e t h i ckne s s  x Gas c o n te n t  o f  
gr a y  sh al e ) 

x Ar e a  

S ubs t i t u t i ng the g a s  con ten t for the bl a ck a nd gr a y  s h a l e s , the 
above e q u a t ion i s  wr i t ten a s : 

To tal g a s  i n  pl a c e = ( B la ck shal e th i ck n e s s  x 0 . 6 

+ Gr a y  s h al e th i c kne s s  x 0 . 1 )  

x Ar ea 

I n  add i t ion to the l oy r e sour ce e s t ima te where bl a ck s hal e 
th i ckne s s  wa s b a s e d  on the g amma -r a y  l og s , the s ampl e r e s o ur c e  
e s t ima te wa s ma de us i ng the s ame pr oce d ur e . The s ampl e bl ack s h a le 
th i ckne s s  i n  e a c h  c o un t y  wa s obta ined fr om the f ig ur e s  p ubl i shed by 
the u.s. Geol og i c al S urve y . 4 Th us , two d i s t i n c t  r e s o ur ce e s t i 
ma t e s  we r e  made for t h e  Appal ach ian b a s i n , one d er i ved f r om g amma 
r ay l og d a t a  and the o t her from s ampl e d a ta . 

TABLE 3 

Average Of f-Gassing Values of Seven Cored Wells 
in the Appalachian Basin 

Gas Content (Ft3Gas/Ft3shale ) 
'Y-ray �23 0  'Y-ray <230  

Average API Units API Units 

EGSP/WV-5 Mason Co . ,  wv 0 . 3 0 . 7  0 . 2 
EGSP/WV-4 Lincoln Coo 1 wv 0 . 3 0 . 7  o. 1 
EGSP/VA-1  Wise Co . '  VA 1 .  6 2 .  1 0 . 5  
EGSP/KY-3 Martin Co .,  KY 0 . 3 0 . 4  o. 1 
EGSP/OH-2 Washington Co .,  OH 0 . 6  0 . 8 0 .  1 
EGSP/WV-6 Monongalia Co .,  wv unavailable 0 . 3 0 .  1 
EGSP/NY-1 Allegany Co . ' NY unavailable 0 . 3 0 .  1 

tvli c h ig an Bas i n  

The pr ocedure �s e d  for the r e so ur c e e s t ima t i on wa s ba sed e x 
c l u s i ve l y  o n  g amma-r a y  l og d a t a . Ga s conte n t  d a ta f r om cor e s  we r e  
n o t  ava i l abl e i n  t h e  M i c h ig a n  bas i n .  Howe ve r ,  b a s e d  on we l l  pr o-

4d e  Wi t t ,  et al . ,  1 9 7 8 ,  U . S .  Ge ol og i c al S ur ve y ,  Map l- 9 1 7B . 
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duc t ion s i mil ari ty be twe e n  t h e  M i c h i ga n  a n d  Appal a c h i a n ua s i n s , 
val ue s o f  0 . 6  and 0 . 1  s t a nda rd c ub i c  f e e t of ga s per c ubi c foot of 
s hal e we re appl i e d  to the orga n i c-ri c h  s h a l e  and the orga n i c - l e a n  
sha l e , re spe c t i ve l y , i n  de riv i n g t h e  re so urce es t ima te . S i nce i t  
is n o t  known whe t he r or n o t  t h e  ga s conte n t  i s  un i form tl1ro ugh out 
the bas i n , it i s  re cogn i ze d  that the s e  va l ue s  a re un c e rta i n .  

I l l i no i s  Ba s i n 

The proce dure fol l owe d for e s t ima t i n g  the re so urce i n  the 
Ill i no i s  ba s i n u s e d  a s i ngl e val ue for s h a l e  ga s con tent ba s e d  onl y 
on re l a t i ve th ickn e s s  of bl a ck s h a l e  i n terva l s  d ue to l i mi te d i n 
forma t i on o n  b l a ck and gray s h a l e  de l i n e a t ion . I n  e staul i s h i ng the 
ga s conte n t  of De von i a n  S h a l e , da ta con s i s te d  of o f f - ga s s i n g  f rom 
core s .o f  one we l l  i n  Il l i no i s , f o ur wel l s  in I ndi a n a , a n d  one wel l 
in we s tern Ke n t ucky . The da ta we re con f i ne d  to the t h re e  bl ack 
s ha l e  i n t e rva l s  wi th i n  the New Al ba ny Sh a l e  grou p , n a me l y , Bl o c he r 
S hal e , Gra s s y  Cre e k  S h a l e , a n d  Swe e tl a nd C reek S h a l e . Tabl e  4 
give s  the ave ra ge o f f -ga s s i ng val ue s for e a c h  s h al e membe r from the 
s ix cored we l l s .  Tabl e  5 s how s the re l a t i ve th i ckne s s  o f  the thre e  
bl a ck shal e i n t e rval s e x pre s s e d  a s  a perce n t a ge o f  the total th i ck
ne s s  for the New Al bany S h al e  f rom the s ame core d  we l l s . 

From the da ta i n  Taul e s  4 and 5 ,  a we i gh t e d  av e ra ge ga s conte n t  
val ue wa s de rived a s  s hown bel ow . 

Ave rage ga s con ten t = 
( S CF pe r 

c ubic foo t o f  s h a l e ) 

( Gra s s y  Cre e k  S h al e % t h i ckne s s  x Ga s 
conte n t  of Gra s s y  Cre e k  S h a l e  

+ S wee tl a nd Cre e k  Shal e % t h i ckne s s  x Gas 
conte n t  of Swe e tl a n d  C re e k  S h a l e  

+ Bl ocher S h a l e % th i ckn e s s  x G a s  content 
o f  Bl o c h e r  S h al e ) 

. 1 0 0  

S ubs t i t ut i ng the pe rc e n t age th i ckne s s  and ga s con te n t  val ue s o f  
Tab l e s  4 and 5 g i ve s : 

Ave ra ge ga s conte n t  = ( 0 . 6 6 x 0 . 8 0 )  + ( 0 . 0 6 x 0 . 9 7 )  + ( 0 . 13 x 0 . 2 4 )  
( S C F  pe r 

c ubi c foot o f  s h al e ) 

= 0 . 6 2 

The fol l ow i ng e qua t ion re pre s e n t s  the ga s i n  pl a c e  e s t imate . The 
area a nd th i ckne s s  va l ue s  we re de te rmi n e d  on a c o un t y- by-c o un ty 
bas i s .  

To tal ga s i n  pl a c e = To tal s hal e t h i c kne s s  x 0 . 6 2  x Are a 
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TABLE 4 

Average Off-Gassing Values for the Black Shale Interval s of  the 
New Albany Shale Group from Six Cored Wells in the Illinois Basin 

Black Shale Interval 
( Standard Cubic Foot Gas 

Per Cubic Foot Shale ) 
Sweetland Grassy 

Creek Creek B locher 

No core No core 
1 .  1 8  No samples 
0 0 . 04 
0 . 69 0 
0 . 67 0 . 68 

Hopson Oil Co . 
EGSP/IND-1 
EGSP/IND-2 
EGSP/IND-3 
EGSP/IND-4 
EGSPjK:f-2 

Wayne Co. , IL 
Sull ivan Co ., IN 
Clark Co .,  IN 
Marion Co .,  IN 
Jackson Co., IN 
Christian Co ., KY 

0 . 69 
1 . 66 
o. 1 7  
0 . 86 
0 . 3 1 
0 . 62 1 . 35 Samples leaked 

Weighted Average of Total Samples 0 . 80 

TABLE 5 

0 . 97 o .  2 4  

Thickness of  Black Shal e Interval s Expressed as Percentage 
of Total Thic kness of New Albany Shale Group 

Based on Six Cored Wells in the I llinois Basin 

Black Shale I nterval ( Percent ) 
Grassy Sweetland 

C reek C reek B locher 

Hopson Oil eo. Wayne Co ., IL 58 6 1 8  
EGSP/IND-1 Sullivan Co., IN 67 6 1 3  
EGSP/IND-2 Clark Co .,  IN 93 0 7 
EGSP/IND-3 Marion eo. I IN 63 1 1  1 2  
EGSP/IND-4 Jackson Co . , IN 66 6 1 3  
EGSP/KY-2 Christian Coo I KY 5 1  8 1 4  

Weighted Average Value 66 6 1 3  
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Re s ul t s 

I n  the Appalachia n ba s i n ,  c o ns i dera b le va r i a t ion e x is t s  i n  the 
g a s  in place e s t ima te s de p e n ding on the appro a c h  t a ke n . For i n 
s ta nce , the Appala c h i a n  ba s i n g a s  in pla c e  e s t ima t e s  vary f rom 2 25 
TCF ( i f g a s  in o n ly t he b la ck s hale s  a s  de t e rmin e d  by log da ta we re 
i n c lude d )  to a to t a l  o f  1 , 8 6 1 TCF ( i f s ample t hickne s s e s  we re u s e d  
a n d  b la ck a n d  g ray s ha le s we re bo th in c lude d ) . Ra t he r  t han pre se n t  
a s ing le re so urc e e s tima te for the Appa la chian b a s in ,  t he Task 
Gro up de c i de d to pre s e n t  the gas i n  place e s t ima t e s  de t e rmin e d  by 
the two approache s .  I t  i s  f e lt , howe ver , t ha t  t he re so urc e e s ti
ma tes obt ained f rom us ing the log thi ckne s s e s  are le s s  s ub j e c t ive 
than the e s t ima t e s  o b t a ine d from t he s ample t hickne s s e s  ba s e d  on 
color . 

The re source e s t ima te for the Mi chigan ba s in amo un t e d  to 7 6  
TC F ,  a nd for the I llino i s  b as i n  wa s 8 6  TCF . Spe cif i c  da ta o n  the 
re source for the thre e b a s ins can be fo und in Appe n dix D .  
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C HAPT ER THREE 

E X I ST I NG PRODUC T I ON T E C HNOLOGY l 

DESCR I PT I ON OF RECOVERY METHODS 

T rad i t ional T e c h n i q u e s  

Fo r many ye ar s , there h a s  been c omme r c i a l p rod uc t ion f rom De
von i an S h a l e . A sma l l  pe r c e n t age o f  De von i a n  Sh a l e  we l l s  prod uce 
n a t ur a l l y  ( i . e . , w i thout s t imul a t io n ) at c omme rc i a l d e l ivery r a t e s , 
b u t  the l arg e ma j or i ty o f  we l l s  requ i r e  some f o rm o f  s t im u l a t ion to 
ach i eve econom i c  prod uc t io n . The t r ad i t i o n a l  s t im u l a t i o n  m e t ho d  
i nvo l v e s  t h e  d e to na t ion o f  g e l l ed n i t rog l yc e r i ne i n  the we l l  bore 
ove r the prod uc i ng i n t e rv a l .  The fo rma t i on face at the we l l  bore 
is phys i c a l l y  s h a t t e r ed by the e x pl o s ion and , whe n  the r ub b l e  i s  
r emoved f rom the hole , the e n l a rg ed we l l  bore d i ame t e r  prov ide s 
more e f f e c t i v e  g a s  commu n i c a t ion be twe e n  the forma t i on and the we l l  
bore . 

We l l  bore s hoo t i ng i s  a r e l a t ive l y  i ne f f ic i e n t  s t im u l a t i on 
techn ique b e c a u s e  o f  i t s  l i mi ted rad i a l  e f f e c t , a nd b e c a u s e  the 
expl os ive may b e  wa s ted o n  nonprod uc t ive por t i o n s  of the s h a l e . 
Neve r the l e s s , i t  i s  re l a t iv e l y  i ne x pe n s i v e  a nd c a n  b e  pro f i t a b l e  
i n  Devon i a n  S h a l e  wh e re f avorable g e o l og i c  cond i t i o n s  e x i s t . 

C onve n t ional T e c h n iq u e s  

Var i a t ions o f  h yd ra ul i c  f r ac t ur i ng tec hno l og y  d ev e loped f o r  the 
s an d s tone fo rma t i o n s  h av e  been ad apted to s t im u l a t e  s h a l e  we l l s  
over the l as t  10 t o  1 5  ye ar s . Hyd ra u l i c  f r ac t ur i ng i s  a me t hod b y  
wh i c h  f l u i d , s and , a nd c hem i cal s are i n j e c ted i n to the forma t ion 
und e r  s u f f i c i e n t  pre s s ure to c reate f r ac t u r e s  o u t wa rd f rom the w e l l 
bore . Wh e n  the pr e s s u r e  i s  r e l e a sed , the f l u i d f l ows back , b u t the 
s a nd r ema i n s  in the forma t i on and ac t s  as a proppan t  to kee p th e 
f r ac ture from c l o s i ng . Th i s  i nd uc ed frac ture c r e a te s a more e f f e c
t ive s ur f ace area and a mor e  d i re c t  path for t h e  g a s  to f low f rom 
the fo rma t i on i n to the we l l  bore . 

I t  i s  r e cog n i z e d  th a t  hyd ra ul ic f r a c t u r i ng i s  typ i c a l l y a more 
e f f e c t iv e  me t hod of s t imul at ion than we l l  bore s hoo t i ng . There i s  
g re a te r  v e r s a t i l ity i n  the compl e t io n  t e c h n i q ue s w i th hyd ra u l ic 
frac t ur i ng . The mo re f avorab l e  zone( s )  can b e  i so l a t e d  w i t h pr o
d uc t i on c a s i ng , a nd the frac tur i ng t r e a tm e n t  c a n  be s pe c i f i c a l l y  
d i re c ted i n to the fo rmat ion w i th the h i g he s t  po te n t i al for 
prod uc t i on . 

Fr ac ture s t i mu l a t ion o f  the s h a l e  forma t ion pre s e n t s  a n umber 
o f  un i q ue probl ems , s uc h  as f rac t ure f l u id r emov a l  f rom a b n o rm a l l y  

l sa sed on Appa l ac h i an b a s i n  d a t a , a nd r e s u l t s  a pp l y  to o n l y  
that area . 
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l ow-pre s s u r ed s h a l e  r e s e rvo i r s , control o f  v e r t i c a l  a nd l a t e r a l  
frac t ur e  pe ne tr a t ion , i ne f fe c t ive f r ac t ur i ng o f  the so f t e r  s h a l e s , 
a nd qua l i t y  o f  c em e n t  bond i ng b e twe e n  the s h a l e  f o rma t i o n  and the 
c a s i ng . 

E XP LORAT I ON T E CHN I QU E S  

W i t h  c u r r e n t  t e c h n i q ue s , i t  i s  d i f f i c u l t  to d e f i ne both the 
areas o f  and i n t e rv a l s w i th i n  Devon i a n  Sh a l e  wh i c h  h av e  the b e s t 
produc t i o n  po te n t i a l . Na tural frac tur i ng h a s  g ene r a l l y  b e e n  po s
t ul a ted as the f a c tor wh i c h  h a s  re s ul ted in r e l a t i v e l y  h i g h  pr o
d uc t i on r a te s . Th e r e  i s  c ur r e n tly no d i r e c t m e t ho d  ( o t h e r  than 
d r i l l i ng ) of d e f i n i ng the e x te n t  of n a t ural f r ac t ur i ng in Devon i a n  
S h a l e ,  e i th e r  hor i zo n t a l ly o r  vert i c a l l y . T h r o ug ho u t  the s h a l e  
i n t e rv a l , a g e n e r a l  r e l a t i on s h i p  ex i s t s  b e t we e n  g amma r ad i a t io n , 
o rg an i c- r i c h  b l a c k  s h a l e , a nd g as i n  pl a c e . Ho wev e r , t h e  maj or i ty 
o f  i n- p l a c e  g a s  i n  the b l ack s hale s may not b e  r e c ov e r a b l e  unl e s s  
some s o r t  o f  perme ab l e  p a th , e i the r r e s u l t i ng f rom n a t u r a l  o r  man
made f r ac t ur i ng , e x i s t s  to a l low econom i c  f l ow r a te s . 

Pre s e n t ly there i s  l im i t ed explora t i on i n  Devon i a n  Sh a l e . The 
maj or i ty o f  we l l s  d r i l l ed are e i th e r  i n f i l l  o r  s t e p- o ut in the 
known a re a s . In t ho s e  we l l s  wh ich are s t imul a ted by we l l  bore 
s hoo t i ng , few l og s  are r un a nd almost the e n t i r e  s h a l e  i n te rv a l i s  
l o ad ed w i th e x pl o s ive s a nd s ho t . For h yd r a u l i c a l l y f r a c t u r ed 
we l l s ,  t h e  s h a l e  i n t e r v a l  i s  c a sed a nd pe r fo r a ted pr i o r  to t r e a t
me n t  a nd g amm a- r a y  d e n s i t y l og s  are r un to d e f i ne t h e  b l ac k  s h al e 
zones . Tempe r a t u r e  or s i b i l a t i on log s are s ome t im e s  r u n  to i nd i
c a t e  zone s o f  g a s  e n t ry , wh i c h  may be i nd i c a t ive o f  n a t u r al ly f ra c
tured zone s . Some ope r a tor s s impl y  pe r fo r a t e  a nd f r a c t u r e  the 
t h i c ke s t  b l a ck s h a l e  zone , a nd o t h e r s  w i l l  pe r fo r a t e  a nd s t im ul a te 
the zone s o f  g as e n t ry . 

H I STOR ICAL WE LL DATA EVALUAT I ON 

Overv i ew 

H i s tor i c al prod uc t ion d a ta f rom a r e a s  o f  c ur r e n t  Dev o n i a n  Sh a l e  
g as produc t io n  we re a n a l y z e d  i n  ord e r  to d e v e l op a r a t i o na l e  f o r  
e x trapo l a t i ng t h e  prod uc t i on a n d  re s e rve s d a t a  to a r e a s  w h e r e  t h e r e  
i s  c ur r e n t l y  n o  prod uc t i o n , a nd f o r  pred i c t i ng the v o l um e  o f  g as 
t h a t  c a n  b e  prod uced und e r  v a r ious econom i c  c on s t r a i n t s . From t h i s 
analys i s  i t  wa s d e t e rm i ned that the averag e we l l  prod uc t i o n  i n  e a c h  
county c an b e  repre s e n ted b y  a hype rbo l i c  d e c l i ne c u rv e , a nd tha t 
th i s  c ur v e  c a n  b e  c harac te r i zed by a s i ng l e  v ar i ab l e , C 1 , f o r  
e a c h  c o unty . F u r t he r , C 1 i s  s hown t o  be c o r r e l a t a b l e  w i th th e 
b l ack s h a l e  th i ckne s s  d e t e rm i ned f rom g amma- r ay l og s , and t h u s  
s e rves a s  a n  e x tr a po l a t ion too l . 
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Data B a s e  

H i s to r i c a l  prod uc t io n  d a ta from an e s t imated 2 , 7 4 1 we l l s  i n  3 6  
coun t i e s  i n  fo ur s t a te s ( Ke n t ucky , We s t  V i rg i n i a , Oh i o , and Ne w 
Yo rk ) we re prov i d ed to the Na t i onal Pe tro l e um Co unc i l  ( N PC ) by the 
three maj or gas c ompa n ie s ( Con sol ida ted , Col umb i a , a nd K e n t u cky
We s t  Vi rg i n i a ) ope ra t i ng in the Appa l ac h i a n b a s i n .  Fo r th i s  s t ud y , 
i t  wa s d e c i d ed to a n a l y ze the s e  d a t a on a county- by- c o un t y  ba s i s ; 
howev e r , ow i ng to the propr i e tary n a t u r e  o f  t h e  prod uc t i o n  d a ta , 
the a c t u a l  ide n t i t y o f  the s e  coun t i e s  w i l l  no t b e  d i sc l o s ed . 

Al t ho ugh the amo u n t  o f  d a t a  ava i l ab l e  r eg a rd ing Devon i a n  Shale 
g as prod uc t ion is  abundan t , c l ose e x am i n a t ion of t h e  d a t a  r e v e a l ed 
the fol lowing known b i a s e s . 

• On ly about on e-quar te r  o f  the we l l s  c ompl e t ed i n  Devo n i an 
Sh al e we r e  i nd iv i d ua l l y mete red . The rema i n i ng we l l s  were 
me tered in c l u s te r s  w i th we l l s  prod uc i ng f rom o th e r  zone s . 

• Mo s t  o f  the d a ta i n  th i s  s t udy are f rom pre s e n t l y  a c t ive 
we l l s .  S i nc e  the i n a c t i v e  we l l s  t e nd to b e  poo r e r  per
forme r s  in g e ne ra l , th i s  impl i e s  that t h e  prod uc t ion d at a  
are b i a s e d  i n  f avor o f  the b e t t e r  we l l s .  Th i s  t e nd s to 
overe s t ima te the pred i c ted f u t ure r e cove ry . 

• The prod uc t i on f ig ure s may i nc l ud e  prod uc t i on f r om sources 
other than De von i a n  Sh al e . Fo r e x ampl e ,  t he we l l s  were 
no rma l l y  s ho t  over the e n t i r e  s e c t ion o r  prod uced n a t u r a l l y  
f rom the ope n hol e . Th e s e  fac tors t e nd t o  ov er e s t imate the 
ave r age we l l  prod uc t i on i f  one ho l d s  to the s tr i c t  c l a s s i f i
cat ion of De von i a n  S h al e . 

• We l l s  d r i l l e d  mor e than 3 0  y e a r s  ago i n  o l d e r  f i e l d s  pro
d uc ed mor e  g a s  than tho s e  d r i l l ed b e twee n  2 0  a n d  3 0  ye ar s 
ago . Ga s we l l s  w i th 2 0  or more ye a r s  o f  prod uc t i o n  h i s tory 
we re ave r ag ed toge ther to i n c r e a s e  the d a t a  b a s e . Th i s  
tend s to d e c re a se the pred i c ted recovery f o r  und r i l l ed 
a r e a s . 

• The prod uc t i o n  d a t a  used repre s e n t  the a c t u a l  a nd not t he 
theore t i c a l  prod u c t ion c apab i l i ty o f  the we l l s .  Down t im e  i s  
i n c l ud e d . Wh i l e  t h i s  could have a mar ke d  e f fe c t  on phys i c a l  
i nt e rpre t a t io n , t h e  a c tual prod u c t ion i s  b e t te r  f o r  t h e  pre
d i c t io n  of f ut ure produc t ion . 

We l l  P rod u c t ion P e r fo rmance by County 

To d ev e l op a r a t ionale for ex trapo l a t i ng the prod uc t i o n  and 
r e s e rv e s  to areas whe re the r e  is c ur re n t l y  no g a s  prod uc t i o n  f rom 
Devon i a n  Shal e , the h i s tor i c al prod uc t i on d a t a  we r e  c r i t i c a l l y ex am
i ned a nd a n a l y z e d  to d e t e c t  trend s and i d e n t i fy p o te n t i a l  c o r r e l a
t i ons w i th re s e rvo i r  p ar ame te r s . As a f i r s t  s te p , a d e c l i ne c u rv e , 
or the corre s pond ing d e r i v ed c umul at i v e  produc t i o n  c ur v e , w a s  pre
pared for each c o unty from the ave r ag e  v a l ue s  c a l c ul a t ed f r om 
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s uppl i e d  d at a . Th i s  av erag e we l l  d e c l ine for the c o u n t y  wa s then 
re pre s e n ted by a hyperbol i c  c urve o f  the form : 

P rodu c t i o n  Rate ( P R )  t l ( E q . 1 )  

P R  i s  the prod uc t ion rate i n  MCF/D a nd t i s  the t im e  i n  ye a r s  when 
c 2 is in ye a r s  a nd c 3 i s  d ime n s ionl e s s . c l thus repre s e n t s  
t h e  i n i t i a l  prod uc t ion r a te i n  MC F/D a t  t im e  ( t )  = 0 .  

The or ig i n a l  i n t e n t  wa s to c harac te r i ze the a v e r ag e we l l  d e
c l ine c urve for e a c h  county by a hype rbol i c  d e c l i ne c u rve b y  d eve l
o p i ng a set of v a l ue s  of C1 , C 2 , and C 3 f or e a c h  c o u n t y . How-
ever , i t  t urned o u t  that a l l  the county d e c l i ne c u rve s c o u l d  b e  
r e a so n a b l y  repr e s e n ted by common v a l u e s  o f  C2 a nd C 3 h e l d  a t  3 
and 2 . 5 ,  r e s p e c t i v e ly . By s ub s t i t u t i ng the s e  C 2 a nd C 3 v a l ue s  
i n to Eq u a t ion 1 ,  t he hype rbol ic expre s s i o n  b e come s : 

P R  � c
1 [ 1 + i t J 2 

- 5  ( E q . 2 )  

The param e t e r  C 1 t h u s  s e rv e s  a s  a s i ng l e p a r am e t e r  for c ha rac ter
i z i ng the ave r ag e  d e c l i n e  c urve for e ac h  c o un t y . T h u s , C 1 i s  r e
l ated to o th e r  q u a n t i t i e s  o f  i n tere s t  a s  fol low s : 

c um u l a t iv e  f i r s t  ye a r  prod uc t i o n  ( MMC F )  
1 0 - ye a r  c umul a t ive prod uc t io n  ( MMC F )  
2 0 - y e a r  c um u l a t i v e  prod uc t ion ( MMC F ) 

and 3 0 - ye a r  c umul a t ive prod uc t io n  ( MMC F )  

= 
= 

= 

= 

0 . 3 2 
2 .  0 6 
3 . 3 6 
4 .  4 3 

c l 
c l 
c l 
c l 

F ig ur e  2 i l l u s tr a t e s  the s hape o f  the d e c l i ne c u rv e  a s  a f un c
t io n  o f  three d i f f e r e n t  C1 val ue s  o f  1 0 0 , 6 5 ,  a nd 4 0  M C F/ D , re
s pe c t iv e ly . 

I t  i s  po i n ted o u t  that the f i t  o f  the d a t a  to the hyperbol ic 
d ec l i ne c urve wa s pr imar i l y for develop i ng a r a t i o n a l e  for e x tra
pol a t io n , a nd s ho ul d  no t be con s tr u ed as nece s s ar i l y i nd i c a t ive o f  
r e s e rvo i r  mec ha n i sm s  or a s  a sole too l for e x p l o r a t ion a nd prod uc
t i on . 

C ompa r i son o f  F i t t ed D e c l i ne C u rve s  w i th A c t u a l  D a t a  

I n  o rd e r  t o  d e p i c t  how we l l  the prod uc t i o n  mod e l  ( Eq u a t ion 2 )  
matche s the d a t a  and to d e s c r ibe the proc e s s  o f  h a nd l i ng the d a t a , 
two e x ampl e s  are pre s e n ted b e low . The f i r s t  d i s c u s s e s  d a t a  from a 
s i ng l e  coun ty a nd the s e cond s hows how the d a t a  f rom a l l  3 6  coun
t ie s  we re t a b u l a ted . 

I nd i v i d u a l  C o u n ty 

One s pec i f i c county i s  u s ed to i l l us trate the proc e s s  o f  ma tc h
i ng the d a ta to g iv e  an i d ea of the matc h for an i nd iv i d u a l  c o un t y , 

26  



UJ f<( a: 
z 50 0 
f-0 
:::) 
0 
0 a: 0... 

0 0�--------._--------�--------�--------�--------�--------� 
5 1 0 1 5  20 25 30 

T I M E  (YEARS) 

Figure 2. Example of Production Decline for Several Different C 1 Values. 

and to d emon s t rate how the i nd iv idual county d a t a  we r e  d ev e loped 
i n to the ove r a l l  f i t .  F ig ur e  3 s hows the d e c l i ne c urve b a s ed on 
C 1 = 1 3 0  MCF/D d e t e rm i ned a s  the mean c1 a v e r a g e  for the spe-
c i f i c coun ty . Th i s  i s  plot ted as prod uc t ion r a te and c um u l a t ive 
prod uc t ion v s . t ime . Th e s e  are p l o t s  of the hype r bo l i c  d e c l ine 
c u rve con t ro l l ed by the coe f f i c i e n t s  s hown o n  t h e  g r aph . Two s e t s  
o f  prod uc t i on d a t a  we re av a i l ab l e  f o r  th i s  c o u n t y . One c ompany 
f ur n i s h ed a s e t g e n e r a t ed by choos i ng 2 0  we l l s  at r a n d om f r om the i r  
record s . Th e average we l l  prod u c t ion r a te f r om the s e  d a t a  we re 
plo t t ed as b l a c k  d o t s  for each ye ar t h ro ugh t he 2 0 t h  ye a r  { uppe r 
c urve ) .  Th e s ame d a t a  we re u s e d  to prod u c e  the re l a te d  averag e 
c umu l a t ive prod uct ion for e a c h  ye ar a nd pl o t t ed as X ' s .  The s e co nd 
s e t  o f  d a ta f rom th i s  co un ty con s i s t ed o f  f i r s t-y e a r , 1 0 -y e a r , 
2 0 -year , a nd 3 0 -ye a r  c um u l a t ive prod uc t ion for e a c h  o f  1 7 3  we l l s  
( d i f f e r e n t  company ) .  Th e av erage d a t a for th i s  s e t  are s hown a s  
l a rge c i r c l e s . 

The C 1 v a l ue o f  1 3 0 matched both s e t s  o f  d a t a  for the county . 
I n  sp i te o f  a l l the l im i t at ions and d i f f e re n c e s  i n  proced u r e s  be
tween the two c ompa n i e s , it is obv i o u s l y  a n  ex c e l l e n t  f i t of both 
sets o f  d a ta f o r  th i s  coun ty . For the s e cond set of d a t a , the C 1 
val ue pred i c ted the 1 0 -ye ar prod uct ion a s  5 pe r c e n t ov e r  the d a t a 
s uppl ied , a nd the 2 0 -year prod uc t ion a s  1 pe r c e n t  und e r  the d a t a  
s upp l i ed . A l t ho ugh n o t  s hown o n  the f ig ure , t h e  3 0 -ye a r  d a t a  we re 
a l so av a i l ab l e  for th i s  county . Wh e n  f i t t e d  to 1 0 - , 2 0 - , a nd 
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Figure 3. Example of Average Well County Production. 
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3 0 -ye ar ave rage d a t a , the c a l c u l a t ions we re , r e s pe c t i v e l y , 5 pe r
c e n t  over , 1 pe r c e n t  und e r , and 3 pe r c e n t  und e r  the prod u c t ion d a ta 
s uppl i ed . 

I t  i s  a l so impo r t a n t  to s how the v a r i a t ion o f  t h e  v a l u e s  o f  
C 1 w i th i n a county . Th e i nd iv id ual " be s t  f i t " C 1 v a l u e s  we re 
d e t e rm i n ed for e ach o f  the 1 7 3  we l l s  for the 1 0 - , 2 0 - , and 3 0 -ye a r  
prod u c t ion a s  s hown i n  F i g ur e  4 .  Th e v a l ue s  o f  C 1 w i th i n  th i s  
county fol low the c l a s s i c l og- norma l d i s t r i bu t ion . Th e med i a n C 1 
o f  the ac tual d a t a  i s  1 0 0 , wh i l e  the med i a n f rom the s tr a i g h t  l i ne 
f i t  is 9 5 .  Th e me an o f  the i nd iv i d u a l  C1 v a l ue s  is a l so 1 3 0  
( same a s  the f i t  to the ave rag e d a t a  above ) .  Al tho u g h  n o t  i l l u s
trated , the v a l ue s  of C 1 in other coun t i e s  we re a l so fo und to 
fol low a l og-normal d i s t r i b u t i on . 

1 000�-----------------------------.------------------------------, 

1 Q L-----------------------------------L---------------------------------�980'o 2% 50% /( 

PERCENTAGE LESS THAN OR EQUAL TO c 1 VALU ES 

Figure 4. Example of Individual Wells' C 1 Distribution for a County. 

2 9  



A l l  C o un t i e s  

T h e  pr e c ed ing se c t ion i l l us tr a ted how we l l  t h e  f i t te d  d e c l i n e  
c u rv e  ma tche s a l l  the d a ta f o r  the s i ng l e  c o un t y  s hown . I n  o rd e r  
to s how how t h e  d a t a  from a l l  the c o un t i e s  matc h t h e  mod e l , a n  ab
b r ev i a t ed t a b u l a t ion of a l l  the prod uc t ion d a ta i s  i l l u s t r a t ed i n  
Tab l e  6 .  Th e t a b l e  s hows three o f  the 3 6  coun t i e s  u s ed for the 
e x t r a po l a t ion o f  the d at a . The table i l l u s tr a t e s  that t h e  f i t te d  
d e c l i n e  c u r v e s  pred i c t  the 1 0 - a nd 2 0 -y e a r  c um u l a t i v e  prod uc t i o n  b y  
1 . 3 pe r c e n t  abov e  and 0 . 1 pe r c e n t  b e l ow the prod uc t i o n  d a t a , r e
s pe c t iv e l y . S t and ard d ev i a t i o n s  o n  the s am e  n um b e r s  a r e  2 . 9 p e r
c e n t  a n d  2 . 0  pe r c en t . S im i l a r  we ighted av e r ag e s  a r e  1 . 6  pe rc e n t  
a bove and 0 . 5  p e r c e n t  b e low the prod uc t io n  d a t a . Th e s e  we i g hted 
s ta nd a rd d ev i a t ion pe r c e n t ag e s  are 1 . 7 a nd 1 . 0 , r e s pe c t i v el y . 
The s e  a r e  g iv e n  to s how t h a t  C1 v a l ue s  g e ne r a t ed for c o un t i e s  
r e pre s e n ted by many we l l s  pred i c t  the d a t a  b e t t e r  t h a n  t h o s e  w i th 
only a few we l l s . 

