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PR EFA C E  

By letter  d a ted June 2 0 ,  1 9 7 8 ,  the Nat ional  Pe t r o l e um Coun c il 
( NP C ) ,  an indu s try ad v isory committee to the S e cre tary o f  Ene rgy , 
was reque s ted to prepare an analys is o f  pote n t ia l  natural  g a s  r e 
cove ry from Devon ian S h a l e , coal seams , g e opre s s ured br ine s ,  and 
t igh t gas rese rvo ir s . In  reque s t ing the s t udy , the S e c re ta ry 
s ta ted that : 

. . •  You r  analy s is s hou l d  a s s e s s  the r e s ou r ce base  
and the  s ta t e -o f -th e -art o f  recovery te chno l o gy . 
Add it ional ly , you r  appr a is a l  s hou l d  inc lu d e  the 
ou t look for cos t and re cove ry o f  unconve n t ional 
ga s and s hou l d  c on s id e r  how g ove rnme n t  po l icy 
can improve the ou t look . ( Se e  Append ix A f o r  
comp l e te t e x t  of th e S e cre tary ' s  l e t t e r  a n d  a 
f ur ther de s c r ipt ion o f  the Nat ional Pe t r o l e um 
Coun c il . ) 

To a id it in re spond ing to th is reque s t ,  the N a t iona l Pe tro l e um 
Counc il e s tabl ished a Comm it tee on Unconve n t ional  Ga s Sources  under 
the ch a irman s h ip o f  John F .  Bookou t ,  Pre s id e n t  and C h ie f  Exe c u t ive 
Of f icer ,  She l l  O il C ompa ny . R.  Dob ie Langenkamp , Dep u ty As s is ta n t  
Secretary for Re sou r c e  Deve l opme n t  & Ope r a t ions ,  Re source Appl ica 
t ion s ,  u.s. Dep a r tme nt o f  Ene rgy , se rved a s  Gove r nme n t  Cocha irman 
o f  the Commit tee . A Coord inat ing S ub c ommit te e  and four task 
group s , by  sourc e , were formed to a s s is t  the C omm it te e . Th e Tight 
Ga s Re s e rvo ir s  Ta sk Group wa s ch a ired by C .  Ov id Bake r ,  Manag e r  o f  
E & P Re s earch Plann ing , Mob il Re search & Deve l opme n t  Corporat ion , 
and coch a ired by Luc io D ' Andrea of the Departme n t  o f  Ene rgy . ( Ro s 
ters of the s tudy groups re spons ible f o r  th is vo l ume are inc l uded 
in Append ix B . ) 

· 

The Nat ional Pe t ro l e um Counc il ' s  repo r t  on Unconve n t ional 
Sources is be ing is s ued in f ive vo l ume s : 

• Vo lume I - Exe c u t ive S ummary 

• Vo lume I I  - Coal Se ams 

• Vo l ume I I I  - Devon ia n  Sha le 

• Vo l ume I V  - Geopre s s ured B rine s  

• Vo l ume v - Tight Ga s Re servo ir s  ( Part s I and I I ) . 

Gas 

Th e Coal Seams , Devon ia n  Shal e ,  and Geopre s s u re d  B r ine s vo l umes 
we re is s ued in June 1 9 8 0 .  The Exec u t iv e  S umma ry and Tig h t  Ga s 
Re ser voirs vo l umes are b e i n g i s s ue d  i n  December 1 9 8 0 . P a r t  I I  o f  
the Tight Gas Re s e r voirs volume pre sents d e t a i l e d  apprai s a l s  o f  1 2  
b �s i n s  a n d  support s  the analyses pre sented i n  P a r t  I o f  that 
volume . 
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For e a c h sour c e , r e s e rve add it ions and produc ing r a t e s  a re c a l 
c u l a t e d  a t  f ive g a s  pr ice s ,  t hree rate s o f  re t ur n , a n d  a t  l e a s t  two 
l eve l s  of tec hno logy . Constant Janu ary 1 ,  1 9 7 9 ,  d o l l a r s  we re u sed 
in a l l  an alyse s .  The report pre s e n t s  e s t imat e s  o f  w ha t  c o u l d  hap 
pen under cert a in a s s umed tec hn ical and e conom ic c ir c ums t a n c e s  and 
lS not ln tended to repre s e n t  a fore cas t of w ha t  Wll l o c c u r . 

In f l a t io n  ad j u s tme n t  fo r 1 9 7 9  pr ic e s : The e conom ic re
s ul t s  pre sen ted in t his report are e xpre s s ed in con s ta n t  Ja n 
uary 1 9 7 9  dol l a r s . The se can be e a s ily c onve r ted to constant  
dol l ar s  in a d if fe ren t ba se ye ar if t he we ig hted ave r age in
f l a t io n  ra te fo r inve s tme n t  and ope r a t ing expe n se from 1 9 7 9  to 
t he new ye ar is known or c an be e s t ima ted . Us u a l ly , d r il l ing 
and/or frac t ur ing c o s t s  d om in a te ; t here fo re , in fl a t io n  r a te s 
in t he se c o s t  ca tegor ie s  w il l  general ly be appl ic able . 
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CONCLUS I ONS 

Based on d e ta i l ed appra i s a l s  of a l arge n umbe r o f  known t i ght 
gas forma t ions and the e xpe rt i s e  of the s tudy part i c ipants , it  i s  
the j udgme n t  o f  the s t udy par t i c ipan t s  th a t  n a t u ra l  g a s  re co ve ry 
f rom l ow perme ab i l i ty ( t igh t ) r e s e rvo i rs cou l d  make a ve ry s ig n i f i 
cant con t r i bu t ion t o  f u t ure u.s. energy s upply . The f i nd i n g s  s e t  
forth i n  th i s  repo r t  form t h e  bas i s  f o r  t h e  f o l l ow i ng spec i f i c 
con c l u s ions : 

• The amount o f  t ig h t  g a s  e xpec ted to be re cove r a b l e  i s  v e ry 
l arge . Wi th i n  the pr 1ce and technolo gy parame ters u s ed i n  
th i s  s t udy , poten t i a l  u l t ima te recove ry i s  pro j e cted t o  be 
i n  the range o f  1 9 2 - 5 7 4  t r i l l i on c ub i c  f e e t  ( TC F ) f o r  the 
to t a l  Un i ted State s ( e xc l ud i ng Alaska ) .  Th i s  is  equ i v a l e n t  
to approx ima t e ly 3 3- 9 8  b i l l ion barre l s  o f  c rud e o i l .  I t  i s  
pos s i b le that re cove ry might s ig n i f i c a n t ly e xceed th i s  range 
due to po s s ib l e  con s e rva t i sm in the e xt rapo l a t ion f rom the 
d e ta i l ed appr a i s a l  areas to the total Un i te d  S t a te s , abo u t  
wh i ch l e s s  wa s known . Approx ima te ly h a l f  t h e  po te n t i a l  
u l t imate recove ry c a n  be added t o  reserves by the year 2 0 0 0 . 

• The po te n t i a l  prod u c t ion o f  natural  g a s  f rom t i g h t  r e s e r 
vo i r s  i s  e s t imated to b e  s u f f i c i e n t  to i n c re a s e  U . S .  g a s  
prod u c t ion s u b s tan t i a l ly above pre s e n t  l e ve l s . I t  i s  po s 
Slble that by the ye ar 2 0 0 0  a s  much a s  4 - 1 6 T C F  o f  t igh t g a s  
could be pro d uced annual ly . The se l e ve l s  o f  prod u c t i o n  
cou l d  accou n t  for 4 - 1 4  percent of total u.s. e ne rgy req u i re 
men t s  i n  the yea r  2 0 0 0 .  Poten t i a l ly i ns e c ure and e xpe n s i ve 
o i l  impo r t s  could  be reduced s ig n i f i ca n t ly by the ye a r  2 0 0 0  
wi th a conce rted d eve l opme n t  program o f  l ower c o s t  t ight 
ga s .  

• E xplorat ion and deve l opmen t  o f  t i ght g a s  r e s o urce s i nvo l ve 
r 1 sk and unc e r t a 1 n ty . The u su a l  s ur f a ce e xplora t 1on me thod s 
are of l i t t l e  va l u e  i n  loca t i ng a we l l  b e c a u s e  the g a s  does 
not e x i s t  i n  conve n t iona l , s t ructural  traps a nd there i s  
l i t t l e  phy s i c a l  d i f f e re nce be twe en " d ry "  a nd " prod u c t ive " 
are a s . Once a pro d u ct ive format ion h a s  been d r i l led , i t s  
produc t ion rate  mu s t  be i ncreased by s t imu l a t ion ( u s ua l ly 
mas s ive hyd ra u l i c  fractur ing [MHF] ) .  R i sk and unce r t a i n ty 
can be reduc e d  by improv i ng reservo i r  c h a rac t er i z a t i on tech
n iques and by i ncreas i ng the re l i ab i l i ty and e f f i c i ency o f  
ma s s ive hyd r aul i c  f r a c t ur i ng . Such improveme n t s  i n  f ra c t u r 
i ng t e c h n i q u e s  a r e  requ i red f o r  t h e  adequate deve l opme n t  o f  
l e n t i c u l a r  forma t ions wh i ch conta i n  mor e  than 4 0  percen t o f  
t h e  recove rable t igh t gas resource . A l s o , a prod u c t ive area 
may be abandoned if  the g a s  sales  pr i ce is  too l ow to pro
v id e  an ad equate ret urn on inve s tme n t .  The percen tage o f  
prospe c t s  th a t  are prof i tab l e  i nc r e a s e s  s ig n i f i c a n t ly a t  the 
h igher gas pr i c e s  e xami ned , reduc i ng the r i s k  o f  a prod u c 
t ive are a  be i ng abandoned . 
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• Much t ig h t  g a s  w i l l  be di s c overe d an d can beg i n  t o  be pr o
duce d  a bove curre n t  l e ve l s  a t  the Fe de r a l  Ene rgy Reg u l a t ory 
C ommi s s i on ( FERC ) i nc e n t i ve c e i l i ng pr i ce . As of Septembe r  
2 2 ,  1 9 8 0 ,  th 1 s  pr i c e  wa s $ 4 . 5 9 p e r  th ousan d c u bi c  f e e t ( MC F ) 
( $ 3 . 3 3/MC F  i n  Ja nuary 1 ,  1 9 7 9 ,  dol l ars ) .  Fu r t h e rm ore , a s  

ph a s e d de regulat i on of gas  pri ces n ow i n  pr og re s s  i s  c om
pl e t e d  i n  the 1 9 8 5- 1 9 8 7  pe r i od, c ompe t i t ive ma rke t  f orces 
an d the nee d f or se cur i ty of energy supply are e xpe c te d t o  
e n c ourag e  i ncrease d deve l opme n t  of t ig h t  g a s  r e s ourc e s .  

• Deve l opme n t  of the U . S .  t i g h t  gas  re s ource w i l l  be a s  depen 
den t  on a dvances i n  tech n ol ogy an d chang e s  1 n  we l l  spac 1ng 
rule s  a s  on p r 1 c e . T 1gh t gas  1 s  tech n i c a l ly r e c ove r a bl e  
us i ng mas s ive h y draul i c  f rac ture s t o  create a deeply pen e 
trat i ng , c on duc t ive dra i nage path i n t o  the f orma t i on .  Wi th 
curren t  ( ba s e ) t e ch n ol ogy , fracture leng t h s  ( fr om we l l  bore 
t o  t ip ) do n ot ge n e ra l ly excee d 1 , 0 0 0  f e e t .  Wi th a dvance d 
techn ol ogy i t  may be p os s i ble t o  create f r actures of 4 , 0 0 0 -
f oot length s .  Fu tur e  a dvance d tech n ol ogy w i l l  p r ov i de ap
pr ox imate ly 5 0  pe rcent  more re c overa bl e  gas than curre n t  
bas e  techn ol ogy . I t  wi l l  p os s i bly take s i x t o  1 0  ye ars of 
i n t e n s i ve rese arch an d appr ox ima te ly f our t o  e ight years of 
deve l opme n t  t o  ful ly ach i eve a dvance d t e ch n ol ogy f or w i de 
s pre a d  r ou t i ne appl i c a t i on .  

• Tight  g a s  i s  w i de spre a d  i n  f av ora bl e  f orma t i on s , bu t i t  i s  
m os t  e c on omi c a l l y  a t trac t 1 ve i n  areas of th i ck e r , m ore pe r 
mea bl e  r ocks ( swee t  sp ot s ) .  The f i e l d boun dar ie s  are s e t  
n ot only by s truc tura l traps bu t a l s o by perme a bi l i ty ,  
th i ckne s s ,  an d e c on omi c s . The pr imary obj e c t i ve of e xp l o
r a t i on techn ol ogy i s  t o  f i n d  the swe e t  s p ots . Ge ol ogy a n d 
petr ophys i cs w i l l  pl ay a greater r ole than s e i sm i c  e xp l or a 
t i on i n  t h e  deve l opme n t  of t igh t ga s .  

• There i s  a ma j or opp ortun i ty t o  re c ompl e te ol d we l l s , othe r 
W l se rea dy f or a ban donment , i n t o pr of 1 t a bl e  pr oducers of g a s  
f r om t i g h t  f ormat 1 ons . Ra tes  of re turn h ave bee n  e s t ima te d 
t o  be m ore f av ora ble f or re c ompl e t i on s  than f or t i ght g a s  
new f i e l d  w i l dc a t s . Inve s tme n t s  a re l e s s  a n d  r i sk i s  mu c h  
l owe r .  

• I n i t i a l ly , new t i ght g a s  pr oduc t i on i s  e xpe c te d t o  c ome f r om 
bas i n s  i n  the S outhwe s t  reg i on .  Th i s  reg i on i s  n ow pr oduc
i ng de c l i n i ng am ounts of c on ve nt i on a l  g a s  an d h a s  e xc e s s  
p i pe l i ne c apac i ty .  S ig n i f i c a n t  t igh t ga s pr oduc t i on c a n  
beg i n  i n  we s te r n  r eg i ons w i th i n  a de ca de c on t i n g e n t  up on the 
c on s truc t i on of a maj or p ipe l i n e  s y s t em .  

• Deve l opmen t  of the u.s. t ig h t  g a s  re s ource s h oul d have a 
m i n imal impac t  on the e nv i r onmen t  c ompare d t o  the deve l op
men t  of other energy f orms . Al s o, f e de r a l  l an ds w1t h dr awn 
fr om dev e l opme n t  or un de r  c ons i de ra t i on f or w i t h drawa l ,  
wh i l e  p oten t i al ly a f fe c t i ng other re s ourc e s ,  c ompr i se a ve ry 
sma l l  p or t i on of the t ig h t  g a s  areas c ons i de r e d p ote n t i a l ly 
pr oduc t ive . 
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SUMMARY 

BAC KGROUND 

For the p urpo se s  o f  t h i s s t udy , t igh t g a s  i s  d e f i n ed a s  nat ural 
gas i n  e i the r b l anke t ( co n t i nuou s ) o r  l e n t i c u l ar fo rma t i o n s  tha t 
h ave an in s i t u  e f fe c t ive pe rme ab i l i ty o f  l e s s  than 1 m i l l id arcy 
( md ) . Hi s to r i c a l ly , mos t  of the se fo rma t i o n s  h av e  been uneconom i 
c al to prod uc e d ue to t h e  l ow n a t ur al f l ow r a te s  o f  t h e  g a s . T ig h t  
g a s  i s  wid e spr e ad in favorab l e  fo rma t io n s . Howe ve r ,  e c onom i c  t ig h t  
g a s  i s  found only in the be t ter q ual i ty re se rvo i r  rock . The f i e l d  
boundar ie s a r e  se t no t o nly b y  s truc t ur a l  and s tr a t ig raph i c  traps 
but by pe rme ab i l i ty and economi c s . 

A typ ic a l  d i s tr i bu t io n  o f  t ight gas f i e l d s  i n  a 1 , 0 0 0  s q uare 
m i l e  po r t ion of an exampl e fo rma t io n  is shown in F i g ur e  1 .  In th i s  
il l u s tra t io n , 8 8  t ig h t  gas f i e l d s  are d r awn to s c a l e  a s  they might 
o c cur in  the fo rma t io n .  Th e g a s  fields  have ave r ag e pe rme ab i l i t i e s  
rang i ng f rom 0 . 1 t o  0 . 0 0 0 3  md . The pe rme ab i l i ty may b e  a ten fold 
r ange i n  the ve r t i c al d i r ec t io n  and perhaps a three o r  fo ur fo l d  
r a nge i n  a hor i zontal  d irec t ion acro s s  a g iven f i e l d . The e f fe c 
t ive ave r ag e  pe rmeab i l i ty i s  the one used i n  we l l  produc t i o n  c a l cu
l a t ions in  th i s  re por t .  The f i e lds w i t h  l ower pe rme ab i l i ty val ue s  
requ i re higher g a s  pr ic e s  i f  they are to b e  e conom i c  to produc e .  
The h igher pe rme ab i l i ty f i e l d s  tha t can be prod uced a t  l ower pr i ce s  
are o f te n  cal l ed " swe e t  spo ts . " Ou t s id e  o f  the bound a r i e s  o f  t he se 
gas f i e ld s , the fo rma t ion pe rme ab il i ty i s  a s s umed to be 0 . 0 0 0 0 1  md 
or l e ss . 

An unders tand i ng of l e n t i cu l a r  g a s  r e so ur c e s  i s  very impo rtant  
a s  they con ta i n  more than 4 0  percent  of  the recoverable t igh t gas  
e xpec ted to  be found . A l e n t i c u l ar fo rma t i o n  c o n ta i n s  many l e n s e s  
wi t h i n  the f i e l d s .  The se are re pre sen t ed t o  s c a l e  i n  F ig ur e  2 .  
Al though some o f  the a c t ua l  l e n s e s  are c urved , they have been r ep
re sen ted as rec tang ular . The l en se s  oc c ur in s tacks  o f  perhaps 5 0  
to 2 0 0  l e n se s i n  depth . Th e numbers i n  the corners o f  F i g ur e  2 
i nd ic a te the n umbe r  o f  l e n se s o f  tha t s i ze that wo uld oc c ur per 1 0 0  
l e n se s .  Th i s  i l l u s t r a t i o n  covers a n  area o f  one square m i l e ,  i nd i 
c a t i ng the magn i t ud e o f  the se l e n se s .  F o u r  we l l s  a r e  s hown in th i s  
s e c t ion , wi th 1 , 0 0 0 -fo o t  f r ac t ur e s .  Si n c e  the se f r ac t ur e s  are sev
eral h undr ed fe e t  in  he ight , it  is  po s s ible to contac t many l e n se s . 

Recen tly the ou tlook for s ign i f ican tly i ncrea s ed prod uc t io n  o f  
t ight g a s  ha s b e e n  enhanced by i ncrease s i n  g a s  pr i c e  and t h e  i n
trod uc t io n  o f  ma s s ive hydra ul ic frac t ur i ng techn i q ue s  wh i c h  c re a te 
a l arge area i n  the l ow pe rmeab i l i ty fo rma t i o n s  from wh i c h  g a s  c an 
flow i n to a s i ng l e  we l l . A fract ur ed we l l ,  by e xpo s i ng cons ide r
ably more of a fo rma t i o n's rock fac e ,  c an produc e many t ime s the 
amo un t o f  g a s  tha t an un frac t ur e d  we l l  can . F ig ure 3 s hows the 
manner in wh i ch frac t ur e s  pen e tr a te bl anke t and l e n t i c u l ar fo rma
t ion s . A frac t ured we l l  in  a t ight gas fo rma t ion typ i c a l ly pro
d uc e s  a t  a l owe r r a te but over a long e r  pe r iod than a we l l  in  a 
co nven t ional fo rma t io n . ( See the Prod uc t ion Te chnology s ec t ion o f  
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Fig u re 1 .  Example of T ight Gas F ie ld D istri but ion .  
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Figure 2. Lenticular Formati on-Typical Areal Lenses i n  One Sect ion (Square M i le). 

Ch apter Seven fo r a d e ta i l ed d i sc u s s ion o f  t ig h t  g a s  r e s e rvo ir 
character i s t ic s  and rec overy me thod s . ) 

It has  been e s t ima ted that by 1 9 7 8  a s  muc h a s  0 . 8 TC F per ye ar 
w a s  be ing produced f rom t ig h t  g a s  fo rma t ions . l Th i s  repo r t  ana
ly ze s only the i n c r emen t al t igh t gas po ten t i al a nd doe s no t i n c l ud e  
tha t from areas prev i o u s ly d eve l oped and cur r e n tly b e i ng produc ed . 

METHODOLOGY 

There are 1 1 3  ba s in s  and province s that pre s e n tly produce g a s  
i n  the Un i ted Sta te s  ( ex c l ud i ng Al aska ) .  Th i s  s t ud y  h a s  c o n
cen tra ted on 1 2  o f  the se b a s i n s  that h ave been id en t i f i ed a s  co n
ta in ing t ig h t  gas fo rma t ions and fo r wh i ch e x te n s iv e  data are 
ava i l abl e . A de ta i l ed appra i s a l  wa s mad e o f  the t igh t gas re so urce 
in the se b a s i n s . Th i s  d e ta i l ed appr a i sal accoun ted fo r appro x i 
ma tely 3 5  percen t o f  the to tal u.s. are a ( in t h e  lowe r  4 8  s ta te s ) 
thought to c onta in t ig h t  ga s .  The e s t ima te s from the se d e ta i l ed 
appr a i sals  were then e x trapola ted to the r ema in i ng 6 5  perc ent to 
arr ive a t  a to tal e s t imate o f  the t ig h t  gas r e so ur c e  i n  the l owe r 
4 8  s ta te s . 

1 
DOE ' s  Energy I n f ormat ion Admini s tr a t io n  1 9 7 9  Annual Report 

to Congres s .  
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BLANKET FORMATIONS 

T 
400' 

l 

800' 

LENTICULAR FORMATIONS 

Fig u re 3 .  Conceptual Fractu res C reated by M H F  for B lan ket and Lenticu lar  Format ions. 
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The eva l u a t ion o f  u.s. t igh t gas po ten t i al i nc l ud ed e s t ima t i ng 
t he fo l l ow i ng va l ue s : 

• To tal prospe c t ive area fo r t i g h t  g a s  i n  s e c t ions  ( i . e . , 
square mile s )  

• Po ten t i al ly prod uc t ive t igh t g a s  area in sec t ion s ( i . e . , 
square mi l e s ) 

• To tal g a s  i n  pl ace 

• Max imum re cove r ab l e  g a s  i n  pl ac e 

• Ul t ima te recove r ab l e  g a s  a s  a f un c t i o n  o f  g a s  pr i c e  and 
technology 

• E s t ima ted prod uc i ng rates wh i c h  m igh t b e  e xpec ted f rom t ight 
gas reservo i r s  as a f un c t io n  of g a s  pr i c e  and te chnol ogy . 

Po ten t i a l  u l t ima te recovery i s  c al cul a ted a s  a f un c t io n  o f  
e igh t g a s  pr ice s ( $ 1 . 5 0 ,  $ 2 . 5 0 ,  $ 3 . 1 0 ,  $ 3 . 5 0 ,  $ 5 . 0 0 ,  $ 7 . 0 0 ,  $ 9 . 0 0 ,  
and $ 1 2 . 0 0  per thous and cub ic fe e t  [ M CF] ) ,  three d i sc oun ted marg i 
n al real rate s o f  re t ur n  ( 1 0 ,  1 5 ,  and 20  pe rc en t ) , and t wo l eve l s  
o f  technology . Th e se marg i n al rate s o f  r e t ur n  are the m i n imum 
ra te s of re t urn to the prod ucer for the h ighe s t  c o s t ( l a s t ) incr e
men t o f  recovery a t  a g iven pr ice . 

Tight  g a s  wa s a s s umed to have an ave r ag e  he a t i ng v a l u e  o f  1 , 0 0 0  
Bt u per c ub ic foo t ; th u s , a pr i c e  o f  $ 5 . 0 0/MC F  equa te s t o  $ 5 . 0 0  pe r 
m i l l ion Bt u ( MMBt u )  wh i ch i s  equival e n t  to c rud e o i l a t  $ 29 . 0 0  per 
barre l . Al so , con s t an t January 1 ,  1 9 7 9 ,  d o l l a r s  are u s ed in  al l 
analyse s .  