E XT RAPO LAT I ON RAT I ONALE 

A f t e r  the mean av erag e c 1 v al ue s we r e  d e t e rm i n e d  for e a c h  o f  
the c o un t i e s  for wh i c h  there i s  prod uc t io n , a n  a t t empt wa s made to 
corre l a te these v a l ue s  w i th param e te r s  t h a t  c o u l d  b e  q u a n t i f i e d  and 
that wo uld l i ke l y  h av e  a phys i c al r e l a t ions h i p . Par ame t e r s  exam
i ned for po s s i b l e  corre l a t io n  w i th C1 i n c l ud ed t o t a l  s h a l e  t h i c k
n e s s , b l ack s h a l e  th i c kne s s  a s  d e t e rm i n ed b y  g amm a- r a y  l og s , s ampl e 
b l a ck s h a l e  th i c kn e s s , and d epth . The o n l y  p a r am e t e r  t h a t  d id cor
r e l a te w i t h  C 1 wa s the t h i c kne s s  of the b l ac k  s h a l e  a s  d e te r-
m i ned by g amma- r ay l og s .  Th e re s id ua l s f rom th i s  corre l a t i o n  we re 
c h e cked ag a i n s t  the r ema i n i ng parame t e r s  w i t ho u t  appare n t  s ig n  o f  
c o r re l a t i o n . 

F i g ur e  5 s hows a p l o t  o f  the c 1 v al ue s f o r  e a c h o f  t h e  3 6  
c o un t i e s  v s . the av e r age b l ack s h a l e  th i c kne s s  for t h e  c o r re s po nd
i ng county as d e te rm i ned f rom the g amma- r ay b l ac k  s h a l e  t h i c kne s s . 
The s t i p pl ed c e n t r a l  l i ne s hows the b e s t  c or r e l a t ion wh e n  forced 
t hroug h  the o r i g i n .  Th i s  r e l a t io n s h i p  prov i d e s  i np u t  to the mod e l  
u s ed for the g a s  pr i c e  e s t ima te s . T h e  ave r ag e  b l ack s h a l e  th ick
n e s s  a s  d e te rm i ned by g amma- r ay l og s  is m u l t i p l ied by t h e  l i n e a r  
coe f f i c i e n t  0 . 2 1 3  t o  d e t e rm i ne t h e  ave r ag e  C1 v a l ue for t h a t  
coun ty . Th i s  i s  the b a s i s  used f o r  t h e  trad i t i o n a l  s hoo t i ng s t im
ul a t ion c a s e . The t wo bo und i ng th i n  l i n e s  on e i t h e r  s id e  o f  th e 
s t i ppl e d  l i ne r epre s e n t  the 9 5  p e r c e n t  c o n f i d e n c e  l im i t s  ( f i t ted 
thro ug h  z e r o ) u s ed in the e conom i c s  s en s i t i v i ty s t ud y  in Chap te r 
F i v e . Th e s e  a r e  c 1 = 0 . 1 8 4 a nd 0 . 2 4 1  t im e s  the log th i c k ne s s , 
r e s pec t iv e l y . 

EVA LUAT I ON OF PRODUCT I ON TECHNOLOGY 

Ac t u a l  prod u c t io n  f rom ov e r  2 , 7 0 0 w e l l s  p r e v i o u s l y  d i s c us s ed i n  
th i s  c hapter re pr e s e n t s  the h i s tor i c a l  d a t a  b a s e  o f  we l l s  s t imu
l a ted by we l l  bore s hoot i ng ( trad i t ional m e t hod ) and , to a l e s s e r  
e x te n t , f r om n a t u r a l l y  prod uced we l l s . 
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TABLE 6 

County Production Data with Comparison to E stimates 

F it - Data x 1 0 0  
Averaged Data F it F it 

Number 1 0 -Yr . 20 -Yr . 1 0 -Yr . 2 0 -Yr . 
of  CUm .  Prod . Cum . Prod . c 1 Cum . Pr od·. Cum . Prod. 

County Wells* ( MMCF )  ( MMCF ) MCF/D ( % )  ( % )  

1 

2 

36 

346 265 440 1 30 + 1 .  1 t - 0 . 7t 

1 20 242 394 1 1 8 + 0 . 4 + 0 . 5  

28 Combined data§ 70 

.L = 2,74 1  Unwe ighted statistics,! N 15  N 1 5  

x 1 .  3%  x -0 . 1 %  
s 2 . 9% s 2 . 0%  

Weighted statistic s,1 N 2,32 1 N 2,32 1 

� 1 .  6% � -0 . 5% 
sw = 1 .  7%  sw 1. 0 %  

*This i s  an estimation o f  the number o f  wells from were drawn . which data 
It is not equal to the number of wells in the county. In some counties it 
includes an estimate of the population from which a random sample was 
drawn . t 

tFifteen of the 3 6  counties with 2,32 1 wells of  the 2,74 1 wells have data 
that can be directly compared to a fit predicted by the C 1 value chosen. 
For each county with comparable data, such as counties 1 and 2, the difference 
between the fit and the data is given in percent for the 1 0 - and 2 0 -year 
cumulative production . 

§The data from the rest of the 3 6  counties do not allow a direct compari
son of the fitted data with actual 1 0 - and 20 -year production . In many of 
these counties, c 1 was obtained from ultimate reserve figures �  c 1 for some 
other counties ( e . g . ,  county 36 ) was derived from combined types of data and 
therefore the fit cannot be compared directly with the actual data . 

. �Two sets of statistic s are presented . The upper set is unweighted and 
simply averages the percentage dif ference for each category and gives the 
standard deviation for the 15 counties with comparable data . The lower set 
repeats this but does it by weighting each well equally rather than each 
county. The upper set is valid for most purposes but the lower set eliminates 
a few extremes generated by meager data in some counties .  
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The more r e c e n t l y  d r i l l ed Dev on i a n  Sh a l e  wel l s  c ompl e t ed by h y
d raul ic frac tur i ng i n  the pr imary s h a l e-prod uc i ng a r e a s  o f  e a s t e r n  
Ke n t ucky a nd southern We s t  V i rg i n i a  we re e x am i n e d , tog e ther w i t h  
s h a l e  we l l s  f r a c tured o ut s i d e  o f  the pr imary s h a l e  a r e a s . I n  the 
pr imary s h a l e  areas the d a t a  i nd i c a ted that c o nv e n t i o n a l  f r ac t ur ing 
t e c hnology y i e l d ed s ub s t an t i a l l y  better re s u l t s  over we l l  bore 
s hoot i ng . It wa s conc l ud ed that the prod uc t io n  f r om the t r ad i t io n
a l  shot we l l s  wo u l d  hav e  b e e n  h ig he r  i f  conv e n t i o n a l  f r a c tur i ng had 
been u s ed . There fore , the i nd iv i d u a l  county C 1 v a l ue s  d e t e rm i ne d  
from h i s to r i c a l  d at a  we re upg rad ed t o  re f l e c t  t h e  c ur r e n t  s ta t e  o f  
techno l og y  ( i . e . , c o nv e n t ional f r ac t ur i ng ) .  

I n  o ther s ha l e  a r e a s , howe v e r , f r a c tured we l l s  h av e  n o t  b e e n  a s  
s ucc e s s f ul a n d  t h e  wel l s  do n o t  a l ways a ppe a r  t o  r e s po nd t o  h yd ra u
l i c frac tur i ng i n  a f avorab l e  manne r .  To i l l u s t r a t e  t h a t  f r a c tur
i ng has no t b e e n  un ive r s a l l y  pre fe rred ove r  s hoo t i ng , T a b l e 7 l i s t s  
the n umber o f  comp l e ted frac tured we l l s  and sho t we l l s  f rom 1 9 7 0  
t h rough 1 9 7 8 .  I t  r ema i n s  to be d emon s t r a t e d  whe t h e r  t h e  improv e
men t d ue to conv en t i o n a l  f r ac tur i ng can b e  a c h i e v ed throug ho u t  the 
unte s t ed s h a l e  a r e a s . For th i s  s t udy , i t  wa s d ec i d ed t h a t  both 
trad i t ional c 1 v a l ue s  and upg rad ed C1 v a l ue s  f o r  conv e n t i o n a l  
techno l ogy wo uld b e  u s ed i n  t h e  econom i c  a n a l y s i s  ( Ch a p t e r  F iv e ) . 

TABL E 7 

S t imul a t i o n  Re s ul t s  and Approx ima te Number o f  Compl e ted 
Devon i an S h a l e We l l s  Dr i l l ed by I n d u s t ry B e tween 1 9 7 0  and 1 9 7 8  

Appal ach i a n  B a s i n  
Annua l S h a l e  A n n ua l  S h a l e 

Year We l l s  Dr i l l ed *  Wel l s  S t i mul a t e d t  
S h o t  F r a c  

1 9 7 0  5 1  2 7  1 8  
1 9 7 1  4 5  2 4  1 6  
1 9 7 2  6 0  2 1  3 6  
1 9 7 3  1 0 0  6 2  2 7  
1 9 7 4  6 3  4 0  1 4  
1 9 7 5  7 5  5 4  1 1  
1 9 7 6  8 8  6 7  1 4  
1 9 7 7  6 8  3 8  2 5  
1 9 7 8  7 6  4 6  2 2  

*The d i f f e r e n c e  be twe e n  total prod u c t ive we l l s  a nd the s t imul ated 
we l l s  is  the number o f  we l l s  comp l e ted w i thou t s t imul a t i o n . 

tWe l l s  w i th no s t imul a t i on t r e a tme n t  repo r ted we re a s s umed to be 
compl e ted n a t ural l y . 

SOURC E : P e t rol e um I n forma t i on Corpo r a t i o n . 
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The r a t io n a l e  for u pg r ad i ng the h i s to r i c al prod uc t io n  d a t a  was 
b a s ed o n  p ub l i s hed i n forma t io n  by Edward o .  Ray . 2 Ra y ' s  s t ud y 
c ompared the f i r s t  f ive ye ar s '  prod uc t i on o f  approx ima t e l y  2 5 0  pr o
d uc t i v e  s h a l e  we l l s  i n  e a s t e r n  Ke n t uc ky . Th e s e  we l l s  we r e  e i th e r  
s ho t  w i t h  e x pl o s ive s i n  ope n hol e  or we r e  f r ac t ur e d  w i t h  more o r  
l e s s  s t and ard t r e a tm e n t s  o f  1 , 0 0 0 barre l s  o f  g e l l ed wa t e r  and 
5 0 , 0 0 0  po und s o f  s and . Ra y g rouped the we l l s  b y  o pe n  f l o w  and com
p ared a n n u a l  prod uc t io n  b e twe e n  the two m e t hod s o f  s t im u l a t i o n  for 
ope n f l ow r a ng e s  of 0 - 1 0 0  MC F/D , 1 0 0 - 2 0 0 MC F/D , 2 0 0 - 3 0 0  MC F/D , a nd 
over 3 0 0 M C F/D . 

Us ing th i s  d a t a , the b e s t  v a l ue s  o f  the hype r bo l i c  C1 con
s t a n t  we r e  d e te rm i n ed for the f ive ye ar a n n u a l  prod uc t i o n s  for 
a nd conv en t iona l l y f r ac tured we l l s  in e a c h  ope n f l ow c a teg ory . 
i n te rpre t a t ion o f  Ra y ' s  d a ta i s  pre s e n t ed i n  F ig ur e  6 .  

s ho t  
Th e 

Improv eme n t  r a t io s  for conv e n t ional f r ac t ur i ng r e l a t ive to s hot 
s t im u l a t i o n  we r e  d e r i v ed for each ope n f l ow c a teg ory by d iv id i ng 
the C1 ( f r ac t ur e d  we l l )  by the C 1 ( s hot we l l ) . The l o we s t  ope n 
f l ow we l l s  w i t h l e s s  than 1 0 0  MCF/D b e ne f i ted the mos t  f rom f r ac
t ur i ng , w i t h  a 5 7  pe r c e n t  improv eme n t  ove r  s hoo t i ng . I n  t h e  o pe n  
f l ow r ang e o f  1 0 0 - 2 0 0  M C F/D , frac tured we l l s  produced 4 0  p e r c e n t  
b e t t er t h a n  s ho t  we l l s , a nd i n  t h e  2 0 0 - 3 0 0  MC F/D g ro up i ng , f r ac t u r
i ng improv em e n t  was 1 5  p e r ce n t . Abov e 3 0 0 M C F/ D , f r ac t u r i ng wa s no 
b e t t e r  t h an s hoo t i ng . 

The conve n t i o n a l  f r ac t ur i ng improv emen t  r a t io s  for C 1 t r ad i
t ional s ho t  we l l  prod uc t ion i s  shown in F i g ur e  7 .  W i t h  C1 ' s  
g re a t e r  t h a n  1 0 0 ,  there i s  no improv eme n t  i n  prod uc t io n ;  i . e . , i m
prov emen t  r a t i o  equa l s z e ro , b u t  a s  the sho t we l l  C 1 ' s  d ec r e a s e  
b e l ow the 1 0 0  v a l ue , the improv eme n t  r a t io i n c r e a s e s l i ne a r ly a s  
i nd i c a t e d  by the g raph . 

2 Ray , Ed wa rd o . , D evon i an S ha l e  D e v e l opme n t  i n  E a s te r n  
K e n t ucky , Na t i onal Ac ad emy o f  Sc i e n c e  - - S ympo s i um o n  N a t u r a l  Ga s 
f rom Unconve n t i o n a l  Source s , 1 9 7 6 ,  pp . 1 0 0 - 1 1 2 ; Ray , Edward 0 . , 
D e von i a n  S h a l e  P ro d u c t ion , E a s tern K e n t ucky F i e l d , Th e F u t ure 
Supply of Nat ur e-Mad e Pe trole um and Gas , UN I TAR Con f e r e n c e , Pe r
g amon Pr e s s , N e w  Yo rk , 1 9 7 6 . 
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CHAPT E R  FO UR 

ECONOM I C  PARAME TERS 

COST E LEMENT L I S T I NG 

The fol l ow i ng e l eme n t s  we re u s e d  as i np u t s  to the e c onom i c  
mode l :  

• We l l  i nve s tme n t  - - e x c l u s ive of s t imu l at i on cos t 
• S t imu l at ion and c l e anup cos t 
• Lease hold cos t 
• E xplorat ion cos t 
• Dry hole cos t 
• S uc ce s s  r at i o 
• We l l  l i ne cos t 
• Ann u al O & M  c o s t 
• Roy al ty 
• Btu con ten t 
• Ove r h e ad 
• T ax e s  
• Rate o f  re t u r n  ( ROR ) 
• We l l  l i f e . 

COST E LEMENT DE SCRI PT I ON AN D VAL U E S  

We l l  Inve s tme n t  ( E x c l u s i ve o f  S t imu l at i on Cos t )  

Th i s  i nve s tme n t  i n c l ud e s  al l d r i l l i ng c os t s ,  e x c l u s ive of s t im
u l at i on and as soc i ated c ompl e t i on co s t s , in 1 9 7 9  dol l ar s . It i n 
c l ud e s  c as i ng f o r  f r ac t ur e d  we l l s , b u t  doe s not i n c l ud e  p e r f o r at
i ng ,  s t imulat i o n , and c l e an up co s t s . For s ho t  we l l s , s t imu l at i on 
and c le anup cos t s  are not i nc l ud e d . 

Ac t u al we l l  cos t s  we re comp i l ed for r e c e n t  De von i an S h al e  
we l l s , cove r i ng a w i d e  r ange o f  we l l  d e p t h s . F r om the s e  we l l s , the 
gene ral re l at i o n s h i p s  s hown in F i g u re 8 we re d e r ived . Th i s  f ig u re 
s hows the d r i l l i ng cos t pe r foo t vs . to t al we l l  d e p t h  f o r  u n c as e d  
( s hot ) and c as ed ( co nve n t i on al ly f r ac t ur e d ) we l l s . T h e  c o s t s  are 
about $ 6  pe r foo t h i ghe r for f r ac t ured we l l s b e c au s e  o f  ad d i t i o n al 
c as i ng , c eme n t i ng , and as soc i ated eq u i pme n t  req u i re d  f o r  f r ac t ured 
we l l s . As i nd i c ated in F i g ure 8 ,  the cos t s  per foo t at s h al l ow 
dep th s are h i gh b e c au s e  of the f i xed cos t s  wh i ch d o  n o t  vary w i th 
depth . A l so , as we l l  depth e x ceeds 6 , 000 f e e t , d r i l l i ng cos t s  pe r 
foot i nc r e as e . The t o t al nons t im u l at i on we l l  i n ve s tme n t  was c al c u 
l ated f rom th i s  re l at i o n s h i p  and the we l l ' s  t o t al d e p t h . T h e  
ground s u r f ace to t h e  b as e  of the Devo n i an S h al e  was as s umed to be 
the to t al we l l  dep t h . I nc l uded in Appe nd i x  C are i sod e p th c o n to u r  
map s of the three b as i n s . 
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S t imul a t ion and C l e a n u p  Cos t 

Curr e n t  ave r ag e  cos t s  we r e  used for s h o t  and conve n t i o na l ly 
frac tured we l l s . For a shot we l l , the cos t for a typ i c a l  s h o t  and 
s ub s eque n t  c l e a nu p  is $ 1 5 , 0 0 0 .  For a typ i c a l  conve n t i on a l ly f r a c 
t ured we l l  ( 1 , 0 0 0  b b l  g e l l e d  wa ter , 5 0 , 0 0 0  l b  s a nd ) , a cos t o f  
$ 35 , 0 0 0  w a s  e s t ima ted , wh i ch i n c l ud e s  pe r f o ra t i ng , s t imu l a t i on , a nd 
c l e a nup co s t s . Ad vanced s t imul a t ion me thod s are e xpe c ted to re
qu i re mo re soph i s t i c ated te chno logy , a nd in a l l  l i ke l i hood w i l l  
cos t more than c u r r e n t  me thod s .  A range o f  s t imul a t ion cos t s  f rom 
$ 5 0 , 0 0 0  to $ 1 0 0 , 0 0 0  wa s cons i d e red ; a va l ue of $ 75 , 0 0 0  wa s a s s umed 
for the base c a s e . A l though a po r t i on o f  t h e s e  c o s t s  c o u l d  be d ue 
to h igher cos t e x p l o r a t ion tech n ique s ,  a l l  o f  t h e  c o s ts we re i n
c l uded und e r  the s t im u l a t ion cos t c a tegory for s impl i c i ty .  

Le a s e hol d  Cos t 

An ave rage f i g ure o f  $ 2 , 0 0 0  pe r we l l  wa s e s t ima ted for cap i ta l 
i z e d  l e a se cos t .  Th i s  i n c lude s acq u i s i t i on cos t s  a nd d e l ay r e n t a l s  
a nd a s s ume s  h i s tor i c a l l y  d e r ived 1 6 0 -a c r e  s pa c i ng . 

Explorat ion Co s t  

An ave rage f ig ur e  o f  $ 6 , 0 0 0  pe r we l l  wa s e s t ima ted for e xplora
t i on cos t . Th i s  i n c lude s g e o l og i c a l , g e op hys i c a l , a nd e ng i ne e r i ng 
a c t ivi t i e s  on a pe r -we l l  ba s i s . 

Dry Ho le Cos t 

A Devon i a n  S h a l e  we l l  g e n e r a l l y  mus t be s t imu l a ted a nd te s ted 
before it can be d e t e rm i ned wh e the r the we l l  i s  a prod u c e r  or a d ry 
hole . The p l ug g i ng and abandonme n t  cos t s  for a d ry h o l e  are typ i 
c a l ly o f f s e t  by s a l vage va l ue s  o f  re cove red c a s ing , e tc .  Dry h o l e  
cos ts a r e  there fore l owe r t h a n  compl e t ed we l l s  b y  the s um t o t a l  o f  
we l lhead , va l v i ng , a nd t ub i ng cos t s .  O n  a p e r - f o o t  b a s i s , th e s e  
cos t s  a r e  appro x ima te ly $ 2 . 5 0  per foo t . The d r i l l i ng cos t o f  a d ry 
hole i s  there fore l e s s  than a produc i ng we l l  p e r  the f o l l ow i ng 
formula : 

Dry hole cos t = pro d uc i n g  we l l  cos t - ( $ 2 . 5 0  p e r  foo t  x 
to t a l  depth ) 

S u c c e s s  Ra t i o 

An 8 8  pe r c e n t  s uc c e s s  r a t i o  wa s a s s umed . The r a t i o  a c c oun t s  
for both t e c h n i c a l  ( me ch a n i c a l /ec onom i c )  a n d  g e o l o g i c  f a i l u re s , 
wh i c h  impl i e s  tha t 8 8  pe r c e n t  of the we l l s th a t  a r e  d r i l l e d and 
s t imula ted can be p u t  on l i ne , and wi l l  prod uce e nough gas to wa r
r a n t  do i ng so . The 8 8  p e r c e n t  va lue i s  repre s e n t a t iv e  o f  the op
e r a t ional e xpe r i e n c e  of s e ve r a l  compa n i e s  i nvo l ve d  w i th Devon i a n  
Sha l e  d r i l l i ng . The ave r ag e  produ c t ion e xpe c t ed f r om t h e  we l l s 
that are put on l i ne i s  e s t ima ted from the g amma -ray b l a ck s h a l e  
th i ckn e s s  corre l a t i o n  d i s c u s sed i n  t h e  Ex t r apo l a t i o n  Ra t i ona l e  
s e c t ion o f  Chap t e r  Th ree . 
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W e l l  L i n e  Cos t 

For the a n a ly s i s ,  a 2 , 5 0 0 -foot av e r age l i ne r eq u i reme n t  p e r  
prod uc i n g  we l l  was _ a s s umed b a s ed on 1 6 0 -a c r e  s pa c i n g  a t  a cos t o f  
$ 1 0  per foot . Th a t  g i v e s  a t o t a l  we l l  l i ne cos t p e r  p r od u c i n g  we l l  
o f  $ 2 5 , 0 0 0 . 

Ann ual O & M  Cos t 

Ba s ed on e xpe r i e n c e , a n  ave r age ope ra t i ng and ma i n t e n a n c e  ( O& M ) 
c o s t  of $ 1 , 5 0 0  pe r prod u c i ng we l l  per ye a r  wa s u s ed . S i n c e  th i s  i s  
a d i re c t  ope r a t i ng c o s t ,  the d i re c t  c o s t  ove rhead f a c tor d i s c u s s e d  
i n  t h e  Ove rh ead s e c t ion of th i s  c h a p t e r  wa s appl i ed ,  ma k i n g  t h e  
t o t a l  pe r -we l l  cos t $ 1 , 8 0 0  pe r year . 

Royal ty 

The o n e -e igh th roya l ty i s  preva l e n t  t h roughout Devon i a n  S h a l e  
prod u c i ng a r e a s  and wa s u s ed i n  th i s  s t ud y . 

B t u  Con te n t  

The B t u  con t e n t  f o r  s h a l e we l ls i s  g e n e r a l l y  h ig h e r  than the 
1 , 0 0 0  Btu pe r c ub i c  foo t s t and ard pr i c i ng re f e r e n c e . Va l ue s  u s e d  
i n  th i s  s t ud y  we re : 1 , 1 5 0  B t u  per cub i c  foo t f o r  Ke n t uc ky , 
Te nne s s e e , We s t  Vi r g i n i a , and Vir g i n i a ; 1 , 1 0 0  B t u  p e r  c ub i c  foo t 
for Oh io ; a nd 1 , 0 5 0 B t u  pe r cub i c  foot for Ma ry l a nd , N ew Yo rk , and 
Pe n n sy l va n i a . The re fore , in the e c onom i c  a n a lys i s  a l l  gas vo lume s  
were ad j u s ted s o  t h a t  the pr i ce wa s eq u iva l e n t  t o  1 , 0 0 0  B t u  pe r 
c ub i c  foo t  o f  g a s . 

Overhead 

The ove rh e ad p a r ame te r s  we re cons i s te n t  amo ng the NPC ' s  Unc o n 
ve n t ional Ga s Sou r c e s  Ta s k  Grou ps , wh i ch amo u n t e d  t o  1 0  pe r c e n t  o f  
i n i t i al c ap i t a l  ( f a c to r  1 . 1 )  and 2 0  pe r c e n t  o f  d i re c t  ope r a t i ng 
e xpe n s e  ( f a c t o r  1 . 2 ) . 

Ta x e s  

For t h e  s ake of un i form i ty , ide n t i c a l  tax r a t e s  we r e  u s ed by 
each of the Task Group s . The se i nc l ude : 

• 4 6 %  f e d e r a l  i nc ome tax rate 

• 2 %  s t a t e  i n c ome tax rate 

• 8 %  ( o f prod uc e r  r e venue ) produc t i o n , s e v e r a n c e , and prope rty 
tax 

• 1 0 %  f e d e r a l  i nve s tme n t  tax cred i t  o n  tang i b l e  eq u i pme n t . 

For tax p urpo s e s , the sour c e  of f u nds wa s i g n o r e d . The mo s t  
f avorable tax tr e a tme n t  of i nve s tme n t  a nd o t h e r  c o s t s  was u s e d  i n  
a c cord a n c e  w i th c u r r e n t  t a x  regu l a t i o n s . 
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I n tang i b l e  d r i l l i ng cos t s  we r e  e xpe n s e d i n  the ye a r  i n c u r red , 
and t a n g i b l e  eq u i pme n t  cos ts we re depre c i a ted , u s i ng d o ub l e  de c l i n
i ng balance w i t h  swi t c h ove r to s t r a ig h t  l i ne l a te r  i n  t h e  we l l  
l i fe . An ave r ag e  va l ue o f  2 0  pe r c e n t  for the tang i b l e  po r t i o n  o f  
the i nve s tme n t  wa s a s s ume d w i th a 3 0 -ye ar tax l i f e .  Geolog i c a l/ 
geophys i c a l  e xplor a t ion and l e a s e hold a cq u i s i t i o n s  we re c ap i t a l i zed 
and cos t depl e t ed . 

Ra te o f  Re t u r n  ( ROR ) 

Th ree a f te r- t a x  ROR ' s  ( 1 0 ,  1 5 ,  and 2 0  p e r c e n t ) we re i nve s t i 
gated . The base c a s e  for pro d u c t ion e s t i ma t e s  i s  1 0  pe r c e n t ,  wh i c h  
proj e c t s  prove n e c o nom i c  v i a b i l i ty f o r  deve l opme n t  o f  t h e  Dev o n i a n  
S h a l e  re source . 

Gas Pr i c e  

F i ve gas pr i c e s  ( $/MMBt u )  we re i nve s t i g a ted - - $ 2 . 5 0 ,  $ 3 . 5 0 ,  
$ 5 . 0 0 ,  $ 7 . 0 0 ,  a nd $ 9 . 0 0 . 

Compr e s s ion Cos t 

Wi th the l a rge n umb e r  of prod u c e r s  i n  the e a s te r n Un i t e d  
S ta te s , i t  i s  the e x cept ion rather than the r u l e  f o r  i nd i v i d ua l  
ope ra tors to a cq u i re and d r i l l  l a rge b l o c k s  o f  con t ig uo u s  l e a s e 
holds . I t  i s  not e conomi c a l ly f e a s i b l e  for t h e  prod u c e r  t o  i n s t a l l  
compre s sor f ac i l i t i e s  a t  e a ch we l l  o r  eve n a sma l l  g roup o f  we l l s . 
H i s tor i c a l ly , i t  h a s  been the prac t i ce for the p ur c h a s e r ,  u s u a l ly 
the g a s  u t i l i ty company , to own the f i e l d  s uc t i o n  trunk l i ne s  and 
compres sor s t a t i on f a c i l i t i e s . The adva n t age s of e c onomy of s c a l e  
are ach i eved i n  t h i s  mod e  o f  op e r a t ion a n d  p e rm i t t h e  mo s t  e f f i 
c i e n t  me thod for h a nd l i ng of f i e l d  g a s . Th e p ur c h a s e  c o n t ra c t  b e 
twe e n  t h e  s e l l e r ( p rod uc e r )  a nd the buye r ( g a s  u t i l i ty )  f o r  t h e  
s a l e  o f  we l l  prod u c t ion i s  c u s toma r i l y  mad e  on a l e a s e - by- l e a s e  
ba s i s . As a n  a r e a  deve l op s , t h e  u t i l i ty e x t e n d s  t h e  s uc t i o n  l i ne s 
f rom the i r  c e n tr a l i z ed c ompr e s sor s t a t i on f a c i l i t i e s , a nd the pro
d u c e r s  t i e  i n to the s e  ga ther i ng l i ne e x t e n s i o n s . Th u s , the po i n t  
of s a l e  be come s the n e a re s t  d i s t ance t o  t h e  u t i l i ty ' s s uc t i o n  p i pe
l i ne . S i nce the " d ow n s tream "  cos t s  a re the bu r d e n  of the pur
chase r ,  it  wa s the op i n i on o f  the N PC that the s e  c o s t s  s h o u l d  b e  
cons ide red s ep ar a te ly i n  t h e  e conom i c  a n a l y s i s . Th e re fore , a s  a 
me ans of recog n i z i ng d owns t r e am gas proce s s i ng a s  a c o s t f u n c t i o n , 
a r a nge of cos t s  wa s d e t e rm i ned on a n  a f t e r - t a x  b a s i s , d e p e nd i ng 
upon the c o s t  o f  f u e l . The a s s ump t i ons a nd c a l c u l a t i o n s  a r e  pre
s e nted i n  Appe nd i x  E .  

We l l  L i f e 

Th e u s e f ul l i f e o f  a g a s  we l l  i s  h ig h l y  v a r i a b l e  and d e p e n d e n t  
upon many f a c tor s ,  wh i c h may be phys i c a l , e c o nomi c ,  o r  a c omb i n a 
t i on of c i rcums t a n c e s . I n  t h i s  s t udy , a produc i ng we l l  l i fe o f  3 0  
ye ars wa s c h o s e n  a s  repre s e n t a t ive for d r i l l i ng i nv e s tme n t  d e c i 
s i ons . Prod u c t ion beyond the 3 0 -ye a r  pe r i od wo u l d  h ave ve ry l i t t l e  
e f f e c t  u pon the e conom i c  r e s u l t s . Howeve r , i t  i s  a c kn owl edged tha t 
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the prod u c i ng c h a r a c t e r i s t i cs o f  the Devo n i a n S h a l e  f o rma t i on may 
wa rrant a l o n g e r  we l l  l i f e ,  wh i ch wo uld re s u l t  i n  u l t i ma te r e s e r ve s 
h ig h e r  than thos e r e s e rve s s ta ted b a s e d  o n  the 3 0 -y e a r  l i f e .  On 
the othe r h a nd , it is r e c og n i zed th a t  prema t ure a b a n d o nme n t  can 
o c c u r , wh i c h  make s the pred i c t i on of add i t i o n a l  r e s e r ve s beyond 3 0  
ye a r s  un c e r t a i n . 
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C HAPTE R  F I VE 

POTENT IAL PRODUC T I ON AN D RE S E RVE S l 

Th e de te rmi n a t i on o f  prod uc t ion po te n t i a l  a nd re s e rve s for 
Devo n i an Shale req u i r e s  the c a l cu l a t i on o f  gas pr i c e s  on a pe r -we l l  
ba s i s for the va r i o u s  geog raph i c a l  s ubd i v i s i o n s , e s t ima t io n  of the 
d r i l l a b l e  a r e a  wi t h i n  thos e s ubd i v i s i on s , c omp u t a t ion o f  the tota l 
po te n t i a l  " pe r -we l l "  re s e rve s , and d eve l opme n t  o f  prod u c t i o n  and 
r e s e rve s ad d i t i o n  prof i l e s  for va r i ou s d r i l l i ng s c h eme s . I n  t h i s  
chapter the compone n t s  o f  the s e  va r i ous a n a l y s e s  a r e  d i s c u s s ed i n  
d e t a i l . Th e chap t e r  h a s  b e e n  d i v i d e d  i n to four ma j o r s e c t ions . 
Th e f i r s t  s e c t i on d e s c r i b e s  the gas pr i ce a n a ly s i s , t h e  s e cond d i s 
c u s s e s  t h e  r a t i on a l e  u s e d  t o  d e te rm i n e  d r i l l a b l e  a r e a , the th i rd 
pre s e n t s  the re s ul t s of the po te n t i a l  r e s e rve s a n a lys i s , and the 
four th d i s c u s s e s  the po te n t i a l  produ c t ion a n a l y s i s  ( d r i l l i ng 
scena r i o s ) .  

GAS PRI C E  ANALYS I S  

De s c r i p t ion o f  the D i s co u n ted Cash F l ow ( DC F ) Mod e l  

Unde r the g u i d e l i ne s  f o r  t h e  ove r a l l  u n conve n t i o n a l  g a s  s t ud y,  
the pr i c e o f  g a s  is d e te rmi ned on the bas i s  of a d i s c o u n t e d  c a s h  
f l ow ( DC F )  a n a ly s i s  f o r  a b a s e  c a s e  of a 1 0  p e r c e n t  r a te o f  re t u r n  
( ROR ) a n d  two o t h e r  c a s e s  b a s e d  on 1 5  and 2 0  pe r c e n t  ROR .  

The DCF me t hod i s  c ommonly used by i nd u s t ry to c omp a r e  c omme r
c i a l  ve n t ure s ,  d e t e rm i n e  pr i c e  s t ru c t ur e , and e s t im a te f i nanc i a l  
req u i reme n t s . I t  i s  gene r a l ly not the me t hod u s e d  by f e d e r a l  and 
s t ate reg u l a tory bod i e s  to de term i n e  pr i ce . The DC F me t hod o f f e r s  
a n umbe r o f  adva n t age s : 

• The t ime va l ue o f  money i s  cons ide red . 

• The r e t u r n s  do not need to be s c a l ed to p ro j e c t  s i z e . 

• The c a l c u l a t ions are i ndepe n d e n t  o f  a ny a s s ump t i on about 
pro j e c t  f i n a n c i ng or corporate c ap i ta l  s tr u c t ur e . 

l Based o n  Appa l a c h i an ba s i n  d a t a , a nd r e s ul t s  apply to o n l y  
tha t area . 
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Th e form o f  the D C F  e q u a t ion u t i l i z e d  for the De von i a n  S h a l e  
a n a l y s i s  i s : 

- D -0 

n 
+ L: 

t= l 

E - w u + 0 

D ( t ) 

( 1  

0 

+ E ( t ) 
t -1: + r )  2 

n 

2: 
t= l 

+ 

u [ PQ ( t )  - O&M ( t )  - L ( t )  - D ( t ) - E ( t )  ] 
( 1  + r )  t - �  

CDo = 0 ( Eq . 3 ) 
1 + r 

where 

P = g a s  pr i c e  

Q ( t )  = e s t imated prod u c t i on for year t 

n 
= 2: Q ( t )  

t= l  

O& M ( t )  = ope r a t i ng and ma inte nance e xpe n s e s  f o r  ye a r  t 

L ( t )  = l e a s e  or roya l ty expe n s e s  for y e a r  t 

D0 = t ang i b l e  cos t s  that mu s t  be d e pr e c i a te d  

E0 = i n t ang i b l e  c o s t s  that mu s t  be c o s t  d e p l e t ed 

W0 = i n t a ng i b l e  we l l  c o s t s  t h a t  can be e xp e n s e d  

D ( t )  = d e p r ec i a ted v a l u e o f  tang i b l e  c o s t s  i n  y e a r  t ;  
i n i t i a l l y  doub l e  d e c l i n ing b a l a n c e  w i th l a �e r  
swi t c hov e r  to s tr a i g h t  l i ne wh e n  a d v a n t a g e o u s  

[ Eo 
-

t - 1  

E ( t ' ) ] Q ( t )  2: 
E ( t )  t 1 = l ( Eq . = 

t - 1  
Q - 2: Q ( t I )  0 

t 1 = l 

4 ) 

u = i nc ome tax r e t e n t ion r a te or ( 1  - e f f e c t i v e  t a x  r a t e ) 

C = equ i pme n t  inve s tment tax c r e d i t  r a t e  

r = d i s co u n ted c a s h  f l ow r a t e  o f  r e t u r n  ( D CF ROR ) 
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t = t ime i n d e x  i n  years 

n = l i f e t ime o f  proj e c t  

Th e t im i ng sequence for t h e  d i s c o u n t i ng o f  t h e  c a s h  f l ows i s  
based o n  m i dye a r  conven t ion . I n  t h e  e co nom i c  a n a l y s i s , s i ng l e  wel l 
i nv e s tme n t  i s  a s s umed to beg i n  a t  m i d d l e  o f  t h e  year , o r  t = - l/ 2 . 
Comme n c eme n t  o f  prod u c t ion o c c u r s  a t  the end o f  the ye a r , t = 0 ,  
w i th a n n u a l  i ncom e s  and d i s b u r s eme n t s  a s  l ump- s um paym e n t s  a t  mid
yea r ; i . e . , t = l / 2 , t = l l / 2 , e t c . 

Econom i c  and Prod uc t ion Pa rame t e r s  

Th e Coord i n a t ing Subcommi t te e  o f  th e Na t i o n a l  Pe t ro l e um Coun
c i l ' s  Comm i t t e e  on Unconv e n t ional Gas So urce s prov i d e d  a b a s e l i n e  
of e conom i c  p a r ame te r s  for u s e  i n  d e t e rm i n ing g a s  p r i c e s  f o r  t h i s  
s t udy . The b a s i s  f o r  a n a l y s i s  i s  J a n uary l ,  1 9 7 9 , d o l l a r s , wh i c h  
rema i n  co n s t a n t  for the pro j e c t  l i f e t ime . Roya l t i e s  w e r e  t o  b e  
typ i c a l  for e a c h  ar e a . Fo r the Devon i an S h a l e  reg ions th i s  wo u l d  
b e  a on e-e i g h t h  ( 1 2 . 5  percen t ) roya l ty . The t a x  r a t e s  a s s umed for 
the s t udy , as d i s c u s s ed i n  Chap t e r  Fo ur , are : 

• 4 6 %  f ed e r a l  i n come tax rate 

• 2 % s ta te i ncome tax r a te 

• 8 %  ( o f  prod u c e r  revenue ) p rod u c t i o n , s ev e r a nc e , a nd prope r ty 
t a x  ra te 

• 1 0 % f e d e r a l  i n ve s tme n t  tax c r e d i t  on t a ng i b l e  e q u i pme n t . 

No d e p l e t ion a l l owan c e  i s  a s s umed for Devon i a n  S h a l e  we l l s . Ove r
he ad i s  a s s umed to be 10 p e r c e n t  o f  the i nv e s ted c ap i ta l  and 2 0  
pe r c e n t  o f  d i r e c t  ope ra t i ng c os t .  Work i ng c ap i t a l  f o r  we l l  d r i l l 
i ng i s  norma l ly sma l l  a n d  wa s a s s umed to b e  z e ro . I t  was f ur t h e r  
a s s umed th a t  the l e a s ehold a nd e xplora t i on c o s t s  ( E0 ) are s ub j ec t 
to c o s t  d e pl e t i o n . 

Th e tota l i nv e s tment c o s t  for e a c h  we l l  i s  c a l c u l a ted f rom the 
fol lowi ng r e l a t io n s h i p s : 

wh ere 

W = ( CD x D + S t + L E ) 

WT = · OH x [ W  + l - R 
( W - 2 . 5 x D ) + G ]  R 

W = r aw we l l  c o s t  

( Eq .  5 )  

( Eq .  6 )  

WT = to ta l we l l  i nve s tme n t  cos t ;  2 0  p e r c e n t  i s  t ang i b l e  c o s t  
( c ap i t a l i z e d ) , 8 0  p e r c e n t  i s  i n t ang i b l e  c o s t  ( e xp e n s e d  and 

c o s t  d e p l e t e d ) 

= Do + w0 + Eo i n  Equ a t io n 3 
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c0 = d r i l l ing c o s t  pe r u n i t  depth o n  a pe r - c o u n ty b a s i s  

D = average d e p t h  ( t o the bottom o f  the s h al e ) i n  t h e  c o u n t y  

St = s t im u l a t ion c o s t  

= $ 3 5 , 0 0 0 f o r  c u r r e n t  hyd ra u l i c  f r a c t u r i ng ( c onven t i o n a l  
f r a c t ur i ng t e c h no logy ) 

= $ 1 5 , 0 0 0  - $ 6  x average s h a l e  t h i ck ne s s  i n  the c o u n ty 
( t rad i t i o n a l  shoo t i ng t e c h no l og y ) 

LE = i n i t i a l  l e a s e  and e xp l o r a t ion c o s t s  ( $ 8 , 0 0 0 ) 

OH = o v e r h e ad f a c to r  ( 1 . 1  for 1 0  pe r c e n t  ove r h e ad ) 

R = s uc ce s s  r a t i o  ( 0 . 8 8 i s  the f r a c t i o n  o f  t o t a l  De von i a n  
S h a l e  w e l l s  d r i l led t h a t  a r e  p rod uc t iv e ) 

G = pe r -we l l  g a th e r i ng l i ne cos t ( $ 2 5 , 0 0 0 ) 

Th e add e n d  1 - R ( w  - 2 . 5 0 x D )  i n  t h e  to t a l  i nve s tme n t  c o s t i s  a n  
R 

a l l o c a t ion o f  the d ry h o l e  c o s t s  to the prod u c i n g  we l l s . Th e 2 . 5 0 
i s  the n e t  do l l a r  s a l v a g e  v a l ue per foo t f o r  a d r y  h o l e . Th e 
c ap i t a l i zed c o s t s  are d e pr e c i a ted i n i t i a l ly o n  a d o u b l e  d e c l i n i ng 
bal ance b a s i s  w i th s w i t c hover to s t r a ig h t  l i ne b a s i s  wh e n  
advan t ag e o u s .  

As wa s d i s c u s s ed e ar l i e r , the prod uc t i o n  o f  g a s  f rom Devon i an 
S h a l e  c a n  be d e s c r i be d  by a hype rbol i c  d e c l i ne c u rve w i th c 1 
vary i n g , C 2 = 3 ,  and C 3 = 2 . 5 , l e av i ng the s impl i f i e d  f o rm 

P R  � c 1 
[ l + � t J -i ( Eq . 7 )  

where P R  i s  the prod u c t i on r a t e  i n  MCF/D a nd t i s  t im e  i n  y e a r s . 

Gas P r i c e  Ana l y s i s  Re s u l t s  

Th e b a s i c  s ubd i v i s i on u n i t  for the g a s  p r i c e  a n a l y s i s  o f  the 
Appa l a c h i an b a s i n  is  the county . Dr i l l i ng d e p t h , b l a ck s h a l e  log 
t h i ckn e s s , and d r i l l i ng cost we re ob t a i ned o n  a c o u n ty-by- c ou n t y  
b a s i s  to prov i d e  the c o s t  d a t a  f o r  t h e  a n a l y s e s .  A repr e s e n t a t i v e  
i nve s tm e n t  c o s t  f o r  e a c h  county was c a l c u l a te d  u s i ng Equa t i o n  6 ,  
u s i ng a n  ave r ag e  d e p t h  and an average c o s t pe r u n i t  d e p t h  f o r  th e 
county . Th e g amma - r ay log b l ack s h a l e  average th i ck ne s s  ( T )  f o r  
each c o u n ty wa s u s ed to c a l c u l a te corre s pond i ng C 1 v a l u e s  f o r  th e 
t r ad i t ional comp l e t ion t e c h n ique ( s hoo t i ng ) . Th e g a s  p r i c e s  were 
c a l c ul a ted u s i ng the c omp u t e d  c 1 v a l u e s  to d e t e rm i n e  a n n u a l  pr o
d uc t i o n . Th r e e  pr i c e s  we r e  c a l c u l a ted c o r r e s pond ing to ROR ' s o f  
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1 0 , 1 5 , and 2 0  p e r c e n t . Ta ble 8 p re s e n t s  some e x amp l e  r e s u l t s . 
For var i o u s  count i e s , the t ab l e  s h ow s  C 1 v a l ue s , the c o r r e spon d
i ng average we l l  i nv e s tment cos t s  used in the gas pr i ce c a l c u l a
t io n s , and r e s u l ta n t  g a s  p r i c e s  a t  the t h r e e  r e s pe c t iv e  RO R ' s .  

TAB LE 8 

E x amp l e  P r i c e C a l c u l a t ions for S e l e c te d  Co u n t i e s  

Co unty County Pr ice per MM B t u  
Av erage Av e rag e We l l  a t  Rate o f  Re t u rn 
�1- I nve s tme n t  1 0 %  1 5 %  2 0 %  

7 4  2 6 4 , 9 0 0  2 . 6 0 3 . 4 4 4 . 2 8  

7 9  2 2 4 , 4 0 0  2 . 0 9 2 . 7 6 3 .  4 2 

6 5  1 8 5 , 2 0 0  2 . 1 2 2 . 8 0 3 . 4 7 

5 9  1 4 5 , 8 0 0  l .  9 1  2 . 5 0 3 . 0 9 

1 0  1 3 9 , 7 0 0 1 0 . 6 2  1 3 . 9 1 1 7 . 1 8  

4 5  2 4 6 , 2 0 0  3 . 9 5 5 . 2 3 6 . 5 0 

8 1 2 5 , 9 0 0  1 2 . 8 6 1 6 . 8 0 2 0 . 7 1  

7 3  1 9 1 , 5 0 0  l .  9 4  2 . 5 5 3 . 1 7 

9 7  2 3 0 , 9 0 0  l .  7 3  2 . 2 9 2 . 8 4  

6 3  1 6 3 , 9 0 0 l .  9 7  2 . 5 9  3 . 2 1 

DETERM INA� I ON OF DRI LLAB LE AREA AND WELL S PAC ING 

Th e b a s i s  f o r  the r e s o urce e s t imate i n c l uded a l l  l an d s  u n d e r 
l a i n  by Devon i a n  Shal e .  Howe ve r ,  f rom a prac t i c a l  s ta nd po i n t , i t  
c o u l d  not be a s s umed t h a t  the e n t i re a r e a  c a n  be d r i l l ed d ue to 
c e r t a i n  f a c tor s .  Land u s e  r e s t r i c t io n s  i n  t h e  e a s t e r n  Un i te d  
S t a t e s  m u s t  be taken i n to a c c o u n t  i n  d e t e rm i n i ng the t o t a l  d r i l l 
a b l e  a re a .  Th e s e  r e s t r i c t io n s  i nc l ud e  c e r t a i n  s t a t e  a nd f e d e ra l 
l an d s  whe r e  d r i l l i ng i s  proh i b i ted . Al so , i t  i s  r e a s o n a b l e  to 
a s s ume t h a t  urban a r e a s , e x i s t i ng s torage f i e l d s , and d ev e loped 
s h a l e- p rod u c i ng f i e ld s  should not be c o n s i d e red pote n t i a l  l e a s e h o l d  
ar e a s . Th e re fore , the abov e-me n t ioned c a t e g o r i e s  were e x c l ud e d  
f rom t h e  a r e a  r e s o u r c e  t o  a r r i v e  a t  the po t e n t i a l  d r i l l a b l e  a re a . 
Based o n  a c t u a l  e xper i e n c e , t wo o t h e r  s te p s  we r e  r eq u i r ed i n  d e 
term i n i ng the d r i l l ab l e  a r e a s . No t a l l pote n t i a l  l a n d s  c a n  be 
l e a se d , d ue to l andown er s '  r e f u s a l  to l e a s e , coal m i n i ng d i f f i c u l
t i e s , e t c . Of t h e  l a n d s  t h a t  are l e a s ed , t h e r e  a r e  t h o s e  prope r
t i e s  wh i c h  c a n no t  be d r i l l ed d u e  to s uc h  prob l ems as m i n e r a l  
t i tl e s , r ig h t- o f-way acc e s s , l e a s e h o l d s  c omm i t t e d  to e x i s t i ng 
d r i l l ing , e t c . 
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The f o l l ow i ng mod e l was u s ed to c a l c u l a te the n e t  d r i l l ab l e  
a r e a s : 

Re s o u r c e  Tota l Area , l e s s  
phys i c a l  b ar r i er s  
ce r t a i n  gov e r nment l a n d s  
s torage f i e l d s  
prod u c ing s h a l e  a r e a s  
o t h e r s  

= po te n t i a l  l e a s e  l and s , l e s s  
non l e a s a b l e  a r e a s  

= l e a s ab l e  prope r t ie s , l e s s  
nond r i l l ab l e  areas 

= N e t  Dr i l l ab l e  Are a s  

S i n c e  t h e  a bove f a c to r s  u s ed i n  d e t e rm i n i ng the d r i l l a b l e  a r e a s  
a r e  n o t  c o n s t a n t  for the t o t a l  a r e a  cons i d e r e d , c a l c u l a t i o n s  were 
mad e  e s s e n t i a l ly on a c o u nt y- by-county b a s i s .  The d r i l l ab l e  are a 
c a l c u l a t ions f o r  t h e  Appa l a c h i an b a s i n  are pre s e n t e d  i n  Appe nd i x F .  

Th e fo l low i ng t a b u l a t ion i s  a s ummary by s ta te o f  the App a l a
c h i a n  ne t d r i l l ab l e  a r e a s : 

Ke n t ucky 
Ma ryl and 
Ne w Yo rk 
Oh i o  
Pe nnsyl van i a  
Te n ne s se e  
V i rg i n i a  
We s t  V i rg i n i a  

Rounded To ta l 

Ne t 
Dr i l l ab l e  

Are a  
( Squ a r e  M i l e s ) 

7 , 2 8 2  
7 1 1  

1 2 , 2 7 3 
1 0 '  6 1 6  
1 5 , 0 2 0 

1 '  3 0  9 
1 , 2 8 0  

1 3 , 7 0 1  

6 2 , 0 0 0  

I t  i s  recog n i z e d  t h a t  there i s  no s i ng l e  be s t  spac i ng i n  wh i c h  
we l l s  c a n  b e  u n i f o rm ly d r i l led th roug hout t h e  b a s i n . We l l  s p a c i ng 
prac t i ce s  vary f r om one loca l i ty to anothe r ,  d e pe nd i ng upon g e o
l og i c  h e te rog ene i ty ,  prod uc t io n  p e r formanc e , a nd o pe r a to r s ' p re f e r
e n c e s  and pas t e xp e r i e n c e s .  The con s e n s u s  o f  t h e  s t udy p a r t i c i 
pan t s  wa s t h a t  1 6 0  a c r e s  pe r prod u c t i v e  we l l  wo u l d  be a r e a s o n a b l e  
ave r age we l l  spac i ng thro ug ho u t  the

· 
b a s i n .  T h e  n e t prod u c i b l e  a r e a  

i s  t h e  ne t d r i l l ab l e  a r e a  red u c ed b y  5 p e r c e n t  ( 6 2 , 0 0 0  s q  m i  t o  
5 8 , 9 0 0  s q  m i ) to a c c o u n t  for geo l og i c  f a i l ure s a s  d i s c u s s ed i n  t h e  
S u c c e s s  Ra t i o  s ub s e c t i o n  found l a t e r  i n  th i s  c h a p t e r .  
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POTENT I AL RE S E RVE S ANALYS I S  

Me thodology 

G ive n the g a s  pr i c e  and produc i b l e  re s e rve s pe r we l l  f o r  a 
c ounty and the d r i l l a b l e  area i n  the cou n ty , a tab l e  o f  p o te n t i a l  
r e s e rve s ava i l ab l e  a t  var ious pr i c e s  for both t r ad i t i o n a l  a n d  
conve n t ional t e c hno l ogy c a n  be con s t r uc ted . Th e n umber o f  we l l s  
that can be d r i l l ed i n  a county wa s d e t e rm i n e d  o n  the b a s i s  o f  a n  
a s s umed 1 6 0 -acre spac i ng . Algebra i c a l ly t h i s  i s  repr e s e n ted a s : 

Coun ty Re s e rves = p e r  we l l  r e s e rv e s  x county prod u c ib l e  a r e a  + 1 6 0  

( Eq .  8 )  

Re s u l t s  o f  B a s e  C a s e  Analys i s 

For p u r pos e s  o f  t ab u l a t ion a nd c ompar i son , the pot en t i a l coun ty 
r e s e rv e s  we re g ro uped on the bas i s  o f  pr i c e  and prod u c t ion t e c h
nol ogy . Tab l e  9 s umma r i z e s  the re s u l t s  o f  the b a s e  c a s e  a n a l y s i s . 
Two rows o f  d a t a  are pre s e n ted cor r e s pond ing to r e s e rv e s  c a l c u l ated 
for trad i t ional a nd conve n t ional t e c hno l og i e s . Und e r  the c o l umn 
headed 2 . 5 0 are l i s ted the r e s e rv e s  in TCF , c a l c u l a t e d  to s e l l  at a 
p r i c e  ( ba s e d  on a 1 0  p e r c e n t  ROR ) o f  $ 2 . 5 0 p e r  MMB t u  or l e s s . Un
d e r  the col umn h e ad ed 3 . 5 0 are the re s e rv e s  c a l c u l a t ed to s e l l  a t  
l e s s  than $ 3 . 5 0 ( i n c l ud ing tho se s e l l i ng und e r  $ 2 . 5 0 )  and s o  f o r t h . 
Und e r  the col umn h e ad ed To t a l  Prod uc ible Gas are l i s t ed the re s e r
ves th a t  can be recovered a t  any p r i c e , a nd und e r  t h e  c o l umn he aded 
Av e r age Pr ice are the ave rage pr i c e s  for each t e c h n o l ogy i f  a l l  o f  
the r e s e r v e s  a r e  prod uced . 

Technology 

Traditional 

Conventional 

TABLE 9 

Results of the Base Case Reserves Analysis 
( 1 0  Percent ROR) 

( Constant 1979 Dollars ) 

Cumulative Potential Re serves ( TCF ) Total 
vs. Price ( $/MMBtu ) Producible 

2 .50 3 .50 5 . 0 0  7 . 0 0  9 . 0 0 Gas 

3 . 3  8 . 5  1 1 . 4  1 4 . 9  1 6 . 6  25. 3 

7 . 3  1 4 . 5  1 9 . 5  2 3 . 5  2 7 . 0 3 7 . 4  

Sens i t i v i ty Ana l y s i s  ( Ba s e d  o n  Conve n t iona l T e c h no logy ) 

Average 
Price 

8 . 57 

6 . 75 

Wh i l e  the b a s e  c a s e  pre s e n t s  the r e s u l t s f o r  t h e  comb i n a t ion o f  
parame te r s  bel i eved by t h e  NPC t o  b e  mo s t  repre s e n t a t ive o f  the r e
sour c e , the e f f e c t  o f  changes to key parame t e r s  were s t u d i e d  to 
dete rmine the s e n s i t i v i ty o f  the base r e s u l t s  to t ho s e  p a r ame te r s . 
Pa rame t e r s  e x am ined cons i s t  o f  ROR ,  C 1 , and s uc c e s s  r a t i o . 
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Ra t e  o f  Re t u rn ( ROR ) 

Th e RO R i s  a n  impo r t a n t  parame t e r  i n  e co nom i c  a n a ly s i s .  I t  
r e f l e c t s  both the d e g ree o f  r i s k i n h e r e n t  i n  the t e ch no l ogy , and 
the ma rke t p l a c e  and the g e n e r a l  econom i c  e n v i ronme n t  in wh i c h  th e 
resource d eve lopme n t  mu s t  ope r a te . For the p u r po s e  o f  t h i s  s t udy 
two RO R ' s ,  1 5  and 2 0  p e r c e n t ,  were e x a m i n e d  in add i t io n  to the b as e  
c as e . Th e re s u l t s  f o r  conv e n t ional f r a c tu r i ng t e c h no logy are s um
ma r i zed i n  Ta bl e 1 0 .  

Rate of 
Return 

1 0 %* 

1 5% 

20%  

TABLE 1 0  

Rate of Return Sensitivity 
( Constant 1979 Dollars ) 

Cumulative Potential Reserve s  ( TCF)  
vs . Price ( $/MMBtu ) 

2 .50 3 .50 5 . 0 0 7 . 00  9 . 0 0  

7 . 3  1 4 . 5  1 9 . 5  2 3 . 5  2 7 . 0 

2 . 8  8 . 6  1 5 . 2 1 9 . 9  2 3 . 0 

0 . 3 4 . 6  1 1  • 1 1 6 . 7  2 0 . 6 

*Denotes the base result s .  

Hyperbo l i c  De c l i ne ( C ll 

Total 
Produc ible Average 

Gas Price 

3 7. 4 6. 75 

3 7 . 4  8 .98  

3 7 . 4 1 1 .  1 8  

As d i s cu s s e d  e a r l i e r , c 1 i s  computed a s  a f un c t i o n  o f  g amma 
r ay log b l a ck s h a l e  th i ckne s s  ( T ) , e xp re s s e d  mathema t i c a l ly a s  C 1 
= f ( T ) . Th e l i n e a r  coe f f i c i e n t  r e l a t ing c 1 to t h i ckne s s  i s  nom
i n a l ly 0 . 2 1 3 ; the 9 5  p e r c e n t  con f i d e n c e  i n t e r v a l  r a n g e s  f rom 0 . 1 8 4 
t o  0 . 2 4 1 .  Tab l e  1 1  s umma r i z e s  the e f f e c t s  o f  comp u t a t i on ove r t h i s 
rang e , b a s ed on conve n t i o n a l  technology . 

Linear 
Coefficient 

0 . 1 84 

0 . 2 1 3* 

0 . 24 1  

TABLE 1 1  

Hyperbolic C 1 = f (T ) Linear Coefficient Sensitivity 
( Constant 1979 Dollars ) 

Cumulative Potential Reserves  ( TCF)  Total 
vs . Price ( $ /MMBtu ) Produc ible 

2 .50 3 .50 5 . 00  7 . 0 0 9 . 00 Gas 

5 . 2  1 1 . 2  1 5.  0 1 9 . 0 2 1 . 6  3 3 . 1 

7 . 3 1 4 .5  1 9 . 5 2 3 . 5  2 7 . 0 3 7 .  4 

1 0 .  1 1 6 . 6  2 2 . 7  2 6 . 2  3 1 . 0  4 1 . 2  

*Denotes the base results . 

5 0  

Average 
Price 

7 . 6 3 

6 . 75 
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S uc c e s s  R a t io 

S uc ce s s  r a t io i n  t h i s  anal ys i s  is a m e a s ure o f  both t e c h n i c al 
( me c ha n i c a l/e conom i c ) and g eo l og i c  f a i l ur e s  b a s e d  o n  Devon i an S h a l e  
d r i l l i ng expe r i e n c e . F o r  purpo s e s  o f  c ompar i son , add i t ional s u c
c e s s  r a t io v a l ue s  we re u s e d  to compute r e s e rv e  d i s t r i b u t ion a s  s um
mar i z ed i n  Tab le 1 2 . B e c a u s e  the l ev e l  for t e c h n i c a l  ( me c h a n i c a l/ 
e conom i c ) fa i l ur e  ( 7  p e r ce n t ) i s  s u b j e c t  to l i t t l e  v a r i a t ion i n  
f u t ure d r i l l i ng ope r a t i on s , the s uc ce s s  r a t i o  s e n s i t iv i ty i n  Tab l e  
1 2  i s  based s o l e l y  o n  s h i f t s  i n  pe r c e n tag e o f  g eo l o g i c  f a i l ur e s  o f  
zero , 5 ( ba s e  c a s e ) , 1 0 ,  and 2 0  pe rce n t . Aga i n  t h e  s e n s i t iv i t i e s  
are based o n  conv e n t i o n a l  tec hnology . 

TABLE 1 2  

Success Ratio Sensitivity 
( Constant 1979 Dollars ) 

Cumulative Potential Re serves ( TCF)  Total 
Success vs . Price ( $ /MMBtu ) Produc ible Average 
Ratio 2 .50 3 .50 5 . 00  7 . 00  9 . 0 0  Gas Price 

0 . 93 9 . 0  1 5. 8  2 0 .9  2 4 . 8  2 8 . 9 39 . 4 6 . 45 

0 . 88* 7 . 3  1 4. 5  1 9. 5  2 3 . 5  2 7 . 0 3 7 . 4  6 . 75 

0 . 83 6 . 1 1 3 . 6 1 6 . 6  2 1 . 5 2 4 . 8 35. 4 7 . 09 

0 . 73 4 . 0 9 . 4  1 4 . 0 1 7 . 8  2 o . 1 3 1 .5 7 . 89 

*Denotes the base resul ts .  

POT ENTIAL PRODUCT I ON ANALYS I S  

I n troduc t i on 

Th e prod u c t ion of gas and d e v e l opme n t  of r e s e r v e s  as a f un c t i on 
o f  t ime i s  depend e n t  on th e ma rketpl a c e , the ab i l i ty of i n d u s try to 
deve l op the r e s o u rc e , and reg u l atory and o t h e r  f ed e r a l  and s t a t e  
pol i c ie s . F o r  the p urpo s e  o f  th i s  ana lys i s , i t  was a s s umed t h a t  a 
marke t e x i s t s  for g a s  produced a t  a pr i c e  b a s e d  o n  a 1 0  p e r c e n t  
RO R .  Furth e r , i t  was a s s umed that a f avorab l e  r e g u l a to ry and po l 
i cy e nv i ro nme n t  wo u l d  e x i s t  f o r  n a t u r a l  g a s  prod u c t i o n . 

Th e ab i l i ty o f  i nd u s t ry to d ev e l o p  t h e  r e s o u r c e  i s  t h e r e fore 
the c o n t ro l l i ng f a c to r , and th i s  wa s a s s umed to depend p r imar i ly o n  
the ava i l ab i l i ty o f  d r i l l i ng r i g s  a nd t r a i ned c rews . An a n a l y s i s  
o f  r e c e n t  r ig ava i l ab i l i t y  d a t a  for th e App a l a c h i an reg i o n  wa s 
mad e , a nd the r e s u l t s e x t rapo l a ted to the ye a r  2 0 0 0 . Th e to t a l  
n umber o f  we l l s d r i l l e d  pe r ye a r  w a s  e s t i ma ted , b a s e d  o n  the av a i l 
a b l e  r ig s  and the r e s e rve add i t ions c a l c u l a te d  o n  the b a s i s  o f  the 
cheape s t  gas be i ng d r i l l ed f i r s t .  
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Me thod o l og y  

Th e me thodo logy fo r Devo n i a n  S h a l e  g a s  prod u c t i o n  e s t ima t e s  
cons i s ted o f  f i r s t  d e t e rm i n i ng t h e  t o t a l  amo u n t  o f  prod u c i b l e  g a s  
at e a c h  s pe c i f i e d  p r i ce l eve l ( i . e . , $ 2 . 5 0 ,  $ 3 . 5 0 ,  $ 5 . 0 0 ,  $ 7 . 0 0 , 
a nd $ 9 . 0 0 per MMBt u ) for c u r r e n t  and advanced t e c h no logy , and t h e n  
u s ing approp r i a te d r i l l ing s c e n a r i o s  ( d r i l l i ng s c h e d u le s )  t o  d r i l l  
a nd produce the prod u c i b l e  a r e a s  beg i n n i ng w i th the c h e ape s t  g a s  
a n d  cont i n u i ng w i th i nc r e a s i ng l y more e xpe n s i v e  g a s . Prod uc t i o n  
e s t ima t e s  cons i s ted o f  annual prod u c t ion , c um u l a t i v e  prod u c t i o n , 
d r i l l ed r e s e rv e s  added �n n u a l ly , c umul a t ive d r i l l ed r e s e rv e s  added , 
a nd r e s e r v e s  r ema i n i ng . Dr i l led r e s e r v e s  added a n n ua l ly are d e 
f i ned as t h e  pred i c te d  3 0 -ye a r  prod u c t i o n  f o r  we l l s  d r i l l ed i n  a 
g iv e n  year , and r e s e r v e s  r ema i n i ng are d e f i n ed a s  c um u l a t i v e  
d r i l l ed r e s e rv e s  added mi nus c umu l a t ive prod uc t io n . 

Ava i l a b i l i ty o f  D r i l l i ng R i g s  

The po te n t i a l  f o r  produc t i on f rom Devon i a n  Sha l e  t h ro ug h  the 
e nd of th i s  c e n tury is  a f un c t ion o f  capa c i ty to d r i l l  we l l s  i n  
add i t i on t o  d emo n s t r a ted econom i c  v i ab i l i ty a nd e n v i ronme n ta l  
a ccepta b i l i ty o f  po s s i b l e  e x trac t i on me thod s . To prov i d e  a d a t a  
b a s e  for e s t ima t ion o f  po s s i b l e  d r i l l i ng s ce n a r i o s  ( d r i l l i ng s c hed
u l e s ) , the Hugh e s ' r ig c o u n t  ( reported in  the O i l  & G a s  Journa l ) 
wa s p l o t t e d  f rom 1 9 7 3 t h ro ugh e ar l y  1 9 7 9  f o r  the e n tir e  Uni ted 
S t ates ( F i g u r e  9 )  i n  order to e s t imate the i nd u s t ry ' s  a b i l i ty to 
f ur n i s h  new r i g s  a nd crew s . Dur i ng th i s  s i x -year p e r iod , the n um
ber o f  ava i l ab l e  r ig s  i nc r e a s e d  a t  an average r a te o f  1 9 5  r ig s  per 
ye a r . A s im i l a r  p l o t  wa s made of the r i g a c t i v i ty in t h e App al a
c h i an a r e a  f o r  the s ame pe r i od ( F i g u re 1 0 ) ,  wh i c h  s howed a n  average 
i nc r e a s e  o f  s e ven r i g s  per ye a r , but w i th s po r ad i c  yea r-t o -ye a r  
f l u c tua t i on s . I n  p a r t i c u l a r , Appa l a c h i an r i g a c t i v i ty be twe e n  1 9 7 5  
and 1 9 7 8 s h owed a g r owth r a te o f  1 5  r i g s  p e r  y e a r . 