Th e marg inal  rate s o f  re t ur n  are used a s  a m i n im um , s o l e ly to 
d e te rmine i f  a g iven prospe c t  i s  to be con s idered pro f i table fo r 
i nc l u s ion a s  a n  econom i c al ly recove r ab l e  r e so ur c e , a nd d o  no t rep
re sen t expec ted ave r age r a te s  o f  r e t urn for the i nd u s try . The 
ra te s of r e t ur n  cal cul a ted in the b a s i n  chapte r s  o f  Pa r t  I I  o f  the 
T ight Ga s Re se rvo i r s  vo l ume are e xpe c ted re al i n d u s t ry aver age 
r a te s o f  re t ur n  o n  inve s tme n t ,  a f ter tax , and take r i sk i n to 
acco un t .  The y do no t re fl e c t  in fl a t ion . Re t ur n s  for i nd iv idual  
c ompan ies  wi l l  vary w i d e ly around the se ave r ag e s .  

Two l eve l s  o f  techno l ogy are used fo r eva l ua t i o n . C u r r e n t  
frac t ur i ng techno l ogy a n d  we l l  spac i ng r e g ul a t ion s repre sen t a base 
c a se in th i s  repo r t . Fr a c t ur e  leng t h s  o f  1 , 0 0 0  f e e t from we l l  to 
tip and spac i ng s  o f  1 6 0  acre s per we l l  are now i n  use . An advanc ed 
technology and mod i f i ed f i e l d  reg ul a t ion c ase tha t could be d e v e l 
oped over t h e  n e x t  d e c ad e  i s  a l so evalua t ed . I t  a s s ume s frac t ur e  
l engths up t o  4 , 0 0 0  f e e t and we l l  spac i ng a s  l ow a s  5 3  a c re s . 

To move to ad vanced technology wi l l  req u i r e a s ig n i f i c a n t  re
search e f for t .  New and improved me tho d s  are n e ed ed to me a s ure and 
e s t ima te i n  s i t u pe rme ab i l i ty ,  n e t  pay v a l ue s ,  and the d i s t r i bu t io n  
and character o f  l en t i c ul a r  re s e rvo i r s . Me thod s mu s t  be d e ve l oped 
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to d e te rmin e  the v er tic al dis t ribu tion o f  l oc a l  s t re s s e s  in a we l l  
bore , the are al dis tribu tion o f  regional s tre s se s , a nd the a zimu t h  
o f  hyd raulical ly ind u c ed f r a c t ur e s .  Te chnique s a r e  r eq uired to 
predic t a nd control fract ure g eome t ry ( le ngth , heigh t ,  e tc . ) and to 
improve f r a c t ur e  conduc tivity . I n  additio n , n ew f r a c t uring ma te
ria l s  ( f l uid s a nd proppa n t s ) mus t  be d eve l oped , a s  we l l  a s  me thod s 
for pr edic ting their behavio r .  I t  wil l  probably req uire a r e se arch 
e xpendi t ure on the o rd e r  o f  $ 1 . 5  bil lion over a pe riod o f  1 5  ye a r s  
to achieve f ul ly adva n c ed technology . 

Po s sib l e  producing r a te s  fo r the to tal tig h t  g a s  r e so u r c e  we re 
c al c ul a ted und er s everal scen ario s , incorpora ting variou s d evel op
men t sche d u l e s  a nd economic a s s umptions . Th e margin a l  1 5  pe r c en t  
r a te o f  re t ur n  was u s ed in more scen ario s for s everal  rea son s .  The 
amoun t o f  r e so ur c e  and the produc tion r a te at a giv e n  pric e we re 
fo und to be rather in sen sitive to the margin al rate of r e t urn . Th e 
e xpec ted ave r ag e  disc oun ted cash fl ow r a te o f  r e t ur n  wa s thoug h t  to 
be the re al criterion for ope ra to r s  s e l ec ting are a s  for tigh t g a s  
p l ays . 

During the pe riod o f  thi s  s t udy , the a c c e l e r a tio n o f  in fl a tion 
cha nged the par ticipan t s ' ou tlook . In thi s  e nviro nme n t ,  i t  wa s 
e xpec ted tha t mos t  ope ra tors wo u l d  no t a c c ep t  the te chnic al risks 
involved in tigh t gas e xplora tion b e l ow a re a l  ma rgin a l  r a te o f  
r e t ur n  o f  1 5  p e rcen t .  Un familiar technol ogy c ommon ly r equir e s  a 
higher risk pr emium , e s pecial ly in the ye a r s  i t  i s  being in trod uced 
to the ind us try . 

F INDINGS 

Tigh t  G a s  Resource and Re covery 

The u.s. tig h t  g a s  re so urce and the amoun t e xpec ted to b e  
r ecove r ab l e  fo r b o t h  t he appr aised and e x t r apo l a ted a r e a s  a r e  
s ummarized i n  T a b l e  1 .  The appraisal  o f  t h e  1 2  s e l e c ted b a s in s  
r epr e s e n t s  a muc h hig he r  level o f  confid en c e  than the va lue s 
d e t e rmined for the e x trapo l a ted area s . 

The r e s ul t s  o f  thi s  s t udy s trong ly indic a te tha t tig h t  g a s  
po ten tial r e s e rve incre a s e s  are about equal ly depend e n t  o n  price 
increases  and a s uc c e s s f ul rese arch and d eve l opme n t  pro g r am . Fo r 
exampl e , Table 1 indic a te s  that po ten tial rec ove ry wo uld be 1 9 2  TCF 
for the base c ase a t  $ 2 . 5 0/MCF , and 5 0 3  TCF f o r  the ad van c ed case  
at  $ 5 . 0 0/MCF . Of this 3 1 1  TCF po ten tial incre a se , 1 3 9  TCF wo uld 
r e s ul t  by moving f rom the base to  the ad van c ed c a se a t  $ 2 . 5 0 /MCF , 
and 1 7 2  TCF would re s ul t  by increa sing the price f rom $ 2 . 5 0  to 
$ 5 . 0 0/MCF in the ad vanced case . 

Re s u l t s  -- Twe l ve Appraised B asins 

Th e 1 1 3  g a s -prod ucing basin s and provin c e s  in the Un ited S t a te s  
( bo th o n s hore a nd o f f s hore ) c over approxima tely 3 . 5 mil lio n  s e c
tio n s  ( square mil e s ) . Of this total are a , i t  i s  e s tima ted tha t 
there are approxima t e l y  one mil lion sec tion s whic h may b e  consid
e red prospe c tive tig h t  g a s  are a s .  The appr aised s t ud y  o f  t he 1 2  

1 0  



TABLE l 

u.s. Tight Gas Re source and Recovery Es timate s 
Appraised and Extrapolated Areas 

(Lower 4B State s )  

Prospective Area (Sectio ns ) 

Productive Area (Sectio ns ) 

To tal Gas in Place (TCF ) 

Maximum Recoverable (TCF ) 

Base Technology -

Recoverable (TCF ) t  
@ $2.50/MCF 

$5.00 
$9.00 

Advanced Technology 
Recoverable (TCF ) t  

@ $2.50/MCF 
$5.00 
$9.00 

Appraised 
(12 Basins ) 

359,500 

53,000 

444 

293 

97 
165 
189 

142 
231 
271 

*Totals may not add due to rounding. 

Extrapolated 
(101 Basins ) 

655,000 

68,500 

480 

315 

95 
200 
215 

189 
272 
303 

Total* 

1,014,500 

121,500 

924 

608 

192 
365 
404 

331 
503 
574 

tAt a 15 percent discounted rate of return and constant 
January l, 1979, dollars. 

selec ted ba s in s  c over s  abou t  3 5 9 , 5 0 0 s e c t i on s .  Approx ima te ly 
5 3 , 0 0 0  of the se 3 5 9 , 5 0 0  s e c t ions  are cons i d e red to be po te n t i a l ly 
prod uc t ive are a s . In the 1 2  appra i s ed b a s i n s , 4 4 4  TC F i s  e s t ima ted 
as gas in plac e , of which approximat e ly 2 3 1  TCF is poten t i a l ly 
recoverab l e  a t  $ 5 . 0 0 /MCF , a 1 5  percent d i s coun t e d  rate o f  r eturn , 
and a dvanc e d  technology . 

Re s u l t s  -- E x trapo l a t i o n  to the Total  Un i te d  S ta t e s  

O f  t h e  o n e  m i l l i o n  sec t ions i n  t h e  Un i te d  S t a te s  wh i c h  may b e  
con s idered prospec t ive t igh t g a s  area s ,  appro x ima te ly 1 2 0 , 0 0 0  s e c 
t ions a r e  c on s i d e red t o  be po te n t i a l ly produc t ive a r e a s  wi th about 
92 4 TC F e s t ima ted g a s  i n  pl ac e . The max imum re c overabl e ga s ( i . e . , 
phys i c al uppe r l im i t  regard l e s s  o f  pr i c e  o r  technology ) i s  e s t i 
ma ted a t  abou t 6 0 8 TCF . For the to tal  Un i ted S t a te s , e s t ima te d  
u l t imate recove r ab l e  t ig h t  g a s  a s  a f un c t i o n  o f  pr i c e  a n d  te chnol
ogy i s  i n  the range o f  1 9 2- 5 7 4  TCF . At  a pr i c e  of  $ 5 . 0 0/MC F , a 1 5  
perc e n t  d i s count e d  rate o f  return , and advan c e d  t e c hn o l o gy , t h e  
e s t imat e d  r ecoverab l e  g a s  f o r  t h e  Un i t e d  S t a t e s i s  on t h e  order 
o f  5 0 3  TCF . 

S ign i f i cance o f  T i gh t  Gas Re source 

Th e u.s. t ig h t  gas r e sour c e ,  e c onom i c a l ly r e cove r ab l e  a t  
$ 5 . 0 0/MC F  ( January l ,  1 9 7 9 ,  d ol l ar s ) ,  a 1 5  pe rc e n t  d i sco un ted r a te 
o f  r e t ur n ,  and ad vanced techno l ogy and f i e ld rul e s ,  i s  c ompared to 
recent e s t ima te s  o f  prove n re s e rve s and und i sc over ed po ten t i a l  fo r 
c onve n t ional g a s  i n  Ta b l e  2 .  Po ten t i a l  t ig h t  g a s  recove ry i s  5 0 3  
TC F c ompared to a po ten t i al o f  approx ima te ly 1 , 0 0 0  TC F for co nve n 
t io nal g a s . 

1 1  
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TABLE 2 

Economically Recoverable u.s. Gas Resources -- Lower 48 States 
(TCF ) 

Appraised Areas Extrapolated Areas 
(12 Basins ) (101 Basins ) 

Proven Reserves (12-31-79 ) *  

Conventional 

Tightt 

Undiscovered Gas Potential 

Land Conventional§ 

Offshore Conventional§ 

Total Conventional 

Tight (NPC ) ,I 

Total Gas 

Percentage Tight Gas 

Southwest 

9 

7 

5 4  

5 4  

22 

92 

24 

Rocky Northern 
Mountains Great Plains 

4 

3 

140 20 

140 20 

113 95 

260 117 

44 81 

*American Gas As sociation (Tables 51 and 53 ) .  

Greater 
Southwest 

119 

268 

114 

382 

100 

602 

17 

tEstimated tight gas portion of Janua ry 1, 197 9, AGA estimates of proven rese rve s . 
§Potential Gas Committee. 

Other Lower 
48 States 

18 

133 

105 

238 

172 

4 28 

40 

Total 
(113 Basin s ) 

151 

12 

615 

219 

834 

503 

1,50 0 

33 

,IAt $5.00/MCF (January 1, 19 7 9 ,  do l lar s ) ,  a 15 percent rate of return, and advanced technology and fie ld rule s. 



T i ght Gas P rod u c ing Ra t e s  

Po te n t i a l  produc i ng rate s fo r the l arge t ig h t  g a s  r e source a r e  
dependent upon the d evel opmen t schedule  empl oyed . Fo r the p urpo se s  
o f  t h i s  s t udy , a s tandard scenar io wa s d eve l oped to a s se s s  produc
i ng rate s .  Th i s  scenar io a s s ume s a spec i f i c  d eve l opmen t schedul e 
and a pha s ing - i n o f  advan c ed case te chno l ogy . Th e s en s i t iv i ty o f  
prod uc i ng rates  to econom i c  var i able s  wa s te s ted by c omp u t i ng the 
s c enar io a t  var ious pr i c e s  and rate s of r e t ur n .  As a f ur ther te s t , 
prod uc i ng rates were c a l c ul a ted for scenar i o s  about twice a nd h a l f  
t he s tandard sc enar i o . Also , a scenar io wa s d eve l oped t o  a s se s s  
the po ten t i al i n  the Southwe s t  r e g ion for t ight re s e rvo i r  recom
p l e t ions in ex i s t i ng we l l s . 

Produc ing Ra te Re s u l t s 

Figur e  4 s hows po s s i b l e  to tal U . S . produc i ng r a te s i n  the 1 9 8 0 -
2 0 0 0  per iod fo r the s tand a rd , twice-s tand a rd , and h a l f - s tand ard 
s c enar ios at $ 5 . 0 0/MCF and a 1 5  pe rcen t d i sc oun ted rate of r e tur n  
a s  we l l  a s  for the s ta nd ard scenar io a t  $ 3 . 5 0/MC F  and a 1 5  pe rc en t 
d i sc oun ted rate o f  retur n .  Th e Energy In fo rma t io n  Adm i n i s tr a t i o n  
( EIA )  pro j ec t ion for t ight gas i n  F ig ur e  4 ag ree s c l o s e ly wi th a 
hal f - s tandard sc e n ar io tha t i n c l ud e s  l arge amoun t s  o f  g a s  from 

a: 
<( w 

16r---------------------�---------------------. 
LEGEND 
---- TWICE-STANDARD ($5.00/MCF, 15% ROR)' 

- • - STANDARD ($5.00/MCF.15% ROR)' 

- -STANDARD ($350/MCF, 15% ROR)' 

----HALF-STANDARD ($5.00/MCF. 15% ROR/ 1-------i 
- ENERGY INFORMATION 

ADMINISTRATION (EIA) 

� 8�----------------------+---------,#----------�� u.. 
0 
I-

O L-�--.-.. ������------�--------� 
1980 1985 1990 

YEAR 
1995 2000 

'Constant January 1, 1979, dol lars. 

Fig u re 4 . T ight  Gas P rod uction Rates-Com parison of Scenarios. 
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recomp l e t i o n  o f  o ld we l l s i n  the Sou thwe s t  reg i o n  ( s e e  Tabl e  7 0 ) . 
F i g ure 5 s hows po s s ible  prod uc i ng rate s to the yea r  2 0 7 0  for the 
s tand ard s c e n a r i o  a t  $ 5 . 0 0/MCF a nd a 1 5  perc e n t  d i s c oun ted rate of 
re t urn . 

W i t h  a $ 3 . 5 0/MC F  gas pr ice and the s tandard scenar i o , a n nual 
t ig h t  gas produc t io n  c oul d re ach abou t 7 TCF by the ye ar 2 0 0 0 .  
Howeve r ,  w i t h  $ 5 . 0 0/MC F a nd the s tand ard scenar i o , i t  i s  po s s i b l e  
t h a t  by t h e  y e a r  2 0 0 0  a s  much a s  8 T C F  o f  th i s  t ig h t  g a s  c ou l d  b e  
produced annua l ly .  Th i s  l eve l o f  prod uc t ion c o uld a c c o u n t  f o r  8 
percent o f  total u.s. e n e rgy req u i reme n ts i n  the ye ar 2 0 0 0 .  Fur 
thermo r e , the cumul a t ive amoun t o f  t igh t g a s  recovered b y  the yea r  
2 0 0 0  wo u l d  only b e  abou t 1 2  percent o f  the recove ra b l e  u.s. r e 
source . T igh t g a s  c o ul d  b e  prod uc ed a t  t h e  a n n u a l  r a t e  o f  8 TC F o r  
m o r e  un t i l  2 0 3 0  a nd a t  a d e c l i n i ng rate un t i l  2 0 7 0 ,  a s  shown i n  
F ig ur e  5 .  

S ig n i f i cance o f  T ig h t  Gas Prod u c ing Ra te s 

Pro j e c ted gas s uppl i e s  for the Un i ted S t a te s  for the 1 9 8 0 -2 0 2 0  
per iod we r e  pub l i shed by the u.s. Depa r tme n t  o f  E n e rgy's Ene rgy 
In fo rma t ion Admin i s tra t io n  ( E IA )  in  i t s  1 9 7 9  An n u a l  Re po r t  to Co n 
g re s s .  A s ummary o f  th i s  proj e c t ion i s  shown i n  Ta b l e  3 .  E IA ' s  

cr: 
<( w 
>
U:: 0 f-

1 995 201 0  2025 
YEAR 

2040 2055 

F i g u re 5 . L i fet i me P rod uction Rates for 500 TCF of T ight  Gas-Standard Scenario, 
A n n ual  Prod uct ion 1 98 1 -2070. 
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TABLE 3 

Energy Information Administration ( EIA) 1 979 Forecast of u.s. Gas Supplies* 
(TCF ) 

EIA 

Conventional Lower 48 

Alaska 

Unconventional 

Tight Gas 
Devonian Shale Gas 

Synthetics 

Imports 

Total Gas Supply 

Percentage u.s. Supply from 
Tight Gas 

NPC 

Unconventional Developed 
Before 1980t  

Unconventional ( @  $5 . 0 0/MCF ) 
Developed After 1980§  

Tight Gas 
Devonian Shale Gas 
Coal Seam Gas 
Geopressured Gas 

Total Gas Supply,l 

Percentage u.s. Supply from 
New Tight Gas 

1 978 1 985 

1 8 . 4  1 6. 1  

0 . 2  0.2 

0 . 9  1 .9 

0 • .a 1 .8 
o. 1 0 .  1 

o.o 0 .  1 

0 . 9  o . 8  

2 0.4 1 9 . 1 

4% 9% 

0 . 9 0 . 5  

o.o 0.6 

o.o 0 . 2  
o.o 0 . 3  
o.o 0 .  1 
o.o 0 . 004  

2 0 . 4  1 8.3 

0% 1 %  

1 990  1 995 2 0 0 0  20 1 0  

1 4 . 6  1 2.4 1 1 .3 9 . 5  

1 . 1  1 . 4  1 . 6  1 . 9  

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

2.8 3 . 8  3 . 2  3 . 0  
0.2 0.2 0.2 0.2 

0. 1 0. 1 0. 1 0 . 5  

o.8 0.8 0.7 0.2 

1 9.6 1 8 . 7  1 7 . 2  1 5.3 

1 4% 20% 19% 20%  

0 . 3 

3. 1 8 . 6 1 1 . 5  1 3.5 

1 . 8 5 . 2  8.3 1 1 .3 
0 . 7  0.8 0 . 9  0.7 
0 . 6  2 . 6  2.3 1 .5 
0 . 006  0.0 0 8  0 . 008  o.o 

20.0 23. 3 25.3 2 5 . 6  

9% 22% 33% 44% 

2020  

7 . 3  

1 . 8  

3. 1 

2 . 9  
0 . 2  

1 . 3 

o. 1 

1 3 . 5 

23% 

1 4 . 9  

1 4.0 
0 . 3  
0 . 6  
o.o 

2 5.3 

55% 

*EIA 1979 Annual Report to Congress ,  with lower portion of table revised to substitute NPC 
estimate for unconventional gas. 

tincludes declining production from 1978  unconventional gas reserves not othe rwise shown in NPC 
study . 

§Price in constant January 1, 1979, dol lars . 
,IEIA forecast with substitution of NPC unconventional gas projections .  

pro j ec t ion s i nd i c a te a more rap id d e c l ine i n  g a s  prod uc t ion than 
shown by the resul t s  o f  th i s  s t udy , wh i c h  i nd i c a te s ig n i f i c an tly 
more gas prod uc t ion f rom unco n ven t ional  gas sourc e s a nd par t i c u 
l arly from t ig h t  g a s ; t h i s pr oj e c t i o n  i s  shown at the b o t tom o f  
Table 3.  Po ten t i a l  u.s. ga s s uppl i e s  for t h e  1 9 8 0 -2 0 2 0  per iod 
r e s ul t i ng from the add i t i o n  o f  NPC un conve n ti o na l  g a s  pro j e c t i o n s  
to the E IA foreca s t  o f  o t he r  gas source s i s  s hown i n  F ig ur e  6 .  

A proj ec t ion o f  u.s. energy s uppl ie s from a l l  source s and wo rld 
o il pr i c e s  fo r the 1 9 8 0 -2 0 2 0  per iod , b a sed o n  E IA ' s  1 9 7 9  Repo r t  to 
Co ngre s s , i s  s hown i n  Tabl e 4 .  Ga s pr i c e s  i n  Jan uary 1 ,  1 9 7 9 ,  d o l 
l ars o n  a n  energy equ i va l e n t  to o il pr i c e  b a s i s  a r e  a l so shown i n  
Tab l e  4 .  Th i s  equ i va l e n t  gas pr ice should re ach $ 5 . 0 0/MC F  e ar ly 
i n  1 981. 
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1111111111 T I G HT GAS (NPC)* 
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@WA*! IMPORTS, SYNTHET I CS, 

ALASKA (E IA)  
l!!!!!i!!!!!!!!i! CONVENTI ONAL 

LOWER 48 (E IA )  

POSSIBLE 
FROM 

UNCONVENTIONAL GAS 

1 978 1 980 1 990 
YEAR 

F i g u re 6 . 1 979 Energy I nformation Ad m i n istrat ion ( E IA) Forecast of Gas S u p p l ies 
with N PC U nconvent ional  Gas P roject ions . 

·Assumes $5.00/MCF (January 1, 1979, d ol lars), a 15 perce nt discounted rate of return, and phase-in of advanced tech nology. 

Th e pr i c e  o f  t ig h t  g a s  i s  curren tly r eg u l a te d  a t  a c e i l ing 
pr i c e  o f  $ 4 . 5 9/MC F  ( a s o f  Se ptembe r  2 2 ,  1 9 8 0 ) ,  twice the r e g ul a ted 
p r i c e  o f  n ew d ome s t i c  conve n t i onal onshore g a s . Fo r re ference in 
th i s  re por t ,  the c urren t pr ice equa te s to $ 3 . 3 3/MC F  in Jan uary 1 ,  
1 9 7 9 ,  d o l lars . At curren t pr i c e s ,  muc h t ig h t  g a s  c an beg i n  to be 
prod uc ed abo ve pre sen t l e ve l s .  More o ve r , a s  pha s ed d e r e g ul a t io n  o f  
g a s pr i c e s  now i n  prog re s s  i s  compl e ted i n  the 1 9 8 5 -1 9 8 7  p e r iod , 
c ompe t i t i ve marke t forc e s  and the n e ed for s e c ur i ty o f  e n e rgy s u p
ply are expe c te d  to encourag e  incre ased d e ve l opme n t  o f  t ig h t  g a s  
re so urce s .  

For e x ampl e , a s s umi ng a $ 5 . 0 0/MC F  gas pr i c e  a nd t he s tand a rd 
s c enar io ( Fi gu r e  4 ) ,  t ig h t  g a s  produc t i o n  c ou l d  red u c e  pro j e c ted 
o i l impo r t s  s hown i n  Tabl e 4 by o ve r  6 0  pe rc e n t  by the ye a r  2 0 0 0 .  
Fo r such to occur , i nd u s try and gove r nmen t  mu s t  em bark o n  a con
cer ted t igh t g a s  d e ve l opmen t program i n vo l vi ng a maj o r  re se arch and 
d e ve l opme n t  e f fo r t  to impro ve appl ied techno l ogy , a change i n  f i e ld 
r ul e s  to a l l ow c l o s e r  we l l  s pac i ng ,  and an i nc re a se i n  re a l  pr ice s 
for t ight ga s .  