Ac cord i ng l y , i t  wa s a s s umed th a t  1 5  r i g s  d r i l l i n g  De von i a n  
S h a l e  i n  1 9 8 0 ,  w i t h  1 5  add i t ional r i g s  d evoted to s h a l e  d r i l l i n g  
e ac h  s uc ce e d i ng ye a r  through 2 0 0 0 , r e pr e s e n t s  a n  a c c e l e r a ted o r  
h i g h-l eve l d r i l l i ng s c e n a r i o .  Und e r  th i s  s o r t  o f  progre s s io n , 3 3 0  
r ig s  wo u l d  be ac t i v e l y  d r i l l i ng De von i an Sh a l e  we l l s  by year- e nd 
2 0 0 0 .  

As a s e cond , mor e  mod e ra te s c e na r i o , 1 2  r i g s  we r e  a s s umed to be 
d r i l l ing the s h a l e  in 1 9 8 0 , wi th a 1 2  p e r c e n t  i nc r e a s e  in r i g s  e a c h  
s ucceed i ng ye a r . Und e r  th i s  sched ul e , 1 2 9  r i g s  wo u l d  be i nv o l v e d  
by ye ar-end 2 0 0 0 . Th e 1 2  p e r c e n t  i n c r e a s e  pe r ye a r  i s  s im i l a r  to 
t h a t  i n d i c a ted f rom 1 9 7 3 t o  1 9 7 9  in th e App a l a c h i a n  a re a . 

Wor ld O i l  fore c a s t s  a g a i n  o f  2 9 1  r i g s  i n  the Un i ted S t a t e s  for 
1 9 7 9 . 2 Th i s  i s  a 5 0  p e r c e n t  i n c r e a s e  over the 1 9 5 r ig s  p e r  ye ar 
add i t io n s  ev i d e n c e d  for the 1 9 7 3 -1 9 7 9  pe r io d . It t h e re fore a ppe ar s 
t h a t  the a c c e l e r a t e d  d r i l l i ng scenar i o  i s  w i th i n the n a t ion ' s  ab i l
i ty to produce r ig and d r i l l ing crew add i t i on s . 

2wor l d  O i l , Fe b .  1 5 ,  1 9 7 9 . 
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Dr i l l i ng S ce n a r i o s  

B a s e d  on the a bove a n a ly s i s , t wo d r i l l i ng s ce n a r i o s  we r e  d eve l 
oped . Th e l ow g rowth o r  mod e r a te c a s e  a s s um e s  s t a r t ing w i th 1 2  
r ig s  d r i l l i ng Devon i a n  Shale we l l s  a t  the beg i n n i ng o f  1 9 8 0  a n d  
g row i ng a t  a 1 2  p e r c e n t  r a te per ye ar to the year 2 0 0 0 . Th e s e c
ond , h ighe r g r owth s c e n a r io a s s ume s s t a r t i ng w i t h 1 5  r i g s  and ad
d i ng 15  r ig s  pe r ye a r  to the ye ar 2 0 0 0 . Al l r ig s  we re a s s umed to 
d r i l l 3 5  pro d uc t ive wel l s  per ye a r . 

Re s u l t s o f  the S c e na r io A n a lys i s  

F i g ure s 1 1  and 1 2  s ummar i z e the r e s u l t s  o f  the prod uc t ion and 
r e s e rve analy s e s  f o r  the l ow and h ig h  g rowth s c e n a r i o s  f o r  the 
conve n t ional technology c a s e . Sh own are the a n n u a l  r a t e s  o f  we l l s  
added , produc t i on , and r e s e rves added a s  a f un c t i on o f  t ime . F i g
ure s 1 3  a n d  1 4  s h ow the i n tegra ted r e s u l t s  for to t a l  we l l s , c umul a
t iv e  produc t i on , a nd d r i l led re s e r v e s  r ema i n i ng a s  a f un c t io n  o f  
t ime ( d r i l l ed r e s e rve s r ema i n i n g  = c umu l a t ive re s e rve s ad d e d  -
c umu l a t ive prod u c t i o n ) .  

As c a n  be s e e n  f rom F i g u r e s  1 1  a nd 1 3 ,  t h e  l ow g row t h  ( mod e r
a t e ) s c e n a r i o  prov i d e s  a l imi ted i n c r eme n t a l  o r  to t a l  prod uc t io n  
over the t ime pe r iod t o  t h e  ye ar 2 0 0 0 . F i g u r e s  1 2  a nd 1 4 ,  f o r  the 
h ig h  g rowt h ( ac c e l e r a te d ) s c e n a r i o ,  s h ow the po te n t i a l  prod uc t io n  
i nc re a s i ng t o  a l e v e l  o f  1 T C F  a n n ua l ly ,  w i th a c um u l at i v e  p rod uc
t i on of 11 TC F by the yea r 2 0 0 0 .  Th e mag n i t ud e  of the d r i l l i ng e f
fort to accomp l i s h  th i s  prod u c t i on l e v e l  requ i r e s  the d e v e l opme n t  
of e s se n t i a l ly a l l  t h e  po ten t i a l  r e s e rv e s  pr i c ed u p  t o  a nd i n
c l ud ing $ 9 . 0 0  g a s  over the n e x t  2 0  y e ar s . 

Appe nd i x  G g iv e s  the comp u t e r  pr i n to u t  o f  the prod u c t i o n  e co
nomic s .  The r e  are s i x d a ta s e t s  for each t e c h no l ogy , b a s e d  on th e 
two leve l s  o f  d r i l l ing a c t i v i ty ( l ow r ig g row t h  and h ig h  r ig 
growt h ) and RO R ' s o f  1 0 , 1 5 ,  and 2 0  pe rc e n t . Ann u a l  p r o j e c t i o n s  
th roug h t h e  ye a r  2 0 0 0  f o r  t h e  t rad i t ional technology beg i n  on Page 
G- 1 and end o n  G-3 3 .  S im i l ar d a t a for the conve n t i o n a l  t e c h no logy 
appe ar on Pa g e s  G- 3 4  t h roug h G- 6 6 . 
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CHAPTER S I X  

ADVANCED PRODUCT I ON TECHNOLOGYl 

RAT I ONALE 

S t imu l a t ion T e c h n i q u e s  

Al though cons i d e r a b l e  d a ta e x i s t  ( Ch ap t e r F iv e ) wh i c h  d emo n
s tr a te the advantages o f  we l l  bore shoo t i ng and conven t i on a l  f r a c 
t u r i ng t e c h n i q u e s  o n  Devon i a n  Shale g a s  prod uc t i o n , e x a c t  r e s e rv o i r 
prod u c t i on me c h an i sm s  a r e  not we l l  u nd e r s tood . Many q ue s t ions e x
i s t  tod ay ? S  to wh i c h  s t imul at ion me thod s g i ve the be s t  p e r forma nc e 
i n  a g iv e n  prod u c i ng a r e a  and the opt imum t r e a tment s p e c i f i c a t ions 
for a pa r t i c ul a r  me t hod . Re s e a r c h  e f fo r t s  ( o ng o i ng and p l anned ) by 
i nd u s t ry and s uc h  org an i z a t i on s  as the DOE Ea s t e r n  G a s  Sh a l e s  Pro
j e c t  and the Ga s Re s e a r c h  I n s t i tu t e  w i l l  hope f u l ly prov i d e  answe r s 
to the s e  q ue s t i o n s  i n  the near term ( i . e . , f i v e  to t e n  ye a r s ) .  Th e 
u l t ima te g o a l  i s  to opt imi ze t r e a tme n t  d e s i g n s  f o r  s p e c i f i c appl i 
c a t ions , a n d  to d emons t r a te the be s t  po s s i b l e  prod uc t i o n  e conom i c s  
and r e s e rve add i t i o n s  p e r  we l l .  Po te n t i a l  c o s t-e f fe c t i ve advan c e d  
s t im u l a t ion t e c h n ique s under inve s t i g a t ion i nc l ud e  ma s s i v e  hyd ra u 
l i c frac t u r i ng , f o am f ra c t u r i ng , g a s  f ra c t u r i ng , e x p l o s ive f r a c t u r
i ng , and nov e l  app l i c a t i ons s uc h  as d e n d r i t i c  f r a c t u r i ng and d e v i 
ated ho l e  f r a c t u r ing . 

Explor a t ion Te c h n iq u e s  

Pe rhaps as impo r t a n t  as advances i n  s t imu l a t ion r e s e a r c h  are 
advan c e s  i n  e xp l o r a t ion t e c h n i q u e s  f o r  De vo n i an S h a l e . Remote 
s e n s i ng t e c h n i q ue s , d e po s i t i o n a l  recon s t r u c t ion i n te rpre t a t ion , a nd 
o ther advanced g eolog i c a l  and g eophys i c a l  approa c h e s  h a v e  the po
te n t i a l  for d e f i n i ng the areas having the b e t t e r  n a t u r a l  f ra c t ur e d  
s ha l e  be fore a n y  d r i l l i ng i n v e s tment i s  mad e . Improved logg i ng 
too l s , cor i ng t e c h n i q ue s , and i n terpre t a t ion c a n  b e t t e r  d e f ine th e 
bes t i n te rva l s  to be s t im u l a ted w i th i n  t h e  s h a l e  f o rma t i o n s . F i 
n a l ly , be t te r  u n d e r s t and i ng o f  the prod uc t io n  c h a r a c t e r i s t i c s  and 
o th e r  prope r t i e s  of the s h a l e  can be a c h ieved by adv a n c e s  in we l l  
te s t i ng and i n te rpre t a t io n . Ac c urate mod e l i ng o f  s h a l e  g a s  pr o
d u c t ion d e r ived f rom t e s t  d a ta i n t e r pr e t a t ion may e v en t u a l l y  l e ad 
to op t im i z a t ion of s t im u l a t ion tech n i q u e s  in s p e c i f i ed a r e a s  o f  
i n teres t .  

Advanced Technology P ro j e c t i ons 

Po te n t i a l c o n t r i b u t ions to advanced tec hnol ogy , s u c h  a s  op t i 
m i zed we l l  s t im u l a t ion me thods and mor e  r e l i ab l e  e x p l o r a t ion tec h 
n ique s , c o u l d  improve s h a l e  prod uc t i v i ty . A l im i te d  amo u n t  o f  

lE a s e d  o n  Appa l a c h i an b a s i n  d a t a , a n d  r e s u l t s  app l y  to only 
that are a .  
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advanced t e c hnology te s t  d a ta e x i s t  tod ay wh i c h  i nd i c a te t h a t  con
ve n t i o n a l  te chno logy p ro d uc t i v i t y  can be i n c r e a s e d  a s  s hown i n  . 
F ig ur e  1 5 . 

E x amp l e s  o f  ava i l ab l e  advanced t e c h no l ogy d a t a  i nc l u d e  t h r e e  
we l l s  s t im u l a t e d  w i th n ew t e c h no logy i n  a d e v e l oped s h a l e  a r e a  o f  
Ka nawh a Co un ty , We s t  Vi rg i n i a . Two we l l s  i n  t h i s  a r e a  we r e  s t im
u l a t ed u s i ng a " g a s  f r a c "  trea tme n t ,  wh i c h  u t i l i z e d  a f l u id c omb i 
n a t ion o f  m e t h a no l , propano l , and c a rbon d io x i d e . Th e t h i rd we l l  
wa s s h o t  w i t h  l i q u id e x p l o s i ve s .  The ave r ag e  prod u c t i o n  l ev e l s 
r e s ul t i ng f rom th e s e  we l l s  are s umma r i zed i n  Ta b l e  1 3 ,  a l ong w i th 
ave r ag e  produc t io n  d a t a  f rom f ive t rad i t i o n a l  s ho t  we l l s  i n  th e 
s ame a r e a . Comp a r a b l e  d a ta are a l so pre s e n te d  i n  Ta b l e  1 4  f o r  a 
s e t  o f  f ive conve n t i o n a l ly f ra c t u r e d  we l l s  i n  the s ame a re a .  Th e 
average i nc r e a s e  over trad i t ional shoo t ing f o r  t h e  t h r e e  advanced 
t e c h no logy we l l s is  2 3 0 pe r c en t , comp a r e d  to a n  ave r ag e  i n cre a s e  
o f  8 0  p e r c e n t  f o r  t h e  f iv e  conv e n t i o n a l ly f r a c t u r e d  we l l s . Th e 
t r e a tme n t s  u s ed i n  the ad vanced tec hnology we l l s  r e s u l t e d  i n  a 
s ub s t an t i a l  i nc re a s e  o f  prod u c t i o n  over t h a t  a c h i e v ed by the 
conve n t io n a l ly f ra c t ur e d  we l l s .  Ba s e d  on t h e s e  o b s e rva t i o n s , i t  
was a s s umed for th i s  s t udy t h a t  advanced t e c hn o l ogy wo u l d  d o u b l e  
the improveme n t  o f  conve n t i o n a l  t e c h no l ogy over t rad i t i o n a l  
technology ( F i g u r e  1 5 ) . 

ULT IMATE RES E RVE S ANALYS I S  

Ba s ed o n  t h e  a s s umpt i on t h a t  advanced t e c h no l og i e s  w i l l  d o u b l e  
the improveme n t  o f  conve n t ional t e c h no logy o v e r  t rad i t i o n a l  t e c h 
nology , t h r e e  d i f f e r e n t  advanced techno logy c a s e s  we r e  e x am i ne d . 
Th e t h r e e  c a s e s  a s s ume , r e s pe c t i v e l y , $ 5 0 , 0 0 0 , $ 7 5 , 0 0 0 ,  a nd 
$ 1 0 0 , 0 0 0  c o s t s  for the pe r-we l l  s t imul a t i o n  c o s t s , a s  oppo s ed to 
the $ 3 5 , 0 0 0 a s s umed for convent ional t e c hn o l ogy . Th e r e s u l t s are 
t a b u l a ted i n  Ta b l e  1 5  a l ong w i th the r e s u l t s  f o r  the c o n ve n t iona l 
and t r ad i t i o n a l  t e c h no l ogy f rom Chap t e r  F i ve . 

E x am i n i ng the s e  r e s u l t s  and comp a r i ng t h em w i th the r e s u l t s i n  
Cha p t e r  F ive , i t  i s  app a r e n t  that t wo s ig n i f i c a n t  b e ne f i t s  are d e
r iv ed f rom the d e v e l opme n t  o f  advanced t e c hnology . Th e f i r s t  i s  a 
3 3  pe r c e n t  i n c r e a s e  i n  the total prod uc i b l e  g a s  ( 3 7 . 4  T C F  t o  4 9 . 9 
TCF ) , a nd the s e cond i s  a s ig n i f i c a n t  s h i f t  d ownward i n  the average 
pr i ce o f  prod u c i b l e  g a s . 

F ig ur e  1 6  i l l u s t r a t e s  the pr i c e and the ag g r e g a t e  o f  pote n t i a l 
r e s e r v e s  t h a t  may po s s i b l y  be d e v e l oped by t r ad i t i o n a l  t e c hnol ogy , 
conve n t i o n a l  t e ch no logy , and th e $ 7 5 , 0 0 0  advanced t e c h n o logy , 
a s s um i ng 1 0  p e r c e n t  ROR .  

6 2  



� 
0 ....... 
lJ.. 
0 
� 
<.( 
f-
<.( 
0 
_J 
_J w 
� 
f-
0 
I (f) 
_J 
<.( 
z 
0 
f-
0 
<.( 
a: 
f-
a: 
0 
lJ.. 

0 

1 00r-------�----------,---------.---------.----------. 

80 

"1¢ 
60 � 

"11'. 
('I� () 

� 
('I� 

�0 40 ?0 
QJ.. 

20 

O L-------��----��--------�------��---------
1 .0 1 .4 1 .8 2 .2  2 .6 3 .0 

I M PR OVEM ENT RAT I O  OVER TRA D I T I O NAL C 1 DATA 

Figure 1 5. Improvement Ratios for Current and Advanced Technology Relative 
to Traditional Shot Well C 1 Data. 

6 3  



0"1 
,j:>. 

Ye ar 

1 
2 
3 
4 
5 

Cumu l at ive 

TAB L E  1 3  

Adv a n c e d  Te chnol ogy I n c r e a s e  Ove r T r ad i t i onal T e c h nol ogy 
K a nawha Co u n ty , We s t  V i rg i n i a  

Trad i t i on a l  S ho t  D a t a  f o r  5 We l l s  
Av erage Wel l Open F l ow = 2 2 9  MCF/D 

Annual Produ c t i on B e s t  F i t  
Ave r age pe r We l l  C 1 = 3 3  

( MMC F ) ( MMC F ) 

1 1 . 1  1 0 . 6 
8 . 8  8 . 7  
7 . 3 7 . 7  
6 . 5  7 . 0  
5 . 8  6 . 6 - --

3 9 . 5  4 0 . 6  

Adva nce d T e c h nol ogy D a t a  f o r  3 We l l s  
Ave rage We l l  Ope n F l ow = 4 0 0  MCF/D 

Annual Prod u c t ion Be s t  F i t  
Ave r ag e  pe r We l l  C 1 = 1 1 1  

( MMCF ) ( MMCF ) 

3 5 . 6  3 5 . 6  
3 0 . 2  2 9 . 5  
2 6 . 5  2 5 . 9  
2 4 . 2  2 3 . 6  
2 3 . 7 2 2 . 2 

1 4 0 . 2  1 3 6 . 8  
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shoo t lng 

1 1 1  
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C o nv e n t i o n a l  Frac t u r ing I n c r e a s e  Ov e r  Trad i t iona l Te chnology 
K an awh a C o u n ty , We s t  V i rg i n i a  

Tr ad i t i o n a l  Shot Da ta for 5 We l l s  
Ave r a g e  We l l  Open F l ow = 2 2 9  MCF/D 

An n u a l  Prod u c t ion Be s t  F i t  
Ave r age per We l l  C 1 = 3 3  

( MMC F ) ( MMC F ) 

l l . l  1 0 . 6  
8 . 8  8 . 7  
7 . 3  7 . 7  
6 . 5  7 . 0  
5 . 8 6 . 6  --

3 9 . 5  4 0 . 6  

Conv e n t i o n a l  Te c hnology Da ta for 5 We l l s  
Ave r a g e  We l l  Open F l ow = 1 7 4  MC F / D  

An n u a l  P rod u c t ion Be s t  F i t  
Ave r age per We l l  C 1 = 6 0  

( MMCF ) ( MMCF ) 

1 9 . 5  1 9 . 2  
1 6 . 0  1 6 . 0  
1 3 . 7  1 4 . 0  
1 2 . 6  1 2 . 7  
1 1 . 8  1 2 . 0  -- --
7 3 . 6  7 3 . 9  
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Re s e rv e s  An a l y s i s Re s u l t s  o f  Ad v a n c e d  Te c hn o l og y 
Compa red w i t h C onve n t i o n a l  and T r ad i t iona l Te c h n o l og i e s  

( 1 0 Pe r c e n t ROR ) 
( Co n s t a n t  1 9 7 9  Dol l ar s ) 

C um u l a t ive Po ten t i a l  Re s e rv e s  ( TC F )  To t a l  
v s . P r i c e ( $ /MMB t u ) Prod u c i b l e  

Tec hno log y 2 . 5 0  3 . 5 0  5 . 0 0  7 . 0 0  9 . 0 0  G a s  

Ad v a n c ed ( $ 1 0 0 , 0 0 0 ) 7 . 6  1 8 . 3  2 6 . 2  3 0 . 9  3 8 . 0 4 9 . 9  

Ad v an c e<l ( $ 7 5 , 0 0 0 ) 1 1 . 8  2 0 . 1  2 7 . 2  3 2 . 9  3 8 . 9  4 9 . 9  

Adv a n c ed ( $ 5 0 , 0 0 0 ) 1 3 . 1  2 1 . 2  2 9 . 1  3 5 . 9  4 1 . 8  4 9 . 9  

Conve n t ional 7 . 3  1 4 . 5  1 9 . 5  2 3 . 5  2 7 . 0  3 7 . 4  

Trad i t ional 3 . 3  8 . 5  1 1 . 4  1 4 . 9  1 6 . 6  2 5 . 3 

Av erage 
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POTEN T I AL PRODUCT I ON AND RES ERVE S ANALYS I S  

Th e e f fe c t  o f  advanced te chnology o n  prod u c t i o n  a n d  t h e  d e v e l 
opme n t  o f  d r i l l ed r e s e rve s w a s  c a l c u l a ted for t h e  h i g h  g rowth s c e
n a r io d i s c u s sed i n  the Dr i l l i ng Sc enar i o s  s ub s e c t i o n  o f  Chapter 
F iv e . I t  wa s a s s umed t h a t  conve n t ional t e c h no l ogy wo u l d  be 
u t i l i ze d  u n t i l  the pr i c e of advanced t e chnolog y  prod u c t i o n  c o u l d  
ma tch t h a t  o f  conve n t i o n a l  t e c h no logy . A t  t h a t  t ime a t r an s i t io n  
wou l d  b e  i n i t i a ted . Fo r purpo se s  o f  t h i s  a n a l y s i s  i t  w a s  a s s umed 
t h a t  the t r an s i t io n  wo u l d  o c c u r  u n i fo rm l y  over f ive ye a r s  ( i . e . , 2 0  
p e r c e n t  ad vanced t e c h no l ogy we l l s  the f i r s t  year , 4 0  p e r c e n t  the 
s e c ond , i n c r e a s i ng t o  1 0 0  pe r c e n t  i n  the f i f t h ye a r ) . Th e advanced 
technology d a ta pre s e n t ed i n  F i g u re s  17  a nd 1 8  w e re d e r i v ed f o r  the 
case w i th a s t im u l a t ion cost of $ 7 5 , 0 0 0 .  Cros s ov e r  f rom conve n 
t i onal to advanced tec h no l ogy o c c u r s  a t  a pr i c e  o f  $ 1 . 9 1 p e r  MMB t u  
a f te r  d r i l l i n g  7 , 5 0 0  conve n t ional t e ch no l ogy we l l s .  E x am i n a t ion o f  
t h e  r e s u l t s  and c omp a r i so n  w i th the b a s e  c a s e  s how a s ig n i f i c a n t  
i n c r e a s e  i n  b o t h  a n n u a l  rate and r e s e rv e s  f o r  t h e  a d v a n c ed c a s e . 

The c omp u t e r  pr i n t o u t  o f  the prod uc t ion e conom i c s  f o r  advanc ed 
t e c h no logy ( w i th o u t  c ro s sover f r om conven t i o n a l  t e c hno l ogy ) i s  pro
v id ed i n  Append i x  G .  The r e  are s i x d a t a  s e t s  o f  a n n u a l  p r o j e c t i o n s  
throug h the ye a r  2 0 0 0 , b a s e d  o n  the two d r i l l i ng s c e n a r i o s  ( low r i g 
g r owth and h ig h  r ig g r owt h ) and RO R ' s  o f  1 0 , 1 5 ,  and 2 0  perc e n t . 
Th e s e  d a t a  appe a r  on Pa g e s  G- 6 7  thro ug h G- 9 9 . 
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CHAPTER S EVEN 

CONSTRA I NTS 

SHORT-TERM CONSTRA I NTS 

The r e s ul t s  o f  Chap t e r  F ive ind i c a t e  b e twe e n  3 and 7 T C F  o f  
Devon i a n  S h a l e  g as ava i l a b l e  a t  l e s s  than $ 2 . 5 0 p e r  MMB t u  f o r  the 
base c a s e . An obv i o u s  q ue s t ion i s  " Why i s n ' t  the g a s  be i ng pr o
d uced at a h i gh r a t e  o f  prod u c t ion? " Th e a n s we r  to t h a t  q ue s t i on 
i s  that a var i e ty o f  s hor t- te rm con s t ra i n t s  e x i s t a s  b a r r i e r s  to 
early increased prod uc t i o n . A pr imary r e a so n  m i g h t  be t h a t  of 
log i s t i c s : 

• A s ig n i f i c a n t  por t ion o f  th e $ 2 . 5 0 g a s  i s  l o c a ted i n  o r  ne ar 
the B i g  Sandy f ie l d wh i c h is a l ready l e a s ed , and f u t u r e  de
ve l o pme n t  is s ub j e c t  to d emand wh i c h  w i l l  d i c ta te whe n  the 
g a s  w i l l  b e  prod u c ed , i rr e s pe c t i v e  o f  p r i c e . 

• I n  other a r e a s  o f  $ 2 . 5 0 De von i a n  Sh a l e  g a s , t h e r e  a r e  prob
ably no ava i l ab l e  p i pe l i n e s . 

Oth e r  impo r t a n t  cons t r a i n t s  cons i s t  o f  both e co nom i c  and t ec h
n i c a l  f a c tors . 

Econom i c  Con s t r a i n t s  

I nadeq u a t e  I nc e n t ive 

Th e 10 perce n t  ROR v a l u e  a s s umed i n  t h i s  r e po r t  is repr e s e n t a
t ive o f  low-r i s k  prod u c t ion f rom known or s em i-proved f o rma t i o n s : 
the 1 0  p e r c e n t  v a l u e  i s  be l ieved to be repre s e n t a t i v e  o f  De vo n i an 
Sh ale upon a c h i ev eme n t  o f  l ow-r i s k  s ta t u s , wh i c h  c ome s f rom d r il l 
i ng s u f f i c i e n t  n umbe r s  o f  we l l s  i n  the unprov e n  a r e a s . Howev e r , a 
h igher ROR than 1 0  percent i s  norma l ly re q u i red f o r  d r i l l i ng u n
k nown a r e a s , wh i c h  tends to i nc r e a s e  the p r i c e  o f  g a s  prod u c e d . 

P r i ce/Ma rke t U n c e r ta i n ty 

Th e pr i ce s t r u c t u r e  for n a t u r a l  g a s  b a s ed o n  the Na t u r a l  Ga s 
Po l i cy Ac t ( NG PA )  d e f i n i t io n s  for pr i c i ng are s ub j e c t  to l eg a l i n
terpr e t a t ions f o r  De von i an Sh al e , wh i c h  a t  t h i s  t ime a r e  u n c e r t a i n . 
I n  add i t io n , f i e l d  pr i ce s  for n a t ur a l  g a s  are s uppre s s ed a s  a r e
s ul t  o f  the c ur r e n t  overs upply s ta tu s  ( i . e . , so- c al l e d  g as b u b b l e ) . 

Lag B e tween P r i c e I nc r e a s e  and Deve l opme n t  

Th e over a l l  n a t u r a l  g a s  pr i ce i nc r e a s e s  a l l owed by t h e  NGPA 
( for wh i c h  Devo n i a n  Sh a l e  s o u r c e s  q u a l i f y ) have b e e n  in e f f e c t  for 
l e s s  than one year . Th a t  i s  no t s u f f i c i e n t  t im e  b e twe e n  p r i ce in
cre a s e s ( and f ul l  und e rs tand i ng thereo f ) for prod u c t i o n  b u i l d up . 
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Compe t i t i o n  w i th Conve n t ional S o u r c e s  

Prod u c t ion o f  De von i an Sh a l e  g a s  i n  t h e  Appa l a c h i an b a s i n  mu s t  
c ompete w i th t h e  mor e  c onve n t ional s a n d s tone f orma t i o n s  wh i c h  h av e  
a c h ieved a h i g h e r  d e g ree o f  " prov e n "  s ta t u s . Pr od u c e r s  are n a t u r
a l ly i n c l ined to produce the i r  be s t  prove n s o u r c e s  f i r s t . 

Techn i c a l  Con s t r a i n t s  

U n c e r t a i n ty a s  t o  B e s t  S t imu l a t ion T r e a tment 

As d i s c u s s ed in  Ch apte r s  F i ve and S i x , i nc r e a s ed Devon i a n  Sh a l e  
produc t ion c a n  be a c h ieved throug h  a v a r i e ty o f  improved we l l  s t im
u l a t ion t e c h n ique s ,  none o f  wh ich today are we l l  prove n . 

Un c e r t a i n ty a s  to Wh i ch Z ones to S t imu l a t e  

Dur i ng g a s  we l l  d r i l l i ng operat ions , v a r i o u s  l og g i ng too l s  a r e  
u s e d  to i d en t i fy po t e n t i a l  produc i ng zone s to be s t im u l a t e d . I n  
Devon i a n  Sh a l e  f o rma t i on s , con s ide r a b l e  amb i g u i ty o f te n  r e s u l t s  
f rom s t andard log i n te r pr e t a t ions . 

Demon s t r a t ion o f  Tech n i c a l l y Recove r a b l e  G a s  f rom Nond r i l l ed 
Are a s  

As s ta ted i n  Ch ap t e r  Th re e , much o f  t h e  Devo n i a n  Sha l e  re s o u r c e  
i s  not o n ly unprove n ,  b u t  undr i l l e d . Th i s  r e s ul t s  i n  c on s i d e r a b l e  
uncer ta i n ty as to the amo u n t  o f  t e c h n i c a l l y r e c ove r a b l e  g a s . 

ENVI RONM ENTAL AND SOC IOECONOM I C  CONSTRA I NTS 

En v i ronme n t a l  c o n s t r a i n t s  a s s o c i a ted w i th De von i an Shale gas 
prod uct ion are s ummar i zed b e l ow : 

• S u r f a c e  and g ro un d  wa ter contam i n a t io n  d u r i ng d r i l l i ng a nd 
s t im u l a t i o n  t r e a tment ope r a t ions 

• Di s r up t ion of s u r f ace l a nd d ue to c o n s t r u c t i o n  a n d  s i t e  
prepa r a t ion 

• Eco log i c  d i s r u p t ion due to d eve lopme n t  ope r a t i o n s  

• E PA a n d  l o c a l  governme n t  r eg u l a tory c on s t ra i n t s . 

Freq u e n t ly , e n v i ronme n t a l  f ac to r s  c a u s e  d e l ay s  a nd i nc r e as ed 
c o s t s . Tho s e  o u t l i ned abov e , howe v e r , are norma l ly d e a l t w i th i n  
the cont e x t  o f  Devo n i a n  Sh a l e  d r i l l i ng ope r a t i o n s  a nd n ume rou s 
o th e r  way s , w i th a t t e n d a n t  c o s t s  taken i n to a c c o un t . Th e r e  may be 
some d e l ay s  d e r ived f r om these c a u s e s , but they are not e xpe c t ed to 
cons t i t u t e  s ig n i f i c a n t  ba r r i e r s  to g a s  prod u c t i o n . 

So c i oe c onom i c  cons i d er a t i o n s  r e l a ted to ma j or d ev e l opment o f  
Devon i a n  Sh a l e  r e s o u r c e s  are pr ima r i ly b e n e f i c i a l , i n  t h a t  th e 
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r eg ion i s  econom i c a l l y d e pr e s s ed and n e e d s  a n  i n f l u x o f  mon i e s  and 
j ob oppo r t un i t i e s .  The r e  may be , howeve r ,  s ome t emporary co n
s tr a i n t s  i n  ob ta i n i ng pe r so n n e l  appropr i a t e l y  t r a i ned for some of 
the mor e  spec i a l i z ed o c c upa t i on s . 

Und e r  the h ig h  g r owth s c e n a r i o , by the e nd o f  1 9 8 5  t h e r e  wo u l d  
be 1 0 5  r ig s  ope r a t i ng i n  Appa l a c h i a  o n  a f u l l - t ime ba s i s . Twe l v e  
thou s a nd f ive h undred n ew we l l s  wo u l d  b e  i n  p l a c e , requ i r i ng a p
pro x imate ly 2 5 0  work e r s  for we l l  serv i c i ng a l one . I n  1 9 8 5 ,  $ 6 8  
m i l l ion wo uld be s p e n t  for s e r v i c e  comp any s t im u l a t ion t r e a tme n t s  
u s i ng c u r r e n t  tec hno l ogy . By year-end 2 0 0 0 , t h e r e  wo u l d  b e  3 3 0  
r igs ope ra t i n g , 1 2 6 , 0 0 0  we l l s i n  pl ace , a n d  $ 2 2 5  m i l l i o n  s p e n t  pe r 
year o n  s t imul a t i o n  s e rv i ce s . Th i s  wo u l d  r e s u l t  i n  tho us an d s  o f  
d i re c t  j obs a nd ma ny mor e  i nd i r e c t j ob s  r e l a t ed t o  Devon i a n  Shal e 
d e v e l opme n t . 

LEGAL CONSTRAINTS 

Po te n t i a l  l eg a l  con s t r a i n t s  re l a t ive to Devo n i a n  Sh a l e  g a s  pr o
d uc t ion i nvol ve l and u s e  and owner sh i p  r ig h t s . Pr ior to i n i t i a t ion 
o f  d eve l opme n t  a c t i v i t i e s , prope r t y  owne r s h i p  mu s t  be e s t a b l i s h e d , 
p ur c h a s e  or l e a s e  ag reeme n t s  arr ang ed , and roya l ty p aym e n t s  d e te r 
mined . Of ten prope r ty t i t l e s  a r e  not r e ad i ly ava i l a b l e , d i f f i c u l t 
to t race , or not up to d a te . 