E xplora t ion S uc c e s s  and R i s k  

Wh i l e  gove r nmen t c an c re a te a f a vorab l e  e n vi ronme n t ,  t he ul t i 
ma te sc ale  o f  t ig h t  g a s  d e ve l opment w i l l  be con t i ng e n t  upon a 
b e l ie f by the n a t io n ' s  g a s  explorers , produc e r s , a nd tr anspo r te r s  

1 6  



TABLE 4 

Energy Information Admini stration ( EIA) 197 9  Forecast of u.s. Energy SUJ2J2ly* 

(Quadril lion Btu/Yr or TCF/Yr Equivalents) 

1978 1980 1985 1990 1995 2 0 0 0  2 010 2 0 2 0  -- -- -- -- -- --

Domestic Oil 2 0 . 7  2 0 . 5  18 . 7 19 . 6  19 . 4  2 0 . 5  2 0 .6 15 . 0  

Oi l Imports 16 . 7  15 . 0  12 . 1  11 . 7  11 . 8  13 . 1 8 . 4  6 . 8 

Domestic Gas 19 . 5  19 . 0  18 . 2  18 . 7  17 . a  16 . 4  14 . 6  12 . 1 

Gas Imports 0 . 9  1 . 6  o.a o . a  o . a  0 . 7  0 . 2  0 . 1 

Coal 15 . 0  17 . 6  2 5 . 0  29 . 3  3 6 . 7  38 . 2  49 . 7  71 . 6 

I-' 
-....! Nuclear 3.0 2.9 5.6 8.2 9.6 11.3 18. 1 21.8 

Renewable , Solar , and Other 2 . 6  1 . 4  1 . 2 o . a  0 . 4  7 . 9 12 . 4 16 . 0 
---

Total 7 8 . 4  7 8 . 0 81 . 6  89 . 1 96 . 5  10 8 .  1 124 . 0  143 . 4  

World Oil Price 

Mid-19 79 $/Bbl 1 5 . 5 0  31 . 0 0  3 2 . 0 0  3 7 . 0 0 41 . 0 0  43 . 0 0  43 . 0 0 43 . 0 0 

January 1 ,  197 9 ,  $/MC F 

Equivalent Gas Price 2 . 5 2  4 . 9 2 5 . oa 6 . 0 2  6 . 51 6 . 8 3  6.8 3 6 . 8 3 

*U . S . Energy Information Administration (EIA) 197 9  Annua l Report to Congres s ,  Table S-2 , p .  x. 



that a l a rge t igh t g a s  re so urce e x i s t s  and i s  e c o n om i c a l ly prod uc
i bl e . Geo l og i st s  and i n ve s tors c an f i nd d e ta i l s  abou t b a s i n s  a nd 
fo rma t ion char ac ter i s t ic s  for the 1 2  ba s in s  in  t h e  c hap t e r s  o f  Par t 
I I  o f  th i s  vol ume . Th e b a s i c  da ta on ne t pay , po ro s i ty ,  prod uc t io n  
r a te s ,  probab i l i ty o f  s uc ce s s , i n ve s tmen t req u i r emen t s , and a ve r ag e  
r a te s  o f  r e tur n  fo r 8 2  s ub b a s i n s  a r e  d i sc us se d  in  t h e  te x t  and are 
tabula ted . The econom i c  data may be u s ed to make a rough r a n k i ng o f  
the s ubba s i n s  and to se l e c t  f a vorab l e  areas  fo r po te n t i a l  t i g h t  g a s  
plays . Geolog i s t s  e xplore fo rma t ions h a vi ng f avor ab l e  geochem i c a l  
a nd thermal h i s to ry fo r g a s  genera t i on . Ma ny o f  t he se a r e  known 
from d ry hole s d r i l l ed i n to the fo rma t ion s i n  the pa s t .  Many pro
s pe c t i ve areas c an b e  l oc a ted by reexam i n ing old we l l  record s  fo r 
g a s  s hows . 

Se i smi c wo rk can contr ibute l i t tl e  to w i ld c a t  loca t ion s . Pa t
t e r n  d r i l l i ng mu s t  b e  used to l oc a te g ood q ua l i ty r e s e r vo ir rock . 
Long fr a c t ure s h e lp to e n l a rge the area te s ted by a s i ng l e  we l l . 
As r e s e r vo i r  qual i ty me a s ured in mi l l idarcy - fe e t  d e c re a se s ,  t he 
r i s k  o f  d r i l l i ng an uneconom i c a l  we l l  bec ome s g re a ter . Whe n  the 
g as pr i c e  goe s up , t he se l owe r qua l i ty r e s e r vo ir s  become pro f i t
able . The probable  r a ng e  o f  r e s e r vo ir q ua l i ty c a n  be e s t ima ted 
b e fo r e  d r i l l i ng bu t the ac t ua l  qua l i ty at the s pe c i f i c  we l l  loca
t ion is  unknown . Geo l og i s t s  search fo r be t ter q ua l i ty re s e r vo i r  
rocks by d r i l l ing along n a t ur al frac t ur e  c o ncen tra t ions , fo l l ow i ng 
l en t i c ul ar re s e r vo i r s , and wo rk i ng alo ng tre n d s  o f  pr e vi o u s  d i s 
c o ver ie s .  S i n c e  the d r i l l i ng ob j e c t i ve i s  fo r a h ig h e r  va lue o f  
m i l l id arcy - fee t ,  i t  wo uld s e em pr ud en t  to pre f e r  the t h i cker fo rma
t i ons . The b e s t  g u id e , o f  c our se ,  i s  pr e vi o u s  e xpl o r a t i o n  and 
d e ve l opmen t e xper i e nc e . The ba s i n chapters o f  Par t I I  o f  t h i s 
vol ume r e fl ec t  tha t  e xpe r ience in terms o f  e c onom i c s  and r i sk .  

The r i s k  i n vol ved i s  r e f l e c ted i n  the va l ue o f  the pe r c e n tage 
of pro s pe c ts pro f i ta b l e  g i ven for e ach s ubba s in .  The se va l ue s  re p
r e s e n t  the e s t ima ted a ve r ag e  pe rforman c e  o f  the who l e  indus try . 
Ind i vid ual opera to r s  c o uld e xpe c t  to appro ach the se a ve r age per fo r
man c e s  i f  e ngaged in l arge pl ays i n vo l vi ng many pro s pe c t s .  Sma l l er 
opera to r s may s pre ad the i r  r i s k s  by own i ng a sma l l  s hare o f  ma ny 
prospe c t s .  Amo ng peop l e  who d r i l l  only o n e  o r  two we l l s , ve ry few 
c an e xpe c t  f in anc i al s uc c e s s  un t i l pr ice s are much h igher t h an t hey 
are now . 

Poten t i a l  Cons tra i n t s  

Th e fo l l ow i ng po te n t i a l  con s t r a i n t s  t o  the d e ve l opme n t  o f  t ig h t  
g a s  were cons id e r ed i n  t h i s  s t udy : 

• Marke t d emand a t  the pr ice s  nece s sa ry to prod uce the ga s may 
no t be ava i l ab l e  un t i l  the l a te 1 9 8 0 ' s . 

• Mo re ope r a to r s  wi l l  have to become convi n c ed tha t the pro
d uc t ion techno l ogy i s  depend abl e ,  the g a s  re source s are 
a va i l ab l e ,  a nd the e conom i c s  are f a vo r ab l e  b e fo re many tight 
gas pl ays are beg un . 

• Pi pe l in e  capaci ty i s  a con s tra i n t now i n  many par t s  o f  the 
coun try , b u t  n ew p i pe l i n e s  c an be bu i l t  as n eeded . 
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• The s uppl y o f  ma te r ia l s ,  manpowe r ,  and s e r vi c e s  i s  no t l ike 
ly to be a cons tra i n t ,  except for the h ighe s t  prod uc t io n  r a te s .  

• The i n ve s tmen t r equ i reme nts wi l l  no t b e  a c o n s tr a i n t .  

• Fe d e r al l ands propo sed fo r w i thd rawa l ,  a nd tho s e  a l re ady 
wi t hd r awn from e n e rgy and other u se s ,  c o uld r e d uc e  the 
po te n t i a l  g a s  r e so ur c e s  a va i l ab l e  by l e s s  than 5 pe r c en t in  
the l owe r 4 8  s ta te s .  But acce s s  to fed e r a l  l an d s  i s  impo r
tant to produc i ng th i s  re sour c e .  

• En vironme n ta l  q ua l i ty w i l l  be impro ved by i nc re ased g a s  
pro d uc t ion a s  oppo s ed to s uppl ie s from mo s t  o t her en e rgy 
sour c e s .  

• The new g a s pr i c e  reg u l a t i ons e n c ourag e  t ig h t  g a s  d e ve l 
opme n t ,  a n d  whe n  g a s  pr ice s are d er eg ul a ted i n  1 9 8 5 -1 9 8 7, 
the pace o f  e xpl o r a t i o n  should  i n c re a se . 

At the pro j e c ted t i g h t  g a s  produc t io n  l e ve l s  d e ve l oped fo r the 
s tand ard scenar i o ,  the o n ly po ten t i a l  con s tra i n t  appe a r s  to be l im
i ted p i pe l i n e  c apac i ty i n  the Ro cky Mo un ta in and No r thern Gr e a t  
Pla in s/Wi l l i s ton are a s . 

DI SCUSS ION 

Th e f i nd i n g s  of t h i s e x te n s i ve s t udy o f  t ig h t  g a s  po te n t i a l  
ra i se three per t in e n t  i s s ue s ,  wh i c h  are add re s s ed b e l ow :  

Why the Pote n t i a l  Re co ve ry and Prod u c t ion E s t i ma t e s  Are S o  Large 

The pro d uc t i ve area i ncre a se s rap id ly w i t h  i nc re a sed gas 
p r i c e s .  Fo r e x ampl e, in the San Ju an b a s i n ,  t he area tha t  i s  pro
d uc t i ve i ncrea s e s  from 7 5  sec t ion s ( sq uare m i le s ) a t  a $ 2 .5 0/MC F  
pr i ce to 1 ,0 4 0  s e c t ions  a t  $ 9 .0 0/MCF . Th e amou n t  o f  r e c o ve r a b l e  
g a s  re source i ncre a s e s  1 2  t ime s for the s ame pr i c e  c h a ng e . Th i s  
s i t ua t io n  i s  typ i c al of mos t  b a s i n s .  Wi l d c a t  we l l s  tha t we r e  fo r
me rly c l a s s i f i ed a s  d ry hol e s  c an bec ome s ucce s s f ul prod uc e r s  a t  
h igher pr i c e s  wi th a r e s ul ta n t  impr o vemen t  i n  w i l d c a t  s uc c e s s  
ra te s .  Es t ima ted r e c o ver i e s  are a l so s ign i f i c an t l y  i nc r e a s ed by 
impro veme n t s in appl i e d  techno l ogy and c l o s e r  we l l  spac ing . 

Wha t  the Reg iona l I mpa c t  o f  T i ght Gas Prod u c t i o n  W i l l  B e  

Th e Ro cky Mo un ta i n s  and No r thern Gr e a t  Pl a in s  wi l l  be ma j or g a s  
prod uc i ng pro vi nce s fo r ne arly a cent ury . E ight o r  mor e  l a rge ga s 
tran sm i s s i o n  l in e s  wi l l  be requ i red to d e l i ve r  the g a s  to marke ts 
east and we s t .  

The exce s s  pipe l in e  c apac i ty i n  the Southwe s t  reg ion w i l l  ma ke 
pos s i b l e  promp t i n ve s t ig a t i o n  o f  t ig h t  g a s  r e sour c e s  "be h i n d  the 
pipe " ( ga s  re sources from e x i s t i ng wel l s  r e c ompl e ted in t ight fo r
ma t ions ) ,  i n  o ld f i e ld s ,  and in n ew d i s c o ve r i e s .  About one fou r th 
o f  the to tal U.S .  t ight gas po ten t i al i s  loca ted i n  th i s  reg io n .  
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I t  i s  expe c ted to s u s ta in a bu i l dup o f  produc t io n  r a te s  to a pe ak 
of 4 TC F per ye ar in the ye a r  2000 and d e c l ine to 2 TCF pe r ye a r  by 
2020. Th u s , the  pe trol eum i nd u s try wi l l  have ad d i t ional  produc t i v 
i ty in th i s  r e g ion fo r many ye ar s .  

Mo s t  s ta te s  h ave the po ten t i al to prod uce t igh t g a s . The 
d ev e l opmen t  of t h i s po te n t i a l  should  l e s s e n  the po s s i b i l i ty o f  
loc a l gas s upply in terrup t i on s .  A l so , the se arch for the  g a s  w i l l 
i nc rease the pr o s pe c t  o f  f i nd i ng new o i l r e s e rve s i n  mos t  s t a te s . 

How T i ght Gas Prod u c t ion Can Ge t S tarted o n  a Large S c a l e  

Th e Fe d e r al E n e rgy Re g u l a to ry Commi s s ion ( F ERC ) s e t a n  inc en
t ive pr ice for t igh t gas of $ 4 . 5 9/MC F  s tar t i ng Se p t embe r 22, 1 9 8 0. 
Th i s  i s  d oub l e  the r eg u l a ted pr ice  o f  n ew o nsho re g a s . E x i s t i ng 
o i l o r  gas we l l s r e c ompl e ted in t igh t gas fo rma t ion s can q u a l i fy 
for th i s  i n c e n t ive pr ice . Many ope r ato rs c an b eg i n  a t i g h t  g a s  
pl ay i n  we l l s t h a t  h ave e xha u s ted the i r  co nven t io n a l  re s e rve s . 
On ly a wo rkove r and f r a c t ur ing inve s tme n t  i s  r eq u i red . The r e are 
thousands  o f  s uch we l l s  in the Southwe s t  reg ion of the Un i ted 
S t a te s .  

New sha l l ow we l l s  i n  the No r thern Gr e a t  Pl a in s  c an a l s o  be 
d r i l l ed and c ompl e ted fo r mod e s t  i nve s tmen t s .  The F ERC i nc e n t ive 
pr i c e  prog r am cou l d  encou r ag e  tight gas d r i l l i ng to the e x t e n t  tha t 
the 1 , 000 we l ls pre s e n tly pro d uc i ng t igh t g a s  c o uld incre a se to 
1 3, 000 we l l s  in 1 9 8 5 .  It i s  e xpe c ted tha t s uc h  a pl ay wo u l d  con
t i n ue a f ter d e r e g ul a t ion in 1 9 8 5  because the econom i c s  o f  r e c ove ry 
wo u l d  al ready h ave been d emo n s t r a ted in many ba s i n s . 

Th e un d i sc ov e r ed U . S .  t ig h t  g a s  po te n t i a l  i s  e s t ima ted to be i n  
t h e  r a nge o f  1 92- 5 7 4  TCF . Wi th pr ice  i nc en t ive s and improved t e c h 
n o l ogy , t ight g a s  r e servo irs  wi l l  b e  d i sc overed and produ c e d  a l l 
ac ro s s  the Un i ted State s . 
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C h apter One 

I NTRODUCT I ON 

U . S .  natural gas f a l l s  into three categor i e s : ( l )  cumu l a t i ve 
g a s  produced to d a te ; ( 2 )  prove n ga s r e s e rve s th a t  have a c t ua l ly 
been d i scovered ; and ( 3 )  und i scovered resources  that r ema i n  to be 
f ound and deve loped . 

Th i s  s tudy o f  g a s  i n  low perme ab i l i ty forma t i o n s  ( t ig h t  g a s ) i s  
a s t udy o f  und i s cove red g a s  resources i n  the  ( l ower 4 8 )  Un i t ed 
State s . The broad me s s ag e  of th i s  s t udy i s  th a t  there i s  a s ub 
stan t i a l  t igh t g a s  re source poten t i a l  t o  be deve l oped . I f  g a s  
p r i c e s  we re equ iva l en t  t o  wor l d  o i l  pr i c e s , s ig n i f i c a n t  q u a n t i t i e s  
o f  t ight g a s  could b e  pro d uced a t  a pro f i t . I f  t e chno logy c a n  be 
adva nced to ach i eve l onge r fractures it  wou l d  be pos s i b l e  to pro
duce about h a l f  aga in as  much gas as can be re cove red w i th c urre n t  
t e chnology . Advanced technology c a n  a l s o  reduc e d eve l opme n t  cos t s . 

For e xampl e ,  the M i lk River g a s  f i e l d , n ow the l arge s t  i n  
Can ad a  w i th appro x imat e l y  9 TCF o f  re cove rable g a s , was a c t u a l ly 
d i scove red by a C anad i an Pac i f i c Ra i l ro ad we l l  d r i l l ed f o r  wa ter i n  
1 8 8 3 , bu t was n o t  e conomi c a l ly produc i b l e  u n t i l  1 9 7 3 . 1 O n e  o f  
the l arge g a s  f ie l d s  i n  No r th Ame r i c a ,  t h e  S a n  Juan b a s i n  w i th 2 8  
TCF o f  recoverable  ga s ,  i s  a ve ry l ow q ua l i ty r e s e rvo i r  wh i ch h a s  
a lso e xpe r ie nced a rad i c a l  improveme n t  i n  e conomi c s  i n  re spo n s e  to 
improvements  in gas pr ice  and te chnology . 

OBJECTIVES 

Th e ob j e c t ive s of th i s  analy s i s  of t igh t ga s r e s ervo i r s  a nd po
ten t i a l  t ight gas prod uct ion i n  the Un i t e d  S t a t e s  are : 

• To d e te rmine the produc i b l e  re s e rv e s  o f  t ig h t  g a s  that could 
be added from bas i n s  conta i n i ng t ig h t  g a s  s ands a t  pr i c e s  o f  
$ 2 . 50,  $ 3 . 5 0 ,  $ 5 . 00, $ 7 . 00,  a n d  $ 9 . 00/MC F . Make the s e  d e 
termi n a t ions a t  d i scou nted cash f l ow r a t e s  o f  re turn ( DC F  
ROR )  o f  1 0 ,  1 5 ,  and 2 0  percen t .  Econom i c s  a r e  based on Ja n
uary 1 ,  1 9 7 9 ,  d o l lars . 

• To make the e s t ima t e s  a t  the be s t  l eve l o f  c u r r e n t  t e ch n o l 
ogy ( ba s e  c a s e ) and a l so a t  an ad vanced te chnology ( advanced 
c a s e ) that cou l d  be deve loped i n  f ive to 1 0  years  w i th f un d 
i ng o f  r e s e ar ch a n d  te s t i ng . 

• To e s t imate the amount o f  proven reserves  that could  be 
added up to the ye ar 2 000 at the s e  pr i c e s  and l eve l s  o f  
te chno l ogy . 

lJoh n A .  Mas te r s , " De e p  Bas i n  Ga s Trap , We s te r n  Can ad a , " AAPG 
Bul l e t i n ,  Vo l . 6 3 ,  Number 2 ,  February 1 9 7 9 ,  pp . 1 5 2- 1 8 1 .  
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• To e s t ima t e  the annu a l  produc t ion r a t e  o f  t igh t g a s  in  the 
Un i ted S t a t e s  from 1 9 8 0  to the year 2000 . 

• To s h ow wh i ch gove r nme n t  po l i c i e s  a id and wh i ch cons t ra i n  
the i nd u s try i n  reach i ng the s e  po te n t i a l  produc t ion goals . 

• To re comme nd r e s e a rch progr ams wh i ch shou l d  be purs ued to 
reach the po ten t i a l  goa l s  of the ad van ced t e c h no l o gy cas e . 

The tota l U . S .  t i gh t gas re s ource has  been s t ud i ed and the 
me thodo logy u s ed in th i s  analy s i s  is d e s c r i bed i n  Ch ap ters  Th ree 
and Four . 

BACKGROUND 

Th e Un i ted S t a t e s  has  1 1 3  b a s i ns and provi n c e s  that c u r re n tly 
pro d uce g a s . Th e s e  1 1 3  bas i ns h ave been cons idered on a r e g i on a l  
bas i s  a s  fo l l ow s  and are shown on F i g u r e  7 :  

• I - - We s tern reg i on 

• I I  - - Gre a te r  Sou thwe s t  reg ion 

• I I I  - - Ea s te rn reg ion 

• I V  -- M i d -Cont inent reg i on 

Twe n ty-four o f  the s e  areas have been recog n i z ed a s  t ig h t  g a s  
trends o r  ba s i n s  a nd a r e  l i s ted o n  the fo l lowi ng c omp i l a t ion . The 
l oca tion o f  the s e  2 4  b a s i n s  i s  shown on F i g ur e  7 .  Of the 2 4  recog
n i zed t igh t g a s  ba s i n s  that h ave been s t ud ied , 12 h ave been ana
l y z e d  e x t e n s ive l y  and are numbe red i n  the fo l l ow i ng l i s t .  Th e s e  12 
ba s i n s  are cons ide r ed to be s ig n i f icant sourc e s  of t igh t ga s ,  and 
they have prov i d ed the mo s t  e x tens ive d a ta c u r r e n tl y  ava i l ab l e . 
Th i s  s t udy has  concen trated on the s e  1 2  ba s i n s  i n  th i s  e va l ua t ion 
of u. s. t ig h t  gas po te n t i a l . 

Fo r the purpo s e s  o f  the s tudy , t igh t g a s  h a s  b e e n  d e f i ned a s  
nat ural g a s  tha t  h a s  a n  in s i tu e f fe c t ive pe rme ab i l i ty o f  l e s s  tha n 
1 md . Mo s t  g a s  i n  th i s  s tudy i s  in  r e s e rvo i rs t h a t  h ave p e rme ab i l 
i t i e s  of l e s s  tha n 0. 1 md . T i gh t g a s  ce s e r vo i rs requ i r e  ar t i f i c i a l  
s t imu l a t ion and c lo s e  spa c i ng , r e s ul t i ng i n  h igh e r  cos t s . Be c a u s e  
o f  the ma r g i n a l  nat ure o f  t h e  ce servo i r s , t h e  e con omi c r i s k s  a r e  
h igh . B a s i n s  and rock s of spe c i f ied g e o l og i c  age s  th a t  me e t  the s e  
c r i te r i a  i n c lude : 

Are a  

I .  We s tern Reg ion 

Gre a t  Pl a i n s  Appr a i s e d  

1 .  Northern Gre a t  Pl a i n s  
2 . Wi l l i s ton 
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Geolog i c  Age 

C r e t a c e o u s  a nd o l d e r  
C re t aceou s a n d  o ld e r  



Rocky Moun ta i n  Appra i s ed 

3 .  Gre ater Gre e n  River 
4 .  Wind R ive r 
5 .  U i n t a  
6 .  Pi ceance 
7 .  Denve r 

Other Known We s te r n  

A .  Snake River 
B .  B ig Horn 
c .  Wa s a tch 
D .  Doug l a s  Creek 
E .  We s tern S h a l low 

Cre taceou s  Tre nd 

I I .  Gre a t e r  Sou thwe s t  Reg io n  

Southwe s t  Appr a i sed 

8 .  San Jua n 
9 .  Va l Ve rde-Ozona Trend 

1 0 .  Val Verde -Sonora Trend 
1 1 .  Edwards Lime Trend 
1 2 .  Cotton Val l ey Trend 

Other Known Southwe s t  

F .  Ra ton 
G .  Anad a rko 
H .  Ouach i t a  
I .  Arkoma 
J .  Fort Worth 
K .  We s tern Gul f 

I I I .  Eastern Reg i on 

L.  Appalach i an 
M .  Black Warr ior 

Ter t i a ry a nd older 
Ter t i a ry and o l d e r  
Te r t i ary a n d  o l d e r  
Te r t i ary a n d  o l d e r  
C r e t aceou s 

Te r t i ary 
Ter t i a ry and o l d e r  
Te r t i ary a n d  o l d e r  
Cre t a ce ou s  
C r e t aceous  

Cre tace ou s 
Pe rmo/Pe nn s y l va n i an 
Pe rmo/Pe nnsylvan i a n  
C r e t a ceou s 
Juras s i c  

Te r t i a ry and o l d e r  
Pa l eozo i c  
Pa l e o z o i c  
Pa l e oz o i c  
Pe nnsyl v an i a n  
Te r t i ary 

Pa l e oz o i c  
Pa l e o zo i c  

Ge olog i c  age s are spe c i f ied becau s e  no t a l l  t ig h t  g a s  f o rma 
tions h ave been iden t i f ied a s  ye t by deep d r i l l i ng ,  and i t  i s  a n 
t i c ipated t h a t  o t h e r s  wi l l  be id e n t i f ied a s  the t ig h t  ga s re sou rce 
i s  d e ve l oped . 2 

2Ma ny of these  t ight gas bas i ns h ave been prev i ou s ly iden
t i f i ed i n  W e s t e r n  Gas Sand s , u.s. Ene rgy Re s e arch and  Deve l opme n t  
Admi n i s tr a t io n , Pro j e c t  Pla n ,  Aug u s t  1 ,  1 9 7 7 .  
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N 
� 

I. WESTERN REGION 
GREAT PLAINS APPRAISED 

1 :  N O RTHERN G R EAT P LA I N S  
2 .  W I LL I STON 
ROCKY MOUNTAIN APPRAISED 
3 .  G R EATER G R EEN R IVER 
4 .  WIND R I VER 
5 .  U I NTA 
6.  P I CEANCE 
? . D ENVER 
OTHER KNOWN WESTERN 
A. SNAKE R IVER 
B . B I G  HORN 
C .  WASATACH 
D . DOUG LAS C R E E K  
E. WESTERN S H A L LOW C R ETAC EOUS TR EN D 

NOTE: Coastal reg i o n s  i n c l ude offsh o re a reas. 

h 
IV.  MI D- CONT INENT 

F�::::�::::::��:�H BASINS STUDIED BY NPC 

II. GREATER SOUTHWEST REGION 
SOUTHWEST APPRAISED 
8 . SAN J U AN 
9. VAL VER D E-OZO N A  T R E N D  
1 0 . VAL V ER D E-S O N O R A  T R EN D 
1 1 . EDWAR DS L I M E  TR EN D 
1 2 .  COTTON VALLEY TR E N D  

Fio · · ce 7 . T i g ht Gas Basi ns .  