Le a s e  r a t e s  p a i d  by l e s s e e s  for g as own e r s h i p  r i g h t s  v ary con
s id e r ably throughou t Devon i a n  Sh a l e  prod uc i ng r e g i on s , a nd in some 
i n s t a n c e s  un u s ua l ly h ig h  roya l ty and/or bon u s  paym e n t  s i t u a t i o n s  
o c c u r . Curre n t  e x pe r i e nc e  wo uld i nd i c a t e , howeve r ,  t h a t  t h e s e 
prob l em s  are u l t ima t e l y  r e s o l ved i n  reasonab l e  t ime pe r i od s and , 
there fore , l eg a l  con s t r a i n t s  are not e xpe c t ed to be s ig n i f i c an t  
bar r i e r s  to produc t i on . 

DRI L LABLE ACREAGE AVA I LAB I L ITY 

Of the to t a l  Devon i a n  Shale pote n t i a l ly ava i l a b l e  for g a s  wel l  
p rodu c t io n , only a por t i o n  may be cons i d e r ed d r i l l ab l e . Th e d r i l l
able a c r e age ava i l ab l e  on a county- by- county b a s i s  v a r i e s  f rom a 
low o f  a bo u t  3 0  p e r c e n t  to a h ig h  o f  about 9 0  p e r c e n t , w i th an 
ove ra l l  ave r ag e  o f  abou t 5 6  pe rcen t . 

S eve r a l  f a c to r s  con t r i bu t e  to nond r i l l ab l e  a c r e ag e , s uc h  a s : 

• Phy s i c a l  b a r r i e r s  d ue to urban c e n t e r s , l ak e s  and wa te rways , 
e tc . ( i n a c c e s s i b l e  topography was n o t  taken i n to a c c o un t ) 

• Ga s s torag e f i e l d s  a nd r e s t r i c ted u s e  o f  governmen t-owned 
l a n d s  

• Un ava i l ab l e  e x i s t i ng l e as e h o l d s  

Devo n i a n Sh a l e  d e p l e ted prod uc i ng a r e a s  n o t  s ub j e c t  to 
i n f i l l  d r i l l i ng 
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Le s s e e s  n o t  i n c l ined to d r i l l  s h a l e  we l l s  d ue to o th e r  
c omm i tme n t s  

• Unava i l ab l e  l a nd s d ue t o  own er s '  re f u s a l t o  l e a se 

• La n d s - for wh i c h  l e a seho l d s  are s ub j e c t  to b ad t i t l e , m i n e r al 
d i s p u t e s , l e ssor pro b l ems , e tc . 

Al tho ug h s om e  o f  t h e s e  f a c to r s  c a n  po s s i b l y  b e  o v e r com e  by s uc
c e s s f ul n ego t i a t ions w i th r e l uc t ant l a ndown e r s  a nd l e s se e s , the 
l ar g e  e x te n t  of nond r i l l a b l e  acreag e repr e s e n t s  a s ig n i f i c an t  con
s t r a i n t  to u l t ima te Devon i a n  Shale gas r e c ov e ry . 

D R I L L  R I G  AVA I LAB I L I TY 

Re a l i za t ion o f  s i g n i f i c a n t  l ev e l s o f  De von i an Sh a l e  e n h a nc e d  
gas prod uc t ion from 1 9 8 0 t hro ugh 2 0 0 0  w i l l  re q u i re d r i l l i ng l a rg e  
n umbe r s  o f  we l l s  a n n ua l l y .  For e x amp l e , a d r i l l i ng s c e n a r i o  wh i c h  
fore c a s t s  1 5  r i g s  i n i t i a l ly i n  operat i o n  ( a t 3 5  we l l s/r ig/ye a r ) and 
a 1 5 - r ig ann u a l  g rowth r a t e  r e s u l ts i n  a to t a l  o f  1 2 6 , 0 0 0  w e l l s . 
Al t ho ugh the pro j e c t ed req u i r eme n t  f o r  3 3 0  r ig s  by the yea r 2 0 0 0  i s  
by no means i n s ig n i f i c a n t , and compe t i t io n  for new r i g s  a nd t r a ined 
crews amo ng d ev e l op i ng re source s w i l l play an impor t a n t  role in  r i g 
ava i l ab i l i t y , the ove r a l l r ig requ i r emen t f o r  De von i an Sh a l e  w i l l  
no t tax the d ome s t i c c apac i ty for new r ig prod uc t ion . I t  h a s  bee n 
e s t imated tha t a n  ov e r a l l  r ig b u i l d up r a t e  b e t we e n  7 and 1 0  p e r c e n t  
per ye a r  c a n  be s u s t a i n ed ov e r  t h e  1 9 8 0  d e c ad e  ( W i l ey , 1 9 7 7 ) . 
Th u s , d r i l l  r ig av a i l ab i l ity doe s  not appe a r  to be a s e r i o u s  
cons tra i n t . 

I NVE STMENT L EVE L 

As we h av e  s e e n , s i g n i f i c a n t  g a s  prod uc t ion f r om De von i an Sh a l e  
w i l l  d e pe nd on l a rg e  e x plora tory a nd prod u c t ion d r i l l i ng prog r ams . 
Th i s  i n  t u r n  requ i r e s  a l ar g e  i nv e s tm e n t  l ev e l  f o r  c ap i t a l i z a t ion . 
Und e r  the h ig h  g rowth c ur r e n t  technol ogy s c e n a r i o , $ 1 4 1  m i l l io n  
w o u l d  be i n v e s ted i n  1 9 8 0 , $ 6 2 2  m i l l ion i n  1 9 8 5 , $ 1 . 5  b i l l ion i n  
1 9 9 0 ,  a n d  $ 2 . 4  b i l l ion i n  1 9 9 5 .  Th ro ugh the ye a r  2 0 0 0  a to t a l  o f  
$ 3 0 . 9  b i l l ion wo u l d  hav e be e n  i nv e s ted i n  De von i a n  S h a l e  we l l s . I n  
add i t io n : i n  1 9 8 5 ,  $ 1 6 . 4  m i l l ion wo u l d  be s pe n t  o n  we l l  s e rv i c i n g ;  
i n  1 9 9 0 , $ 5 6 . 4  m i l l io n ; i n  1 9 9 5 ,  $ 1 2 0  m i l l io n ; a nd i n  2 0 0 0 , $ 2 0 7 . 3  
m i l l ion . The l a t te r  f und i ng wo u l d  be f r om i n c ome , b u t  t h e  mone y 
marke t i s  the l ike l y  source o f  the i n v e s tmen t c ap i t a l . I f  the 1 0  
pe r c e n t  ROR u s ed i n  the analys i s  i s  compe t i t iv e , the r eq u i r emen t 
for $ 3 1  b i l l ion over 2 0  y e a r s  wo u l d  not be a con s t r a i n t . I f  the 
Appala c h i an bas i n  con t i n u e s  to a t trac t r ig s , a s  i nd i c a t ed by r e c e n t  
h i s tory , the r e  w i l l  be no d r i l l ing con s t r a i n t ; h owever , a n  ov e r a l l 
e x am i n a t ion o f  c ompe t i t i on for r ig s  for conv e n t i o n a l  a nd unconve n
t ional r e s o u r c e s  throug ho u t  the Un i t ed S t a t e s  i s  n e e d ed to d e te r
m i ne i f  h i s tor i c a l  trend s are real i s t i c pred i c tors o f  the f u t ure . 
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CHAPTER E I GHT 

COMPARI SON WITH OTHER STUD I ES 

Th e r e  h ave be e n  a n umbe r  o f  s t ud i e s  c o n d u c t ed r e c e n t ly on the 
pote n t i a l  o f  g as r e c ov e ry f r om De von i a n  S h a l e . I n  t h i s  s e c t i o n , 
the NPC f i nd i ngs are comp a r e d  w i th the Of f i c e  o f  Te c hno logy As s es s
ment repo r t  and t h e  Le w i n  repo r t . 

DESCRI PT I ON OF OTHE R  RE PORTS 

O f f i c e  of Technology A s s e s sme n t  ( OTA ) Repor t l 

OTA Re s u l t s  

Th e ma j or r e s u l t s  and conc l us ions o f  t h e  OTA r e po r t  a r e  s um
mar i zed be low : 

• Th e De von i an Sh a l e  re so urce c a n  be d e v e l oped w i t ho u t  s ig 
n i f i c an t  i n c r e a s e s  i n  techno l ogy . 

• Re ad i ly recoverable r e s e rve s ( d e f i ne d  a s  re cove r a b l e  r e
serves over a 1 5- 2 0  year d e v e l opm e n t  pe r i od ) f rom 1 5  t o  2 5  
TCF are pos s i b l e  a t  g a s  pr i c e s  o f  $ 2 . 0 0  to $ 3 . 0 0  p e r  MC F 
( 1 9 7 6  d o l l a r s ) .  

• Ul t imate recoverable res erv e s  ( to e conom i c  l im i t , f rom 3 0  to 
5 0  ye ar s )  f rom 2 3  t o  3 8  TC F are pos s i b l e  at g a s  p r i c e s  o f  
$ 2 . 0 0 to $ 3 . 0 0 per MCF ( 1 9 7 6  dol l a r s ) .  

• An n u a l  prod u c t i o n  o f  1 TCF c a n  be a c h i eved a f t e r  a 2 0 -year 
d ev e l opme n t  per iod , at gas pr i ce s  o f  $ 2 . 0 0  t o  $ 3 . 0 0  pe r MC F 
( 1 9 7 6  dol l a r s ) .  

OTA Me thodo logy 

• Re pr e s e n t a t iv e  s amp l e s  o f  e x i s t i ng s h a l e  prod u c t i o n  we r e  
broken d own i n to s ubgroups by q u a l i ty . The s e  s ampl e s  con
t a i ned predom i na n t l y  shot we l l s ,  a l thoug h f r a c tured we l l s  
we r e  a l so i n c l ud e d . F i f tee n- and 2 0 -ye a r  prod u c t ion h i s to r- . 
i e s  we r e  a v e r ag ed for these s ub g ro up s . 

• Th e e conom i c s  o f  the s ubgroups were d e te rm i n e d  u s i ng a DC F 
approach a t  a 1 0  pe r c e n t  ROR .  

• I t  was a s s umed tha t 1 0  pe r c e n t  o f  t h e  und ev e l oped Devo n i an 
Sh a l e  a r e a  o f  the Appa l ac h i a n  b a s i n  c o u l d  be c omme r c i a l l y 

ls ta t u s  Re por t  o n  th e Gas Po te n t i a l f rom Devo n i a n  Sh a l e s  o f  
the Appa l ac h i an B a s i n ,  Of f i ce o f  Te c h no logy As s e s sm en t , Cong r e s s  o f  
the Un i ted S t a te s , Nov . 1 9 7 7 .  
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d e v e l oped a t  a g a s  pr i ce o f  $ 2 . 0 0 t o  $ 3 . 0 0 p e r  MC F .  Th i s  
was b a s e d  o n  prod uc t ion h i s to ry , s h a l e  d e p t h , s h a l e  th i c k 
n es s , f r a c t u r e s , a n d  d r i l l i ng e x p e r i e n c e . 

• Us i ng e co nom i c a l  1 5 -ye a r  and 2 0 -ye ar r e s e rv e s  i n  the $ 2 . 0 0-
$ 3 . 0 0  pr i ce range from the e x i s t i ng d a t a  and app l y i ng th e s e  
to 1 0  p e r c e n t  o f  undeveloped a c r e ag e , a r a n g e  o f  r e ad i l y  
re c ove r a b l e  r e s e rv e s  f rom 1 5  t o  2 5  T C F  w a s  c a l c u l a ted . An 
ave rag e we l l  spac i ng of 1 5 0  a cr e s  wa s a s s umed . 

• Based o n  e x i s t i ng prod u c t ion d e c l i n e  c u rv e s , u l t im a t e  r e c ov
e ra b l e  r e s e r v e s  f rom 2 3  to 3 8  TCF we re c a l c u l a ted over a n  
add i t ional 1 0  t o  3 0  y e a r s  o f  prod u c t ion . 

• Ba s e d  on p i pe l i n e  ava i l ab i l i ty and the e x te n s i v e  amount o f  
d r i l l i ng n e c e s s a ry to generate the a bove r e s e rve s , i t  wa s 
e s t ima t e d  t h a t  i t  wo u l d  take 2 0  y e a r s  to o b t a i n  a n  a n n u a l  
pro d u c t ion o f  1 TC F from th i s  r e so u rc e . 

Lew i n  Repo r t 2 

Lew i n  Re s u l t s  

• Wi th n o  f ed e r a l / i nd u s t ry r e s e a r c h  a nd d eve l opme n t  ( R& D ) , 
ul t imate recoverable r e s e rves ( 3 0-year r e s e r v e s ) f rom 2 t o  
1 0  T C F  w i l l  b e  d e v e l oped ove r t h e  n e x t  3 0  ye a r s  b y  i nd u s t ry , 
a t  g a s  pr i ce s  f rom $ 1 . 7 5 to $ 4 . 5 0 p e r  MC F ( 1 9 7 7  d o l l a r s ) .  

• Wi th f e d e r a l / i n d u s t ry R& D ,  u l t imate r e c ov e r a b l e  r e s e r v e s  
f r om 4 t o  2 5  TC F can be d eve l oped over t h e  n e x t  3 0  ye ars , a t  
g as pr i ce s  f rom $ 1 . 7 5 to $ 4 . 5 0 per MC F ( 1 9 7 7  d o l l a r s ) .  

• Wi th no f e d e r a l / i n d u s t ry R& D ,  and a t  c u r r e n t  pr i ce s , a n n u a l  
pro d uc t io n  c a n  b e  e xpected t o  r ema i n  a t  c ur r e n t  l eve l s  ove r 
the nex t 2 0  y e a r s , or approx imate l y  0 . 1  T C F . 

• Wi th f e d e r a l / i nd u s t ry R& D and a $ 3 . 0 0 p e r  M C F  g as p r i ce , 
a n n u a l  pro d uc t io n  c o u l d  r i se to 0 . 6 TC F i n  1 0  ye a r s , and 
l ev e l  o f f  to 0 . 5  TCF in 2 0  y e a r s . 

Lew i n  Me thod o l ogy 

• Th e purpo s e  o f  the Le w i n  s tudy was to e s t im a t e  3 0 -year pro
d uc t i o n  d a t a  for those areas whe r e  s u f f i c i e n t  d a t a  we re a v 
a i l ab l e  o n  the r e s o u r c e  t o  make p r e l im i n ar y  e s t im a t e s  o f  t h e  
e conom i c  po t e n t i a l . Th e 21 0 , 0 0 0  s q u a r e  m i l e s  i n  t h e  App al a
c h i an bas i n  we r e  a n a l y zed as s ummar i ze d  in Ta b l e  1 6 . 

2 Enhanced Recove ry o f  Unconve n t i o n a l  G a s , Vo l s .  I - I I I , Lew i n  
a nd As s o c . ,  I n c . ; Feb .  1 9 7 8  ( Vols .  I & I I ) , J a n . 1 9 7 9  ( Vo l . I I I ) .  
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De f i n i t i on of 
the Area 

Unprod u c t ive 

Spec u l a t ive 

Proved /Dev e l oped 
or Fo und Dry 

Probab l e/Po s s i b l e  

To tal 

TAB LE 16  

Analys i s  o f  the Appa l a ch i a n  B a s i n  

Area 
( S quare M i l e s ) 

1 0 0 , 0 0 0  

4 8 , 0 0 0  

5 , 0 0 0  

5 7 , 0 0 0  

2 1 0 , 0 0 0  

% 

4 8  

2 3  

2 

2 7  

1 0 0  

S cope of S t udy 
U nd e r taken 

E x c l ud ed be c a u s e  
g e o l ogy i nd i c a te d  
the s h a l e  i s  th i n , 
ab s e n t , or the 
l i ke l i hood o f  g a s 
i s  l ow .  

I n s u f f i c i e n t  d a t a  
a r e  ava i l ab l e  to 
d e f i ne the e c onom i c  
pote n t i a l  o f  the 
a r e a . Hence , e x 
c l ud ed from th i s  
s t udy . 

Gas po te n t i a l a l 
r e ad y i n c l ud ed i n  
proved r e s e rves or 
pas t prod uc t ion . 

I n c l ud ed i n  the 
s t udy as the po t e n
t i a l  source o f  
ad d i t i o n a l  g a s . 

• Th e 5 7 , 0 0 0  s qu ar e  m i l e s  tha t form the b a s i s  f o r  the Le w i n  
s t udy we r e  d i v id e d  i n to areas h av i ng c ommon g e o l og i c  c ha r
a c t e r i s t i c s  or d r i l l i ng and prod u c t i o n  h i s to r i e s . 

• Av erag e  we l l  prod uc t i v i ty i n  e ac h  a r e a  was then e x t r apo l a ted 
b a s ed on h i s to r i c a l  data f r om o ve r 2 5 0  we l l s .  On l y  we l l s 
for wh i c h  i n d iv i d u a l  prod u c t i o n  d a t a  w e r e  ava i l a b l e  f o r  a 
s ig n i f i c a n t  n umber o f  ye a r s  we r e  i n c l ud ed . To r e f l e c t  t ha t  
d r i l l i ng o n  the averag e  i s  conc e n t r a te d  i n  t h e  be t te r  a r e a s , 
and t h a t  the pro duc t ion d a t a  tended to be f r om the be t te r  
we l l s , p l a yo u t  f a c to r s  we re app l i e d  f o r  s ub s e c t i o n s  o f  e a c h  
a re a .  Fac tors re f l e c t i ng pro d uc t i v i ty i n c re a s e s  d ue t o  c u r
r e n t  tec hno logy ( hyd r a u l i c  f r a c tur i ng ) were t h e n  app l i e d  to 
the shot we l l  prod uc t ion d a t a . 

• The e conom i c s  o f  e a c h  s ubarea we re d e t e rm i n ed u s i ng DC F ' s  
and a 1 5  p e r c e n t  ROR .  To t a l  e c o nom i c  3 0- y e a r  r e s e r v e s  were 
then d e te rm i n ed at d i f f e r e n t  gas p r i c e s  by agg r eg a t i ng the 
eco nom i c  r e s e rv e s  for e a c h  s ub a r e a  ( ba s e  c a s e ) . 

7 7  



• Te c h no l ogy improv eme n t s  due to f e d e r a l/ i nd u s t ry R& D we r e  
e s t ima ted , and the e c o nom ic r e s e rv e s  we r e  c a l c u l a t ed unde r 
t h e s e  s c e n a r i o s  and a 1 0  per c e n t  ROR ( a dvanced c a s e ) . 

• An n u a l  prod u c t ion to the ye ar 2 0 0 0  w a s  p r e d i c te d  f o r  the 
b a s e  and advanced c a se s . The d r i l l i ng mod e l  a s s ume s tha t : 

Fo r proba b l e  a c reage , base c a s e  d r i l l i ng c omme n c e s  i m
med i a te ly and i s  concl ud ed w i th i n  1 7  y e a r s . Ad vanced 
c a s e  d r i l l i ng s t a r t s  three ye a r s  l a te r  b u t  i s  comp l e te d  
wi t h i n  1 3  y e a r s . 

Fo r pos s i b l e  acreage , bas e c a s e  d r i l l ing i s  l ag g ed n i ne 
ye a r s  and is c ompl e t ed w i t h i n  1 7  ye a r s .  To mod e l  th e 
com b i ned e f f e c t s  o f  resource c h a r a c t e r i z a t i o n  and im
proved techno logy , d r i l l i ng is l ag g e d  n i ne ye a r s  but i s  
comp l e ted w i th i n  1 5  years u n d e r  the a d v an c e d  c a s e . 

COM PAR I SON OF N PC RE PORT WITH OTH ER RE PORTS 

Compa r i so n  o f  Re s u l t s  

Comp a r i so n s  o f  th e maj or f i nd i ng s  o f  the N P C  r e po r t  w i th those 
o f  the o t h e r  De vo n i a n  Sh a l e  a s s e s sment repo r t s  a r e  g i v e n  in Ta b l e  
1 7 .  ( Th e  pr i c e  re f e r e n c e s  i n  the N PC c o l umn are ad j u s t ed to a 
1 , 0 0 0  B t u  per c u b i c  foot h e a t i ng v a l ue . ) As obse r v ed i n  the t a b l e , 
the NPC r e c ove r a b l e  r e s e rv e s  a nd a n n u a l  prod u c t i o n  r e s u l t s  ag re e 
c lo s e ly w i th t h e  Le w i n  r e s u l ts , wh i l e  the OTA r e s u l t s  a r e  more op
t im i s t i c . Th e N P C  repo r t  was the on ly one to g i ve a r e source e s t i 
mate , s o  no c omp a r i sons can be mad e i n  t h a t  c a tegory . 

I t  s h o u l d  be noted t h a t  the repo r t s  r e f l e c t  c o s t s  and p r i c e s  i n  
d i f f e r e n t  con s ta n t  ye ar do l l ar s . The OTA repo r t  i s  i n  1 9 7 6  do l 
l a r s , t h e  Le w i n  repo r t  i s  i n  1 9 7 7  d o l l ar s , a n d  t h e  NPC r epo r t  i s  i n  
1 9 7 9  dol l a r s . I f  t h e  N PC r epor t  we r e  based o n  1 9 7 6  o r  1 9 7 7  d o l 
l a r s , the pr i c e s  wo u l d  h ave be e n  l owe r .  I n  add i t i o n  to d i f f erence s 
i n  the c a l e nd ar year c o s t s , there we r e  a l so d i f f e re n c e s  i n  o t h e r  
e conom i c  p a r ame t er s .  One ex ample o f  th e s e  d i f f e re n c e s  i s  the 1 0  
a nd 1 5  p e r c e n t  ROR ' s u s ed by Le w i n  for the i r  e s t im a te s , c ompared to 
1 0  pe r c e n t  for the OTA e s t ima t e , and 1 0 , 1 5 ,  and 2 0  pe r c e n t  for the 
N PC e s t ima te s . Be c a u s e  of the d i f f e r e n c e s  in e conom i c  i np u t s , a ny 
c ompar i son o f  r e s u l t s  be t we e n  these repo r t s  s ho u l d  take those d i f 
f e renc e s  i n to a c co un t . 

Comp a r i son o f  Me thod o logy i n  NPC and O t h e r  Repo r t s  

Re s o u r c e  A s s e s sme n t  

S i nc e  t h e  N PC mad e t h e  only resource a s s e s sm e n t  o f  t h e  three 
r e por t s , no c omp a r i son can b e  mad e . Howeve r ,  a r e s o u r c e  e s t imate 
in  the three e a s te r n  De von i an Shale bas i n s  was mad e by DOE in  
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1 9 7 7 . 3 Th i s  e s t ima te rang ed f rom 2 3 4 t o  1 , 1 5 7  TC F i n  th e App a 
l ach i an bas i n . Th e N PC e s t imate i s  h i g h e r  t h a n  t h e  DOE e s t imate 
pr ima r i ly be c a u s e  o f  the i nc l u s ion o f  the g r ay o r  o rg a n i c- l e a n  
shales i n  t h e  r e s o u r c e  b a s e , wh e r e a s  the DOE r eport cons i d e r ed only 
the b l a ck or o rg a n i c-r i c h  s h a l e s . Howe ve r ,  the b l a ck s h a l e  e s t i 
m a t e s  are c ompa r a b l e . 

Pote n t i a l ly P rod u c i b l e  A r e a s  

The OTA d e r ived a 1 6 , 3 0 0 - square m i l e  prod uc i b l e  a r e a  o n  t h e  
a s s umpt ion that 1 0  p e r c e n t  o f  the to t a l  Appa l a c h i a n  b a s i n  wo u l d  be 
e conom i c a l  to prod u c e  a t  a pr ice o f  $ 2 . 0 0  to $ 3 . 0 0  per MC F .  Th e 
pote n t i a l ly prod uc i b l e  area wa s the re fore con s id ered to be o f  the 
s ame qual i t y a s  c ur r e n t ly prod uc i ng areas wh i c h  are e conom i c a l at 
$ 2 . 0 0  to $ 3 . 0 0 per MCF . 

Lew i n  e l iminated a r e a s  wh i c h  were a s s umed to b e  unprod u c t ive , 
s pe c u l a t ive , proved , o r  d ry . Th e rema i n i ng 5 6 , 7 0 0  s qu a r e  m i l e s  o f  
pote n t i a l ly pro d uc t ive are a we r e  cons i d e r e d  b y  Lew i n  to have th e 
bes t produc t i o n  po t e n t i a l . 

I n  the N PC s t udy , areas we re not e x c l ud e d  o n  a r e s o u r c e  q u a l i ty 
bas i s , bu t we re e l i m i n a t e d  by prac t i c a l  cons id e r a t i on s . Some o f  
the areas e x c l ud e d  a r e  nond r i l l a b l e  u r b a n  a r e a s , l akes , d ev e l oped 
shale are a s , s to r ag e  f i e l d s , gove r nme n t  r e s t r i c t ed l a nd s , and are a s  
n o t  ava i l ab l e  d u e  to l e as i ng cons i d er a t ions . Th e l a t t e r , by f ar , 
i s  the mo s t  impo r t a n t  re s t r i c t ion to d eve lopme n t ,  and mo s t  o f  the 
are a s  we r e  e l im i n a t e d  because o f  l e a s i ng r e s t r i c t i o n s  and r e l a ted 
prob l em s . Th e 6 2 , 0 0 0 -square m i l e  r ema i n i ng a r e a  i s  not a l l  h i ghe r 
qua l ity s h a l e , b u t  r e f l e c ts the par t s  o f  e a c h  a r e a  o f  t h e  App a l a 
c h i an bas i n  that c a n  be cons idered d r i l l ab l e  o n  a p r ac t i c a l  ba s i s .  

El im i n a t ion o f  a h ig h  pe r c e n tage o f  t h e  h i g he r  q u a l i t y  a r e a s  
for pra c t i c a l  cons i d e r a t ions i s  a maj or d i f fe re n c e  b e twe e n  the NPC 
s tudy and e a r l i e r  r epo r t s . Le as i ng cons i d e ra t i on s  and o t h e r  prac
t i c a l  f a c to r s  a r e  ma j or cons t ra i n ts to d e v e l o pme n t  of Devon i a n  
Shal e .  

We l l  Prod u c t ion E s t ima t e s  

Ex i s t i ng we l l  prod u c t i on d a t a  a n d  e x t rapo l a t i o n  r a t i o n a l e s  u s e d  
t o  e s t ima t e  undr i l l ed a r e a  p ro d uc t ion f o r  d i f f e re n t  l ev e l s  o f  tec h
nol ogy we r e  d i f f e r e n t  in e a c h  repo r t . Th e OTA we l l  prod u c t i o n  e s 
t ima tes f o r  d r i l l ed a r e a s  a n d  for a ce r ta i n  pe r c e n tage o f  u nd r i l l e d  
are a s  we r e  b a s e d  o n  a s amp l e  c ompr i s ed o f  sho t  a n d  f r a c t u red we l l  
prod uc t ion , and n o  e s t ima te o f  the prod u c t ion po t e n t i a l  o f  new 
tec hno logy was mad e . Bo th Le w i n  and the N PC c on s i d e r e d  t h e  b a s e  or 
c urre n t  ( conve n t ion a l ) t e c h nology c a s e  to be be s t  repre s e n ted by 
f ra c tured we l l  prod u c t i o n . Bo th o f  t h e s e  repo r t s  r e l i e d  upon Ra y ' s 
data to e s t ima t e  f ra c tured we l l  d e c l ine c urve s .  

3Enh anced Ga s Re c ove ry Prog ram -- Eastern Ga s Sh a l e  Pro j e c t 
Imp l eme n t a t i o n  S t rategy , Mo rg an town E n ergy Te c h n i c a l  Ce n t e r , 

u.s. Depa r tme n t  o f  Ene rgy , Nov . 4 ,  1 9 7 7 .  
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Ad vanced t e c h no logy was trea ted d i f f e r e n t l y  by e a c h  r e po r t . 
As men t i oned abov e , the OTA d id not cons i d e r  a d v a n c e d  t e c hn o l og y . 
Lew i n  a s s umed a l o we r  RO R and a h i gher s uc c e s s  r a t i o , a s  we l l  a s  
i nc re a s ed prod u c t ion , for the advanced c a s e  c omp ared to the b a s e  
c as e . We l l  c o s t s , h oweve r ,  we re a s s umed t o  be t h e  s ame f o r  b o t h  
l ev e l s  o f  technology . Th e N P C  s t udy a s s umed both i n c r e a s ed pro
d uc t io n  and i n cre a s ed cos t s  for the advanced t e c h no l ogy c a s e , bu t 
w i th the s am e  ROR a nd s uc ce s s  r a t i o . 

A m a j o r  d i f f e r e n c e  be twe e n  the repo r t s  was the r a t i o n a l e  u s e d  
t o  e x t r a po l a te pro d u c t ion to u nd r i l l ed are a s .  Th e OTA s imp l y  
a s s umed t h a t  a c e r t a i n  pe r c e n tag e o f  t h e  undr i l l e d  a r e a  wo u l d  b e  o f  
t h e  s ame q u a l i ty a s  prod uc i ng are a s . Lew i n  a s s i g n e d  " pl ayou t "  f a c
tors to prod u c t ion i n  undr i l led a r e a s , a s s um i ng tha t they wo u l d  be 
o f  l owe r  q ua l i ty t h a n  c u r r e n t ly prod uc i ng a r e a s . The NPC i nve s t i 
g a ted s e v e r a l  v a r i a b l e s  thoug h t  t o  b e  a s s o c i a ted w i th prod u c t i o n , 
and found a c or r e l a t i on betwe e n  e x i s t i ng s h a l e  prod u c t i o n  and b l ac k  
s h a l e  th i ckn e s s  a s  d e t e rm i ned from g amma - r ay l og s . Th e s e  l o g  
t h i ckne s s e s  we r e  obta i n ed througho u t  th e App a l a c h i a n  b a s i n , a n d  
p rod u c t ion i n  u nd r i l led a r e a s  w a s  e s t imated o n  the b a s i s  o f  t h e  
corre l a t ion . 

U l t ima t e  Recove rab l e  Re s e rve E s t ima t e s  

The e co n om i c  approach f o r  a l l  three s t ud i e s  w a s  t h e  s am e . A 
D C F  a n a ly s i s  ( ne t  pre s e n t  v a l ue ) was u s ed to d e t e rm i n e  the e c o nom i c  
are a s  w i th i n  t h e  pote n t i a l ly prod u c i b l e  a r e a s  a t  v a r i o u s  ROR ' s  and 
g a s  pr i ce s . Ba s e d  on the e s t imated prod u c t ion a nd we l l  spac i ng 
a s s umed for e a c h  a re a ,  the re c ove rab l e  re s e rv e s  we r e  e s t ima t ed a t  
e a c h  g a s  p r i c e . Al tho ug h the b a s i c  econom i c  appro a c h  w a s  the s ame 
for a l l  the s t ud i e s , d i f f e r e n t  e conom i c  i np u t s  were u s ed in e ac h  
repo r t . 

A n n u a l  P rod u c t ion E s t im a t e s  Over the N e x t  2 0  Y e a r s  

Th e OTA d i d n o t  d e v e lop a d r i l l ing mod e l , b ut a s s um ed a n  aver
age a n n u a l  prod uc t ion o f  1 TC F by the yea r 2 0 0 0 ,  b a s ed o n  the i r  1 5 -
t o  2 0 -y e a r  recoverab l e  r e s e rv e  e s t imate o f  1 5  t o  2 5  TCF . Th e y  e s
t ima ted tha t 6 9 , 0 0 0  we l l s  wo u l d  be req u i r ed to d ev e lop th i s  pr o
d uc t ion in 2 0  y e a r s . Le w i n  used a d r i l l ing mod e l  a s  d e s c r i bed i n  
Vol ume I I I  o f  the i r  r e por t .  The N PC ann u a l  prod uc t ion e s t ima te s 
were based o n  two d r i l l i ng s c e n a r i o s , a s  prev io u s l y  d i s c u s sed . Th e 
mo re con s e rv a t ive e s t imate s we re b a s ed on a s c e n a r io wh i c h  re s u l t s  
i n  3 6 , 0 0 0 p rod uc ing we l l s  be i ng d r i l led throug h the ye a r  2 0 0 0 . Th e 
mor e  l ib e r a l  e s t ima te s a s s ume that 1 2 6 , 0 0 0  prod uc i ng we l l s  w i l l  b e  
d r i l l ed over t h a t  s am e  pe r i od . 
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TABLE 1 7  

Maj or Results o f  NPC and other Devonian Shale studies 
Appalachian Basin 

NPC* OTAt 

A .  Gas In Place Resource 225-1,86 1 TCF 

B .  Potentially Producible Area 58,900  sq mi�l 1 6,300  sq mi 

c .  Recoverable Resource 
@ Gas Price ( $/MCF)  
and ROR ( % )  

1 .  CUrrent Technology§ §  @ 2 . 50-5 . 00/MCF @ 2 . 0 0-3 . 00/MCF 
7- 19 TCF 15-25 TCF 
( ROR=1 0 )  ( ROR=1 0 )  

3- 15  TCF 
( ROR=15 )  

o .  3- 1 1 TCF 
( ROR=2 0 )  

@ 5 . 00-9 . 00/MCF 
19-2 7  TCF 
( ROR=1 0 )  

15-2 3 TCF 
( ROR=15 )  

1 1 -2 1 TCF 
( ROR=2 0 )  

2 .  Advanced Technology @ 2 . 50-5 . 00/MCF @ 2 . 0 0-3 . 00/MCF 
1 2-2 7 TCF 30 -35 TCF 
( ROR=1 0 )  ( ROR=1 0 )  

3-2 1  TCF 
( ROR=15 )  

0 -1 7 TCF 
( ROR=2 0 ) 

@ s . oo-9 . 00/MCF 
27-35 TCF 
( ROR=1 0 )  

2 1 -3 2  TCF 
( ROR=15 ) 

1 7 -29 TCF 
( ROR=2 0 ) 
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L ewin§ 

56,700  sq mi 

@ 1 . 75-4 . 50/MCF 
2 - 1 0 TCF 
( ROR=15 )  

@ 1 .  75-4 . 50/MCF 
4 -25 TCF 
( ROR=1 0 )  



TABLE 1 7  ( continued)  

NPC* OTAt Lewin§ 

D. Cumulative Production to 
Year 2 0 0 0  @ Gas Price 
( $/MCF) and ROR ( % ) ** 

1 .  Current Technology§ § @ 2 . 50-5 . 00/MCF @ 1 .  75-3 . 00/MCF 
3-9 TCF 1 -4 TCF 
( ROR=1 0 )  ( ROR=1 5 )  

2 -8 TCF 
( ROR=1 5 )  

0 . 2-7 TCF 
( ROR=2 0 ) 

@ 5 . oo-9 . 00/MCF 
9- 1 1 TCF 
( ROR=1 0 )  

8-1 1 TCF 
( ROR=1 5 )  

7- 1 0 TCF 
( ROR=2 0 )  

2 .  Advanced Technology @ 2 .  50-5 .  00/MCF @ 1 .  75-3 . 00  /MCF 
4 - 1 3  TCF 3 - 1 0 TCF 
( ROR=1 0 )  ( ROR=1 0 )  

2- 1 1 TCF 
( ROR=1 5 )  

0 - 1 0 TCF 
( ROR=2 0 ) 

@ 5 . oo-9 . 00/MCF 
1 3 -1 5 TCF 
( ROR=1 0 )  

1 1 - 1 4  TCF 
( ROR=1 5 )  

1 0 - 1 4  TCF 
( ROR=2 0 ) 
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TABLE 1 7  ( continued) 

E .  Maximum Annual Production 
to Year 2000  @ Gas Price 
( $ /MCF ) tt  

1 .  Current Technology§ § 

2 .  Advanced Technology 

@ 

@ 

@ 

@ 

*Based on constant 1 979 dollar s .  
tEased on constant 1 976 dollars . 
§Based on constant 1 977 dollar s .  

NPC* 

2 . 50-5 . 00/MCF @ 
0 . 3-0 . 9  TCF 

5 . oo-9 . 00/MCF 
0 . 9- 1 . 0  TCF 

2 . 50-5 . 00/MCF @ 
o . 5- 1 . 2 TCF 

5 . oo-9 . 00/MCF 
1 . 2- 1 . 4  TCF 

OTAt Lewin§ 

2 . 00-3 . 00/MCF @ 1 . 75-4 . 50/MCF 
1 .  0 TCF 0 . 1 -0 . 4 TCF 

2 . 0 0-3 . 00/MCF @ 1 . 75-4 . 50/MCF 
1 . 5 -2 . 0  TCF 0 . 2 -0 . 9  TCF 

11'Ibtal dr illable area of 62 , 0 0  0 sq mi reduced by 5 percent to account for geologic 
failures .  

**Cumulative production for NPC f igures based on high-growth drilling scenario . 
ttMaximum annual production for NPC figures based on high-growth drilling scenario . 
§ §For the current technology compari son, the NPC f igures represent conventional 

technology . 
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CHAPTER N IN E  

CONC LUS I ONS 

Th e re s u l t s  of th i s  s t udy cons i s t  o f : ( 1 )  g a s  re so u r c e  e st i
mates for the Appa l a c h i a n , I l l i no i s , and M i ch ig an b a s i n s  p r e s e n t ed 
in Chapter Two ; ( 2 )  g a s  prod u c t ion e s t ima t e s  for the Appa l ach i a n  
b a s i n  based o n  trad i t i on a l  and conv e n t i o n a l  t e c h n i q ue s pre s e n ted i n  
Chapter F iv e ; a n d  ( 3 )  g a s  prod uc t ion e s t ima te s f o r  t h e  App a l ach i a n  
b a s i n  u s i ng advanced t e c hnolog i e s  i n  Chap t e r  S i x . Th e s e  r e s u l t s  
are based o n  e x t r a po l a t ions o f  re source a n d  prod u c t ion d a t a  f rom 
r e l a t iv e ly smal l segme n t s  o f  the s h a l e  r e s o u r c e , n o t a b l y  the B i g  
Sa ndy f i e l d  o f  the Appa l ach i an b a s i n .  Wel l-co s t  d a t a  a r e  b a s ed o n  
recent ope r a t i ng e x pe r i e n c e . Al thoug h r e so u r c e  a nd prod u c t io n  
e s t ima t e s  h ave be e n  a c c ompl i s hed i n  a t e c h n i c a l ly sound ma n ne r , t h e  
i n te rre l a ted e f fe c ts o f  mark e t  cond i t ions , a v a i l ab i l i ty o f  n a t u r a l  
g a s  s uppl i e s  f r om o t h e r  s o u r ce s , and l e ad t ime r eq u i r ed for deve l 
oping ad vanced technolog i e s  c o u l d  c r e a te a w i d e  d i s p a r i ty i n  the 
pro j e c ted prod uc t i on e s t ima te s . Howev e r , the f o l low i ng conc l u s i o n s  
c an b e  mad e : 

• The n a t u r a l  g a s  r e so urce base i n  Devon i a n  S h a l e  i s  �rod i
g i o u s . In the Appal ach i an b a s i n  a l one , t h e  gas in place i s  
e s t imated to be be twe e n  2 2 5 TCF f rom b l a ck s h a l e  a s  d e te r
m i n e d  by l og s , t o  1 , 8 6 1  TCF f r om both b l ack a nd g ray s h a l e s 
a s  d e termi ned by s ampl e th i ckne s s . 

Av erage we l l  prod u c t ion d a t a  f rom Devon i a n  S h a l e  w i th i n the 
Appal ach i an b a s i n  can be reasonab l y  mod e l e d  by a hyperbo l i c  
d e c l in e  o f  the form : 

Prod u c t ion Ra t e  (MCF/D ) = c 1  [ 1 + i t J -i 
Th e param e t e r  C 1 s e rv e s  a s  a n  i nd e x  to c h a r a c t e r i ze the 
ave r age prod u c t ion d e c l i n e . 

• A s ig n i f i c a n t  cor r e l a t ion e x i s t s  b e t we e n  t h e  C1 v a l ue a nd 
the b l ac k  s h a l e  th i ckne s s  d e t e rm i ne d  f r om g amma- r ay l og s . 
The l i ne a r  r e l a t ion s h i p  b e twe e n  t h e  C 1 c on s t a n t  and the 
g amma- r ay l og b l ack s h a l e  th i ckne s s  was d e t e rm i n e d  to be 
0 . 2 1 3 .  Th i s  r e l a t i on s h i p  wa s u s e d  in t h e  s t udy to pred ic t 
g a s  re cove ry from De von i an Sh a l e  i n  the Appa l ac h i a n  bas i n . 

• Conv e n t ional hyd ra u l i c  f r a c t u r i ng r e s u l t s  i n  i n cr e as e d  C1 
v a l u e s  ove r h i s tor i c a l  s t imul a t i o n  ( s hoo t i ng ) , t h e  d egree o f  
improv emen t  b e i ng dependent upon the C 1 v a l ue s . Poorer 
we l l s appe a r  to e xh i b i t  greater improveme n t  d ue to f r a c t u r
i ng than d o  the b e t t e r  we l l s . Que s t io n s  rema i n  o n  the 
e x t e n t  of improv eme n t  ob t a i na b l e  w i th f r ac t u r i ng ove r 
s hoot ing . 
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• Th e a r e a  a v a i l a b l e  for d r i l l i ng i n  the Appa l a c h i an b a s i n  i s  
e s t ima t ed to b e  6 2 , 0 0 0  square m i l e s , o r  abou t 5 6  pe r c e n t  o f  
the t o t a l  a r e a . Pr ac t i c a l  cons i d e r a t ions s u c h  a s  nond r i l l 
a b l e  urban a r e a s  and prob l ems w i th l e a s e  r e s t r i c t io n s  e x 
c l u d e  the r ema i n i ng r e s o urce a re a . Th i s  red u c e s  t h e  d r i l l 
a b l e  g a s  r e source b a s e  i n  the b l a ck s h a l e s  a s  d e t e rm i n e d  b y  
the l og d a ta f rom 2 2 5 TCF to 1 2 5 TCF . I t  l i kew i s e  r e d u c e s  
the e s t ima te b a s ed on both b l a ck a nd g ray s h a l e  a s  d e te r
m i n e d  by s ampl e  th i ck n e s s  f rom 1 , 8 6 1 TCF to 1 , 0 4 0 TCF . 

• S i g n i f i c a n t  l ev e l s  o f  g a s  prod u c t i on f r om De vo n i an Sh a l e i n  
t h e  Appa l a c h i a n  b a s i n  are pos s i b l e  i n  the n e x t  2 0  ye a r s . 
Th e to t a l  prod uc i b l e  gas i n  the Appa l a c h i a n  b a s i n  f r om De 
von i a n  Sh a l e  u s i ng c o nve n t ional f rac t u r i ng t e c h n o l ogy i s  
e s t imated to be 3 7 . 4  TCF . Wh e n  compared to t h e  d r i l l ab l e  
g a s  re s o u r ce b a s e  i n  t h e  b l ack s h a l e s  o f  1 2 5  TC F ,  a n  av e r ag e  
r e covery o f  3 0  p e r c e n t  i s  i nd i c a ted . Howe v e r , De vo n i a n  
Sh a l e  g a s  prod uc t i on i n  the com i ng years i s  l i ke ly t o  b e  
con t ro l l e d  pr imar i l y by g a s  pr i c e  and the l e v e l  o f  t e c hno l 
og y d ev e l o pme n t  a s  compared t o  that o f  o t h e r  r e so ur c e s 
( i n c l ud i ng conv e n t ional g a s  s o u r c e s ) .  

Th e e s t ima tes o f  prod u c i b l e  g a s  pre s e n t e d  he r e i n  a r e  b a s e d  
o n  a 3 0 -ye a r  we l l  l i f e t ime . Howeve r ,  the prod u c t io n  d e c l i n e  
c h a r a c te r i s t i c s  o f  De von i a n  Sh a l e  we l l s  t yp i c a l ly w a r r a n t  a 
long e r  pro d u c i ng l i f e , wh i c h  r e s u l t s  i n  g r e a t e r  r e s e rve co n 
t r i b u t ions . For th i s  s t udy , i n c l u s ion o f  add i t i o n a l  prod uc
t i on wo u l d  h ave l i t t l e  e c o nom i c  impac t o n  i n i t i a l  d r i l l i n g  
d e c i s i ons . 

• Le s s  than h a l f  ( abo u t  1 5  TCF ) o f  the e s t imated 3 7 . 4  TCF o f  
prod uc i b l e  g a s  f rom Devon i a n  Sh a l e  i n  t h e  App a l a c h i an b a s i n  
u s i ng conv e n t i o n a l  f r a c tur i ng tec hnology c a n  b e  prod u ced a t  
pr i c e s  up t o  $ 3 . 5 0 pe r MM Btu a t  1 0  pe r ce n t  ROR .  The ave r ag e  
pr i ce r eq u i r eme n t  ( 1 0 p e r c e n t  ROR f o r  the e n t i re 3 7 . 4 TCF ) 
i s  $ 6 . 7 5  p e r  MM Btu . 

• Th e s p a r s e  p ro d u c t ion d a ta for the I l l i no i s  a n d  M i c h i g a n  
bas i ns are i n s u f f i c i e n t  to e s t im a te prod u c t i o n  l ev e l s  w i th i n  
those a r e a s .  Howeve r ,  the ava i l ab l e  s h a l e mapp i ng d a t a  com
pared w i th s im i l a r  d a ta for the Appa l a c h i a n  b a s i n  appe ar to 
o f f e r  prod uc t i o n  pro s pe c t s a t  p r i c e s  somewh a t  h ig h e r  t ha n 
for the App a l a c h i an b a s i n . 

• Al tho u g h  e f f o r t s  by government and i nd u s t ry a r e  b e i ng d i
r e c ted toward the d eve lopme n t  o f  advanced t e c h no logy , i t  i s  
recog n i ze d  t h a t  f ur t h e r  wo rk i s  requ i red to d e v e l o p  o p t i 
mi zed a nd soph i s t i c a t ed s t imul a t ion me thods a s  we l l  a s  mor e 
r e l i a b l e  e x p l or a t ion t e c h n i q ue s . A l im i ted amo u n t  o f  t e s t  
d a t a  o n  t h e  bene f i t s  o f  advanced tec hno l ogy e x i s t s  tod ay , 
wh i ch ind i c a te s  th a t  pr e s e n t  d ay s t a te-o f- t h e - a r t  t e c h no l og y  
c a n  be improved . The pro j e c ted e s t ima t e s  o f  prod u c i b l e  g a s  
throug h advanced t e c hno log i e s  w i l l  b e  d e p e nd e n t  upo n  the 
s uc c e s s f ul a nd c on t i n ued r e s e a r c h  e f fo r t s  i n  t h e  area o f  
e x t r a c t ion t e c hno l og i e s . 
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• Th e l im i t ed d emo n s t r a ted s uc c e s s  o f  prod u c t i o n  t e c hnology 
for Devon i a n  Sh a l e  repr e s e n t s  a s e r i o u s  b a r r i e r  to e ar l y  
explo i t a t i on o f  t h e  reso urce b y  i n d u s t ry . Th e r e f o r e , the 
key to a c c e l e ra ted d ev e l opme n t  o f  the Devo n i a n  Sh a l e  r e
sour ce i s  the d emon s t r a ted e f f e c t i v e ne s s  o f  e conom i c a l l y  
v i ab l e  tech no logy appl i c a t i on s . Th e r e l a t i v e l y  l im i ted we l l  
prod u c t ion d a ta av a i l ab l e  for th i s  and o t h e r  s im i l ar stud i e s  
d i scus s ed i n  Chap t e r  E ight i nd i c a t e  tha t g ood pro s pe c t s  
e x i s t  f o r  De vo n i a n  Sh a l e  devel opm e n t  b y  i nd u s t ry . To be t te r  
und e r s tand t h e  t r u e  pote n t i a l  and a t t e nd a n t  r i s k s , r e s e a r c h  
e f fo r t s  m u s t  b e  a c compan ied b y  d e d i c a te d  we l l  tes t prog r am s  
d e s igned to d emon s tr a te the ad v a n t ag e s  o f  p a r t i c u l a r e x t ra c 
t io n  t e c h n i q u e s  w i th i n  spe c i f i c forma t i ons o f  appl i c a t i on . 
S uch te s t  prog r ams are i nh e re n t ly e xpe n s ive and s ho u l d  b e  
pl anned t o  obta i n  e s s e n t i a l  d a ta w i th a s  few t e s t  we l l s  a s  
prac t i c abl e . Howeve r ,  s ho r t c u t s  o n  e i th e r  the n umber o f  
we l l s  o r  the s pe c i f i c t e s t s  t o  b e  per f o rme d , wh i c h  prov i d e  
i n s u f f i c i e n t  d a t a  for ad equate e v a l u a t i o n , o n l y  t e nd t o  d e
l ay the n e c e s s ary d emon s t r a t i o n  o f  f e a s i b l e  e x tr a c t i o n  t e c h
nology appl i c a t ions and the i r  e ar ly a c c e p t an c e  by i nd u s t ry . 
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APPENDICES 



APPENDIX A 

Request Letter 
and Description of the 

National Petroleum Council 



• 
Department of Energy 
Washington, D.C. 20585 

Dear Mr . Chandler : 

June 2 0 ,  1 9 7 8  

An obj ective o f  the energy supply initiative s  o f  the 
Pre s ident ' s  energy pol icy i s  to promote dome s t i c  energy pro
duct ion from unconventional sources as we l l  a s  f rom conven
tional sourc e s . One of the areas to be encouraged i s  the 
recovery of natural gas from unconvent ional sourc e s . 

In the pas t , the Nat ional Petroleum Coun c i l  has provided 
the Department of the I nterior with appra i s a l s  on the extent 
and recovery of the Nation ' s  o i l  and gas re sources through 
such s tudies as Future Petroleum Provinc e s , u .  S .  Energy Out
look , Ocean Petro l eum Resources , and Enhanced O i l  Recovery . 

Therefore , the Nat ional Petrol eum Coun c i l  is reque s ted to 
prepare , as an e arly and important part of i t s  new relation
ship with the Department of Energy , a s tudy on unconventional 
sources of natural gas to include deep geopr e s s ured zone s , 
Devonian sha l e , t i ght gas sands , and coal s eams . Your analy
sis should a s s e s s  the resource base and the s ta te-of- the-art 
of recovery techno logy . Additiona l ly , your appra i s a l  should 
include the out look for costs and recovery of unconventional 
gas and shoul d  cons ider how Government pol icy can improve the 
outlook . 

For the purpose o f  this s tudy , I wi l l  de s ignate the Deputy 
As s i s tant Secretary for Pol icy and Evaluation to repr e s ent 
me and to provide the nece s sary coordination between the 
Department of Energy and the National P e troleum Counc i l . 

S incere ly , 

\::\a.-.o /), AL /. - - .. - � � � James R .  � 
Secretary 

Mr . Col l i s  P .  Chandler , Jr . 
Chairman , National Petro leum 

Counc i l  
16 2 5  K S treet , N .  w .  
Washington , D . C .  2 0 0 0 6  
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DESCR I PT I ON OF THE NAT I ONA L PETROLEUM C OUNC I L  

I n  May 1 9 4 6 ,  the Pre s id e n t  s ta t ed i n  a l e t te r  to t h e  Se c r e t a ry 
o f  the I n te r i o r  t h a t  h e  h ad been impre s s e d  by t h e  c on t r i b ut ion mad e 
through g ove r nme n t/ i nd u s try coope r a t ion to the s uc c e s s  o f  the Wo r l d  
War I I  p e t ro l e um prog ram . H e  fe l t  t h a t  i t  wo u l d  be b e ne f i c i a l  i f  
th i s  c lo s e  r e l a t i on s h i p  we re to be con t i n ued a nd s ug g e s t ed t h a t  th e 
Se cre tary o f  the I n te r i or e s t ab l i s h  a n  i nd u s t ry o rg an i z a t ion to ad
v i s e  the S e c r e t ary o n  o i l  and nat u r a l  g a s  ma t te r s . 

P ur s uant to th i s  reque s t , I n t e r ior Secre tary J .  A .  Kr ug e s t a b
l i s hed the Na t i o n a l  Pe tro l e um Co unc i l  ( N PC ) o n  Ju ne 1 8 ,  1 9 4 6 . I n  
Oc tob e r  1 9 7 7 ,  the De par tment o f  Ene rgy wa s e s t a b l i s h ed a nd th e 
Co un c i l ' s  f un c t io n s  we re t r a n s f e rred to the new d ep a r tm en t . 

Th e p u r po se o f  the N PC i s  sol e l y  to adv i s e , i n fo rm , a nd make 
r e c omme nd a t ions to the S e c re tary of Energy o n  any m a t te r , reque s ted 
b y  h im ,  r e l a t i ng to pe trol e um or the pe t ro l e um i nd u s try . Th e Co un
c i l i s  s ub j e c t  to the prov i s i ons o f  the Fed e r a l  Ad v i sory Comm i t te e  
Ac t o f  1 9 7 2 . 

Ma t t e r s  wh i c h  the S e c r e tary o f  Energy wo u l d  l i ke to h av e  c on
s id e r e d  by t h e  Co unc i l  are s ubm i t t ed as a req ue s t  i n  t h e  form o f  a 
l e t t e r  o u t l i n i ng the n a t u r e  and scope o f  the s t udy . Th e r eque s t  i s  
t h e n  r e f e r r ed t o  t h e  N PC Ag e nd a  Comm i t te e , wh i c h make s a r e c omme n
d a t i on to the Co unc i l . Th e Co un c i l  r e s e rv e s  the r ig h t  to d e c id e  
whe t h e r  o r  not i t  w i l l  cons i d e r  any ma t te r  r e fe r r ed to i t . 

Ex ampl e s  o f  r e c e n t maj or s t ud i e s  u nd e r taken by the N PC a t  the 
r eque s t  of the De pa r tm e n t  of the I n ter ior and the De pa r tm e n t  o f  
Ene rgy i n c l ud e : 

• P e t ro l e um R e s o u r c e s  U nd e r  the O c e a n  F l oo r  ( 1 9 6 9 ,  1 9 7 1 ) 
L aw o f  the S e a ( 1 9 7 3 ) 
O c e a n  P e t ro l e um R e s o u r c e s  ( 1 9 7 4 ,  1 9 7 5 )  

• E nv i ro nme n t a l  C on s e rv a t ion - - T he O i l  a n d  G a s I nd u s t r i e s  
( 1 9 7 1 , 1 9 7 2 ) 

• u .s .  E ne rgy O u t l ook ( 1 9 7 1 , 1 9 7 2 ) 

• Emerge n cy P repared ne s s  for I n t e r r up t i on o f  P e t ro l e um I mpo r t s  
i n to t h e  U n i ted S t a t e s  ( 1 9 7 3 ,  1 9 7 4 ) 

• P e t ro l e um S torage for N a t i on a l  S e c u r i ty ( 1 9 7 5 ) 

• P o t e n t i a l for E ne rgy C o n s e rv a t i o n  i n  t h e  Un i ted S ta te s :  
1 9 7 4 - 1 9 7 8  ( 1 9 7 4 ) 
P o t e n t i a l  for E ne rgy C o n s e rv a t i o n  i n  the U n i ted S t a te s :  
1 9 7 9 - 1 9 8 5  ( 1 9 7 5 ) 

• E n hanced O i l  R e covery ( 1 9 7 6 ) 
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• Mate r i a l s  and Manpowe r Requ i reme n t s  ( 1 9 7 9 ) 

• P e t ro l e um S torage & T ra n sporta t ion C apa c i t i e s  ( 1 9 7 9 ) .  

Th e NPC d o e s  n o t  concern i t se l f  w i th trad e p r a c t i c e s , n o r  does 
it e ng age in any o f  the u s u a l  trade a s soc i a t i o n  ac t iv i t i e s . 

Memb e r s  o f  the Nat ional Petro l e um Co un c i l  a r e  a ppo i n ted by the 
S e c r e tary of Energy and repr e s e n t  a l l s e gme n t s  o f  pe tro l e um i n te r
e s t s . The N P C  i s  h e ad ed by a Cha i rman a nd a V i c e  Cha i rman who are 
e l e c ted by the Co unc i l . Th e Co un c i l  is  s uppo r ted e n t i re l y  b y  vol
un tary contr i b u t ions from i t s  member s . 
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NATI ONAL PE TROLEUM COUNC I L  
M EMBERS H I P  

J a ck H .  Ab e r n a thy 
V i ce Ch a i rma n 
En tex , I n c . 

J a c k  M . Al l e n , Pr e s id e n t 
Alpar Re sour c e s ,  I n c . 

Rob e r t  o .  And e r so n  
Ch a i rma n o f  the Board 
A t l a n t i c  R i c h f i e l d  Comp a ny 

R .  E .  Ba i l ey 
Ch a i rman and 

Ch i e f  E x e c u t ive O f f i c e r  
Conoco I n c . 

R .  F .  Bauer 
Cha i rman o f  the Bo ard 
G l obal Mar i n e  I n c . 

Robe rt A .  Be l f e r ,  P r e s id e n t 
Be l c o  Pe t ro l e um Co r por a t ion 

Ha ro l d  E .  Be rg 
C h a i rman o f  t h e  Bo ard and 

Ch i e f  Exe c u t ive O f f i c e r  
Ge t ty O i l  Comp any 

John F .  Booko u t  
Pre s id e n t  a nd 

Ch ie f E x e c u t ive O f f i c e r  
Sh e l l  O i l  Comp a ny 

W .  J .  Bowe n 
Ch a i rman o f  the Board 

and Pre s id e n t  
Tr ansco Compa n i e s  I n c . 

Howard Boyd 
Cha i rman of the 

E x e c u t ive Commi t te e  
The El Pa so Comp a ny 

I .  Jon Bruml ey 
Pre s id e n t  and 

Ch ie f Exe c u t ive O f f i ce r  
Sou thl a nd Roy a l t y  Compa ny 

1 9 8 0  
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Theodore A .  B u r t i s  
Cha i rma n , Pr e s i d e n t  and 

Ch i e f  E x e c u t iv e  O f f i c e r  
S un Compa ny , I nc . 

J ame s ,  C . C a l away , Pre s i d e n t  
S o u t hwe s t  M i ne r a l s , I n c . 

Jo h n  A .  C a rve r ,  J r . 
D i r e c tor o f  t h e  N a t ura l 

Re sou r c e s  P r og r am 
Co l l ege o f  Law 
Un ive r s i ty of De nve r 

C . Fred C h am b e r s , P r e s id e n t  
C & K Pe t ro l e um ,  I n c . 

Col l i s  P .  C h a nd l e r , J r . 
Pr e s id e n t  
Chand l e r  & As soc i a te s ,  I n c . 

E .  H .  C l a rk , J r . 
Ch a i rman o f  t he Bo a rd 
Pr e s i d e n t  a nd 

C h i e f E x e c u t ive O f f i c e r  
Bake r I n t e r n a t i o n a l  

Edw i n L .  Cox 
O i l  and G a s  Produc e r  

Roy T .  Du r s t  
Co n s ul t i ng Eng i ne e r  

J ame s W .  Emi son , Pre s i d e n t 
We s te r n  Pe t ro l e um Comp any 

Jame s H .  E v a n s ,  C h a i rman 
Un i o n  Pac i f i c  Corpo r a t i o n  

J o h n  E .  Fahe r ty ,  Pre s id e n t 
Crown O i l  a nd C h em i c a l  Company 

Fr a nk E .  F i tz s immo n s  
Ge ne r a l  Pre s id e n t  
I n te r n a t i o n a l  B r o t h e rhood 

o f  Te ams t e r s  



John S. Foster, Jr. 
Vice Pres ident 
Science and Technology 
TRW Inc. 

R. I. Galland 
Cha irman of the Board 
Amer ican Petrof ina, Incorporated 

c .  C. Garvin, Jr. 
Cha irman of the Board 
Exxon Corporat ion 

James F .  Gary 
Cha irman and 

Ch ief Execut ive Officer 
Pac if ic Resources, Inc. 

Mel v in H. Gertz, Pres ident 
Guam Oil & Ref in ing Company, Inc. 

R ichard J. Gonzalez 

Ro bert F .  Goss, Pres ident 
O il, Chemical and Atomic Workers 

Internat ional Un ion 

F .  D. Gottwald, Jr. 
Chief Executive Officer, 

Chairman of the Board and 
Cha irman of Execut i ve Committee 

Ethyl Corporation 

David B. Graham 
Deputy General Counsel 
Vels icol Chem ical Corporat ion 

Maur ice F. Granville 
Chairman of the Board 
Texaco Inc. 

Freder ic c .  Hamilton, President 
Hamilton Brothers O il Company 

Armand Hammer 
Chairman of the Board and 

Ch ief Executive Officer 
Occidental Petroleum Corporat io i 

Jake L. Hamon 
Oil and Gas Producer 

John P. Harb in 
Chairman of the Board and 

Ch ief Execut ive Off icer 
Halliburton Company 
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Fred L .  Hartley 
Cha i rman and Pres ident 
Union O il Company of Californ ia 

John D. Haun, President 
American Association 

of Petroleum Geologists 
cjo Geology Department 
Colorado School of M ines 

Den is Hayes 
Executive D irector 
Solar Energy Research Inst itute 

H. J. Haynes 
Chairman of the Board 
Standard Oil Company 

of Californ ia 

Robert A. Hefner I I I  
Manag ing Partner 
G HK Company 

Ro bert R. Herring 
Cha irman of the Board and 

Ch ief Execut ive Off icer 
Houston Natural Gas Corporation 

Leon Hess 
Cha irman of the Board and 

Ch ief Execut i ve Off icer 
Amerada Hess Corporation 

Ruth J. Hinerfeld, President 
League of Women Voters 

of the Un ited States 

H. D. Hoopman 
President and 

Chief Executive Officer 
Marathon Oil Company 

Mary Hudson, Pres ident 
Hudson O il Company 

Professor Henry D. Jacoby 
Director, Center for Energy 

Pol icy Research 
Massachusetts Inst itute 

of Technology 

John A. Kaneb, Pres ident 
Northeast Petroleum 

Industr ies, Inc. 



J ame s L .  Ke t e l s e n  
Cha i rm a n  and 

Ch i e f  Exe c u t ive O f f i c e r  
Tenneco I n c . 

Thoma s L .  K imba l l  
E x e c u t ive V i c e  Pre s id e n t  
N a t i o n a l  W i l d l i fe F e d e r a t ion 

George F .  K i rby 
Cha i rman of the Board 
Te x a s  E a s tern 

Tr a n sm i s s i o n  Co rpo r a t i o n  

Joh n T .  K l i nke f u s , Pre s id e n t  
Be rwe l l  E n e rgy , I n c . 

C h a r l e s  G . Koch 
Ch a i rman a nd 

Ch i e f E x e cu t ive O f f i c e r  
Koch I n d u s tr i e s ,  I n c . 

John H .  L i c h tb l a u  
E x e c u t ive D i rec tor 
Pe t ro l e um Ind u s t ry 

Re s e a r c h  Found a t io n ,  I n c . 

J e r ry McAfee 
Ch a i rman of the Bo ard 
G u l f O i l  Corpo r a t ion 

Paul W .  Ma cAvoy 
The M i l to n  Ste i n b a c h  Pro fe s sor o f  

O r g a n i z a t ion and Manag eme n t  
and Econom i c s  

Th e Y a l e  School o f  Org a n i z a t ion 
and Ma n ageme n t  

Y a l e  Un ive r s i ty 

P e t e r  M a c Dona l d , Ch a i rm a n  
Coun c i l  o f  Ene rgy Re source Tr i b e s  

D .  A .  McGe e , Cha i rman 
Ke r r-McGe e Co rpo r a t ion 

John G .  McMi l l i a n  
Cha i rman and 

Ch i e f  E x e c u t ive O f f i c e r  
Nor thwe s t  Al a s ka n  

P i pe l i ne Comp a ny 

C a ry M .  Mag u i r e , P r e s i d e n t  
Magu i r e  O i l  Comp a ny 
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C . E . Ma r s  h , I I 
P r e s i d e n t  
Mal l ar d  O i l  & Ga s Compa ny 

w .  F .  Ma r t i n  
Ch a i rma n o f  t h e  Bo a rd 
Ph i l l i p s  Pe t ro l e um Company 

Dav id C .  Ma s s e l l i 
E n e rgy Po l i cy D i re c tor 
Fr i e n d s  of t h e  E a r t h  

F .  R .  Maye r 
Ch a i rm a n  o f  the Board 
Ex e te r  Compa ny 

C .  Joh n  M i l l e r , Par tne r 
M i l l e r  B r o t h e r s  

J ame s R .  Mo f fe t t ,  P r e s i d e � t  
McMoRan E x p l o r a t i o n  Company 

Kenn e t h  E .  Mon t a g u e  
Immed i a t e  Pa s t  Ch a i rman 

o f  the Bo a r d  
G C O  M i ne r a l s  Compa ny 

Je f f  Mo n tg ome ry 
Cha i rman o f  the Bo a r d  
K i rby E x p l o r a t ion Compa ny 

R .  J .  Mor a n , Pre s i d e n t  
Mo ran Bro s . ,  I n c . 

Rob e r t  Mo s b a c h e r  

C .  H .  Murphy , Jr . 
Ch a i rm a n  o f  t h e  Bo ard 
Murphy O i l  Corpo ra t i o n  

Joh n H .  M u r re l l  
Ch i e f  E x e c u t ive O f f i c e r  a nd 

Ch a i rman o f  Exe c u t ive Comm i t t e e  
DeGo lye r a nd MacNaug h to n  

I r a  s. Nord l i ch t  
Bo l t zma n n , W i s e  & S h ep a rd 

R .  L .  O ' S h i e l d s  
Cha i rma n  a n d  

Ch i e f E x e c u t ive O f f i c e r  
Panh a nd l e  Ea s te rn 

P i pe L i ne Comp a ny 



Joh n G .  Ph i l l i p s  
Cha i rman o f  t h e  Board and 

Ch i e f  Exe c u t ive Of f i c e r  
The Lou i s iana Land 

& E x pl o ra t i on Compa ny 

T .  Boone P i cke n s ,  Jr . 
Pre s id e n t  
Me s a  Pe tro l e um Comp a ny 

L .  Frank P i t t s , Owne r 
P i t t s  O i l  Company 

Ro s ema ry S .  Pool e r  
Cha i rwoman a nd 

Execu t ive D i r e c tor 
New Yo rk State 

Co n s ume r Protec t i on Board 

Do nald B . R i ce , P r e s id e n t  
Ra nd Co rporat ion 

Cor b i n  J .  Robe r t so n  
Cha i rma n o f  the Board 
Q u i ntana Pe tro l e um Co rporat ion 

Jame s C . Ro s apepe , Pr e s ide n t  
Ro s apepe , F u c h s  & As soc i a te s 

He nry A .  Ro s e nberg , J r . 
Ch a i rman o f  the Bo a rd and 

Ch ie f E x e c u t ive O f f i c e r  
Crown Ce n t r a l  Pe tro l e um 

Corpo r a t ion 

N ed C .  Ru s so 
Co n s u l t a n t  o f  P ub l i c  Re l a t ions 
S t ab i l - Dr i l l  Spec i a l t i e s , I n c . 