OTHER KNOWN SOUTHWEST 
F. R ATO N 
G .  AN ADAR K O  
H . O U A C H ITA 
I .  A R KOMA 
J . FORT WORTH 
K . WESTE R N  G U L F  COAST 
I l l .  EASTERN REGION 
L. APPALAC H I A N  
M . B L A C K  WAR R I O R  



STU DY ORGAN I Z AT ION 

Th i s  analy s i s  of the 1 2  ma j o r  U . S .  t ig h t  ga s b a s i n s i d en t i f ied 
to  d a t e  was a c c ompl i shed by me ans o f  an organ i z a t ion o f  1 2  bas i n  
t e ams con s i s t i ng o f  one o r  mo re geolog i s t s  and e ng i ne e r s  w i th e xpe 
rience in  f i nd i ng and prod uc i ng t igh t g a s  i n  e a ch o f  the r e s pe c t ive 
bas i ns . Ind i v id u a l  bas i n  ch apters we r e  deve l oped by the s e  teams , 
wh i ch a l so prov ided the j udgme n t s  for the prod u c t ion and e conom i c s  
u s ed i n  th e s tud y . 

A group of e ng i n e e rs par t i c ipa t i ng i n  the s tudy e f fo r t  mad e  the 
e ng i ne e r i ng a s s umpt ions , s e t  s tandard s ,  g a the red c o s t  d at a ,  and 
s e l e c ted c a l cu l a t ion me thod s . F ig ur e  8 pre s e n t s  an orga n i z a t i on 
chart for th i s  s t udy and F igure 9 pre s e n t s  an i nd i c a t i o n  o f  th e 
work f l ow ,  wh i ch wa s ul t ima t e ly accompl i shed a s  d e s c r ibed i n  Ch ap
t e r s  Th ree and Four . 

CHAI RMAN 
CO-C HA I R MAN 

I I I I 
G EO LOGY A N D  BAS I N  TEAMS WELL ECO N O M I CS R EP O RT 
EN G I N EER I N G  ( 1 2 BAS I N S) PRODUCT I O N  CALCU LAT I O N S  WR I T I N G  

CALC U LAT I O N S  

F i g u re 8 .  O rganization Chart. 

I 
STA N DARDS G EOLOG I CAL WELL 

SET DATA P R O D U CT I V I TY 
PR EPAR ED CAL C U LATED 

ECO N O M I CS 
L-- CALCU LATED 

COM M I TTEE 
� APPROVA L � N P C  

A N D  APPROVA L 
REPORT W R I T I NG 

l 
D EL I V E R  TO 
S E C R ETARY 
OF E N E R G Y  

F i  u re 9 . Work F low Ch art. g 
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Chapter Two 

THE S I Z E  OF THE T I GHT GA S RE SOURCE 

Dur ing the 1 9 5 0 ' s  some t igh t gas we l l s  we re d r i l le d  and com
ple ted in the San Juan bas i n . Howeve r ,  it wa s not un t i l  the 1 9 70 ' s 
that a c t i vi ty c omme n c ed in the more f avorable a r e a s  o f  o t h e r  t i gh t 
g as bas ins , s uch as the Co t ton Va l l ey , De nve r ,  Gr e e n  R i ve r ,  a nd 
Sonora . T i gh t  gas product ion i s  curre n t ly e con omi c a l ly pos s ib l e  by 
me ans of ma s s ive hyd raul i c  fractur ing . E xp e r i ence w i th more than 
1 , 000 we l ls has d emon s trated the po ten t i a l  for pro d uc t ion o f  l ow 
perme a b i l i ty g a s  rese rvo irs th roughou t the Un i t ed S t a t e s . 

THE GENERAL APPRAI SAL AND EST IMAT ION APPROACH 

The s i ze o f  the u.s. t i gh t gas r e s ource appe a r s  to be qu i t e  
l arge , ye t i t s  actual  mag n i tud e  has not been we l l  e s ta b l i shed . 
There are 1 1 3  known ga s -produc ing bas i n s  and pro v in c e s ( both con
vent ional and  t igh t )  in  the  lowe r con t i ne n t a l  Un i ted S t a t e s . I t  i s  
e s t ima ted tha t there are appro x ima te ly one mi l l i o n  s e c t io n s  tha t 
can be cons id e red prospe c t ive t igh t ga s are a s . To prov i d e  some 
me as ure of the t i gh t gas re source s 12 bas i n s  we re s e l e c t e d  wh i c h  
were cons ide red repr e s en t a t ive o f  the po te n t i a l ly produc t ive t igh t 
gas areas o f  th e Un i ted State s . The s e  bas i n s  are  s h own i n  F i gure 
7 .  A d e t a i led appr a i s a l  wa s mad e  of the g a s  resource in  t h e s e  
bas in s ,  wh i ch ac c ounted f o r  appro x ima t e l y  3 5  percent  o f  the tota l 
u.s. area though t to con t a i n  t igh t ga s .  Th e e s t ima t e s  f rom the 
deta i led appr a i s a l s  were then e xtrapo l ated to the r ema i n i n g  pro s 
pect ive t igh t ga s areas to arr ive at a tot a l  e s t ima t e  of the t igh t 
gas re source i n  the l owe r 4 8  s tates o f  the Un i ted State s . 

The appra i s a l s  o f  the 1 2  s e l e c ted bas i n s  repre s e n t  a much h i gh
e r  leve l of conf id e nce than the va lu e s  d e t e rmi ned f o r  the e x t rapo
lated are a s . In the appra i s e d  are a s , va l ue s  we re d e t e rmined by 
me ans of the d e t a i l e d  forma t ion-by-forma t i on i nve s t i g a t ions  a s  d e 
scr ibed i n  Chapte r s  Thre e ,  Four , a n d  F ive . I n  the r ema i n i ng e x 
trapo l a ted areas , pro j e c t ions we re mad e  u s ing " ty p i ca l " f o rma t ion 
type s wh i ch corre s ponded to the forma t ions  e n c ou n t e red i n  the 1 2-
bas in de ta i l ed appr a i s a l  s tudy . 

As s t a ted above , the  1 2  appr a i sed ba s i n s  are dep i c t ed i n  F i g u re 
7 and are l i s ted in  d e t a i l  i n  Chapte r  One .  The e xt rapo l a te d  a r e a s  
i nclude t h e  o t h e r  known t igh t gas ba s i n s  ( a l s o  l i s ted i n  Ch ap t e r  
One a n d  shown i n  F ig ure 7 )  plus  a l l  other spe c u l a t i ve a r e a s  and 
add i t ional specu l a t ive fo rma t ions con ta ined i n  the  appr a i s e d  bas i n s  
bu t not inc l uded i n  t h e  d e ta i led appra i s a l  s tudy . 

The s t udy inc l ud ed d e te rmi n i ng the fo l l ow i n g  va l ue s : 

• Tot a l  prospe c t i ve area for t i gh t g a s  ( se c t io n s ; i . e . , square 
mi l e s ) 
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• Po te n t i a l ly produ c t ive t igh t g a s  area ( s e c t ions ; i . e . , 
square mi l e s ) 

• Tot a l  gas i n  pl ace 

• Max imum re cove rable gas in  place 

• U l t ima t e  recove rable  gas a s  a f un c t ion of gas p r i ce a nd 
t e chnology 

• E s t ima ted produc i ng rates wh i ch migh t be e xp e c ted f rom t igh t 
gas rese rvo i r s . 

The part i c ul a r  me thod u s ed i n  th i s  s t udy to d e te rm i n e  a me a s ure 
of the re sou r c e  ( both i n  pl ace and re cove rab l e ) h a s  neve r be fore 
been appl ied on s uch a large s c a l e .  I t  may be pos s i b l e  that the 
me thod i ts e l f  i n t rodu c e s  mo re pr ec i s ion than the a c cur acy o f  the 
geo l o g i c a l  and re s e rvo i r  data can j u s t i fy . Howeve r ,  the me thod 
d o e s  emp l oy a w i d e  numb e r  of e xpert e s t ima t e s  from ma ny q u a l i f ied 
sources on spec i f i c d a ta pe rt inent to the o ve r a l l  appra i s a l . The s e  
d a ta we r e  then brough t toge ther w i th procedu r e s  commonly u s ed to 
e va l u a te e xplora t ion and d e ve l opme n t  a c t i v i ty on a sma l le r  s c a l e .  
The s ame me thod u s ed here cou l d  pos s i b ly be appl i ed to e a ch o f  the 
oth e r  101 gas -prod uc i ng bas i n s  and pro v i n c e s  in the Un i te d  State s 
to con f i rm e s t ima t e s  of the total ga s po ten t i a l  ( wh i ch we re not 
appra i s e d  in  d e t a i l  i n  th i s  s t udy ) f rom t i ght gas forma t i o n s . 

Th e bas i n s  s t ud i ed in  d e ta i l  in  th i s  repo r t  c an be c l a s s i f i ed 
a s  the  Rocky Moun ta i n  ba s i n s , the No rthern Gr e a t  Pl a i n s/Wi l l i s to n  
g roup , a nd t h e  Sou thwe s t ,  wi th bas i n s  i n  New Me x i c o , Te x a s ,  a nd 
northern Lou i s i an a . At a s e l l ing pr i c e  o f  $ 5 . 00/M C F , ad vanced 
technology , a nd a DC F ROR o f  1 5  pe rcen t ,  the t ig h t  g a s  r e so u r c e  in  
the s e  ba s in s  is  e s t ima t ed b e l ow : 

Re g i on 

Sou thwe s t  

Ro cky Mou n t a i n  

No rthern Gr e a t  
Pl a i n s/Wi l l i s to n  

To ta l 

TC F 

22. 4 

1 1 3 . 3 

9 5 . 3 

23 1 . 0  

Wh i l e  a l a rge area has  been s tud i ed , a n  eve n l a rge r ,  po t en t i a l 
ly product ive area h a s  been omi tted . Kan s a s , Ok lahoma , Arkans a s , 
C a l i fo rn i a , a nd mo s t  of Lou i s iana are not repr e s e nted . Al s o ,  ma ny 
s tates  are kn own to h ave gas re s ourc e s  wh i ch h ave not been a t t r a c 
t ive a t  l ow pr i c e s . I t  s e ems reasonable  to a s s ume th a t  th i s  po ten
t i a l  should be inc l uded in the repor t .  Ih ord e r  to a s s ign va l ue s  
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to the s e  re sou r ce s , c o nve n t ional gas and o i l  produc t ion wa s cons i d 
e red t o  be i nd i c a t ive of sed ime n tary b a s i ns w i th t igh t g a s  po t e n
t i a l . The s e  c a t egor i e s  are a s  shown be l ow : 

Reg io n  TCF 

Gre a ter Sou thwe s t  1 00. 0 

Ea s tern 1 27 . 2  

Mid -Con t inent 5 . 0  

We s tern 4 0 . 0 

Tot a l  27 2 . 2 

Th e spe c ul a t ive gas re source wa s thus  ra i s e d  from 23 1 to 503 
TCF . Th e of f s hore areas probably con t a i n  t igh t ga s .  Th e ext reme 
d i f f i c u l t i e s  a s so c i a t e d  w i th th e MHF techn iqu e ,  and the h i gh cos t s  
o f  d r i l l i ng and p ipe l i n i ng o f f shore , make s uc h  areas  una t t ract ive 
for t i gh t gas prod uct ion . 

Be c a u s e  other areas i n  the Un i ted S t a t e s  we r e  to be inc l ud ed i n  
the scenar ios  in  t h e  s t udy , ba s in a n a lyse s we re n e e d ed f o r  e x trapo
l a t ion . Th i s  n eed wa s me t by a s s ig n i ng to the s e  a r e a s  " typ i c a l " or 
s urrogate b a s i n s  a l re ady eva l ua ted . For e x ample : 

Reg i on 

M id -Con t in e n t  Sha l l ow :  

I n t e rmed i a te : 

De ep : 

We s tern Sh a l low :  

Interme d i a te : 

Wes tern De ep : 

Ea s tern Ce n t ra l : 

Repr e s e n ted by 

Northern Gre a t  Pla i n s : Mowry and 
Gre e nhor n ,  N i obrara , Ca r l i l e 
and Eag l e ,  and Car l i l e  and 
N i obrara 

Va l Ve rde : So nora 

San Juan : Dako t a  

W i nd R i ve r :  Fron t i e r ,  Mud dy 

Picean c e : Corcoran Co z et t e , Fort 
Uni o n , Mes averde 8 , 000 , and 
Lowe r  Cre t a c eous Jur a s s ic 

Wind River : Lan c e  9 , 000 and 
1 4 , 000 

Northern Gre a t  Pl a i n s : Mowry and 
Gre enhor n , N i ob r ar a , Car l i le 
and E a g l e , C a r l i le and Niobrara 
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Region 

Gre a t e r  
Sou thwe s t  

Co a s tal : 

Inte rme d i a t e : 

Deep : 

Repre sented by 

P iceance : Corcor a n  C o z e t te , For t  
Un ion , Me s averde 8 , 000 , Lowe r  
Cretaceous Jura s s ic 

San Jua n : Dako t a  

Co t to n  Va l l ey 

Sou t hwe s t :  Cot ton Va l l ey ,  
Edwa rds Lime Ce n t ra l , Edwa rds 
L ime Southwe s t ,  Va l Ve rd e : 
Ozona and S o no ra , a nd S a n  Jua n : 
Dako t a  

C OMPO S I T E  T I GHT GAS IN THE UN I TE D  STATES 

Th e re s ul t s  of the s tudy for both the appr a i sed and e x t rapo
lated areas  are s umma r i zed i n  Tab l e  5 .  

TABLE 5 

U . S .  Tigh t Ga s Re source and Re cove ry E s t ima t e s  
Appra i sed a n d  E x trapo l ated Are a s  

( Lowe r 4 8  S t a te s )  

Appra i sed Extrapo l a te d  
( 1 2 B a s i n s ) ( 1 01 B a s i n s ) To ta l *  

Prospe c t iv e  Ar e a  ( Se c t ions ) 3 5 9 , 5 00 6 5 5 , 000 1 , 01 4 , 5 00 

Prod uc t ive Are a  ( Se c t i ons ) 

To t a l  Ga s in P l a c e  ( TC F )  

Max imum Re c ove r ab l e  ( TC F )  

B a s e  Te chnology - 
Rec overable ( TC F ) t 

@ $ 2 . 5 0/MCF 
$ 5 . 00 
$ 9 . 00 

Ad van c ed Te ch no l ogy 
Re coverable ( TC F ) t  

@ $ 2 . 5 0/MCF 
$ 5 . 00 
$ 9 . 00 

5 3 , 000 

4 4 4  

2 9 3  

9 7  
1 6 5  
1 8 9  

1 4 2  
2 3 1  
2 7 1 

*To t a l s  may no t add d ue t o  round i ng . 

6 8 , 5 00 

4 8 0  

3 1 5 

9 5  
2 00 
2 1 5  

1 8 9  
2 7 2  
3 03 

tAt a 1 5  percent  d i s c oun ted rate o f  r e t ur n  a nd con s ta n t  
January 1 ,  1 9 7 9 ,  d o l l a r s . 

3 0  

1 2 1 , 5 00 

9 2 4  

6 08 

1 9 2  
3 6 5  
4 04 

3 3 1  
503 
5 7 4  



The appra i s e d  s t udy o f  the 1 2  s e l e c t  bas i ns c o ve r s  abou t 
3 60, 000 prospe c t ive s e c t ions . Of the s e , appr o x i ma t e ly 5 3 , 000 s e c
t ions are cons idered to be po te n t ial ly prod u c t i ve are a s . I n  the 1 2  
appra i s ed bas ins , 4 4 4  T C F  wa s e s t ima ted a s  ga s i n  p l a c e , w i th 23 1 
TC F be ing po ten t i a l ly recove rable a t  $ 5 . 00/MC F and a 1 5  percen t 
d i s cou nt rate of re t ur n ,  u s i ng ad va n ced technology . 

It  appe ars th a t  the Un i ted S t ates h a s  a s ub s tant i a l  g a s  re 
source from t i gh t fo rma t ions a t  wor ld ene rgy p r i c e s . Al though on ly 
3 5  percent of the po t en t i a l ly produc t ive area wa s appr a i sed in 
det a i l ,  th i s  repre s e n t s  appro x imate ly 4 8  pe r c e n t  of th e ma x imum 
re cove rabl e gas . 

Th e data i n  Ta b l e  6 s umma r i z e  the compo s i te total  u . s .  e s t i
ma te s for the reg ions corre s pond ing w i th the map i n  F i gure 7 .  As 
can be s e e n ,  o f  the approxima te ly one mi l l ion prospe c t ive s e c t ions , 
an area o f  121 , 5 00 s e c t ions con t a i n s  924 TC F o f  gas i n  pla c e . Th e 
ma x imum recove rable gas ( i . e . , phy s i ca l  uppe r l im i t regard l e s s  of 
pr ice  or te chno logy ) i s  e s t imated a t  6 08 TCF . 

TABLE 6 

Reg ional  S ummary of Tight  Gas I n  Pl ace 

Prospe c t ive Product i ve Es t ima t e d  Max imum 
Ar e a  Ar e a  G I P  Re c .  Gas 

Reg ion ( Se c t ions ) ( Se c t ions ) ( TC F ) ( TC F ) 

We s tern 3 1 1 , 200 5 8 , 9 00 4 6 9 . 9  3 1 5 . 0  
Gr e a ter Sou thwe s t  4 03 , 3 00 20, 6 00 227 . 5 1 3 9 . 9  
Eas tern 28 0, 000 4 0, 000 21 9 . 3  1 4 7 . 5 
Mid -Con t i nent 20, 000 2, 000 8 . 1  5 . 4  

Total  1 , 01 4 , 5 00 1 21 , 5 00 9 24 . 8  6 07 . 8  

Es t imated u l t ima t e  recove rable gas a s  a f u n c t i o n  o f  p r i c e  and 
techno logy is s umma r i z e d  i n  Ta b l e  7 .  Th i s  re f l e c t s  the po s s i b l e  
amount o f  g a s  e s t imated t o  b e  e conomi c a l ly recoverab l e .  I t  appear s 
to be approxima te ly 1 9 2- 5 7 4  TCF , depend i ng o n  pr i ce and techno logy . 
At a pr i ce o f  $ 5 . 00/MC F  and ad vanced technolo gy , the  e s t ima t e d  
recoverable gas fo r t h e  Un i ted S t ates i s  on t h e  ord e r  of 5 03 TCF . 

Th e e s t imates  ind i c ate that a large por t ion o f  the recove r ab l e  
t igh t ga s resource po tent i a l  l i es i n  the We s te rn reg i on . Mo s t  o f  
the rema i n i ng t i gh t gas i s  appro x ima t e ly e ve n ly d i s t r i bu t e d  i n  th e 
Gr eater Sou thwe s t  and Ea s tern reg ions , wi th abou t l p e r ce n t  rema i n
i ng i n  th e M id -Cont inent r e g io n . 
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TABL E 7 

Reg io n a l  Summary o f  Re cove rab l e  T i g h t  Ga s 
( 1 5 Pe rcent  DC F ROR ) 

( TC F ) 

Base  Ad vanced 
Reg ion $ 2 . 5 0  $ 5 . 00 $ 9 . 00 $ 2 . 5 0  $ 5 . 00 

We s te r n  1 04 . 9  1 7 8 . 9  203 . 4 1 4 0 . 0 24 8 . 6  
Gr e a te r  Sou thwe s t  4 5 . 2  8 4 . 8  9 1 . 5 1 07 . 2  1 22. 4 
Eas te r n  4 0 . 7 9 7 . 7  1 04 . 9  8 0 . 0 127 . 2  
M i d -Co n t i ne n t  1 . 3  3 . 7 3 . 9 4 . 0  5 . 0  

To t a l  1 9 2 . 1 36 5 . 1 4 03 . 7 331 . 2  5 03. 2 

Bas i n  S ummary o f  T i gh t  Gas 

$ 9 . 00 

28 9 . 9  
1 37 . 4 
1 4 1 . 9  

5 . 3  

5 7 4 . 5  

A bre akd own by bas i n ,  wh i ch s h ows bo th the appr a i s ed and th e 
e xt rapo l a ted e s t ima te s ,  i s  g i v e n  i n  Ta b l e  8 .  Th i s  i n forma t ion , 
p l u s  that above for the tot a l  Un i ted S t a te s ,  i s  dep i cted i n  the 
fo rm of a g raph i n  F i gure s 10 through 1 6 .  

Appro x i ma t e ly 8 0  pe rcent of the area o f  the appra i s ed b a s i n s ,  
w h i ch cove r s  some 3 6 0, 000 prospe ct ive s e c t ions , l i e s  i n  the  We s tern 
r e g io n , wi th 5 3  pe rcent  i n  the Nor th e r n  Gre a t  Pl a i n s/Wi l l i s ton 
bas i n s  and the rema i n i ng 27 percent  in the Ro cky Mou n t a i n  a re a .  
Th e re s t  o f  the appra i s ed area f a l l s  i n  the Gre a te r  Southwe s t  
reg i o n . 

Th e ext rapo l a ted area conta i n s  appr o x ima te ly 6 5 5 , 000 prospec
t i ve t i gh t gas s e c t io n s . Th e ma j o r i ty of the pro s pe c t i ve e x trap
o la ted area is  i n  the Gre a t e r  Sou thwe s t  ( 5 0 pe rce n t ) and Ea s te r n  
reg i on s  ( 4 3  percen t ) . The rema i n i ng 7 pe r c e n t  i s  d i s tr i bu te d  
appro x i ma te ly eq u a l ly i n  the We s tern and M i d -Con t i n e n t  reg i on s . 