Rob e r t  v .  Se l l e r s 
Cha i rman o f  the Bo ard 
C i t i e s  S e rv i c e Company 

Rob e r t  E .  Se ymo ur 
Cha i rman o f  the Boa rd 
Conso l id a ted Na t u r a l  G a s  Compa ny 

J .  J .  S immo n s , Jr . 
Pre s id e n t  
S immo n s  Roy a l t y  Company 

Theodore S nyde r ,  J r . 
Pre s id e n t  
S i erra C l ub 
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Cha r l e s  E .  Spah r 

Joh n  E .  Swe a r i ng e n  
Ch a i rma n o f  t h e  Bo a rd 
Standard O i l  Compa n y  ( I nd i a na ) 

Robe r t  E .  Th oma s 
Ch a i rman o f  the Bo a rd 
MAPCO I nc . 

H .  A .  True , J r . 
Pa r tn e r  
T r u e  O i l Company 

Mar t i n  Ward , Pre s i d e n t  
Un i ted As so c i a t ion o f  J o u r neyme n 

and Appre n t i c e s  o f  the 
Pl umb i ng a nd P i pe F i t t i ng 
I n d u s t ry o f  th e Un i ted S t a te s  
a nd C a n a d a  

Rawl e ig h  W a r ne r ,  J r . 
Ch a i rman o f  the Bo a r d  
Mo b i l  C o rpo r a t i o n  

J .  N .  Wa r r e n  
Cha i rman o f  t h e  Bo ard 
Go l d r u s  Dr i l l i ng Co . 

John F .  Wa r r e n  
I n d e pe nd e n t  O i l  Ope ra to r/Pro d ucer 

Lee C .  Wh i t e 
Fo und i ng P r e s i d e n t  
Co n s ume r En e rgy Coun c i l  

o f  Ame r i c a  

Al ton W .  Wh i te hou s e , J r . 
Ch a i rman o f  the Board and 

Ch i e f  E x e c u t iv e  O f f i c e r  
Th e S t a n d a r d  O i l  Compa n y  ( Oh i o ) 

Jos eph H .  W i l l i am s  
Ch a i rm a n  o f  t h e  Bo a r d  and 

Ch i e f  Exe c u t ive O f f i c e r  
The W i l l i am s  Compan i e s  

Ro b e r t  E .  Y a n cey , P r e s id e n t  
As h l a n d  O i l , I n c . 



APPENDIX B 

Study Group Rosters 



NATI ONAL PETROLEUM COUNC I L  

D EVON IAN S HAL E TASK GRO UP 
OF THE 

C OMMI TTEE ON 
UNCONVENT I ONAL GAS SOURC E S  

CHAI RMAN 

John L .  Moore 
Ch ie f Prod uc t io n  Eng i n e e r  
Conso l i d a ted Na t u r a l  G a s  

Se rv ice Company 

GOVE RNMENT COCHA I RMAN 

J e f frey B .  Sm i th 
D i v i s ion o f  Fos s i l  Fue l 

Ex t r a c t ion 
u. s. De par tme n t  of Energy 

SEC RETARY 

Joh n H .  Guy , I V  
D i re c tor , Comm i t te e  Ope r a t i o n s  
Na t i onal Pe t ro l e um Counc i l  

Char l e s  E . Brooks 
P l an n i ng Eng i n e e r  
Co n so l idated Na t ur a l  Gas 

Serv i c e  Company 

Erne s t  B .  J e nk i n s  
Ope r a t i ng Manag e r  

* * 

Kentucky-We s t  V i rg i n i a Gas Compa ny 

Dr . Harry C .  K e n t , D i re c to r  
Po te n t i a l Ga s Ag e n c y  
Co lorado S c hool o f  M i ne s 

W i l l i am F .  Mo r s e  
D i re c tor o f  Re s e a r c h  
Co l umb i a  Ga s S y s tem Se rv i c e  

Co rpor at ion 

Ro l and L .  Robe r t so n , Man ag e r  
Re so urce Deve l opme n t  Ope r a t ions 
TRW Energy Sys tems Group 

* 

Dr . Leo A . Rog e r s , Man a g e r  
Ga s Re s e rvo i r  Ana l y s i s  
I n s t i t u te o f  G a s  Te c h no l ogy 

Dr . T .  V i s wa n a t h a n  
D i re c to r  o f  E n e rgy Re s o ur c e s  

Se c t ion 
Prod u c t ion Re s e a r c h  Departme n t  
Gul f Re s e a r ch & Dev e l opme n t  

Comp any 

A .  B .  Wa t e r s  
Te c h n i c a l  Manage r ,  

Prod uc t ion Improveme n t s  
Hal l i b ur to n  Se r v i c e s D i v i s ion 

S P E C I AL ASS I STANTS 

S tephen P .  Creme a n  
Se n i o r  Re s e a rc h  Eng i n e e r  
Col umb i a  G a s  S y s tem S e rv i c e  

Co rporat ion 
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B .  D .  H ag e r  
Ch i e f Geo l o g i s t  
Ke n t uc ky-We s t  V i rg i n i a  G a s  Comp any 



Rob e r t  s. Ot t i ng e r  
As s i s t a n t  Man ag e r  
Re so u r c e  Deve l opme n t  Ope r a t ions 
TRW E n e rg y  Sys tems Group 

Charl e s  R . Sk i l l e r n  
S e n ior Pro j e c t  Eng i ne e r  
TRW En e rg y  Sys tems Gr oup 
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Rob e r t  R .  T r ump 
S e n i o r  Re s e a r c h  Eng i ne e r 
Gul f Re s e ar c h  & Deve l opme n t  

Comp a ny 



NAT I ONAL PE TROLEUM COUNC I L  

COMM I TT E E  ON 
UNCONVENTI ONAL GAS SOURC E S  

CHAI RMAN 

John F .  Booko u t , Pre s id e n t 
and Ch ie f Ex e c ut ive O f f i cer 

Shel l Oil Company 

EX OFF I C I O  

C .  H .  Murphy , Jr . 
Cha i rma n 
Nat ional Pe trol e um C o un c il 

GOVE RNMENT COCHA I RMAN 

R .  Do b i e  L a ng e nkamp 
De p u ty As s i s t a n t  S e c r e tary 
Re sour c e  Devel opme n t  a nd 

Oper a t i o n s  
Re s o ur ce Appl i c a t io n s  
u.s. Depar tme n t  o f  E n e r g y  

E X  O F F I C I O 

H .  J .  H a yne s 
V i ce C h a irman 
N a t i o n a l  Pe trol e um C o un c i l  

SECRETARY 

Mar s h al l W .  N i chol s 
Ex e c u t ive D i r e c tor 
Na t ional Pe trol e um C o un c i l  

R .  E .  Ba il ey 
Cha i rma n a nd 

Ch i e f Ex e c u t i ve O f f i ce r  
Conoco I n c . 

Robe r t  A .  Bel f e r , Pr e s id e n t 
Be l c o Pe trol e um Cor por a t ion 

Howar d Boyd 
Cha irman of the E x e c u t ive 

Commi t te e  
The E l  P a s o  Compa ny 

John A .  Carver , Jr . 
Di r e c tor of the Na t ur al 

Re so ur c e s  Pr og r am 
Col l ege o f  Law 
Un iver s i ty of De nver 

Col l i s  P .  Chand l er , Jr . 
Pr e s id e n t  
Chand l er & A s s o c i a te s , I n c . 

* * 
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Ed ward W .  Er i ckson 
Pro f e s s or o f  E conom i c s  a nd 

Bus i n e s s  
Nor th C arol i na S t a te U n iver s i ty 

John S .  F o s ter , Jr . 
V i c e  Pr e s id e n t  
S c i e n ce a nd Te c h nol ogy 
TRW I n c . 

Fr e de r i c  C .  H a m i l ton , Pr e s i d e n t  
Ham i l t o n  Br oth e r s  O i l  Comp any 

Joh n D .  H a un , Pr e s i de n t  
Ame r i c a n  As soc i a t i o n  o f  Petrol e um 

Geol og i s t s  
cjo Geol og y Depar tme n t  
C o l o r a d o  S chool o f  M i ne s 

De n i s  H aye s 
Ex e c ut i ve D ir e c tor 
Sol ar E n e r g y  Re s e a r c h  I n s t i t ute 

Ro ber t A .  He f ner I I I  
Ma n ag i ng Par t n e r  
G HK Comp a ny 



Rob e r t R .  He r r i ng 
Cha i rma n of the Board a nd 

Ch i e f  E x e cu t ive O f f i c e r  
Hou s to n  Na t ur a l  G a s  Corpora t i o n  

H .  D .  Hoopma n 
P re s i d e n t  a nd 

C h i e f  E x e c u t ive O f f i c e r  
Mara thon O i l  C ompa ny 

Ge orge F .  K i r by 
Cha i rma n  o f  the Boa r d  
Te x a s  E a s te rn T r a n sm i s s i on C o rp . 

F l oyd w .  Lew i s  
Cha i rma n and 

C h i e f  E xe c u t iv e  O f f i c e r  
M id d l e  S o u t h  Ut i l i t i e s ,  I nc . 

Paul w .  MacAvoy 
Th e M i l ton S t e i nb a ch Prof e s so r  of 

Organ i za t i o n  and Ma n ag eme n t  
a nd E conom i c s  

Th e Y a l e  S c hool o f  Org a n i z a t ion 
and Ma n ag eme n t  

Y a l e  Un ive rs i ty 

W .  C .  McCord 
Ch a i rma n and Pre s id e n t  
E n s e r ch Corpor a t i o n  

C a ry M .  Magu i r e , Pres i d e n t  
Mag u i re O i l  Company 
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C • E . Ma r s h , I I 
Pre s id e n t  
Ma l l a rd O i l  & G a s  Compa ny 

W .  F .  Ma r t i n  
Cha i rma n o f  the Board 
Ph i l l i p s  P e t r o l e um C omp a ny 

John G .  Ph i l l i p s  
Cha i rma n  o f  t h e  Board a n d  

C h i e f E x e c u t i v e  O f f i c e r  
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Rob e r t  E .  S eymo ur 
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E l v i s J .  S t ah r 
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Bake r & Bo t t s  
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S E C RE TARY 
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Consol id a t ion Coal Comp a ny 

Th oma s W .  S t oy , Jr . 
V i c e  Pr e s id e n t  
O i l  a nd G a s  D i v i s i o n  
U n i o n  O i l  Compa ny o f  Cal i for n i a  
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GEOLOG I CAL CONTOUR MAPS 
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M i ch ig a n B a s i n  
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Appal ach i a n  Ba s i n 

I l l i no i s  Bas i n  

Mich igan Bas i n  

GAS RESOURCE BAS I N  DATA BY S TATE 

Pag e 

D - 1  

D - 3  

D - 4  



Ken t u c ky 

Ma ry l a n d  

New Y o rk 

Oh i o  
D I 

Pen n s y l van i a  I-' 

Ten nes s ee 

V i rg i n i a  

Wes t V i rg i n  i a 

G rand Tot a l  

TAB L E  D-1  

Devon i a n  Sha l e  bv State 

B l ac k  Sh a l e  Gra_l' Sha l e  Tota l Sh a l e Re so urce 
Average Land Avera g e  L a n d  Average 

Th i c k n e s s  Area* Tota l T h i c knes s Area* Tot a l  Depth Tota l (Feet} ( Sg Mi} (TCF} ( Feet} (Sg M i ) ill_U (Fee t} ill_U 
200 1 2 , 8 29 43 1 34 1 2 , 829 5 1 , 885 48 

8 3  1 ,  087 1 3 , 6 6 1  1 ,  087 1 1  6 ,  1 2 0 1 2  

5 9 1 9 , 069 1 9  2 , 73 1  1 9 , 069 1 45 3 , 045 1 64 

1 5 7 2 1  , 892 58 1 , 442 2 1  , 89 2  8 8  2 , 500 1 46 

92 29 , 0 1 7  45 5 , 407 29 , 0 1 7  4 3 7  6 , 790 482 

48 2 , 3 3 8  2 3 0  2 , 3 3 8  0 . 2  1 .  3 9 5  2 

2 3 8  1 ' 9 1 5  8 1 , 867 1 ' 9 1 5  1 0  5 , 5 3 5  1 8  

1 2 8 2 2 , 984 49 3 , 2 5 2  2 2 , 984 209 6 , 275 2 58 

1 2 0 1 1 1 , 1 3 1  2 2 5  2 , 92 1  1 1 1 ,  1 3 1  905 4 , 485 1 '  1 3 0 

*Land area enc ompa s s e s  that porti on c ons i dered as h avi n g  Dev on i an Sh a l e  potenti a l , a nd does 
not neces s ar i l y  re pres ent the tota l area of t he s ta t e . 

Avera g e  (BC F / Sq Mi ) 
4 

1 2  

9 

7 

1 7  

9 

1 1  

1 0  



Ken t u c ky 

Ma ry l a n d  

New Y o r k  

Oh i o  
t:l 
I Pen nsy l v an i a  tv 

Ten n es s ee 

V i rg i n i a  

Wes t V i rg i n i a  

G ra n d  Tot a l  

TABLE D -2 

A p pa l ac h i a n  Bas i n  
Dev on i a n S h a l e Re s o urce As s e s sment S umma r i z ed bv Sta te 

Sam p l e Data 

B l a c k  S h a l e  Gra.l: Sha l e  Tota l S h a l e Re source 
Average La n d  Average Land Av era ge 

T h i c k n e s s  Area* Tota 1 T h i c k n e s s  Area* Tot a l  Depth Tota 1 (Feet) (Sq Mi )  ill£l {Feet) (Sg Mi) ill£l (Fee t) ill£l 
249 1 2 , 8 29 5 3  9 2  1 2 , 8 29 3 1 , 885 56 

9 1 9  1 , 087 1 7  2 , 8 2 5  1 , 08 7  8 6 .  1 2  0 25 

6 1 9  1 9 , 06 9  1 98 2 .  1 7 1 1 9 , 06 9  1 1 5 3 , 045 3 1 3  

426 2 1  , 892 1 5 6 1 .  1 73 2 1  , 8 92 7 2  2 , 5 0 0  2 2 8  

8 5 3  2 9 , 0 1 7  4 1 4 4 , 646 29 , 0 1 7  3 76 6 , 7 9 0  790 

78 2 , 3 3 8  3 0 2 , 3 38 0 1 .  3 9 5  3 

465 1 .  9 1 5  1 5  1 , 640 1 ,  9 1 5  9 5 .  5 3 5  2 4  

640 2 2 , 984 246 2 , 74 1  2 2 , 984 1 76 6 ,  27 5 422 

5 9 2  1 1 1 .  1 3 1  1 ,  1 0 2 2 , 45 0  1 1 1 .  1 3 1  759 4 , 48 5 1 , 86 1  

* Land area enc ompa s ses that port i on cons i dered as h a v i n g  De von i a n Sha l e  potenti a l , a nd does 
not nec e s s ar i l y  repr es€nt the tota l area of t he s tate . 

Average (BCF/ Sq Mi )  

4 

2 3  

1 6  

1 0  

2 7  

1 2  

1 2  

1 8  

1 7  



t::! 
I 

w 

TAB L E  D - 3  

I l l i n oi s Ba s i n 
Dev on i an Sha l e  Res ourc e A s s es sment S ummar i z ed by S tate 

T ota l Sha l e  Tota l Sh a l e  Res o urce 
Av era ge Land 

Th i c knes s Area* Tota l Average 
( Fe e t )  ( Sq Mi ) ( TC F )  ( BCF/Sq Mi ) 

I l l i no i s  2 1 3  7 , 484 28 4 

I nd i a na 1 4 1  1 1 , 59 7  28 2 

Ken t ucky 1 94 9 , 069 3 0 3 

G ran d  Tot a 1 1 77 28 , 1 5 0  86 3 

* Land area enc ompa s s es that port i on cons i de red as h av i n g  De v on i an  S h a l e  poten ti a l , a nd does 

not n ec es s ar i l y  repres e n t  the tota l area o f  t he s tate . 



I nd i an a  

M i ch i g an 

t:1 Oh i o  
I 

""" 

G rand To t a 1 

TAB L E  D-4 

Dev on i a n  Sh a l e S ummar i z ed bv State 

B l ac k  S ha l e  Gra,l Sha 1 e Tota l Sh a l e  Re source 
Average La nd Average Land Av era ge 

Th i c kn e s s  A rea* Tota l Th i c knes s Area* Tot a l  Depth Tota l (Feet) (Sg Mi} iiill {Feet) (Sg Mi} iiill (Feet) iiill 
9 2  8 1 9  1 1 0 1  8 1 9  0 . 2 6 75 1 

9 3  3 4 , 08 1  5 3  2 1 8  3 4 , 08 1  2 1  1 , 890 74 

1 07 5 00 1 67 500 0 . 1 600 1 

9 3  3 5 , 400 5 5  2 1 4  3 5 , 400 2 1  1 , 85 0  76 

*Land area enc ompa s s es that porti on cons i dered as h a v i n g  De voni an Sha l e  potenti a l , a nd does 
not neces s a r i l y  represent the tota l area o f  t he s ta t e . 

Ave ra ge ( BCF / Sq Mi )  

2 

2 

2 

2 
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Field Gas 
Compression and Suction 
Trunkline Facility Costs 



F I E L D  GAS COMPRES S I ON AN D 
S UCT I ON TRUNKL INE FACI L I TY COSTS 

I t  is  g e n e ra l ly the r e s po n s i b i l i ty o f  the prod u c e r  ope ra t i ng i n  
the Appal ach i a n  are a  t o  i n s t a l l  the prod uc t i o n  l i n e  f r om the we l l  
to the neare s t  po i n t  on the b uye r ' s  p i pe l i ne . The b u ye r i s  us u a l ly 
th e g a s  u t i l i ty wh i ch own s the gathe r i ng t r unkl i ne s  i n  the immed i 
a te v i c i n i ty .  Th e u t i l i ty ' s  trunk l i ne w i l l  b e  a re l a t i v e ly l ow
pre s s ure l i ne or s uc t io n  l i ne conne c t e d  to a c e n t r a l  c ompre s so r  
f a c i l i ty wh ere t h e  l ow-pre s s ur e  f i e ld g a s  i s  upg r ad e d  f o r  d e l i v e ry 
i n to the h i gh-pre s s ure tran smi s s ion s y s t em . 

The economi c  ana lys i s  pre sen ted i n  Chapte r s  F i ve a nd S ix o f  the 
t e x t  is b a s e d  on burde n i ng the produc e r  w i t h  the we l l  and f i e l d 
l i ne c o s t s  to the po i n t  o f  s a l e  a t  the b u ye r ' s l i n e . S i nc e  t h e  
u t i l i ty own s  a nd ope r a t e s  t h e  fa c i l i t i e s  d own s tr e am f rom t he s a l e s  
po i n t , i n c l ud i ng the s uc t ion t r unkl i ne s  a n d  c ompre s sor pl an t ,  the s e  
c os t s  we re n o t  i n c l ud ed . Howe ve r , i t  i s  r e c og n i z e d  t h a t  s uc t io n  
l i nes a nd c ompre s s ion are an i n creme n t a l  c o s t o f  pro d uc t i o n , r e 
g ard l e s s  o f  t h e  own e r s h i p ,  a n d  th i s  cos t mu s t  b e  eve n t ua l ly borne 
by the cons ume r . For th i s  rea son t h e s e  e s t i ma t e d  c o s t s  a re c o n
s id e red i n  the fo l low i ng s eparate an a ly s i s . S i n c e  Devon i a n  S h a l e  
i s  con s idered a n  unde rpre s s ured r e s e rvo i r ,  t h e  we l l s a r e  c hara c t e r
i s t i c al ly prod u c e d  i n to a l ow-pr e s s ur e  g a t h e r ing l i ne sys t em and 
would requ i re c ompre s s ion throughout the i r  pro d u c t ive l i f e . 

A s impl e c ompre s s ion a nd s uc t ion l i ne s y s t em c on f ig ur a t i o n  i s  
adeq u a t e  for the p urpo s e  o f  d e term i n i ng the un i t  cos t o n  a n  a f t e r
tax b a s i s .  The g e n e r a l i zed case a s s ume s a 1 , 0 0 0  MC F/D r a t e  f r om 5 0  
we l ls d r i l l ed i n  a 1 6 -s q u are mi l e  a re a , f eed i ng i n to two 4 -mi l e  
s egme n t s  o f  1 0 - i nch c ompr e s sor s uc t io n  l i n e s . The f i e l d  pre s s ure 
wou l d  be 2 5  pounds per s quare i nc h  g a ug e  ( ps ig )  and the g a s  wo u l d  
b e  c ompre s s ed to t r a n s mi s s i on pre s s ure o f  5 0 0  ps ig . The i nve s tme n t  
a n d  ope r a t i ng cos t s  a r e  g i v e n  be l ow . T h e  cos t fo r me a s ur eme n t  o f  
f i e ld p ur c ha s e s  a n d  ma i n te nance i s  not of s ig n i f i c a n t  mag n i t ud e  and 
can be ig nored . The cos t of f ue l  cons ump t ion to ope r a t e  the f a c i l 
i t i e s  wa s b a s ed on t h e  l ow and h igh range o f  f i e l d pr i c e s  ( $ 2 . 5 0 
and $ 9 . 0 0 per MMBt u ) . The e c onom i c  parame t e r s  b a s e d  o n  a n  e f fe c 
t i ve f e d e r a l  and s ta te i nc ome t a x  rate o f  4 8  pe r c e n t ,  1 0 perce n t  
i nve s tme n t  tax cred i t ,  a nd 3 0 -ye ar deprec i a b l e i nv e s tme n t ,  we re 
used to c omp u te the un i t  c o s t  at ROR ' s  of 1 0 ,  1 5 ,  and 2 0  perc e n t .  

Ass ump t ions : 

• Ave r age we l l  f l ow o f  2 0  MC F/D pe r we l l  

• Req u i r emen t s  for 1 MMC F/D d e l ive ry = 5 0  we l l s 

• Prod uc i ng area b a s ed o n  1 6 0 -a c re spac i ng for 5 0  we l l s + 
propo r t ional nond r i l l a b l e  area = 1 6  s q u a r e  mi l e s  

• S u c t ion l i ne i nve s tme n t  for two 4 -mi l e  s eg me n t s  o f  1 0 - i nc h  
l i ne s a t  $ 2 0  pe r foo t i n s t a l l ed = $ 8 4 5 , 0 0 0  

E - 1  



• Comp re s s i o n  hor se powe r ( hp )  ( 2 5 p s ig s u c t i o n  and 5 0 0  p s i 
d i sc h a rg e ) = 1 6 0  hp pe r MMC F/D 

• Compr e s s ion i nve s tme n t  ( 1 6 0  h p ) a t  $ 1 , 0 0 0  p e r  i n s t a l l ed hp 
= $ 1 6 0 , 0 0 0 

• Compr e s s ion O& M a n n u a l  e xpense l a t  $ 6 5 p e r  h p-y e a r  = 

$ 1 0 , 4 0 0  pe r ye a r  

• Compr e s s ion a n n u a l  f ue l  c o s t  a t  8 , 5 0 0  Btu per h p- h r  and 
( 1 )  f ue l  cost of $ 2 . 5 0 p e r  MMBt u  = $ 2 9 , 8 0 0  per ye a r  
( 2 )  f ue l  c o s t  o f  $ 9 . 0 0  pe r MM B t u  = $ 1 0 7 , 2 0 0  p e r  ye a r  

• He a t i ng v a l ue o f  g a s  based o n  1 , 1 0 0  B t u  = 1 c u b i c  f oo t  

Tab l e  E-1 g iv e s  the e s t ima ted u n i t  c o s t  for f i e l d  c ompr e s s ion 
and r e l a ted t r unkl i n e  s uc t io n  f a c i l i t i e s  comp u t e d  at the r e s pe c t i v e  
ROR I s .  

At t h e  RO R o f  1 0  p e r c e n t ,  th e $ 0 . 4 9 compre s s ion c o s t  i nc r e a s e s  
t h e  $ 2 . 5 0 p r i ce t o  $ 2 . 9 9 b y  a f a c to r  o f  1 . 2 .  Th i s  i s  not o u t  o f  
l i n e  wi th c ur r e n t  pr a c t i c e s  i n  the i nd u s t r i a l d r i l l i ng prog r ams 
c a l l e d  " s e l f- h e l p  g a s " i n  the Appa l a c h i an a re a . Th e i n d u s t r i a l  
concern i s  a s s e s s e d  a h a nd l i ng charge pe r MC F by t h e  u t i l i ty ,  wh i ch 
i s  e q u i v a l e n t  to a bo u t  2 0  p e r c e n t  o f  the f i e l d p r i c e , t o  t r a n s po r t  
t h e  gas f r om the po i n t  wh ere i t  e n t e r s  the u t i l i t y ' s  f i e ld l i ne . 

TABLE E - 1  

( Co n s t a n t  1 9 7 9  Do l l ar s ) 

Comp r e s s ion Tr unk l i n e  ( S u c t i o n ) To t a l  
R a t e  o f  R e t u r n  ( $  p e r  MMB t u ) ( $ p e r  MMB t u ) ( $  p e r  

t 

1 0 %  0 . 1 6 to 0 . 3 5 0 . 3 3 0 . 4 9 

1 5 %  0 . 1 9  to 0 . 3 9 0 . 5 0 0 . 6 9  

2 0 %  0 . 2 3 t o  0 . 4 2 0 . 6 8 0 . 9 1 

* Ba s ed o n  $ 2 . 5 0  pe r MM Btu f ue l  c o s t  for c ompre s s ion . 
t Ba s e d  o n  $ 9 . 0 0  p e r  MMB t u  f ue l  c o s t  f o r  c ompr e s s i o n . 

l compr e s s i o n  O& M e xpe n s e  b a s ed o n  3 2  f i e ld c ompr e s s i o n  
s ta t ions ' a c t u a l  c o s t s  i n  1 9 7 9  dol l a r s . 

E -2 
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F O R  THE 

Nor thern Pe n n syl van i a  

Souther n Pe n n syl van i a  
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Southern We s t  Virg i n i a  
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AREA DATA BY COUNTY 
AP PALACH IAN BAS I N  
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F - 7  
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County Shale Crop 
Name Area Lands Pasture 

Ashland 418 N/A N/A 
Ashtabula 706 N/A N/A 
Athens 504 N/A N/A 
Belmont 535 N/A N/A 
Carroll 388 N/A N/A 
Columbiana 535 N/A N/A 
Coshocton 545 N/A N/A 
Crawford 270 N/A N/A 
Cuyahoga 456 N/A N/A 
Delaware 220 N/A N/A 
Erie 87 N/A N/A 
Fairfield 505 N/A N/A 
Frank l in 268 N/A N/A 
Ga l l ia 471 N/A N/A 
Geauga 407 N/A N/A 
Guernsey 519 N/A N/A 
Harrison 403 N/A N/A 
Hocking 420 N/A N/A 
Holmes 423 N/A N/A 
Huron 397 N/A N/A 
Jackson 420 N/A N/A 
Jefferson 411 N/A N/A 
Knox 523 N/A N/A 
Lake 232 N/A N/A 
Lawrence 456 N/A N/A 
L icking 686 N/A N/A 
La ra i n  495 N/A N/A 
l-1ahoning 419 N/A N/A 
Med ina 424 N/A N/A 
Meigs 434 N/A N/A 
Monroe 455 N/A N/A 
Morgan 417 N/A N/A 
Morrow 390 N/A N/A 

Muskingum 663 N/A N/A 
Noble 399 N/A N/A 
Perry 409 N/A N/A 
Pickaway 183 N/A N/A 
Pike 280 N/A N/A 
Portage 504 N/A N/A 
Richl and 497 N/A N/A 
Ross  353  N/A N/A 
S c ioto 609 N/A N/A 
Stark 573 N/A N/A 
Summit 4 1 3  N/A N/A 
TrumbUll 620 N/A N/A 
Tuscarawas 551 N/A N/A 
Vinton 411  N/A N/A 
Wash ington 637 N/A N/A 
Wayne ---ill_ N/A N/A 

Total 21 ' 892 

l/ Natural ba r r i ers consist o f  urban areas, 

TABLE F - 1  
Oh i o  

E s t i mate o f  Dr i l l a b l e  Areas by County 
(Area i n  Square Mi l es} 

Total Less Less Rural 
Natura J.!/ Rural S torage Less State Highways 

Fore s t  B a r r i e rs Area Fields Parks (inc l .  w/other) 

N/A 63 355 -25 0 
N/A 106 600 0 -8 
N/A 76 428 0 0 
N/A 107 428 0 -2 
N/A 58 330 0 0 
N/A 80 455 -7 -4 
N/A 82 463 0 0 
N/A 27 243 0 0 
N/A 410 46 0 0 
N/A 33 187 0 0 
N/A 9 78 0 0 
N/A 76 429 0 -5 
N/A 134 134 0 0 
N/A 71 400 0 0 
N/A 102 305 0 0 
N/A 78 441 0 -32 
N/A 81 322 0 0 
N/A 63 357 - 1 0  - 5  
N/A 63 360 -10 -2 
N/A 40  357  0 0 
N/A 63 357 0 0 
N/A 62 349 0 -2 
N/A 78 445 -5 0 
N/A 46 186 0 0 
N/A 68 388 0 0 
N/A 103 583 0 0 
N/A 124 371  -10  0 
N/A 84 335 0 0 
N/A 64 360 - 10 -2 
N/A 65 369 0 -2 
N/A 91 364 0 0 
N/A 63 354 0 -5 
N/A 58 332 0 0 
N/A 99 564 -6 - 1 1  
N/A 60 339 0 -2 
N/A 61  348 0 0 
N/A 2 7  156 0 0 
N/A 42 238 -5 -2 
N/A 1 0 1  403 0 -2 
N/A 75 422 0 0 
N/A 53  300 0 - 1  
N/A 91 5 1 8  0 -2  
N/A 115  458  - 3 0  -4 
N/A 165 248 -25 - 1 3  
N/A 155 465 0 -19 
N/A 83 468 0 0 
N/A 62 349 -4 -2 
N/A 96 541 0 0 
N/A 83 _l&!L__ -23 0 

1 7 , 796 (81%) 

l akes , s wamp a reas , government non-leaseable lands .  

Sha l e  
Producing 

Areas 

0 
-71 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

-16 
-32 

-7 
0 
0 
0 

- 13 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Less II 
Others 
_!tL 

- 14 
-24 
- 17 
- 1 7  
- 13 
- 18 
- 19 
- 10 

-2 
- 7  
-3 

-17  
-5 

-16  
-12 
-18 
- 13 
- 14 
- 14 
-14 
-14 
- 1 4  
-18  

- 7  
-16  
-23 
-15 
-13 
- 14 
- 1 5  
- 1 5  
-1 4  
- 1 3  

-23  
- 14 
-14 

-6 
-10 
-16 
-17  
- 12 
- 2 1  
- 1 8  
- 1 0  
- 19 
-19 
-14 
-22  
- 1 9  

Potential 
Lease 
Lands 

316 
497 
411  
409 
317 
426 
444 
233 
44 

180 
75 

407 
129 
384 
293 
391 
309 
328 
334 
343 
343 
333 
422 
163 
340 
553 
346 
322 
334 
339 
349 
335 
319 
524 
323 
334 
150 
221 
385 
405 
287 
495 
406 
200 
427 
449 
329 
519 

_il.2L 
16 ,648 76% 

2! Other - R /W rural highways ,  railroads ,  waterways , a irpor t s ,  golf courses , etc .  which assumes that 4% o f  total rural area is not potent ial leas bl 1 d 3; Leaseable properties assume that 15% of potentia l  lease lands cannot be leased because of l and-owner refusa l, etc.  (based on actual experience ) �a e an s . 