Format ion and Subba s i n  S ummary o f  Tight  Gas 

A d e t a i led s umma ry o f  the s ubba s i n  and forma t i on d i s t r i bu t i on 
of the t i gh t gas  re s ource i s  g i ven i n  Tab l e  9 .  Th i s  l i s ts the ca l 
c u l a t ions d e t e rmi ned f o r  i nd i v i d u a l  forma t io n s  o r  groups o f  forma 
t ions wh i ch we re s t ud ied 9 nd appra i s ed i n  s i gn i f i ca n t  d e t a i l . Th e 
var i o u s  s eparate fo rma t ions i n c lud ed i n  the de ta i l ed appr a i sed 
s t udy on e a ch bas i n  or s ubba s i n are l i s ted in  Tab l e  10.  I t  should 
be noted that the s t udy i nc lud e s  ma ny a r e a s  wh e re s eve ral s eparate 
forma t i on s ,  each o f  wh i ch is  po te n t i a l ly pro d uc t i v e , w i l l  o ve r l i e  
one  anoth e r .  In the s e  c a s e s  the comb i ned p r oduc t ion f rom a s tack 
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WESTERN REGION 

Great Plains ( AEEraised Area s ) 

Northern Great Plains/Wi l l i s ton 

Rocky Mounta i n s  ( AEEraised Areas ) 

Greater Green River 
Wind River 
Uinta 
Piceance 
Denver 

Total 

Other Western ( Ext raEolated Areas ) 

Shallow 
Intermediate 
Deep 

Total 

Total Region 

Prospective 
Area 

( Sections ) 

1 8 8 , 9 0 0  

2 8 , 3 0 0  

7 , 4 0 0  

9 , 5 0 0  
7 '  1 0 0  

4 5 , 0 0 0  

97 , 3 0 0  

7 , 3 0 0  

1 5 , 7 0 0  

2 , 0 0 0  

2 5 , 0 0 0  

3 1 1  ' 2 0 0  

TABLE 8 

Basin Summar� of Tight Gas Resource 

Productive Estimated Maximum 
Area GIP Rec .  Gas 

( Sections ) ( BC F )  ( BCF ) $ 2 . 5 0 

3 2 , 7 30 1 4 7 , 7 4 7  1 0 0 '  1 8 6  54 , 7 3 1  

8 , 9 3 8  1 36 , 0 68 8 6 , 5 1 7 3 , 0 76 

2 , 280 3 3 , 699 2 3 , 286 7 , 0 3 9  

1 '  1 84 2 0 , 46 5  1 5 , 2 69 1 2 , 2 2 0  

3 '  1 44 4 9 , 1 4 3  3 2 , 9 7 9  1 2 , 8 7 3  

� 1 3 , 284 � 0 

1 7 '  1 46 2 5 2 , 6 59 1 6 5 , 969 3 5 , 2 0 8  

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

6 , 0 0 0  5 3 , 2 5 4  3 7 , 1 0 8  1 1 , 46 3  

7 0 0  8 , 2 4 3  5 , 64 7  0 

9 , 0 0 0  6 9 , 5 2 1  4 8 , 8 5 5  1 4 , 99 2  

5 8 , 8 7 6  469 , 9 2 7  3 1 5 , 0 1 0  1 0 4 , 9 3 1 

BCF Recoverable at Technology and Pri c e  
( 1 5 % D C F  ROR) 

Base Advanced 
$ 5 . 00 $ 9 . 0 0 $ 2 . 5 0  $ 5 . 0 0 $ 9 . 0 0  

7 7 , 7 2 7  8 0 , 3 2 2  7 3 , 98 9  9 5 , 3 58 99 , 3 4 1  

3 0 , 7 5 4  4 6 ,  1 56 1 2 , 3 5 1  5 2 , 0 0 0  74 , 3 7 7  

9 , 8 5 1  1 1 , 7 27 8 , 772 1 4 , 4 1 2 1 8 , 7 7 8  

1 3 , 2 3 6  1 3 , 38 0  1 4 , 7 59 1 5 , 2 69 1 5 , 2 69 

1 8 , 4 2 3  1 9 , 4 2 2  1 2 , 8 29 2 6 , 4 2 7  2 9 , 7 1 1  

0 � 0 � � 
7 2 , 2 6 4  9 1 , 8 5 1  48 , 7 1 1  1 1 3 , 3 2 0  1 4 5 , 7 3 1  

4 , 3 8 1  4 , 58 6  5 , 4 3 0  6 , 1 0 0  6 , 1 0 0 

2 2 , 2 1 7  2 3 , 73 2  1 1 , 8 8 3  3 0 , 5 0 0  3 3 , 9 7 6  

� 2 , 9 2 8  0 3 , 4 0 0  4 , 84 7  

2 8 , 999 3 1 , 24 6  1 7 '  3 1 3  4 0 , 0 0 0  4 4 , 9 2 3  

1 7 8 , 99 0  2 0 3 , 4 1 9  1 4 0 , 0 1 3  248 , 6 78 289 , 99 5  



GREATER SOUTHWEST REG ION 

Southwest ( AEEraised Areas ) 

San Juan 
Val Verde - Ozona Trend 
Val Verde - Sonora Trend 
Edwards Lime Trend 
Cotton Va l ley Trend 

Total 

Other Southwest ( ExtraEo lated Areas ) 

West 
Central 
East 
South 

w Total ,j::> 

Total Region 

EASTERN REGION ( EXTRAPOLATED AREAS ) 

Central 

Shallow 
Intermediate 
Deep 

Total 

Coastal 

Total Region 

M ID-CONTINENT REGION ( EXTRAPOLATED 
AREAS ) 

Shallow 
Intermediate 
Deep 

Total Region 

Total u . s .  

Prospective 
Area 

( Sections ) 

1 2 , 5 0 0  
1 5 , 3 0 0  

7 , 7 0 0  
8 5 8  

3 6 , 9 0 0  

7 3 , 2 58 

90 , 0 0 0  
1 4 3 ' 0 0 0  

90 , 0 0 0  

____2_,_Q_QQ 
3 3 0 , 0 0 0  

4 0 3 , 2 5 8  

7 0 , 0 0 0  
1 6 0 , 0 0 0  

2 5 , 0 0 0  

2 5 5 , 0 0 0  

2 5 , 0 0 0  

2 8 0 , 0 0 0  

5 , 0 0 0  
1 0 , 0 0 0  

5 , 0 0 0  

2 0 , 0 0 0  

1 , 0 1 4 , 458 

TABLE 8 ( Continued ) 

Productive Estimated Maximum 
Area GIP Re c .  Gas 

( Sections ) ( BC F )  ( BC F )  

1 , 1 88 3 , 2 9 8  2 , 2 1 3  
1 5 0  1 , 0 2 4  638 
350 3 , 5 0 7  2 , 1 60 
4 5 0  1 4 , 2 5 4  8 , 648 

1 , 0 2 7  2 1 , 86 7  1 2 , 8 1 6  

3 , 1 65 4 3 , 9 5 0  2 6 , 4 7 5  

8 , 9 0 0  2 4 , 4 9 0  1 6 , 4 3 3  
3 ,  1 0 0  2 6 , 3 5 6  1 6 , 269 
2 , 5 0 0  5 0 , 2 3 0  29 , 4 4 0  
3 , 0 0 0  8 2 , 4 66 5 1 '  2 7 5  

1 7 '  5 0 0  1 8 3 , 5 4 2  1 1 3 , 4 1 7  

2 0 , 665 2 2 7 , 492 1 3 9 , 892 

1 1  ' 5 0 0  4 9 , 297 3 4 , 8 5 1 
1 5 , 0 0 0  38 , 3 68 2 5 , 7 4 5  

2 , 5 0 0  46 , 2 1 2 2 7 , 084 

2 9 , 0 0 0  1 3 3 , 8 7 7  8 7 , 68 0  

1 1 , 0 0 0  8 5 , 42 4  5 9 , 782 

4 0 , 00 0  2 1 9 , 3 0 1  1 4 7 , 462 

890 3 , 7 1 3  2 , 620 
1 7 G  1 , 7 39 1 , 0 7 1  
940 2 , 6 1 2  1 ' 7 53 

2 , 0 0 0  8 , 0 6 4  5 , 444 

1 2 1 , 5 4 1  924 , 7 84 60 7 , 808 

$ 2 . 50 

0 
0 
0 

2 ,  1 4 2  
5 , 387 

7 , 5 29 

0 
0 

1 2 , 39 7  
2 5 , 2 3 7  

3 7 , 6 3 4  

4 5 ,  1 6 3  

1 7 '  1 1 1  
0 

1 1 , 4 0 6  

2 8 , 5 1 7  

1 2 , 1 7 2  

40 , 689 

1 ' 3 0 1 
0 
0 

1 , 3 0 1  

1 9 2 , 084 

8CF Recoverable a t  Technology and Price 
( 1 5 % DCF ROR) 

Base 
$ 5 . 0 0 $ 9 . 0 0  $ 2 . 50 

1 , 494 1 , 8 1 2  1 , 4 94  
1 06 1 82 3 7 0  
6 3 3  6 8 8  1 , 2 67  

6 , 2 1 1  6 , 7 3 4  8 , 062 
6 , 97 6 7 , 29 2  8 , 3 5 2  

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

1 1 , 0 94 1 3 , 4 5 5  1 1 , 0 94 
4 , 40 2  5 , 086 9 , 5 2 4  

1 6 , 0 2 5  1 6 , 7 5 0  1 9 , 1 85 
3 7 , 8 7 5  3 9 , 5 0 0  4 7 , 8 1 8  

6 9 , 396 7 4 , 79 1  8 7 , 62 1  

84 , 8 1 6  9 1 , 499 1 0 7 , 1 6 6  

2 8 , 95 2  2 8 , 9 5 1  2 9 , 0 6 7  
1 7 '  3 2 1 2 1  ' 0 8 0  1 7 , 3 8 1  
1 4 , 29 3  1 5 , 4 1 0  1 7 , 6 5 0  

6 0 , 566 6 5 , 44 1  64 , 098 

3 7 '  1 8 0  3 9 , 4 4 2  1 5 , 9 2 5  

9 7 , 74 6 1 0 4 , 88 3  8 0 '  0 2 3  

2 ,  1 6 5  2 '  1 6 7  2 ,  1 7 2 
3 1 4 3 4 1 628 

1 '  1 83 1 , 4 3 5  1 '  1 8 3  

3 , 662 3 , 94 3  3 , 98 3  

36 5 , 2 1 4  4 0 3 , 744 3 3 1 '  1 85 

Advanced 
$ 5 . 0 0 

2 , 0 2 0  
5 3 2  

1 , 6 1 3  
8 , 45 1  
9 , 7 95  

2 2 , 4 1 1  

1 5 , 0 0 0  
1 2 , 4 0 0  
2 2 , 5 0 0  
5 0 ,  1 0 0  

1 0 0 , 0 0 0  

1 2 2 , 4 1 1  

3 4 , 6 0 0  
2 3 , 5 0 0  
2 0 , 7 0 0  

7 8 , 8 0 0  

4 8 , 4 0 0  

1 2 7 , 2 0 0  

2 , 60 0  
BOO 

1 , 6 0 0  

5 , 0 0 0  

5 0 3 , 289 

$ 9 . 0 0  

2 , 2 1 3  
6 0 4  

1 , 8 79 
8 , 648 

1 2 , 7 3 5  

2 6 , 0 7 9  

1 6 , 4 3 3  
1 4 , 3 7 4  
2 9 , 2 5 3  
5 1 , 2 7 5  

1 1 1 , 3 3 5  

1 3 7 , 4 1 4  

3 4 , 84 7  
2 5 , 7 4 5  
2 6 , 9 1 3  

8 7 , 5 0 5  

5 4 , 3 9 5  

1 4 1 , 90 0  

2 , 62 0  
932 

1 , 7 5 3  

5 , 3 0 5  

57 4 , 6 1 4  
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TABLE 9 

Formation and Subbasin Summary of Tight Gas Resource 

BCF Recoverable at Technology and Price 

Prospective Productive Estimated Maximum ( 1 5% DCF ROR) 

Area Area GIP Rec . Gas Base Advanced 

( Sections ) ( Sections ) ( BC F )  ( BCF ) $ 2 . 5 0  $ 5 . 0 0  $ 9 . 0 0  $ 2 . 50 $ 5 . 0 0 $ 9 . 0 0 

WESTERN REGION 

Northern Great Plains/Wi l l i ston 

Mowry 1 , 2 28 1 , 7 3 3  1 ,  298 0 6 1 4  1 , 0 5 4  0 9 3 7  1 , 29 8  

Mowry , Greenhorn 1 , 0 3 1  3 , 0 0 7  2 , 2 2 1  1 , 66 7  2 , 0 2 1  2 , 0 2 2  1 , 998 2 , 2 2 1  2 , 2 2 1  
Mowry , Carlile 1 , 1 6 5  4 , 7 0 3  3 , 52 2  2 , 7 5 5  3 , 0 3 7  3 , 0 3 7  3 , 487  3 , 52 2  3 , 52 2  

Mowry , Greenhorn , Carli l e  2 , 6 0 0  1 4 , 1 0 9 1 0 , 3 3 1  8 , 36 5  9 , 0 4 1  9 , 0 6 2  1 0 , 2 5 5  1 0 , 33 1  1 0 , 3 3 1  
w Mowry, Greenhorn ,  Carl i l e ,  Eagle 2 , 2 7 2  2 6 , 6 0 2  1 2 , 1 6 5  8 , 92 6  1 0 , 0 9 1  1 0 ,  1 27 9 , 3 5 8  1 2 ,  1 65 1 2 , 1 6 5  \.0 

Mowry , Greenhorn , Eagle 1 , 8 3 2  7 , 3 9 1  5 , 386 3 , 7 28 4 , 1 8 0  4 , 1 9 2  4 , 0 2 3  5 , 3 2 7  5 , 3 86 

Mowry , Judith River 2 , 3 6 1  6 , 6 5 7  4 , 836 0 4 , 0 8 2  4 , 0 97 3 , 785  4 , 83 6 4 , 83 6  

Mowry , Carl i l e ,  Eagle 1 , 60 2  1 0 , 1 6 1  7 , 39 1  5 , 2 1 5  5 , 9 1 7  5 , 9 3 3  5 , 5 8 0  7 , 39 1  7 , 3 9 1  

Mowry , Car l i l e ,  Eagl e ,  Judith River 2, 1 1 5 1 6 , 6 1 8  1 1 , 966 7 , 84 3  9 , 0 3 8  9 , 0 6 7  8 , 764 1 1 , 84 2  1 1 , 96 6  

Mowry , Car l i le , Judith River 1 , 2 5 6  6 , 2 1 2  4 , 5 1 4  3 , 3 1 3 3 , 682  3 , 694 4 , 466 4 , 5 1 4  4 , 5 1 4  

Greenhorn 2 , 2 5 0  3 , 0 1 3  2 , 245 0 1 , 6 7 0  1 , 9 0 6  0 2 , 04 1  2 , 2 1 6  

Greenhorn, Carli le 460 1 , 6 3 5  1 , 1 88 9 2 1 998 1 , 0 0 0  987 1 , 1 88 1 ,  1 88 

Greenhorn, Eagle 1 , 4 3 1  5 , 54 1  4 , 0 3 6  2 , 747 3 , 1 43 3 ,  1 55 2 , 93 4 3 , 984 4 , 0 3 6  

Greenhorn ,  Car l i l e ,  Eagle 804 4 , 63 5  3 , 3 53 2 , 3 9 7  2 , 69 5  2 , 7 0 8  2 , 596 3 , 3 1 0  3 , 3 5 3  

Car lile 2 , 7 0 0  5 , 428 3 , 945 0 2 , 86 2  3 ,  1 1 6 0 3 , 1 96 3 , 94 5  

Niobrara 1 , 2 83 9 , 4 2 3  7 , 0 9 5  0 6 , 843  6 , 843  7 , 0 9 1  7 , 0 9 1  7 , 0 9 1  

Car l i l e ,  Eagle 8 1 5  3 , 2 57 2 , 1 8 6  1 , 2 0 2  1 , 62 3  1 ,  623 1 , 589 2, 1 56 2 , 1 86 

Judith River 3 , 9 1 0  4 , 288 3 , 0 93 0 0 1 , 480  0 0 2 , 2 8 1  

Mowry , Greenhorn ,  Car l i l e ,  Eagl e ,  

Judith River 8 7 0  8 , 1 5 5  5 , 9 3 4  3 , 3 9 2  3 , 6 7 2  3 , 68 1  4 , 5 46 5 , 8 7 2  5 , 9 3 4  

Car l i l e ,  Niobrara 745 � � 2 , 26 0  2 , 5 1 8 2 , 5 2 5  2 , 5 3 0  3 , 4 3 4  3 , 48 1  

Bas i n  Total 1 8 8 , 9 0 0  3 2 , 7 3 0  1 4 7 , 7 4 7  1 0 0 ,  1 86 5 4 , 7 3 1  7 7 , 7 2 7  8 0 , 3 2 2  7 3 , 989 9 5 , 3 58 9 9 , 34 1  



Prospective 
Area 

( Sections ) 

WESTERN REGION 

Greater Green River 

Area 1 

Almond A 

Eri cson , Rock Spr i n gs , B l a i r  
F o r t  Union 
Almond A + Almond B 
Almond A + E r icson , Rock Springs , 

Blair 
Almond B + Ericson, Rock Spr ings , 

Blair 
Lanc e ,  Lewis 

� 
0 Subbas i n  Total 

Area 2 & 3 

Almond A 
Almond B 
Ericson , Rock Spri ngs , Blair 

F ort  Union 
Almond A + Almond B 
Almond B + Ericson , Rock Springs , 

B l a i r  
Lanc e ,  Lewis 

Subbas i n  Total 

Washakie 

Almond 
Lance , Lewis 
Lower Mesaverde 
Lance , Lewis + Almond 
Lowe r Mesaverde + Almond 

Subbas i n  Total 

Product ive 
Area 

( Sections ) 

5 1  

276 

1 9 1  

9 0  

85 

2 1 5  

267 

1 '  1 7 5 

436 

228 

1 '  1 4 2 

1 4 2 

1 87 

4 1 6  

727 

3 , 2 78 

27 

1 9 2 

285 

48 

75 

627 

TABLE 9 ( Continue d )  

E s t imated 
GIP 

( BCF ) 

443 

5, 1 8 1  

2 , 564 

1 , 656 

3 , 0 0 5  

6 ,  2 5 4  

2 , 60 4  

2 1  ' 7 0 7  

2 , 0 64 

1 , 9 37 

21  ' 6 1 2  

1 ' 85 1  

2 , 6 1 8  

1 1 , 6 76 

6 , 877 

4 8 , 6 35 

2 2 1  

2 , 3 2 2  

7 , 0 7 9  

1 '  0 1 7  

2 , 5 7 3  

1 3 , 2 1 2  

Maximum 
Rec .  Gas 

( BCF ) 

3 0 7  

3 ,  1 8 0  

1 , 7 0 1  

1 '  1 56 

1 , 854 

3 , 85 5  

� 
1 3 , 8 4 0  

1 ' 46 5  

1 ' 247 

1 3 , 3 0 1  

1 '  226 

1 , 687 

7 , 2 1 4 

5 , 092 

31  ' 2 3 2  

1 5 9  

1 , 8 2 3  

4 , 4 0 1  

7 3 5  

..!._, 608 

8, 726 

$ 2 . 5 0 

2 2 5  

0 

0 

1 ' 0 59 

0 

0 

0 

1 ' 2 84 

0 

0 

0 

0 

1 , 3 49 

0 

0 

1 ' 3 49 

0 

0 

0 

4 4 3  

0 

443 

BCF Recoverable a t  Technology and Price 

Base 
$ 5 . 0 0 

286 

0 

729 

1 , 0 92 

1 ' 2 0 4  

1 , 856 

992 

6 , 1 59 

7 0 9 

7 7 0  

4 , 0 8 5  

5 40  

1 ' 660 

3 , 3 5 8 

2 , 699 

1 3 , 82 1 

1 39 

623 

0 

65 1 

1 '  3 0 7  

2 , 7 2 0  

( 1 5% DCF ROR )  

$ 9 . 0 0  

294 

1 , 2 0 2  

7 8 3  

1 ' 092 

1 ' 2 0 4  

2 , 0 90  

� 
7 , 767 

1 , 2 3 1  

838 

5 ,  0 46 

578 

1 , 6 60 

3 , 7 4 0  

2 , 998 

1 6 , 0 9 1  

1 54 

762 

1 ' 7 3 7  

6 5 1  

1 , 369 

4 , 6 7 3  

Advanced 
$ 2 . 5 0 $ 5 . 0 0  

29 1 3 0 7  

0 1 , 6 0 9  

0 1 , 4 7 5  

1 '  1 56 1 '  1 5 6  

1 , 664 1 , 8 54 

0 3 , 1 48 

0 1 , 3 89 

3 ,  1 1 1  1 0 , 9 3 8  

1 '  1 0 1  1 , 3 26 

0 9 7 5  

0 6 , 7 0 0  

0 1 , 0 78 

1 ' 687 1 , 6 87 

0 5 , 9 5 2  

0 4 , 4 0 4  

2 , 7 88 2 2 ,  1 2 2 

1 59 1 59 

0 4 6 3  

0 0 

7 3 5  7 3 5  

1 '  1 94 1 ' 608 

2 , 0 88 2 , 965  

$ 9 . 0 0  

3 0 7  

2 , 09 0  

1 , 6 7 0  

1 '  1 56 

1 , 8 54 

3 , 8 3 9 

� 
1 2 , 7 0 3  

1 ' 46 5  

1 '  1 56 

9 , 1 64 

1 ' 2 0 7  

1 , 687 

7 , 2 1 4  

� 
26 , 6 1 0 

1 5 9  

1 , 5 0 9 

3 ,  1 7 6 

7 3 5  

1 , 6 0 8 

7 '  1 8 7  



TABLE 9 ( Continue d )  

BCF Recoverable at Technology and Price 

Prospective Productive Estimated Maximum ( 1 5% DCF ROR )  

Area Area GIP Rec . Gas Base Advanced 

( Sections ) ( Sections ) ( BC F )  ( BC F )  $ 2 . 50 $ 5 . 0 0 $ 9 . 0 0  $ 2 . 5 0 $ 5 . 0 0  $ 9 . 0 0  

WESTERN REGION 

Greater Green River ( Continue d )  

E/2 Area 4 

Mesaverde 3 0 5  6 , 854 4 , 2 9 0  0 0 1 , 8 32 0 1 ' 2 3 5  3 , 942 

Fort Union 1 78 3 , 756 2 , 298 0 688 886 0 1 , 36 7  2 , 0 7 0  

Fort Union + Mesaverde 34 1 , 4 59 9 1 8  0 368 385 0 85 8 9 1 7  

Subbasin Total 5 1 7  1 2 , 0 69 7 , 5 0 6  0 1 , 0 56 3, 1 0 3  0 3 , 46 0  6 , 92 9 

W / 2 4 ,  Bridge r ,  Lewin 5 

,r::. 
Fort Union 32 1 4 , 7 5 1  2 , 8 77 0 0 97 8 0 1 , 69 5  2 , 489 1--' 
Mesaverde , Lance 1 '  1 04 1 2 , 8 72 7 , 5 44 0 0 3 , 4 2 5  0 0 5 , 0 0 4  

Frontier 783 7 , 3 9 0  4 , 9 2 1  0 3 , 4 3 9  4 , 34 9  3 , 4 3 9  4 , 7 3 7  4 , 7 3 7  

Mesaverde , Lance + Frontier 1 38 2 , 734 1 , 80 9  0 1 , 2 3 7  1 ' 62 2  0 1 , 8 0 9  1 , 8 0 9  

Fort Union + Mesaverde, Lance 1 38 3 , 7 0 2  � Q 7 2 2  9 3 7  0 1 ' 4 54 2 , 0 67  

Subbasin Total 2 , 484 3 1 , 449 1 9 , 3 2 8  0 5 , 398 1 1 '  3 1 1  3 , 4 3 9  9 , 695  1 6 ,  1 06 

Sandwash 

Lewis 7 , 0 0 0  2 3 7  1 , 3 3 4  9 2 5  0 67 4 7 5 2  92 5  9 2 5  9 2 5  

Lewi s 9 , 0 0 0  2 6 3  1 , 962 1 ' 3 0 4  0 7 2 1  9 0 0  0 1 , 3 0 4  1 '  3 0 4  

Mesaverde 9 , 0 0 0  1 43 2 , 0 38 1 , 3 0 7  0 0 5 0 5  0 0 848 

Mesaverde 1 1 , 0 0 0  1 69 2 , 565 1 , 648 0 0 6 7 0  0 0 1 , 0 9 2  

Lewi s 7 , 0 0 0  + Mesaverde 9 , 0 0 0  26 5 3 7  344 0 2 0 5  2 2 5  0 3 3 5  3 4 4  

Mesaverde 9 , 0 0 0  + Mesaverde 

1 1 , 0 0 0  1 9  560 3 5 7  0 0 1 59 0 2 5 6  3 2 9  ---

Subbasin Tota l  8 5 7  8 , 99 6  5 , 885 0 1 , 6 0 0  3 , 2 1 1  92 5  2 , 82 0  4 , 84 2  

Basin Total 2 8 , 3 0 0  8 , 938 1 3 6 , 068 8 6 , 5 1 7  3 , 0 7 6  3 0 , 7 5 4 4 6 , 1 56 1 2 , 3 5 1  5 2 , 0 0 0  7 4 , 3 7 7  



.!::> 
N 

WESTERN REGION 

Wind River 

Lower Fort Union 

Lance 9 , 0 0 0  

Lance 1 4 , 0 0 0  

Mesaverde 1 5 , 0 0 0  

Lower F o r t  Union + La n c e  9 , 0 0 0  

Lance 1 4 , 0 0 0  + Mesaverde 1 5 , 0 0 0  

Frontie r/Muddy 

Bas in Total 

Uinta 

Coaly 

Cast legate 

Coa ly + Castlegate 

Wasatch + Coaly 

Wasatch + Barren 

Wasatch 

Barren 

Basin Total 

Piceance 

Corcoran Cozette 

Fort Union 

Mesaverde 8 , 0 0 0  

Corcoran Cozette + Mesaverde 

Fort Union + Mesaverde 

Fort Union + Corcoran Cozette 

Lower Cretaceous , Jurassic 

Bas i n  Total 

Denver 

Area A 

Area B 

Bas in Total 

Prospective 

Area 

( Sections } 

7 , 40 0  

9 , 5 0 0  

7 '  1 0 0 

4 5 , 0 0 0  

Productive 

Area 

( Sections } 

6 3 0  

1 8 0  

2 7 0  

2 7 0  

2 7 0  

1 8 0  

480 

2 , 280 

1 0 2  

1 8 0  

7 7  

96 

1 0 5  

428 

1 96 

1 '  1 84 

369 

354 

1 ' 44 3  

1 8 0  

1 0 1  

5 1  

646 

3, 1 4 4  

1 '  1 0 0  

5 0 0  

1 , 6 0 0  

TABLE 9 ( Continued) 

Est imated 

GIP 

( BCF } 

6 , 969 

2 , 3 0 3  

5 , 2 3 0  

4 , 4 2 5  

6 , 2 1 8  

6 , 5 1 9  

2 , 0 3 5  

3 3 , 699 

1 , 6 1 7  

1 , 6 7 3  

2 , 0 0 3  

3 , 0 6 9  

2 , 7 5 6  

6 , 3 0 4  

3 , 0 4 3  

2 0 , 46 5  

3 ,  1 93 

3 , 088 

3 0 , 544 

5 , 3 0 6  

3 , 0 8 5  

826 

� 
49 , 1 43 

9,  1 7 5  

� 
1 3 , 2 84 

Maximwn 

Rec .  Gas 

( BCF ) 

5 , 1 1 5 

1 , 7 40 

3 , 3 0 6  

2 , 7 44 

4 , 8 0 0  

4 , 0 34 

� 
2 3 , 286 

1 '  1 5 5 

1 '  1 3 1  

1 ' 3 59 

2, 1 99 

2 , 0 9 9  

5 ,  0 1 7 

2 , 3 0 9  

1 5 , 26 9  

2 , 294 

2 , 0 9 7  

2 0 , 1 5 5  

3 , 5 0 9  

2 , 0 4 0  

5 9 6  

2 , 288 

32 , 9 79 

5 , 5 3 9  

2 , 3 7 9  

7 , 9 1 8  

$ 2 . 5 0 

3 , 3 5 5  

0 

0 

0 

2 , 789 

0 

895 

7 , 0 39 

1 '  0 3 1  

0 

1 , 3 59 

2 , 0 6 7  

1 , 98 6  

4 ,  1 0 5 

� 
1 2 , 2 2 0  

1 , 29 1  

0 

8 , 0 4 7  

2 , 2 88 

772 

475 

0 ---

1 2 , 8 73 

0 

0 

0 

BCF Recoverable at Technology and Price 

( 1 5% DCF ROR} 

Base 

$ 5 . 0 0 

3 , 7 0 9  

8 6 0  

1 , 2 0 0  

0 

2 , 97 1  

0 

� 
9 , 8 5 1  

1 , 0 7 9  

8 3 5  

1 , 3 59 

2 , 0 67  

1 , 986 

4, 1 0 5  

� 
1 3 , 2 3 6 

1 , 86 5  

1 , 0 7 7  

9 , 8 5 1  

2 , 665 

1 ' 0 29 

482 

1 , 45 4  

1 8 , 4 2 3  

0 

0 

0 

$ 9 . 0 0  

3 , 7 09 

9 1 8  

1 , 687 

0 

2 , 9 7 1  

1 ' 2 79 

� 
1 1  ' 7 27 

1 , 0 79 

979 

1 , 3 5 9  

2 , 0 6 7  

1 , 9 86 

4, 1 0 5  

� 
1 3 , 38 0  

1 , 884 

1 ' 0 7 7  

1 0 , 4 67 

2 , 66 5  

1 ' 0 72 

482  

1 , 7 7 5  

1 9 , 42 2  

1 ' 0 39 

1 2 7  

1 '  1 66 

$ 2 . 5 0 

3 , 6 77 

0 

0 

0 

3 , 7 1 8 

0 

1 ' 3 77 

8 , 772 

1 '  1 5 5 

1 , 0 6 0  

1 , 359 

2 , 1 99 

2 , 0 9 9  

4 , 8 3 3  

2 , 0 5 4  

1 4 , 7 59 

2 , 2 1 6  

0 
5 , 5 7 9 

3 , 2 2 4 

1 , 2 1 4  

596 

0 

1 2 , 8 29 

Advanced 

$ 5 . 0 0  

5 ,  1 1 5 

1 '  1 7 2  

1 ' 7 78 

0 

4 , 8 0 0  

0 

1 , 5 4 7  

1 4 , 4 1 2  

1 '  1 5 5 

1 '  1 3 1  

1 ' 3 5 9  

:2 , 1 9 9  

2 , 0 9 9  

5 ,  0 1 7 

2 , 3 0 9  

1 5 , 269 

2 , 294 

1 , 6 3 0  

1 5 , 0 7 9  

3 , 5 0 9  

1 , 6 1 9  

596 

� 
2 6 , 4 2 7  

4 , 5 1 8  

694 

5 , 2 1 2 

$ 9 . 0 0  

5 ,  1 1 5  

1 , 642 

2 , 495 

0 

4 , 80 0  

3 ,  1 7 9  

� 
1 8 , 7 7 8  

1 '  1 5 5  

1 '  1 3 1  

1 , 3 5 9  

2 ,  1 99 

2 , 09 9  

5 , 0 1 7 

2 , 3 0 9  

1 5 , 2 69 

2 , 29 4  

1 , 6 3 0  

1 7 , 4 1 3  

3 , 5 0 9  

1 , 9 8 1  

596 

2 , 288 

2 9 , 7 1 1  

5 , 5 3 9 

2 , 0 5 7  

7 , 596 



TABLE 9 ( Continue d )  

BCF Recoverable at Technology a n d  Price 

Prospective Productive Estimated Maximum ( 1 5% DCF ROR) 

Area Area GIP Rec .  Gas Base Advanced 

( Sections ) ( Sections ) ( BC F )  ( BC F )  $ 2 . 5 0 $ 5 . 0 0 $ 9 . 0 0 $ 2 . 5 0 $ 5 . 0 0 $ 9 . 0 0 

GREATER SOUTH\vEST 

San Juan 1 2 , 5 0 0  1 , 1 8 8  3 , 2 9 8  2 , 2 1 3  0 1 , 494 1 , 8 1 2  1 ' 4 94 2 , 0 2 0 2 , 2 1 3  

Val Verde - Ozona Trend 1 5 , 3 0 0  1 5 0  1 , 0 24 6 3 8  0 1 0 6  1 8 2  3 7 0  5 3 2  6 0 4  

Val Verde - Sonora Trend 7 , 7 0 0  3 5 0  3 , 5 0 7  2 , 1 60 0 6 3 3  6 8 8  1 , 2 67 1 , 6 1 3  1 , 8 7 9  

Edwards Lime Trend 

Southwest 1 8 9  5 , 0 0 5  3 ,  1 7 1  2 ,  1 4 2 2 , 3 9 1  2 , 4 2 3  2 , 958 3 , 0 98 3 ,  1 7 1  

Central 2 6 1  9 , 249 5 , 4 7 7  0 3 , 82 0  4 , 3 1 1  5 ,  1 0 4 5 , 3 5 3  5 , 4 7 7  

Bas i n  Total 858 450 1 4 , 25 4  8 , 648 2, 1 4 2  6 ,  2 1 1  6 , 734 8 , 062 8 , 45 1  8 , 6 4 8  

Cotton Valley Trend 36 , 90 0  1 , 0 2 7  2 1 , 867 1 2 , 8 1 6  5 , 3 8 7  6 , 97 6 7 , 292 8 , 352 9 , 795 1 2 , 7 3 5  

Total u . s .  Appraised 3 5 9 , 4 58 53 , 0 4 1  443 , 7 76 292 , 6 0 3  9 7 , 468 1 6 5 , 4 1 1  1 88 , 88 1  1 4 2 , 245 2 3 1 , 0 89 2 7 1 , 1 5 1 

""" 
Other Western ( Extrapolated Areas ) 

w 

Shal low 

Type 4 - Fmn Type 1 1 0 7  7 , 3 0 0  2 , 3 0 0  8 , 0 2 4  6 ,  1 0 0  3 , 5 2 9  4 , 3 8 1  4 , 586 5 , 430 6 , 1 0 0 6 ,  1 0 0 

Intermediate 

Type 4 - Fmn Type 1 1 0 1  3 ,  1 0 0 8 0 0  8 , 7 2 0  6 , 4 0 0  4 ,  1 9 8  4 , 64 1  4 , 6 4 1  4 , 6 0 1  6 , 4 0 0  6 , 4 0 0  

Type 6 - Fmn Type 1 3 0 1  8 0 0  5 , 428 3 , 9 0 0  2 ,  1 9 5  3 ,  1 7 1  3 , 2 0 3  3 , 767 3 , 9 0 0  3 , 9 0 0  

1 3 0 2  1 , 2 0 0  9 , 2 8 3  6 , 3 0 4  0 3 , 2 3 8  3 , ;238 0 4 , 90 0  4 , 9 0 0  

1 3 0 3  1 , 0 0 0  1 9 , 2 43 1 2 , 698 5 , 0 7 0  6 , 2 0 6  6 , 594 3 , 5 1 5  9 , 5 0 0  1 0 , 9 7 0  

1 3 0 7  2 , 2 0 0  1 0 , 58 0  7 , 8 0 6  0 4 , 9 6 1  6 , 0 56 0 5 , 8 0 0  7 , 8 0 6  

Total Type 6 1 2 , 6 0 0  5 , 2 0 0  4 4 , 5 3 4  3 0 , 7 0 8  7 , 265 1 7 , 57 6  1 9 , 0 9 1  7 , 282 2 4 , 1 0 0 2 7 , 5 7 6  

Total Intermediate 1 5 , 7 0 0  6 , 0 0 0  5 3 , 2 5 4  3 7 '  1 08 1 1 , 4 63 2 2 ' 2 1 7  2 3 , 7 3 2  1 1  883 3 0 , 5 0 0  3 3 , 97 6  

Deep 

Type 4 - Fmn Type 2 5 0 2  4 0 0  3 , 5 37 2 , 672 0 1 ' 3 2 1  1 , 4 1 0  0 1 , 8 0 0  2 , 60 2  

2 5 0 3  3 0 0  4 , 7 0 0  2 , 97 5  .2_ 1 , 0 8 0  1 , 5 1 8  .2_ 1 ' 60 0  2 , 2 4 5  

Total Deep 2 , 0 0 0  7 0 0  8 , 2 4 3  5 , 647 0 2 , 40 1  2 , 92 8 0 3 , 4 0 0  4 , 8 47 

Total Western Extrapolated 2 5 , 0 0 0  9 , 0 0 0  69 , 5 2 1  4 8 , 8 5 5  1 4 , 992  2 8 , 999 3 1  ' 246 1 7 , 3 1 3  4 0 , 0 0 0  44 . 9 2 3  



TABLE 9 ( Continue d )  

BCF Recoverable a t  Techno logy a n d  Price 

Prospective Productive Estimated Maximum ( 1 5% DCF ROR) 

Area Area GIP Rec .  Gas Base Advanced 

( Sections ) ( Sections ) ( BCF ) ( BC F )  $ 2 . 50 $ 5 . 0 0 $ 9 . 0 0  $ 2 . 5 0 $ 5 . 0 0 $ 9 . 0 0  

Other Southwest ( ExtraEolated Areas ) 

West 

Type 8 - Fmn Type 1 6 0 1 9 0 , 0 0 0  8 , 9 0 0  2 4 , 490 1 6 , 4 3 3  0 1 1 , 0 94 1 3 , 4 55 1 1 , 0 94 1 5 , 0 0 0  1 6 , 4 3 3  

Centr a l  

""' 
Type 9 - Fmn Type 2 3 0 1 3 5 , 0 0 0  8 0 0  4 , 620 2 , 878 0 478 82 1 1 , 669 2 , 4 0 0  2 ,  7 2 5  ""' 
Type 1 0  - Fmn Type 1 8 0 1  1 0 8 , 0 0 0  2 , 3 0 0  2 1 '  7 3 6  1 3 , 3 9 1  Q 3 , 9 24 4 , 26 5  7 , 8 5 5  1 0 , 0 0 0  1 1 , 649 

Total Central 1 4 3 , 0 0 0  3 ,  1 0 0 2 6 , 3 5 6  1 6 , 269 0 4 , 4 0 2  5 , 086 9 , 5 2 4 1 2 , 4 0 0  1 4 , 3 7 4 

East 

Type 1 2  - Fmn Type 2 1 0 1  9 0 , 0 0 0  2 , 5 0 0  5 0 , 2 3 0  2 9 , 440 1 2 , 3 9 7  1 6 , 0 2 5  1 6 , 7 5 0  1 9 , 1 8 5  2 2 , 5 0 0  29 , 2 5 3  

South 

Type 1 1  - Fmn Type 2 2 0 1 5 , 0 0 0  2 , 3 0 0  58 , 968 3 7 , 3 6 0  2 5 , 2 3 7  2 8 ,  1 7 0 2 8 , 547 3 4 , 8 5 1  3 6 , 5 0 0  3 7 , 3 6 0  

2 2 0 2  2 , 0 0 0  7 0 0  2 3 , 498 1 3 , 9 1 5  0 9 , 7 0 5  1 0 , 9 5 3  1 2 , 96 7  1 3 , 60 0  1 3 , 9 1 5 

Tota l South 7 , 0 0 0  3 , 0 0 0  8 2 , 466 5 1 , 2 75 2 5 , 2 3 7  3 7 , 87 5  3 9 , 5 0 0  4 7 , 8 1 8 S O ,  1 0 0  5 1 '  2 7 5  

Tota l Southwest Extrapolated 3 3 0 , 0 0 0  1 7 , 5 0 0  1 8 3 , 5 42 1 1 3 , 4 1 7  3 7 , 6 3 4  6 9 , 3 96 7 4 , 79 1  8 7 , 62 1 1 0 0 , 0 0 0  1 1 1 '  3 35 



TABLE 9 ( Continued) 

Prospective Productive Est imated Maximum BCF Recoverable at Technology and Price 

Area Area GIP Rec .  Gas ( 1 5 %  DCF ROR) 

( Sections ) ( Sections ) ( BCF ) ( BCF ) Base Advanced 

$ 2 . 5 0 $ 5 . 0 0  $ 9 . 0 0  $ 2 . 5 0 $ 5 . 0 0 $ 9 . 0 0  

Eastern ( Extrapolated Areas )  

Central 

Shal low 

Type 1 - Fmn Type 1 20 2  4 , 0 0 0  1 1 ' 1 0 2 8 , 2 0 0  6 ,  1 5 5  7 , 46 2  7 , 465 7' 3 7 7  8 , 2 0 0  8 , 2 0 0  

1 2 1 7  1 , 5 0 0  1 1 '  2 9 5  8 , 5 0 4  0 8 , 2 0 3  8 , 2 0 3  8 , 5 0 0  8 , 5 0 0  8 , 5 0 0  

1 2 1 8 3 , 5 0 0  1 2 , 3 87 8 , 3 1 4 4 , 5 7 2  6 ,  1 7 3 6 ,  1 73 6 , 0 44 8 , 2 0 0  8 , 3 1 4  

1 2 2 0  2 , 5 0 0  1 4 , 5 1 3  9 , 8 3 3  6 , 384 � � 7 , 1 4 6  9 , 7 0 0  9 , 8 3 3  

Total Shallow 7 0 , 0 0 0  1 1 , 5 0 0  4 9 , 297 3 4 , 8 5 1  1 7 '  1 1 1  28 , 9 5 1  2 8 , 973 2 9 , 0 67  3 4 , 6 0 0  34 , 847  

""" 
U1 Intermediate 

Type 8 - Fmn Type 1 6 0 1  1 6 0 , 0 0 0  1 5 , 0 0 0  38 , 368 2 5 , 745 0 1 7 '  3 8 1  2 1 , 0 80 1 7 '  3 8 1  2 3 , 5 0 0  2 5 , 745 

Deep 

Type 1 2  - Fmn Type 2 1 0 1  2 5 , 0 0 0  2 , 5 0 0  46 , 2 1 2 2 7 , 084 1 1 , 4 0 6  1 4 , 743 1 5 , 4 1 0 1 7 '  65 0  2 0 , 7 0 0  2 6 , 9 1 3  

Total Central 2 55 , 0 0 0  29 , 0 0 0  1 3 3 , 8 7 7  87 , 680 28 , 5 1 7  6 0 , 5 66 6 5 , 4 63 6 4 , 098 78 , 8 0 0  8 7 , 5 0 5  

Coastal 

Type 6 - Fmn Type 1 3 0 1  2 , 0 0 0  1 8 , 0 9 5  1 3 , 0 0 0  7 , 3 1 6  1 0 , 569 1 0 , 667 1 2 , 5 58 1 3 , 0 0 0  1 3 , 0 0 0 

1 3 0 2  3 , 0 0 0  24 , 8 1 8  1 6 , 8 53 0 8 , 656 8 , 656 0 1 3 ,  1 0 0  1 3 ,  1 0 0 
1 3 0 3  1 , 0 0 0  1 8 , 43 3  1 2 ,  1 6 3  4 , 8 5 6  5 , 94 5  6 ,  3 1 7  3 , 367 9, 1 0 0  1 0 , 5 2 9  

1 30 7  5 , 0 0 0  24 , 0 7 8  1 7 '  766 0 1 1 , 29 0  1 3 , 782 0 1 3 , 2 0 0  1 7 , 7 6 6  

Tot a l  Coast a l  2 5 , 0 0 0  1 1 , 0 0 0  8 5 , 4 2 4  5 9 , 7 82 1 2 , 1 7 2 3 7 '  1 8 0  3 9 , 442 1 5 , 92 5  4 8 , 4 0 0  5 4 , 39 5 

Tot a l  Eas tern Extrapolated 2 8 0 , 0 0 0  4 0 , 0 0 0  2 1 9 , 3 0 1  1 4 7 , 46 2  4 0 , 689 9 7 , 7 46 1 0 4 , 8 83 8 0 , 0 2 3  1 2 7 , 2 0 0  1 4 1 , 90 0  



TABLE 9 ( Continued) 

BCF Recoverable at Technology and Price 

Prospective Productive Estimated Maximum ( 1 5 %  DCF ROR) 

Area Area GIP Re c .  Gas Base Advanced 

( Sections ) ( Sections ) ( BCF ) ( BCF ) $ 2 . 50 $ 5 . 0 0 $ 9 . 0 0 $ 2 . 5 0 $ 5 . 0 0  $ 9 . 0 0  

Mid-Continent ( Extrapolated) 

Shallow 

Type 1 - Fmn Type 1 2 0 2  3 1 0  8 1 2  6 0 0  4 5 0  5 46 546 5 40  6 0 0  6 0 0  

1 2 1 7  1 2 0 797 600 0 5 7 9  579 60 0  60 0  6 0 0  

� 1 2 1 8 3 0 0  1 ' 0 57 7 1 0  3 9 0  5 2 7  5 2 7  5 1 6  7 0 0  7 1 0  

0"\ 1 2 2 0  1 6 0  1 , 04 7  7 1 0  4 6 1  5 1 3  5 1 5  5 1 6  7 0 0  7 1 0  

Total Shallow 5 , 0 0 0  890 3 , 7 1 3  2 , 6 2 0  1 , 3 0 1 2 ,  1 6 5  2 ,  1 6 7  2 ,  1 7 2  2 , 60 0  2 , 6 2 0  

Intermediate 

Type 10 - Fmn Type 1 8 0 1 5 , 0 0 0  1 7 0  1 , 7 3 9  1 ' 0 7 1  0 3 1 4  3 4 1 62 8 80 0  932 

Deep 

Type 8 - Fmn Type 1 60 1  1 0 , 0 0 0  940 2 , 6 1 2  1 , 7 53 0 1 '  1 8 3  1 , 4 3 5  1 , 1 8 3  1 , 6 0 0  1 ' 7 5 3  

Total Mid-Continent Extrapolated 2 0 , 0 0 0  2 , 0 0 0  8 , 064 5 , 444 1 ' 3 0 1 3 , 662  3 , 94 3  3 , 983  5 , 0 0 0  5 , 3 0 5  

Total u . s . Extrapo lated 6 55 , 0 0 0  68 , 5 0 0  480 , 4 28 3 1 5 , 1 7 8  9 4 , 6 1 6  1 9 9 , 8 0 3  2 1 4 , 863  1 88 , 9 4 0  2 7 2 ' 2 0 0  3 0 3 , 463 



TABLE 10 

Formations Inc luded in Appraised Study 

Basin 

Northern Great Plains/Wi lli ston 

Greater Green River 

Wind River 

Uinta 

Piceance 

Denver 

San Juan 

Val Verde ( Ozona/Sonora ) 

Edwards Lime 

Cotton Valley 

Name 

Judith River 

Niobrara 

Eagle 

Carlile 
Green Horn 

Mowry 

Fort Union 

Mesaverde 

Lance & Lewis 

Lewis 7 , 0 00 

Lewi s 9 ,  0 0 0  

Almond A 

Almon d B 

Ericson 

Rock Springs 

Blair 

Frontier 

Fort Union 

Lance 

Lower Mesaverde 

Frontier/Muddy 

Wasatch 

Barren 

Coaly 

Castle gate 

Formations 

Fort Union 

Corcoran Cozette 

Mesaverde 

Lower Cretaceous Juras s i c  

Lower Cretaceous 

Dakota 

Ozona 

Sonora 

Epps-Ray 

Edwards Southwest 

Edwards Central 

Cotton Valley 

4 7 

Blanket 

Blanket 

Blanket 
Blanket 

Blanket 

Blanket 

Lenti cular 

Lenticular 
Lenticular 

Blanket 

Blanket 

Blanket 
Lenti cular 

Lenticular 

Lenticular 

Lenticular 

B lanket 

Lenticular 

Lenticular 

Lenticular 

Blanket 

Lenticular 

Lenticular 

Blanket 

Blanket 

Lenticular 

Blanket 

Lenticular 

Lenticular 

Blanket 

Blanket 

Blanket 

Blanket 

Blanket 

Blanket 

Blanket 



of these  over l app i ng fo rma t ions  wa s u s e d  to appr a i s e  the  pote n t i a l  
r e so u r c e . Th e d e s igna t ion for the areas  i nc lu d e d  a s  " e xt rapo l a te d  
area s "  a re l i s ted i n  s uch a way as to re f l e c t  t h e  c o rre s pond i ng 
type of b a s i n  or fo rma t i on wh i ch wa s u sed f rom t he d e t a i l ed 
appra i s a l s  for e xtrapo l a t io n .  A l i s t  o f  the corr e s pond i n g  fo rma 
t ions i s  tabu l a ted i n  Ta b l e  1 1 .  Th e ch apters cove r i ng e ach b a s i n  
i n  Par t  I I  o f  th i s  report g ive re source and e conomi c d a t a  f o r 
p r i c e s  of f rom $ 1 . 5 0 t o  $ 1 2. 00/MCF . 