;_; Drillable areas as sume tha� 25% of leaseab l e proper t ie s  cannot be drilled due to bad t it les , landowner problems , lack of right of way access , includ in lO% operated leaseholds comrn1.tted by investors to other dri l l ing programs. g 

Leaseable ]J Drillable Y 
Properties Areas 

(85/.xPotentia l) _(25/.xLeaseab le) 

269 201 48% 
422 317 45% 
349 262 52% 
348 261 49% 
269 202 52% 
362 272 51% 
377 283 52% 
198 149 55% 

37 28 6% 
153 115 52% 

64 48 55% 
346 259 51% 
110  82 31% 
326 245 52% 
249 187 46% 
332 249 48% 
263 197  49% 
279 209 50% 
284 213 50% 
292 219 55% 
292 219 52% 
283 2 1 2  52% 
359 269 5 1% 
139 104 45% 
289 2 1 7  48% 
470 353 51% 
294 221 45% 
274 205 49% 
284 213 50% 
288 216 50% 
297 222 49% 
285 214 51% 
2 7 1  203 52% 
445 334 50% 
275 206 52% 
284 213 52% 
128 96 52% 
188 141 SO% 
327 245 49% 
344 258 52% 
244 183 52% 
421 316 52% 
345 259 45% 
170 128 31% 
363 272 44% 
382 286 52% 
280 2 1 0  5 1 %  
441 331  52% 
362 --11L 49% 

1 0 , 616 48% 

'Jj I 
f--1 



TABLE F-2  

Northern Pennsy l va n i a  
Es t i mate of Dri l l a b l e  Area s  b 

Area i n  Square Mi l es 

Less Less State�/ 3 ' Less!!:/ Potential Shale-
County Shale Crop Tota l Ru r a l_!_/ Storage Parks , Rural Producing Other Lease  
� Area Lands Pasture Forest Urban Area Fields H ighway_s Areas _2L Lands 

Brad ford 1 , 148 347 135 537 129 1 , 01 9  0 -53  None - 3 1  9 3 5  
Cameron 401 2 l 388 10 391  -16 -44 None - 1 2  3 1 9  
Carbon 8 8 None 8 
Centre 558 82 12 414 50 508 0 -28 None -15 465 
C larion 597 98 23 423 53 544 -5 - 34 None -16  489 
C learfield 1 , 139 67  17 950 lOS 1 , 034 -2 -35 None - 31 966 
C l inton 629 35 6 568 20 609 -69 -39  None -18  483 
Columbia 97 33 3 49 12 85 0 -8 None -3 74 
Crawford 1 , 012 343 93 466 1 1 0 902 0 -76 None -27 799 
Elk 807 27 2 737 4 1  766 -50 -15 None -23 678 
Erie 8D 223  64 297 229 584 -3 - 39 None - 1 8  524 
Forest 419 8 3 394 15 404 -3 - 22 None -12  367  
Jefferson 652 90 16 458 88 564 -6 -36 None -17  505  
Lackawanna 295 33  10 177 75 220 0 - 1 3  None -7 200 
Luzerne 177 20 5 1 19 33 144 0 - 1 1  None -4 129 
Lycoming 730 86 1 3  5 6 1  70 660 0 -23 None -20 617 
McKean 992 33 16 903 41 951 -8 -17  None -29  897 
Mercer 670 200 60 212 197  473  -4  - 25 None -14 430 
Monroe 428 31 6 292 99  329 0 -24 None - 1 0  2 9 5  
Pike 542 9 3 476 53 489 0 - 25 None -15 449 
Potter 1 , 092 74 15 966 36 1 , 056 - 1 04 -24 None -32 896 
S u l l ivan 478 25 16 404 33 445 0 -32 None - 1 3  400 
Susquehanna 833 177 1 19 442 95 738 0 -29 None -22 687 
T ioga 1 , 146 200 1 1 7  7 2 9  104 1 , 042 -52 -31 None -3 1  928 
Venango 678 58 15 552 53 625 0 - 24 None - 19 5 8 2  
Warren 905 54 46 753 52 853 -3 -24 None -26 800 
Wayne 741 107 lOS 432 97 644 0 -27 None - 1 9  5 9 8  
Wyoming _l21!_ 83 38 231  46 _ill 0 -12  None -1 1  ____ill_ 
Total 18 . 385 16 ,439(89%) 14 , 849(8 1%) 

l/ Total rural area includes crop land s ,  pasture and fores t ,  s tate game lands and state forest lands and national forest parks. 
11 State Park areas include native parks , h is torical proper t ies , but are excl u s ive of state forest lands ,  state game lands and national forest parks. 
lf Producing shale areas which are not subject  to in fill  dril l ing. 
�/ Other - R/W railroads , waterways ,  airport s ,  golf course s ,  etc .  which assumes that 3% of total rural area is not potential leaseable land s.  

Leaseabld/ 
Properties 

(85/'.xPotent ia l) 

795' 
2 7 l  

7 
395 
416 
821 
4 1 1  

6 3  
679  
576  
445 
3 1 2  
429 
170  
110  
524 
762 
366 
251 
382 
762 
340 
584 
789 
4 95 
680 
508 
280 

11 Leaseable  properties assume that 15% of poten t ial lease lands cannot be leased because of land owner refusal , coal mining problems (based on actual experience) . 
§_/ D r i l l ab l e areas a s s ume that 20% of l ea s eab l e  p ropert i es cannot be d r i l l ed due to bad t i t l es ,  l an d  owner p ro b l ems , l ack of r i g h t  of way acces s ,  i nc l u d i ng 5% 

operated l eas eho l d s  comm i tted by i nves tors to o t h e r  d r i l l i ng p rog rams . 

Data source: Penns yl vania Department of Commerce : County Indus t rial Report Series by Bureau of S ta t is t ics . 

Dril lable AreaY 
(80/'.xLeaseable) 

636 55% 
217 54% 

5 68'1. 
316 57% 
333 56% 
657 58% 
3 28 52% 

so 52% 
543 547. 
461 57% 
356 44% 
250 60% 
343 537. 
136 46% 

88 507. 
420 57% 
6 1 0  6 1% 
292 44% 
201 47% 
305 56% 
609 56% 
272 57% 
467 56% 
6 3 1  55% 
396 58% 
544 60% 
407 55% 

__lli 56% 

1 0 , 097 55% 

>%j I N 



TABLE F - 3  
Southern Pennsy l v a n i a  

E s t imate of Dri l l a b l e  Areas b 
Area in Square M i l e s  

Total. .!/ Less Less S tate �/ Shale]_/ Less !!:_! Potential 
County Sha I e Crop Rural Storage Parks , Rural Produc ing Other Lease 
� Area Lands Pasture Forest Urban Areas Fields Highways Areas 2L Lands 

A l legheny 728 42 20 135 540 188 - 13 -30 0 -6 139 
Armstrong 658 143 40 343 125  533  - 15 -32 0 -16  470  
Beaver 440 75 29 2 1 0  126 314 -5  -34 0 -9 266 
Butler 794 211 29  409  144 650 - 1 -60 0 -20 569 
Camb r i a  695 120 12 445 1 1 8  577 - 1 1  -36 0 -17 513 
Fayet t e  802 132 37 501 1 3 2  670 -0 -81  0 -20  569 
Gre.,ene 578 5 1  8 8  2 3 1  207 3 7 1  -29 -22 0 - 1 1  309 
Indiana 825 206 42  447 1 30 695 - 1 7  -40 0 -21 617 
Somerset 1 , 085 199 66 693 120 965 -0 -92 0 -29 844 
Washington 857 203 200 300 154 703 - 7 -53 0 -21 622 
Westmoreland 1 , 024 178 58 4RR 300 724 - 58 -66 0 -22 578 
Lawrence 367 107 37 145 78 289 -0 -22 0 -9 258 
Bed fo rd I , 0 1 8  1 87 7 1 660 1 00 9 1 8  - 0  -39 0 - 28 85 1 
B l a i r  530 99 1 2  348 7 1 45t �o - 1 5 0 - 1 4  430 
Hun t i ngdon _3ll_ 34 8 ' 1 72 1 7  2 1  - 0  - 5 0 - .6 203 

--- --

To t a l  1 0 , 632 8' 270 (78"/o) 7 , 238 (68%) 

!/ Total rural area i ncludes crop Lands ,  pasture and fores t ,  s tate game lands and s t ate forest lands and national forest parks. 
!:_! State Park areas include native parks , historical propert ies, but are exclusive of s ta t e  forest land s ,  s tate game lands and national forest parks. :Jj Producing shale areas which are not subject to in f i l l  drill ing. 
�/ Other - R/W railroads ,  waterways , airports , gol f  courses , etc.  which . assumes tha t 3% of total rural area is not potential leaseable lands. 

Leaseable 2/ 

Properties 
(851'.xPotential) 

ll8 
400 
226 
484 
436 
484 
263 
524 
7 1 7  
529 
491 
219 
723 
366 
1 73 

5/ Leaseable propert ies assume that 15% of potential lease lands cannot be leased because of land owner refusal , coal mining problems (based on actual experience) . 
it D r i l l ab l e  areas a s s ume that 20% of J easeab l e  p rope rt i es cannot be d r i l l ed due to bad t i t l es ,  l and owner p rob l ems , l ack of r i gh t  of way acces s , i nc l ud i ng 5% 

operated l easeh o l ds comm i tted by i nvestors to o t h e r  d r i l l i n g. p rog rams . 

Data Source :  Pennsylvania Department of Commerce : County Indus trial Report Series by  Bureau of S tatistics.  

Drillable §_/ 
Areas 

(80'7.xLeaseable) 

95 13% 
320 49% 
181 41% 
387 49% 
349 50% 
387 48% 
210 36% 
420 51% 
574 53% 
423 497. 
393 38% 
175 48% 579 57% 
292 55% 
1 38 60% 

4, 923 ( 46� 

� I w 



County S ha l e  Crop 
� Area Lands Pasture Forest 

Maryland : 
Garrett 659 N/A N/A N/A 
A l l egany 428 N/A N/A N/A 
Tota l I .G87 
No r th e rn Wes t  V.i rg i n i a : 
Braxton 5 1 7  N/A N/A N/A 
Brooke 88 N/A N/A N/A 
Calhoun 281  N/A N/A N /A 
Doddridge 319  N/A N/A N /A 
Gilmer 339 N/A N/A N/A 
Hancock 83 N/A N/A N/A 
Harrison 418 N/A N/A N/A 
Jackson 461 N/A N/A N/A 
Lewis 392 N/A N/A N/A 
Marion 3 1 1  N/A N/A N /A 
Hunha l l  304 N/A N/A N /A 
Mason 433 N lA N/A N/A 
Mononga 1 i a 365 N/A N/A N/A 
Oh io 106 N/A N/A N/A 
Pleasan t s  129 N/A N/A N/A 
Pocohant as  849 N/A N/A N/A 
Preston 645 N/A N/A N/A 
Randolph 1 , 036 N/A N/A N /A 
Ritchie 452 N 1A N/A N/A 
Roane 486 N /A N/A N/A 
Taylor 174 N/A N/A N/A 
Tucker 421 N/A N/A N/A 
Tyler 256 N/A N/A N/A 
Upshu r 352 N/A N/A N/A 
Webster 551 N/A N/A N /A 
Wetze l 363 N/A N/A N/A 
W irt 235 N/A N/A N /A 
Wood 368 N/A N/A N/A 
Barbou r 34 1 N/A N/A N/A 
G rant 478 N/A N/A N/A 
Ha rdy 585 N/A N/A N/A 
Hampsh i re 639 N/A N/A N/A 
M i ne r a l  3 3 0  N/A N/A N/A 
Morgan 80 N/A N/A N/A 
Pend I e ton � N/A N/A N/A 

W . V . Tot a l  1 3 , 882 

I I U rban a reas cons i s t  o f  met ro a reas and ru ra 1 2; Assumes d r i l l i ng i n  n a t i ona l fores t a reas · 

Urban 1) 
(Es t imated) 

37 
24 

22 
18 
12 
10 
18 
25 
36 
19 
26 
27 
20 
18 
32  
30  

7 
24 
26 
24 
20 
1 9  

8 
q 

l l  
1 5  
1 0  
1 8  

8 
39 
1 7 
60 
95 

1 09 
47 

8 
99 

towns . 

Total  
Ru ra l 
Area 

622 
404 

1 . 026 

495 
70 

269 
309 
321 

58 
382 
442 
366 
284 
284 
4 1 5  
333 

76 
122 
825 
6 1 9  

l , 012 
432 
467 
166 
412 
245 
337 
541  
345 
227 
329 

f4 
1 8  

490 
530 
283  

72  
596 

TABLE F-4 

Maryl and a nd Northern West V i rg i n i a  
Esti mate of Dr i l l ab l e  Areas by County 

(Area i n  Square M i l es ) 

Less 
S t orage 
Field s 

- 1 0  
0 

0 
0 
0 
0 

- 1 
0 

- 7 3  
-2  

- 1 9  
- 5 
- 2  
0 
0 
0 
0 
0 
0 
0 

- 1 3  
-5  
0 
0 
0 
0 
0 

-6  
0 
0 
0 
0 
0 
0 
0 
0 
0 

Less ll 
State Parks 

Lakes 
State Fores ts 

0 
0 

-a 
0 
0 

- 5 
-2  
-1  

0 
-4 
- 2  

0 
0 

-3 
0 
0 

-2 
-20 
-15  

-2  
0 

-5 
- 14 

0 
- 1  

-13 
0 
0 
0 

- I  
- 2  
- I  

0 
0 

-5 
-2  

Less  Rura t 
H i ghways 

(inc l .  w/other) 

1 2 , 84 2 (93%) 

3/ Cu r rent s ha l e  p roduc i ng a reas not exc l uded because of pass i b l e  d r i  1 1  i ng i n  l owe r i n terva l . 

Sha l eJ/ Less '!_/ Poten t ial 
Produc ing Other Lease 

Areas __17,_ Lands 

0 ·· 19  593 
0 - 1 2 ....l.9L 

985 

0 - 15 475 
0 -2  68 
0 -8 261 0 - 9  300 0 - 10 305 0 -2 54 0 - l l  2 97 0 - 1 3  427 0 - l l  332 0 -9 268 0 -9 273 0 - 1 2  403 0 - 1 0  320 0 - 2  74 0 -4 118  0 -25 798 0 - 19 580  0 -30 967 0 - 1 3  404 0 - 14 448 
0 -5  156  
0 -12  386  
0 -7  238 
0 - 1 0  326 
0 -16  5 1 2  
0 - 1 0  3 2 9  
0 -7 220 
0 - 10 319 
0 - 1 0  3 1 3  
0 -13 403 
0 -15 474 
0 -16 514 
0 

- 8 275 0 - 2 65 0 
-18 � 

12 , 2 7 8 ( 88%) 

4/ Other - R/W ru ra l h i ghways ,  ra i I roads , wate rways , a i rpor ts , go l f  cou rs es ,  e tc .  wh i c h  as sumes that 3% of tota l ru r a l  a rea is n o t  potent i a l  l ea s eab l e  l ands 5! Leas eab l e prope rt i es assume that 1 5% of poten t i a l l ease l ands c anno t  be l eased . f; D r i l l ab l e  a reas assume that  1 5% of l easeab l e  p rope rt i es cannot be  d r i l l ed (co l . 5 & 6 basea on actua l expe r i ence) . 

Leaseable 'Jj 
Propert ies 

( 85?.xPoten t  ia l) 

504 
3 3 3  

404 
58  

222  
255 
259 
46 

252 
363 
282 
228 
232 
343 
272 

63 
100 
678 
493 
822 
34 3 
381 
133 
328 
202 
277 
435 
280 
187 
271  
21)6 343 
40 3 
437 
234 

55 
490 

Dril labl e §./ 

Areas 
(85?.xLeaseable) 

428 65% 
_Wl._ 66% 

7 1 1  (65%) 

343 66% 
49 56% 

189 6 7% 
2 1 7  68% 
220 65% 

39 47% 
2 1 5  51% 
309 67% 
240 6 1% 
194 62% 
197 65% 
291 67% 
231 63% 

54 SO% 
85 66% 

577 68% 
419 65% 
699 6 7% 
292 65% 
324 6 7% 
ll3  6 5% 
279 66·1. 
172 67% 
236 67% 
370 67% 
238 65% 
159 68% 
230 63% 

226 66% 
291 61% 342 59% 371 58% 
199 60% 

47 59% 
_ill 60% 

8 , 8 7 3  ( 64% ) 

':tj I -t>-



TAB L E  F - 5  

So uth ern Wes t  V i rg i n i a  
E s t i mate o f  Dri l l a b l e Area s by County 

( Ar ea i n  Square M i l es) 

L e s s!:./ 
S t a te 

1 I To ta l Les s Pa rks & 
County Sh a l e  U rban- Ru ra 1 S to ra g e  S ta t e  

Name A rea (Es t i ma t ed) A rea F i e l d s Fo res ts  

Boone 5 0 1  28 473 0 - 2 
C a b e l l 279 35 244 0 - 20 
C l ay 343 1 9  3 24 0 - 2 
Fayet te 663 5 2  6 1 1 0 - 26 
G reen b r i e r  1 ' 026 20 l ' 006 0 - 2 5  
K a n awh a 907 60 847 - 7 1 - 39 
L i nco l n  438 22 4 1 6  0 - 2 
Logan 456 42 4 1 4  0 - 7 
Mc Dowe l l  5 3 3  46 487 0 - 1 4  
Me rce r  3 34 28 306 0 - 1 4  
M i ngo 423 2 1  402 0 - 2 
Mon roe 237  2 1  2 1 6  0 - l 
N i cho l as 642 27 6 1 5 0 - 1 5 
Pu t n am 348 1 8  3 30 - 20 - 1 5  
Ra l e i gh 605 5 3  5 5 2  0 - 4 
Summe rs 350  1 4  3 3 6  0 - 3 2 
Wayne 5 1 3  2 3 490 0 - 1 8  
Wyom i ng � 29 � 0 - 42 

To ta l 9 ,  l 0 2  8 , 544 (94%) 

l !  U rban a reas cons i s t  of met ro a reas a n d  ru ra l town s . 
2/ As sumes d r i l l i ng i n  na t i on a l fo res t a reas . 31  Sha l e  p roduc i n g a rea i n c l u d es p rotec t i ve ac reage . 

3/ Sh a l e-
4/ 

Les s- Po ten t i a  1 
P roduc i ng Othe r L e a s e  

A rea (3"/o) L a n d s  

- 74 - 1 4  3 83 
- 1 74 - 7 43 

0 - 1 0  3 1 2  
- 2 - 1 8  565  

0 - 3 0  95 1 
0 - 25 7 1 2  

- 3 33  - 1 2  69 
- 79 - 1 2  3 1 6  

0 - 1 5  458 
0 - 9 28 3 

- 1 70 - 1 2  2 1 8  
0 - 6 209 
0 - 1 8  58 2  

- 87 - 1 0  1 98 
0 - 1 7 5 3 1 
0 - 1 0 294 

- 3 1 7  - 1 5  1 40 
0 - 1 4  __!±_!_� 

6 , 68 3 (74%) 

5 1  
L eas eab 1 e-- D r i  1 l a b l e�/ 

P rope r t i es A reas 
(85% X Pot . ) (8 �% X Lea s ���� 

3 26 277 55% 
37  3 1  1 1 % 

265 2 25 66% 
480 408 6 2% 
808 687 67% 
605  5 1 4  57% 

59  5 0  1 1 % 
269 2 2 8  5 0 %  
389 3 3 1 6 2% 
24 1 204 6 1 % 
1 85 1 58 3 7% 
1 78  1 5 1  64% 
495 42 1 66% 
1 68 1 43 4 1 % 
45 1 384 63% 
2 5 0  2 1 2  6 1 % 
1 1 9 l 0 1  20% 
3 5 6  ____lQl 60% 

4 , 828 ( 5 3%) 

4; O t h e r - R/W ra i l roads , wa te rways , a i rpo r ts , go l f  cou r s e s , e tc . , wh i ch wou l d  not be con s i d e red poten t i a l  l eas eab l e  l a nds . 5! L.eas ea b l e  p rope r t i es a s s ume t h a t  1 5% of poten t i a l  l ea s e  l a n d s  c a n n o t  be l ea s ed bec a u s e  o f  l an down e r  r e f u s a l ,  coa l m i n i ng 
p rob l ems ( based on a c t u a l expe r i ence) . 

6! D r i l t ab l e  a reas a s s ume t h a t 1 5% of l ea s e a b l e  p rope r t i es cannot be d r i l l ed d u e  to bad t i t l e ,  l andown e r  p ro b l ems , l ac k  of 
r i gh t  of  wa y acces s . 

"':1 I lJ1 



TAB L E  F - 6  

Tennes s ee a n d  V i r g i n i a  
E s t i m ate o f  D r i l l ab l e  Areas b� Cou n ty 

(Area i n  Sq ua re Mi l es )  

2/ 
Les s-
S ta t e  31 4/ 

1 I Tot a l Pa rks & S h a l e  L e s s- Po ten t i a l  L ea s eab l e-
Cou n ty S ha l e  U rbarr Ru ra 1 S t a te P roduc i n g O t h e r  Lea s e  P rope rt i es 

Name A re a  (Es t i ma ted) A rea Fo res t s  A re a  __m)_ L a n d s  _(8_5% _L_Pgt . ) --- -----

V i rg i n i a :  
A l l eghany 89 4 85 - 1  0 - 3 8 1  69 
B a t h  1 08 6 1 02 - 2  0 - 3 97 82 
Buch a n a n  508 1 0  498 - 3  - 1  - 1 5  479 407 
D i ckenson 3 3 2  1 4  3 1 8  - 5  0 - 1 0  3 0 3  2 5 8  
H i gh l a n d  83  6 77  - 1  0 - 2 74 6 3  
Lee 2 1 9  1 0  209 - 2  0 - 6 20 1 1 7 1 
Rus s e l l 48 1 47 - 1 0 - 1 45 38 
Ta zewe 1 1  1 57 2 1 5 5 - 2  0 - 5 1 48 1 26 
W i s e  _ill 1 0  __l§J. - 5 0 - 1 1 _ill 293 

To ta l l , 9 1 5  1 ' 85 2  (97%) l ' 773 (93%) 

Ten n es s e e : 
Campbe l l  3 38 (As s umed t h a t  5 6% of the  S ha l e  a rea i s  the  d r i l l ab l e  a rea ) 
C l a i bo rn e  89 I I  

Fen t re s s  498 I I  

Mo rgan 270 I I  

Ove rton 44 1 I I  

P i cket t 1 58  I I  

Sco t t  544 I I  

Tota l 2 , 3 38 

1 /  U rban a rea con s i s t  of me t ro a reas  and  ru ra l town s . 
2! A s s umes d r i l l i ng i n  n a t i on a l  fores t a reas . 

I I  

I I  

I I  

I I  

I I  

I I  

D r  i 1 1 a b  1 e.2/ 

A reas  
(85% X Lea s e a b l e } 

59 66% 
7 0 65% 

346 68% 
2 1 9  66% 

5 3  64% 
1 45 66% 

3 2 67% 
1 07 68% 

� 67% 

1 ' 280 (67%) 

1 89 
50 

279 
1 5 1 
247 

88 
_lQ2 
1 '  3 09 (5 6%) 

31 O t h e r - R/W ra i l road s , wa t e rways , a i rpo r t s , go l f  cou r s e s , e tc . , wh i ch wou l d  not  be con s i d e red poten t i a l  l ea s a b l e  l a n d s . 
51 Le�eab l e  p rope r t i es a s s ume t h a t 1 5% of poten t i a l  l ea s e  l an d s  c a n n o t  be l ea s ed bec a u s e  of l an downe r  refu s a l , coa l 

m i n i n g p rob l ems . 21 D r i l l a� l e  a reas  as sume t h a t  1 5% of l ea s ea b l e  p rope r t i es cann ot be d r i l l ed due to b a d  t i t l e ,  l a ndown e r  p rob l ems l ack of r 1 gh t  of  way acces s . 
' 

t'%j I 
"" 



TABLE F - 7  

New York 
Est ima te of Dri l l a b l e  Area s  bt Countt 

(Area i n  Square Mi l e s) 
L e s s  

To t a l L e s s  S t a t e 2/ Po t e n t i a  1 Lea s ea b  1 e .V  D r i  l l a b l �/ L e s s-
Coun ty S h a l e  U r b an-l-1 Ru r a  1 S to r a g e  Pa r k s  O t h e r  L e a s e  P r op e r t i es A re a s  

Name A r e a  (E s t i ma t e d) A r e a  F i e l d s � (3%) L a n d s  (85% X Po t . ) �% X L e a s ea b l e l 
A l bany 263 29 2 34 0 - 6 - 7 22 1  1 88 1 60 6 1 %  
A l l egany 1 , 047 44 1 , 003 - 2 0 -30 9 7 1 82 5 702 67% 
B roome 7 1 4  60 654 0 - 3 -20 631 536 456 64% 
C a t t a ra u g u s  1 , 3 1 8  45 1 , 2 7 3  - 1 6  -96 - 38 1 ' 1 2 3 955 81 1 62% 
C ayuga 4 1 9  40 379 0 - 3 - 1 1 36 5 31 0 264 63% 
C h a u t a u q u a  1 , 08 1 66 1 , 0 1 5  0 - 1 -30 984 836 7 1 1 66% 
C h emung 4 1 5 24 391 0 - 1 -1 2 378 321 273  66% 
C h e n a n g o  903 4 1  862 0 - 1 -26 835 7 1 0 603 67% 
C o r t l a n d  502 30 472 0 0 -1 4 458 389 331 66% 
De l awa r e  1 , 443 59 1 , 384 0 0 -41  1 ' 343  1 ' 1 42 9 70 67% 
E r i e  899 1 43 756  0 - 4 -23  729 620 527 59% 
G enesee 276 26 2 50 0 - 3 - 8 239 203 1 73 63% 
G reene 588 44 544 0 0 - 1 6 528 449 38 1 65% 
H e r k i me r  287 1 2  275  0 0 - 8 267 227 1 9 3  6 7% 
L i v i  n_gs ton 606 50 556 0 - 1 1  - 1 7  528 449 381 63% 
Mad i son 1 98 25 1 73 0 - 1 - 5 1 6 7  1 42 1 2 1 6 1 %  
Mon roe 1 4  2 1 2  0 0 - 0 1 2  1 0  9 62% 
O n e i d a 1 22 1 3  1 09 0 - 4 - 3 1 02 87 74 60% 
O n ondaga 397 45 352 0 - 3 -1 1 338 287 244 62% 
On t a r i o  5 5 3  40 51 3 0 - 1 - 1 5  497 422 359 65% 
O r a nge 42 5 37 0 0 - 1 36 31 26 62% 
O t s ego 1 ' 0 1 3  50  963 0 0 -29 9 34 794 675  67%  
S c hoha r i e  530 36  494 0 0 -1 5 479 40 7 346 65% 
Schuy l e r 3 3 0  2 6  304 - 6 - 1 - 9 288 245 208 63% 
S en ec a  250 24 226 0 - 3 - 7 2 1 6 1 84 1 56 62% 
S t euben 1 , 4 1 0  66 1 , 344 -57 - 1 -40 1 , 246 1 , 059 900 64% 
S u l l i va n  93 1 76 855 0 0 -26 829 70 5 599 64% 
T i oga 524 27 497 0 0 -1 5 482 4 1 0  348 66% 
Tompk i n s 482 3 2  450 0 - 4 - 1 4 432 36 7 31 2 65% 
U l s t e r  57 1 59 5 1 2  0 0 -1 5 49 7 422 359 63% 
Wyom i n g  598 42 556 0 - 1 2  -1 7 527 448 381 64% 
Ya tes � 2 1  332 6 - 1 - 1 0  30 5 2 59 220 64% 
To t a l  1 9 , 069 1 7 , 767 ( 9 3% )  1 6 ,987 ( 89% ) 1 2 , 2 73 ( 64% ) 

l /  U r b a n  a re a s  c on s i s t s of me t ro a re a s  a n d  ru ra l town s . 
2; O t h e r - R/W r a i l ro a d s , wa t e rways , a i r p o r t s , go l f  c ou r s e s , e t c . , wh i c h wou l d  n o t  b e  cons i d e r e d  po t en t i a l  l ea s e a b l e  

l a n d s . 
]I L e a s e a b l e  prope r t i es a s s ume t h a t  1 5% of p o t e n t i a l  l e a s e  l a n d s  c an n o t  b e  l ea s e d  b e c a u s e  of l a n down e r  r e f u s a l , coa l 

m i n i n g p ro b l ems . �I D r i l l a b l e  a re a s  a s s um e  t h a t  1 5% o f  l ea s e a b l e  p rope r t i es c a n n o t  b e  d r i l l ed d u e  t o  b a d  t i t l e . l a n d own e r  p ro b l ems 
l ac k  o f  r i g h t  of way a c c e s s . t'.'lj I 

....... 



F- 8 

TAB LE F -8 

Ea s tern Ke ntucky 
E s t i mate of Dr i l l abl e Areas 

Area i n  Square Mi l e s 

Tot a l  
1 /  

Numbe r 
2/ 

Deve l opecr . 3/ 
Po ten t 1 a 1-

4/ 
D r  i 1 1  a b  1 e-

Coun ty S ha l e  We l l s  Sh a l e  Leas e.a b  1 e S h a l e  
Cou n t� Name Area D r i  1 1  ed A rea L an d s  A rea 

Be l l  370 0 0 3 7 0  2 37  
Boyd 1 59 3 3  1 3  1 46 9 3 
B reath i t t 494 0 0 494 3 1 6  
Ca r t e r  3 97 0 0 397  254 
C a s ey 435 0 0 435 278 
C l ay 474 0 0 474 3 03 
C l i n ton 1 90 0 0 1 90 1 2 2 
E l l i o t t  240 0 0 240 1 54 
F l oyd 399 968 378 2 1  1 3  
G reenup 3 5 1 0 0 3 5 1 225  
Ha r 1 a n  469 0 0 469 300 
Jackson 3 37 0 0 3 3 7  2 1 6  
Joh nson 264 76 30  234 1 5 0 
Kno t t  3 5 6  765 299 57 36  
Knox 3 7 3  0 0 3 7 3  239 
Lau re l 446 0 0 446 285 
Lawrence 425 66 26 399 2 5 5  
Lee 2 1 0  0 0 2 1 0  1 34 
L es 1 i e 409 1 8  7 40 2 2 5 7  
L e t c h e r  3 3 9  1 83 7 1  268 1 7 2 
L i nco l n  340 0 0 340 2 1 8  
Mc C rea ry 4 1 8 0 0 4 1 8  268 
Magof f i n  3 0 3  5 3  2 1  2 8 2  1 80 
Ma r t i n  2 3 1 306 1 20 1 1 1  7 1  
Men i fee 2 1 0  0 0 2 1 0  1 34 
Mo rgan 369 0 0 369 2 36 
Ows l ey 1 97 0 0 1 97 1 26 
Pe r ry 3 4 1  3 35 1 3 1  2 1 0  1 34 
P i ke 782 902 3 5 2  430 275 
Powe l l 1 7 3 0 0 1 7 3 1 1 1  
Pu l a s k i  6 5 3  0 0 6 5 3  4 1 8  
Roc kcas t 1 e 3 1 1 0 0 3 1 1  1 99 
Ru s s e  1 1  2 38 0 0 23 8 1 5 2 
Wayne 440 0 0 440 282 
Wh i t l ey 459 0 0 459 294 
Wo l fe - 2 2 7  0 0 __ 2 27 _ill 
Tot a l 1 2 , 829 1 1 , 38 1  (89%) 7 , 28 2 ( 5 7%) 

1 /  To ta l s ha l e  we l l s  d r i l l ed p e r  h i s to r i ca l coun ty d a t a  s he e t  comp i l ed by t a s k  g rou p .  
2/ Dev e l oped s ha l e  a rea a s s umes a n  ave rage of 250 ac res l ea s ed pe r we l l d r i l l ed to 

accoun t  fo r non- d r i l l a b l e  a reas = D r i l l ed S h a l e 1 • .Je 1 1 s  X 250 a c re s  pe r we l l  + 640 
ac res p e r  s q u a re m i l e . � � Po ten t i a l  l ea s eab l e  l an d s  ( u nd eve l oped a rea } = Tot a l  coun ty a rea - Dev e l oped s h a l e  
a rea . 

4/ D r i 1  l ab l e  s ha l e  a rea a s s umes tha t 64% of poten t i a l  l ea s ea b l e l an d s  a re d r i l l a b l e .  
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COM P UTER PRI NTOUT OF PRO DUC T I ON E CONOM I C S  

Tr ad i t ional Te chnol og y , ROR 1 0 %  ( Ba s e  Ca s e ) . . . . . . . . . . . . . . .  

Tr ad i t ional Te chnol og y , ROR 1 5 %  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Tr ad i t ional Te chnol og y , RO R 2 0 %  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Conve n t ional Te chnol ogy , RO R 1 0 %  ( Ba s e  C a s e ) . . . . . . . . . . . . . . 

Conve n t ional Te chnol og y , ROR 1 5 %  . . . . . . . . . . . . . . . . . . . . . . . . . .  

Conve n t io nal Te chnol og y , RO R 2 0 %  . . . . . . . . . . . . . . . . . . . . . . . . . . 

Ad vanced 7 5 K Te chno l og y , ROR 1 0 %  ( Ba s e  Case ) . . . . . . . . . . . . . .  

Ad va n ced 7 5 K Te chnol og y , ROR 1 5 %  . . . . . . . . . . . . . . . . . . . . . . . . . . 

Ad van ced 7 5 K Te chnol og y , ROR 2 0 %  . . . . . . . . . . . . . . . . . . . . . . . . . .  

ACRONYMS AN D TERMI NOLOGY 

AN = An n ual 
AVE = Ave r ag e  
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