TABLE 11 

Extrapolated Area Formation and Basin Characteristics 

Basin Denotation 

Type 1 

Type 4 

Type 6 

Type 8 

Type 9 

Type 1 0  

Type 1 1  

Type 1 2  

Formation Denotation 

Formation Type 1 1 0 1  

Formation Type 1 1 0 7  

Formation Type 1 2 0 2  

Formation Type 1 2 1 7  

Formation Type 1 2 1 8 

Formation Type 1 22 0  

Formation Type 1 3 0 1  

Formation Type 1 3 0 2  

Formation Type 1 3 0 3  

Formation Type 1 3 0 7  

Formation Type 1 6 0 1 

Formation Type 1 8 0 1 

Formation Type 2 1 0 1  

Formation Type 2 2 0 1 

Formation Type 2 2 0 2  

Formation Type 2 3 0 1 

Formation Type 2 5 0 2  
Formation Type 2 5 0 3  

Formation o r  Bas in Geolo gical and 

Re servoir Charact eristics Used for 

Extrapolation Purposes 

Northern Great Plains/Williston 

Wind River 

Piceance 

San Juan 

Val Verde-Ozona Trend 

Val Verde-Sonora Trend 

Edwar ds Lime Trend 

Cotton Va lley Trend 

Wind River Lowe r Fort Union 

Wind Rive r Frontier , Muddy 

NGP-Mowry + Greenhorn 

NGP-Niobrara 

NGP-Carlile + Eagle 

NGP-Carlile + Niobrara 

Pi ceance Corcoran Cozette 

Piceance Fort Union 

Pi ceance Me saverde 8 , 0 0 0  

Piceance Lower Cretaceous Jurass i c  

San Juan Dakota 

Val Verde-Sonora 

Cotton Va lley 
Edwards Lime Southwest 

Edwards Lime Central 
Val Verde-Ozona 

Wind River Lance 9 , 0 0 0  
Wind River Lance 1 4 , 0 0 0  

Tab l e s  E - l l  a n d  E - 12 i n  Appendix E s how t h e  amou n t  o f  recover
ab l e  re s our c e s in e ac h  appra i s ed format ion a s  det e rmined b y  pr i c e  
a n d  t echnology , a t  rat e s  o f  return o f  1 0  perc e n t  a n d  20 percent ,  
res pe c tive l y . 
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Comments on the To tal  U . S . E s t imate and the E x t rapo l a ted Va l ue s  

Seve r a l  approa che s we re con s ide red for e s t ima t i ng the s i ze o f  
the tot a l  u.s. t igh t ga s resource . Th ey r e s ul t ed i n  a va r i e ty o f  
e s t imates a n d  re i terated t h e  n e e d  for a forma t ion -by- forma t ion 
e va lu a t ion i n  a l l  o f  the 1 1 3  b a s i n s  and add i t ional specu l a t ive 
are a s . The d i s cu s s ion wh i c h  fo l l ows s ummar i ze s  the approach t ak e n  
by t h e  s tudy pa r t i c ipants t o  arrive a t  an e s t ima t e  fo r the e n t ire 
l owe r 48  s tate s .  

Af ter the deta i l ed appr a i s a l s  we re comp l e t e d , the s t udy par t i c 
ipants made the i r  i nd i v i d u a l  e s t ima t e s  o f  the tot a l  u.s. r e cove r
ab l e  t i gh t ga s .  Es t ima t e s  a t  gas pr i c e s  i n  the range o f  $ 2 . 5 0  to 
$ 9 . 00/MCF var i ed from 29 5 to 7 00 TCF , wi th an ave rage of 5 10 TCF . 
A probab i l i ty plot o f  the e s t imate s g i ve s 500 TC F a s  the e xpe c t e d  
v a l u e  f o r  t h e  grou p .  Th e ave rage for the va r i ou s  reg i on s  e s t ima ted 
by ind i v i d u a l s  i n  the group is s h own in Tab l e  1 2 . 

Un i t ed S t a t e s  

Ro cky Mou n t a i n s  

No r thern Gre a t  

Sou t hwe s t  

TABLE 1 2  

I nd i v i d ua l  E s t ima t e s  
( TC F ) 

Range 

29 5 - 7 00 

8 0  - 250 

Pl a i ns 1 0  - 1 30 

22 - 7 5  

Gre a t e r  Sou thwe s t  8 0  - 1 7 5  

Ot h e r  u.s. 7 5  - 28 7 

Average 

5 1 0 

1 1 7  

9 6  

30 

1 1 6  

1 6 2 

Th e e s t ima te o f  5 03 TCF for the total u. s. t ig h t  g a s  r e so u r c e  
( a t $ 5 . 00/MC F a nd a 1 5  perc e n t  DCF ROR )  repre s e n t s  t he f in a l  c o n 
s e n s u s  o f  t h e  s t ud y  g roup . Th i s  e s t ima te i n c l ud e s  t h e  2 3 1  TCF 
d e t e rmined from the d e ta i l ed appra i s ed s t udy plus 27 2 TC F a t tr i b
u ted to the e x t r apo l a ted areas ( both repr e s e n t i ng recove r i e s  a t  
$ 5 . 00/MC F  and a 1 5  pe rc e n t  DCF ROR ) . 

Be cause of the pauc i ty of e xpe r i ence a nd ava i l ab l e  d a t a  i t  wa s 
nece s s a ry to u s e  typ i c a l  geolog i c a l  chara c te r i s t i c s from the ap
p ra i s ed s tud i e s  to  e s t ima t e  the t igh t ga s re sou rce for the e x t rap
olated areas . The e xt rapo l ated va l ue s  a t t r i bu ted to e a ch r e g io n  
we re de term i ned from e s t ima te s of geo log i ca l -type ba s i n s  a n d  forma 
t ions a s s igned to tha t r e g i o n  ( th e  corre l a t i ve b a s i n s  and fo rma 
t i ons are d e noted i n  Tab l e  1 1 ) . Fo r e x amp l e , i n  the  E a s tern reg ion 
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i t  was e s t imated th a t  b a s i ns s imi l a r  to the North e r n  Gre a t  Pl a i n s  
( Type 1 ) , Pi c e ance ( Type 6 ) ,  Sa n Ju an ( Type 8 ) , a nd Co t to n  Va l l ey 
( Type 1 2 )  would c o ve r  a prospe c t i ve area o f  28 0, 000 s e c t i on s . I n  
e ach ba s i n type , forma t ion type s wou l d  e x i s t  wh i ch we r e  s imi l a r  to 
forma t ions e x i s t i ng i n  the appra i s e d  area s . Aga i n re f e r r i ng to th e 
E a s t e rn reg i o n ,  i n  the c e n t r a l  deep a re a s , forma t ions s imi l a r  to 
the Co tton Va l l ey ( Fo rma t i o n  Type 2101 ) wo u l d  cover appro x ima t e ly 
25 , 000 s e c t ions . Th e e s t ima te s of g a s  in p l a c e , ma x imum r e cove r
able  g a s , and e conomi c a l ly re cove rable  gas f o r  e a ch r e g i o n  ( ba s ed 
o n  both pr i ce and t e ch no logy ) we r e  comme ns ur a t e  w i th the appo r t i on 
men t  o f  geo l o g i c a l  type s a s s igned t o  e a ch r e g io n . The va l ue s  
l i s ted i n  Tab l e  1 3  s umma r i z e  the approx ima t ions wh i ch can be u s ed 
to recon c i l e  geo log i c a l  prospe c t ive and prod u c t i ve a re a s  w i th g a s  
i n  p l a c e . Th e d a t a  i n  Tabl e  9 for  t h e  re spe ct ive appr a i s ed fo rma 
t ions can be u s ed to reconc i l e  the recove ra b l e  g a s  va l u e s e s t ima t e d  
f o r  the ext r apo l a ted areas . 

Th e Po te n t i a l  Ga s Commi t te e  has b e e n  e s t ima t i ng the total  
und i sco ve red gas poten t i a l  o f  the Un i t e d  S t a te s fo r 14  ye a r s . I n 
c luded w i th t h e  1 9 7 8  repo r t  o f  the Po t en t i a l  Ga s Commi t t e e  wa s a 
d i s cu s s ion by th e Po ten t i a l  Ga s Age n cy o f  the unconve n t i o n a l  g a s  
r e so u r ce f o r  a spe c i f i c  s e t  o f  ba s i ns . I n  the 1 9 8 0 repo r t , the 
Po te n t i a l  Ga s Age n cy plans  to d i s c u s s  unconve n t ional  g a s  aga i n  a s  a 
s epara t e  i tem f o r  a l im i ted numb e r  of ba s i n s . I t  i s  a n t i c ipated 
tha t th e Commi t te e  wi l l  con t i nue to make the s e  e s t ima t e s  e ve ry two 
years . At the s ame t ime , ope ra tors in t ig h t  ga s a r e a s  a re s ub 
mi t t i ng re s e rvo i r  d a t a  t o  s t ate r e g u l a to ry age n c i e s  a s  a pa rt o f  
F ERC ' s  i n c e n t ive pr i c e  program . The s e  d a ta , wh i ch are a ma t t e r  o f  
p ub l i c  record , wi l l  g radual ly a c c umul a te u n t i l  a b e t t e r  e s t ima te o f  
the  t igh t g a s  re sou r c e  c a n  be mad e .  

In the me a n t ime , the s tudy par t i c ipants h ad an imme d i a t e  need 
for an e s t imate o f  the total r e s ourc e ; th i s  is  the  bas i s  for pro 
j e ct i ng the produc t ion rate  o f  t ig h t  g a s  for the n e x t  20 y e a r s . 
Prod uc t ion rate s wi l l  not a lways corre s pond wi th the s i z e  o f  the 
r e sou r c e : i f  the resource i s  sma l l ,  the produc t ion r a t e s  w i l l  a l s o  
b e  sma l l , bu t i f  i t  i s  l a r g e , the pro d uc t i o n  ra te s w i l l  not  n e ce s 
s a r i ly b e  s e n s i t ive t o  i ts abs o l u t e  s i z e . 

As wa s prev i ou s ly s ta ted , e s t ima t e s  of the  t igh t g a s  resource  
s i z e  ( s umma r i z ed i n  Tab l e  1 4 ) w i l l  va ry depend i n g  upon the me thod 
u sed . Th e appro a ch tak e n  by the s tudy g roup repr e s e n t s  the i r  b e s t  
e f fort t o  a r r ive a t  a re a l i s t i c  e s t ima t e . 

5 0  
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TABLE 13 

Percentage of Basin Area Containing Tight Gas 

Average 
Percentage Resources 

Number of Number of Sections of Basin BCF/Section of 
Sections Probably Productive Productive Productive 

Basin in Basin* of Tight Gas of Tight Gas Areat 

Val Verde - Sonora and Ozona Trends 2 3 1 0 0 0  5 0 0  2.2 5.6 

Cotton Val l ey 3 6 1 90 0  1 1 0 27 2.8 12.5 

Denver 4 5 1 0 0 0  1 1 6 0 0  3.6 4.9 

San Juan 12 1 50 0  1 1 1 88 9.5 1. 9 

Uinta 9 1 5 0 0  1 1  184 12.5 1 2.9 

Northern Great Plains/Wi l liston 1 8 8 1 90 0  3 2 1 7 3 0  1 7.3 3. 1 

Wind River 7 1 4 0 0  2 1 280 3 0.8 10.2 

Greater Green River 2 8 1 3 0 0  8 1 938 31.6 9.7 

Piceance 7 1 10 0  3 1  144 44.3 10.5 

Edwards Lime Trend 858 450 52.4 19 . 2  -- --

Total 3 5 9 1 458 5 3 1 0 41 14.8 5.5 

*Basin areas reflect the gross area of the basins . The somewhat sma l ler area listed in the basin 

chapters re flects the probable sedimentary portion of the basin s .  
tFrom Table 9 showing maximum recoverable gas resource ( s e e  basin chapters o f  Part I I  of this report 

for detai ls ) .  



TABLE 1 4  

E s t imate s o f  u.s. T i ght Gas by Var io u s  Approach e s  
{ TC F ) 

Approach 

De ta i l ed Appra i s a l  and 
E x t r apo l a t ion 

St udy Par t i c ipan t Ballot  

Range 

1 92 - 5 7 4  

29 5 - 7 00 

52 

B e s t  Va l u e  

5 03 

5 00 



Ch apter Th ree 

METHOD US ED TO APPRAI S E  RESOURC E S I Z E ,  
PRODUCTION RATES , AND ULT IMATE REC OVE RABLE GAS 

M ETHODS OF ANALYS I S  

Re source E s t ima t e s  

Re sou rce e s t ima t e s  for th i s  s tudy we re deve loped f rom bas i c  
data provided by members part i c ipa t i ng i n  the s t udy e f f or t .  Te ams 
o f  geolog i s t s and e ng i neers w i th con s id e ra b l e  e xp e r t i se on one or 
more of the 1 2  bas i n s  ana ly zed and appra i s ed in d e ta i l  for th i s  
s tudy provided d a ta d e s c r i b i ng the d i s t r i bu t io n  o f  g a s  po ros i ty ,  
product i ve are a ,  n e t  pay , and i n  s i tu e f fe c t ive g a s  perme a b i l i ty 
for the respect ive bas i n s . For e a ch bas i n ,  the fo l low i ng g e n e ra l  
proce d ure wa s u s ed to arr ive a t  e s t ima t e s  for the t ight gas r e 
sou r ce s i z e , t h e  ma x imum recove rable ga s ,  and t h e  e f fe c t s  o f  tech
nol ogy , cos t ,  and g a s  pr i ce on economi c a l ly rec o ve rable g a s : 

• Geo log i c a l  Fun c t ions 

S e l e c t  bas in prospe c t ive area 

List e xplora t ion and lease cos t s  

S e l e c t  targ e t  fo rma t ion ( s )  

Li s t  pe rme ab i l i t y  l e ve l s , pe rcentage o f  a re a  

L i s t  n e t  p ay , poros i ty ,  pre s s ure , d ep t h , t empe ra t ure s 

E s t ima t e  f i e l d  s i ze s  

Es t imate w i l d c a t  s uc c e s s  rat i o . 

• Eng i n e e r i n g  F un c t ions  

Run pro d u c t ion s imu l a tor mod e l  for i n i t i a l  pro d u c t ion 
rate , d e c l i ne rate , and 3 0-ye a r  u l t ima te pe r we l l  for 
e a ch pe rme ab i l i ty l e ve l  

Provide c o s t s  for d r i l l i ng , s ur f a c e  equ i pmen t ,  mas s i ve 
fractur e  s t imu l a t ion , and ope ra t i ng and o ve rhead 

Es t ima te d r i l l i ng s ch ed u l e  fo r p i pe l i ne s upply rate 

Es t ima t e  N GL ( b arrels pe r mi l l i o n  cub i c  feet [ b b l/M MC F ]  ) .  

Th i s  req u ired comp i l a t ion of d a t a  f rom k n own produ c t ive are a s , 
both conve n t ion a l  and t i gh t ,  and pro j e c t ion o f  the s e  d a t a  to the  
undeve l oped t ig h t  reg i o n s  i n c lud ed i n  th i s  s tudy . 
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In-p l a c e  pe rme ab i l i t ie s  to g a s  we re d e term i n ed f rom we l l  per
fo rmance over an e x tend ed prod uc t ion per iod in known t igh t g a s  
a re a s . The s e  d a ta we r e  pro j e c ted to the pro s pe c t iv e  t ig h t  g a s  
are a s  for the fo rma t ions  i n  the 1 2  b a s i n s  s t ud i ed . Log and core 
d at a  we re used to e s t ab l i sh i n  s i tu g a s  po ro s i ty v a l u e s  a nd net pay 
th i ckne s s  a s so c i a te d  wi t h  var ious perme ab i l i ty l eve l s  fo r e a c h  o f  
the 4 8  t ig h t  g a s  fo rma t i ons analyzed . A r ange o f  pe rme a b i l i t i e s  
wa s e s t ab l i shed for each fo rma t ion . The s e  we re the ave rage ve r
t i cal  pe rme ab i l i t i e s  over the n e t  pay th i ckn e s s , e s t ima ted from 
we l l  d a t a . The se ave r age pe rme ab i l i t i e s  var i ed hor i zo n tal ly are a
w i s e acro s s  the ba s i n .  

The t e ams e s t imated the n umber o f  pro d u c t i ve s e c t i o n s  for e a c h  
f o rma t ion i n  a l l  1 2  b a s i ns . On ly a r e a s  n o t  ye t produ c i ng t igh t g a s  
were con s id e re d , a s  t h e  ob j e c t ive o f  th i s  s t udy i s  to e s t ima te n ew 
pote n t i a l  re s e rve add i t ions . For e ach pe rme ab i l i ty l eve l the num
ber o f  a re a l  s e c t i o n s  ( square mile s ) ,  and the net pay , poros i ty ,  
g a s  i n  p l a c e , re cove ry factor,  and u l t ima t e  recove ry we re 
d e t e rmi n e d . 

Es t ima t e s  o f  the percentage of prospe c t s  prod u c t ive a s  a f un c 
t ion o f  perme ab i l i ty we re prov ided f o r  e ach fo rma t ion o f  e ach bas i n  
b y  t h e  geolog i s t s , who a l so provided f i e ld s i z e  d i s t r i bu t i o n s  f o r  
e ach forma t i on a n d  pe rme a b i l i ty .  

Re cove ry Factors 

Th e ga s i n  p l a c e  wa s c a l cu l a ted based on the a s s ump t i on s o f  a 
uni form ave rage poros i ty ,  tempe rat ure , and pre s s ure thro u gh ou t the 
gas f i e l d  d i scove red . Us i ng the se s ame a s s ump t i on s ,  the gas th a t  
would rema i n i f  the pre s s ure in  the forma t ion we re red uc e d  to th e 
we l l  bore d r awd own pre s s ure ( i . e . , abou t one t e n th the o r ig i na l  
forma t ion pre s s ur e ) was c a l c u l a ted . The d i f fe re n c e  be twe e n  g a s  i n  
p la c e  and g a s  th a t  w i l l  rema i n  a t  depl e t ion i s  the ga s th a t  i s  s ub 
j e c t  t o  be i ng prod uced und e r  the s e  cond i t i on s .  Th i s  " po te n t i a l  
p roduc t i on"  wa s then reduced by a re cove ry f ac tor , wh i ch t ak e s i n to 
acc oun t d e v i a t ions from the un i formi ty a s s umed above . Th i s  is ne c 
e s s ary b e c a u s e  the po ros i ty and perme ab i l i ty i n  s ome p a r t s  o f  the 
f i e l d  w i l l  be s ubs tan t i a l ly l e s s  than average . Al s o ,  e x c e s s i v e  
c lay depo s i ts a n d  re s t r i c t ive cap i l la ry wa t e r  phe nome na are g e n 
eral ly corre lated w i th l ow pe rmeab i l i ty .  The re cove ry f a c tor s 
a s s igned re f l e c t  th i s  corre lat ion , a s  i nd i c a t e d  i n  Tab l e  1 5 .  

We l ls d r i l l ed i n  low q ua l i ty areas may b e  d e s ignated a s  d ry d e
ve l opme n t  we l l s .  Some parts o f  the f i e ld area w i l l  b e  s o  a f f e c t e d  
t h a t  t h e  ga s wi l l  n o t  f l ow ou t o f  t h e  po r e s  i n  a re asonab l e  t ime . 
Once a l ow q u a l i ty area o f  the f i e l d  i s  found , i t  w i l l  b e  avo ided 
i n  f uture deve l opme n t .  
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TABLE 1 5  

Re covery Fac tors 
( Ad j us t i ng for Var i a t i o n  From Aver age 

Re se rvo ir Charac te r i s t i c s ) 

Ave r ag e  
Pe rme ab i l i ty 

( md )  

0. 3 
0. 1 
0. 03 
0. 01 
0. 003 
0. 001 
0 . 0003 
0. 0001 
0. 00003 

· 0. 00001 

Bl ank e t  Sand Re cove ry Factor 

Recove ry 
Ad j u s tme n t  

F a c to r  

0 . 9 5  
0 . 9 0  
0 . 8 5  
0 . 8 0  
0 . 7 5  
0 . 7 0  
0 . 6 5  
0 . 6 0  
0 . 5 5  
0 . 5 0  

As d e s c r ibed above , not  a l l  o f  the g a s  i n  p l ace i n  a b l a nk e t 
forma t ion w i l l  be prod uced i n  th e 3 0-year pe r iod s t ud i ed i n  th i s  
report . Spe c i f i c reasons for b l a nk e t s a nd red u c t ions are : 

• Red u c t ion for g a s  rema i n ing i n  forma t ion wh e n  the pre s s ur e  
h a s  d e c l ined to t h e  we l l  bore pre s s ur e  ( ab ou t  1 0  percent o f  
o r i g i n a l  ga s i n  p l a ce ) . Th e amount o f  g a s  that cou l d  be 
prod uced is c a l led th e " te chn i c a l ly recove r a b l e  gas i n  
place " i n  Ta b l e  2 1 .  

• Th e tech n i c a l ly re cove rable g a s  i s  reduced f ur th e r  by the 
are a l  non u n i formi ty ( ve ry t i gh t s pot s ) at the e d g e s  and 
w i th i n  the f i e ld . Th e re cove ry f actors in Ta b l e  1 5  a re 
appl ied to r e d uce the te chn i c a l ly recove r a b l e  g a s  to the 
ma x i mum re cove rab l e  gas ( Ta b l e  2 1 ) . 

• To produ ce th i s  ma ximum re cove rable ga s the n e ce s s ary numbe r  
o f  we l l s mu s t  b e  d r i l l ed . Th e 3 0-ye ar cumu l a t ive prod uct i o n  
pe r we l l  ( Ta b l e s  2 4  a nd 2 5 )  w a s  u s e d  to d e t e rm i ne the numbe r  
o f  we l ls needed per s e c t ion t o  pro d uce a l l  o f  th e ma x i mum 
re cove rab l e  ga s .  Howeve r ,  the l a ck of a kn ow l edge o f  f rac
t ure az imu th and the f i e l d  rules in mos t  s ta t e s  l im i t  th e 
number of we l l s that can be d r i l led p e r  s e c t ion . At the 
lowe r pe rmeab i l i t i e s  th i s  re s t r i c t io n  ( we l l  d e ve l opme n t  f a c 
tor ) red u c e s  re cove ry s t i l l  mo re ( Ta b l e  2 6 ) . 
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As an e xamp l e , a f i e l d  i n  the San Juan bas i n ,  Dakota forma t i on , 
h a v i ng a pe rme ab i l i ty o f  0 . 0 0 1  md wo uld h ave the f o l l ow i n g  r e d u c 
t ions appl i ed for four we l ls pe r s e c t ion : 

RGAW = ( G I P ) ( APF ) ( RF ) ( WDF ) 

where 

RGAW = r e cove rable g a s  f rom a ct u a l  we l l s  

G IP = g a s  i n  p l a ce pe r s e c t ion = 2 . 7 6  B C F  p e r  s e c t ion 
( Tab l e  21 ) 

APF = 

RF = 

WDF = 

aband o nme n t  pre s s ure f a c to r  ( 2 . 5 0/ 2 . 7 6 )  = 0 . 9 0 5 8  
( Ta b l e  21 ) 

r e c ove ry factor = 0 . 7 0 ( Ta b l e  1 5 )  

we l l  d e ve l opme n t  factor 
4 0 . 6 0 6  ( b a s e  cas e ) = 6 . 6  = 

( Ta b l e  26 ) 

ind i c a t i ng a r e d uc t ion i n  we l l  d r a i nage e f f i c ie n cy d u e  
t o  an i nadeq uate numbe r  of we l l s i n  the s e c t ion . 

RGAW = ( 2 . 7 6 )  ( 0 . 9 0 5 8 ) ( 0 . 7 0 ) ( 0 . 6 0 6 )  = 1 . 0 6  B C F  p e r  s e c t ion 

Th e r e fo re , on ly 38  pe rcent of the ga s i n  p l a c e  w i l l  be prod u c ed . 

Len t i c u l ar Sand Re covery Factor 

Some r e s e rvo i rs are ve ry sma l l  - - o n ly a f ew acres i n  e x t e n t . 
The s e  u s u a l ly o c c u r  i n  groups and are re fe rred to a s  l en t i c u l a r  
r e s e rvo i rs . A we l l  d r i l led i n to a c l u s te r  o f  the s e  l e n s e s  w i l l  
i n t e r s e c t  only a sma l l  n umbe r  o f  th em . Long f r a c t u r e s  a r e  created  
for the purpo s e  of reach i ng ou t f rom the we l l  to i n t e rs e c t  a s  ma ny 
l e n s e s  a s  pos s i b l e . The loca t i on o f  the l e n s e s  i n  a g ive n hor i zon 
t a l  pl ane ( d epth ) i s  un ce r t a i n ,  a s  i s  the d i re ct ion ( a z imu th ) the  
fract ure w i l l  t ake . Thu s ,  the s e  c i r cums tanc e s  cause  an add i t i on
al  red u c t ion i n  the g a s  produced . Th e va lu e s  for th i s  l en t i cu l ar 
re cove ry fa cto r ( LRF ) are uncerta i n .  Mo s t  i n d u s t ry e xpe r i ence  i s  
w i th b l a nk e t  re s e rvo i rs . 

Th e pa r t i c ipants i n  th i s  s t udy r e l ated the LRF to a mod e l  th a t  
a l l owed the contro l l a b l e  cho i c e s  o f  the ope r a to r  and a s s ump t i on s  
a bo u t  l e n s e s  and f ract ure techno logy t o  a l t e r  the r e cove ry f a c tor . 
Th e LRF i s  i n f luenced by pe rmeab i l i ty ,  l e n s  thi ckne s s , l e n s  s i z e , 
f ract ure leng t h , a nd numbe r of we l l s  per s e c t ion . 

Th e me thod u sed f o r  e s t ima t i ng the ga s prod u c t ion f rom l e n t i c
ular re s e rvo i r s  wa s based on the fo l l ow i ng a s s umpt i on s : 

• The le n t i c u l a r  re se rvo i rs cons i s t  o f  g roups o f  sma l l  s and 
l e n s e s  d i s tr ibu ted a t  random in imp e rme a b l e  rock ( u s u a l ly 
ho r i zo n t a l  l aye rs o f  va ryi ng th i ckne s se s ) .  
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• The n umbe r  o f  l e n se s in tersected by a f r a c t u r e  c a n  b e  e s t i 
ma ted by probab i l i ty r e l a t ionsh ips d e s c r ibed by 
Savins k i i . l 

• The l e n s e s  h ave the s i z e  d i s t r i bu t ion i l l u s trated i n  Tab l e  
1 6 . Th e s e  s i z e  e s t ima tes  repr e s e n t  a s e t  o f  s tandard 
s i ze s  based i n  part on mea s uremen t s  o f  e xposed l e n s e s  i n  
ou tcrop s and canyo n  wa l ls by Ca r ro l l  F .  Knu t son . Th e s e  
s i ze s  from the Pi ceance and U i n t a  bas i n s  we re u s ed i n  e s t i 
ma t e s  for a l l  l e n t i cu l a r  forma t ions . 

• Th e ave rage pe rme a b i l i ty o f  the s e t  o f  l e n s e s  mak i ng up a 
s i n g l e  gas f i e l d  i s  the s ame throughou t the  f i e ld . 

• A fract ure o r i g i na t i ng a t  a we l l  w i l l  p a s s  through the 
impe rme able shale and through lens a f t e r  l e n s  w i thou t s top
p i n g  unt i l  i ts i n tended length i s  reached . 

• Gas w i l l  f l ow l i ne a r ly d own the l e n s  to the f ra c ture and 
through the fra c t ure to the we l l . 

• Fra c t ure s w i l l  cros s lense s pe rpend i c u l a r  to the l e n g th of 
the l e n s  rega rd l e s s  of the ang l e  o f  i n t e rs e c t ion o f  l e n s  and 
fract ure . 

• Fra c t ure s from a s e t  o f  we l l s i n  a s e c t ion w i l l  tend to be 
paral l e l  to one another and spaced abou t the s ame d i s tance 
apart a s  the we l l s .  

W i th the s e  a s s ump t i on s  a s  a ba s i s , equ a t ions  and a mode l we re 
d e r ive d to c a l cu l a t e  the amo u n t  of g a s  produc t ion f rom a s e c t ion of 
land ove r  a 3 0-ye a r  pe r iod . Th e amoun t of g a s  pro d uc e d  was c a l c u 
l a ted and u sed i n  t h e  e conomi c analy s i s .  Th e mod e l  mad e  c a l cu l a
t ions of the pe r c e n t age recove ry o f  the recove r a b l e  g a s  i n  the 
s e c t ion ( s quare mi l e ) as a funct ion of the numbe r  of we l ls pe r s e c 
t ion . Th e mos t  e conomi c a l  we l l  spac i n g  w a s  u s ed for e a ch s e t  o f  
reservo i r  prop e r t i e s  and p e rme a b i l i ty i n  e ach ga s f i e ld d i s cove re d . 
Recove ry pe r we l l  was c a l c u l ated by d i v id i n g  the re cove ry pe r s e c 
t ion by the numb e r  o f  actual  we l l s  d r i l led i n  e ach s e c t i on .  Th i s  
me thod wa s nece s s a ry for l en t i cular  r e s e rvo i rs b e c a u s e  on ly part o f  
the f ractur e  con tac t s  re s e rvo i r  rock . I n  contras t ,  we l ls i n  b l an
ke t rese rvo i r s  are ve ry e f f i c ie n t  be c a u s e  the f r a c t ure a lways con
tac t s  rese rvo i r  rock . 

lsav i nsk i i ,  Igor Dm i tr ie v i ch , " Probab i l i ty Tab l e s  f o r  Lo cat
ing El l ip t i c a l  Unde rground Mas se s  with a Re c t an g u l a r  Gr i d , "  I F I/ 
Pl enum Da ta Corp . , New York , 1 9 6 5 .  Th e Sav i n sk i i  me thod u sed for 
the s e  e s t ima t e s  and ver i f i ed i nd epe nd e n t l y  by three o f  the par t i c 
ipants i s  based o n  the s e arch for bu r i ed ore bod i e s  w i th s e i smi c 
l i ne s . 
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TABLE 1 6  

Lens S i z e D i s tr i b u t i on * , t , § 

Pe rcen t ag e  o f  Len se s  
Le n s  Le n s  Le n s  o f  The s e  S i ze s  

He ight Width Le ngth Othe r  Bas i n s 
( F t .  ) ( F t .  ) ( F t . ) P i ceance ( f rom U i n ta S t udy ) 

6 0  1 , 2 00 6 , 000 0 5 
4 0  8 00 4 , 000 7 1 4  
3 2  6 4 0  3 , 2 00 5 1 7  
2 6  5 2 0  2 , 6 00 2 5  3 7  
1 9  3 80 1 , 9 00 6 3  2 7  

1 00 1 00 

N umbe r  o f  Len s e s  i n  S ampl e 9 7  7 4  7 

*Knuts on , Ca rrol l  F . , " Ou tcrop S t udy o f  Fracture P a t t e rn s  and 
S an d s tone Geome try , E a s t e rn U i n t a  B a s in , U t ah . S t udy Res u l t s  and 
Imp l i c a tions to S t imul a t i on o f  Tigh t  Gas ' Sands ' i n  the  Area . "  May 
2 3 ,  19 7 7 , prep ared for U . S .  Energy Re search and Deve l opme n t  
Admi n i s t r a tion Nevada Operations O f f i c e  Cont ra c t  EY- 7 6 -C-08 - 06 5 5 , 
Report Numb e r  NV0- 6 5 5 - 1 . 

t Knu t son , Carro l l  F . , " Mod e l i ng o f  No ncon t i n uo u s  For t Un ion 
and Me s averde Sand s tone Re s e rvo irs , Pi c eance Ba s i n ,  Nor t hwe s te r n  
Colorad o , "  Soc ie ty o f  Pe trole um Eng ine e r s  Journa l , Aug u s t  1 9 7 6 ,  
pp . 1 7 5 -1 8 8 .  

§ Knu t son , Carro l l  F . , per sonal c ommun i c a t i o n . 

Whe n  f r a c t ure s ( and we l ls ) are s paced mo re c lo s e ly the prob
ab i l i ty �hat e a ch l e n s  w i l l  be con tac ted by a f r a c t u re become s 
l arge r .  Th i s  i s  e s pe c i a l ly true o f  sma l l e r  l e n se s . The l owe r per
me ab i l i ty l e n s e s d ra i n  s l ow ly i nto a s i n g l e  f ra c t ur e . Prod uct ion 
rate a nd u l t ima t e  re cove ry i ncreases wh e n  c l o s e r  spaced f ractures  
a l l ow more than one fract ure to  cro s s  the  l en s .  

As an e xampl e ,  recove ry pe rcentages are sh own i n  Tab l e s 1 7  a nd 
1 8 ,  wh i ch i l l u s t rate both base and advanced c a s e s . Th e s e  par t i cu 
l a r  va l u e s  apply to t h e  Me s ave rde forma t ion o f  t h e  P i c e a n c e  bas i n .  
A d i f fe re n t  s e t  wa s de termi ned for each d i f fe re n t  f o rma t i on . 

Th e l e n t i cu l a r  re cove ry factors show a gra t i fy i ng i ncrease  i n  
recove ry for more we l l s pe r s e c t io n . Th e we l l s  are e xpens ive and 
h ig h e r  pr i c e s  for ga s are needed to pay for them . Th e mode l  make s 
appro x ima t ions tha t s ome t ime s  show anoma l o u s  d e v i a t ions  from th e 
smooth va l u e s  that migh t be a n t i c ipated . An e xamp l e  i s  d e s c r i bed 
for the W i nd River bas i n  in Par t  II o f  th i s  vo l ume . 

The i nve s tme n t  cos t pe r thousand c ub i c  �oo t  o f  g a s  d ra ined f rom 
a sect ion i s  l e s s  for the 4 , 000-foot f ra c t u r e s  of the advanced c a s e  
t h a n  f o r  the  1 , 000-foo t fractures o f  the b a s e  c as e . In s ome fo rma
t i ons the ga s produced p e r  we l l  i s  l e s s  fo r the we l l s  w i th 4 , 000-
foo t fract ure s than for thos e w i t h  1 , 000-foo t fract ure s .  
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TABLE 1 7  

Le n t i c u l ar Re cove ry Fac tors 
Percentage o f  Tot a l  Prod u c i b l e  Gas Recovered i n  3 0  Ye a r s  

( Ba s e  C a s e  - - Me s averde ) 

We l l s/Se c t ion 1 2 3 4 

Krnd : 

0. 1 20 5 0  6 8  8 2  
0 . 03 22 5 3  7 4  9 0  
0. 01 1 6  4 0  5 9  7 7  
0 . 003 1 2  2 9  4 2  5 8  
0 . 001 8 20 28 4 0  
0 . 0003 5 1 1  1 7  24 
0. 0001 3 8 12 1 7  
0 . 00003 2 5 8 1 1  

TABLE 1 8  

Len t i c u l ar Re covery Fac tor s 
Pe rcentage o f  Tot a l  Prod u c i b l e  Gas Recovered i n  3 0  Ye a r s  

( Ad vanced Case -- Me s averde ) 

We l l s/Se c t ion 1 2 3 4 6 8 1 2  

Krnd : 

0. 1 4 3  7 6  90 1 00 1 00 1 00 1 00 
0 . 03 4 8  8 0  9 7  1 00 1 00 1 00 1 00 
0. 01 3 5  6 1  7 8  9 4  1 00 1 00 1 00 
0 . 003 25 4 3  5 5  7 0  9 4  1 00 1 00 
0 . 001 1 7  29 3 8  4 9  7 1  9 5  1 00 
0 . 0003 1 0  1 7  23 29 4 3  6 4  9 1  
0. 0001 7 12 16  21 3 0  4 6  6 9  
0 . 00003 4 8 1 0  1 3  20 3 0  4 5  
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The s e  recove ry f a c tors are larger than c u r r e n t  e xpe r i e n c e  might 
i nd i c a t e  for l e n t i cu l a r  r e s e rvo irs . Tho s e  w i t h  a mo re pe s s imi s t i c 
ou t l ook wou l d  reduce the recove r i e s  f rom l e n t i cu l a r  r e s e rvo i rs s ub 
s tant i a l ly . The a s s umpt ion tha t 1 , 000-foo t f r a c t u r e s  and e ve n t u 
a l ly 4 , 000-foot f r a c t u r e s  c a n  be mad e  i n  t h e  a l t e r na t i ng s and a nd 
shale  o f  th e Me s ave r d e  forma t ion i s  d o ubted by s ome who be l i e v e  
t h a t  the f ra c t u r e  tends t o  s top g row i ng when i t  a t t emp t s  t o  p a s s  
from a s h a l e  i n to a s and fo rma t io n . Oth e r s  be l i e ve the f ra c t ure 
may be come wider and depo s i t  a l l  the proppan t  i n  a short length . 
St i l l  others  be l i e ve that fracture s may g r ow ve r t i c a l ly through th e 
s hale r a th e r than l a t e ra l ly ,  so that the re s u l t ing f ra c t ur e  i n  the 
prod uc i n g  zone is r e l a t i ve ly shor t .  Ce rta i n ly in a n umbe r of cas e s  
w h e re e nough proppant wa s p l a ced to make a 1 , 000-foot f r acture , the 
produc t ion f r om the we l l  s e emed to be from a 5 00-foo t f r a c t ur e . 
Th e par t i c ipants i n  the s tudy po s tu l a ted that eve n t ua l ly the s e  par
t i a l  f a i lures  would be on ly occas ional and that good r e s ul t s  m i gh t 
b e  e xp e cted 9 5  p e rce n t  of the t ime . I t  wa s d e c id e d  to d i sregard 
th i s  5 percent pos s ib i l i ty o f  part i a l  f a i l u r e . Mor e  c a u t i o u s  eng i 
n e e rs migh t take a mo re pe s s imi s t i c  v i ew . 

As an e xamp l e , a f ie ld i n  the Pi ce ance bas i n ,  Me s ave rde forma 
t io n , h a v i ng a pe rmeab i l i ty o f  0 . 001 md wou l d  h a ve the  f o l lowing 
reduc t ions appl i e d  to the ga s i n  p l a ce if  one we l l  w e r e  d r i l led per 
s e c t i o n : 

RGAW = ( G I P ) ( APF ) ( RF )  ( LRF ) 

whe r e  

RGAW = recove ra b l e  gas from a c t ua l we l ls 

G I P  = gas i n  place pe r sect ion = 24 . 9 6  BC F per s e c t ion 
( Ta b l e  1 4 -20) 

APF = aba ndonme n t  pre s s ur e  f actor = ( 5 , 9 50*/ 6 , 4 90 )  = 0 . 9 1 6 8  

RF = r e c ove ry factor = 0. 7 0  

LRF = Le n t i cu l a r  r e cove ry factor = 0 . 08 ( Ta b l e  1 7 )  

RGAW = ( 24 . 9 6 )  ( 0 . 9 1 6 8 ) ( 0 . 7 0) ( 0 . 08 )  = 1 . 28 B C F  p e r  s e c t ion 

* Fr om Tab l e  1 4 -20, te chn i c a l ly recove r a b l e  ga s ( 5 , 9 5 0 )  = 
max imum r e cove r ab l e  g a s  ( 4 , 1 6 5 ) /re cove ry f a c t o r  ( 0 . 7 ) . 

Th e 5 per c e n t  o f  gas in  place pro d uced by a s i n g l e  we l l  pe r 
s e c t ion may accou n t  i n  part for the pe s s im i sm of some operators 
about the pe r fo rmance of fract ure s i n  t h e  Me s ave rd e . I f  i n s t e a d  
f o u r  we l ls we r e  d r i l l ed per sect ion , t h e  re cove ry wou l d  be : 

RGAW = ( 24 . 9 6 ) ( 0 . 9 1 6 8 ) ( 0 . 7 0 ) ( 0 . 4 0 )  = 6 . 4 1 B C F  p e r  s e c t i o n  
( Ta b l e s  1 2- 1 8  and 1 4 -23 , Par t  I I ) 
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So , for cu rrent f ie ld ru l e s ,  26 percent  of the  ga s i n  p l ace 
could be prod uced .  I f  a reduct ion i n  recove ry for par t i a l  f a i l ure s 
o f  fractures to e xt e nd to the f u l l 1 , 000-foot l e n g t h  i s  d e s i re d , a 
proba b i l i ty me thod can be u s ed . 

If the fra c t ur e s  that part i a l ly f a i l  on ly e xtend 5 00 f e e t  th ey 
w i l l  contact o n ly 5 00/ 1 , 000, or 0 . 5 ,  o f  the l e n s e s  in the i r  a re a .  
So the short l e n s  would recove r  h a l f  the g a s  a 1 , 000-foo t l e n s  
wou l d  [ ( 6 . 4 1 )  ( 0 . 5 )  = 3 . 2  B C F  p e r  s e c t ion] . 

Fr acture 
Length 

1 , 000 f e e t  
5 00 f e e t  

Probab i l i ty 
o f  Occurrence 

0 . 9 5  
0 . 05 
1 .  00 

Ga s Re cove ry 
( BCFjSe c t i o n ) 

6 . 4 1 
3 . 20 

There fore , the reco ve ry would be reduced 

1 00 ( 6 . 4 1 - 6 . 25 )  = 2 . 5 pe rcen t 
6 . 4 1 

E xpe c te d  Va lue 
of Re cove ry 

( BCF/Se c t ion ) 

6 . 09 
0 . 1 6  
6 . 25  

by the part i a l  f a i lu r e  of some fractures to e x t e nd f u l l l e ngth . 

I f  ad vanc ed te chnology we re ava i l ab l e  the recove ry wou l d  change 
a s  fo l low s  u s i ng e igh t we l ls per s e c t ion : 

RGAW = ( 24 . 9 6 )  ( 0 . 9 1 6 8 ) ( 0 . 7 0) ( 0 . 9 5 )  = 1 5 . 2  B C F  p e r  s e c t ion 

where 

LRF = 0 . 9 5  ( Ta b l e  1 8 ) 

So 6 1  pe rcent o f  the gas i n  place would be pro d uc ed i n  contras t 
to 26 percent w i th current t e chno logy . 

Produ c t ion Ra te s and Eva l u a t ion Me thod s 

Th e annu a l  produc t ion rate ( MMCF pe r we l l  p e r  ye ar ) a nd the 
cumulat ive prod uct ion we re c a l c u lated for 30 years by the  me thod 
d e sc r i be d  in Append i x  c .  Th i s  me thod was ch e ck e d  and i t s  va l id i ty 
wa s ve r i f ied by var i ous  e n g i ne e r i ng members  par t i c i pa t i ng i n  th e 
s tudy . 

Th e c a l cu l a t ion me thod cou ld s imu l a te prod u c t ion f rom e i th e r  a 
b lanke t-type r e s e rvo i r  or a l e n t i c u l a r  fo rmat i o n . I n  e i th e r  c a s e 
i t  repr e s en t ed the behav i o r  of a re s e rvo i r  cont a i n i ng a ve r t i ca l ,  
cond uc t i ve f ra c t ure s tart i ng on oppos i te s id e s  o f  a we l l  bore and 
penetra t i ng de eply i nto the forma t ion . An e xamp l e  of th i s  is shown 
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i n  F i g u r e  1 7 . Th i s  s hows the two fract ure s ,  o n e  o f  wh i ch repre 
s e n t s  the  c a s e  for b l a nke t forma t ion s ,  and the o th e r  a typ i c a l  
f ra c t u r e  i n  a l e n t i c u l a r  forma t ion . In ma ny c a s e s  t h e re i s  j u s t  
one forma t i o n  wh i ch conta i n s  on ly a s i n g l e  f r a c t u r e  ( two-w i n g s ) .  
I n  some c a s e s  mu l t ipl e fo rma t ions may e x i s t .  

Comp arat ive s tud i e s  we r e  made for two type s o f  t e ch no logy , b as e  
and ad vanced . ( A  d e t a i l e d  d i s cu s s ion o f  the d i f fe r e n c e  be twe e n  th e 
two technolog i e s  i s  g i ve n i n  Ch apte r S e ve n ) . A d e s c r i p t ion o f  the 
fract ure l e ngth s , conduct i v i t i e s ,  h e i gh t s , and we l l  s pa c i n g  for th e 
b a s e  and ad va nced c a s e s  i s  con t a i ned i n  Tab l e  1 9 .  Th e s e  d a t a  we re 
u s ed i n  d e t e rmin i ng pro d u c t ion beh avior and in c a l c u l a t i ng the e c o 
n om i c  parame t e rs wh i ch a re d e s c r ibed i n  Ch apter Fou r . 

Th e b a s e  t e chnology c a s e  deals  wi th we l ls prod u c e d  f rom a for
mat io n  w i th a fract ure h av i ng an e f f e c t ive l e n g th of 1 , 000 f e e t  
( f rom we l l  bore t o  t i p )  and a conduc t iv i ty o f  5 00 m i l l i d a r cy - f e e t  
( md -f t ) .  F o r  t h e  ad vanced c as e ,  fract ure conduc t i v i ty wa s 1 , 000 

md - f t  and e f f e c t ive length wa s e i th e r  2 , 000 o r  4 , 000 f e e t  ( f rom 
we l l  bore to t ip )  d epend i ng on pe rmeab i l i ty l e ve l  and whe th e r  the 
f orma t ion wa s l e n t i cu l ar or b lank e t-type . At h ig h e r  p e rme a b i l i ty 
l e ve l s  i n  b l a nke t s a nd s ,  the d i f ference i n  prod u c t i o n  pe r f orma n c e  
b e twe e n  a 2, 000- a nd 4 , 000-foot f r a c t u r e  i s  i n s ign i f i ca n t . Th u s , 
the cost o f  g e n e ra t i ng the add i t ion a l  l e n gth wa s n o t  j u s t i f ie d  fo r 
the h igh e r  pe rme ab i l i t ie s  i n  the b l a nk e t  s ands . Howe ve r ,  i n  the  
lent i c ul a r  s a nd s , a 4 , 000-foo t fract ure wa s u s e d  a t  a l l  pe rme a b i l 
i ty l e ve l s . Th i s  wa s done t o  contact a s  ma ny remote l e n s e s  a s  pos 
s ib l e  a n d  conn e c t  th em to t h e  we l l  bor e . 

The fract ion o f  the g a s  d r a ined from the s e  l e n s e s  wa s e s t imated 
by s ummi ng annual  prod u c t ion f rom a l l  of the i nd i v i d u a l  l e n s e s  i n  a 
s e c t i o n . L i n e a r  f l ow product ion mod e l s  were i nc o rporated to c a l c u 
l a te prod u c t ion f rom we l ls i n  l e n t i cu l a r  f o rma t i ons . 

Th e produ c t ion s imu l a tor prev i ou s ly me n t ioned w a s  u sed to c a l 
c u l a t e  t h e  pe r fo rmance o f  a fo rma t ion ove r a r a n g e  o f  spec i f i c  
s e t s  of re s e rvo i r  prope r t i e s . Th e s e  we r e  tabu l a ted a s  a n  a id i n  
e s t ima t i ng pe rme ab i l i ty f r om we l l  product i o n  h i s to ry .  Howe ve r ,  
the  u l t ima t e  e conomi c r e cove ry f rom a we l l  i s  c o n t ro l l e d  by a com
b i nat ion of i n d i v idua l we l l  pe r fo rmance capab i l i t ie s ,  g a s  p r i c e s ,  
a nd c os ts .  Cos t  d a t a  and e conomi c d e t a i l s  are d i s cu s s ed a t  l e ng t h  
i n  Chapt e r F o u r  a n d  Append i x  D ,  a n d  w i l l  on ly be men t i oned b r i e f ly 
h e r e . 

Cos t d a t a  we r e  co l le cted f rom va r iou s comp a n i e s  and d r i l l i ng 
cos t s  from th e Jo i n t  As soc iat i o n  S urvey we re u s e d . 2 F r a c t ure 
e s t ima t i ng cos t s  we r e  obta i ned f rom s e rvi c e  c omp an i e s . Th e s e  we re 

2Jo i n t  As soc i a t i o n  Survey o f  th e U . S .  O i l  and Ga s Pro d uc i n g  
Indu s try , Ame r i can Pe troleum I n s t i tu t e  and M i d -Co n t i n e n t  O i l  & Ga s 
As soc i a t ion , Wa sh i ng to n , D . C . , 1 9 7 7 .  
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BLANKET FORMATIONS 

T 
400' 

l 

800' 

LENTICULAR FORMATIONS 

F igure 1 7 . Conceptual  Fractu res Created by M H F  for B lan ket and Lent icu lar Format ions . 
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TABLE 19 

Base vs. Advanced Technology and Regulation 

Blanket Formations Lenticular Formations 

Base Advanced Base Advanced 

1 • Fracture Height 4 x Net Pay 3 x Net Pay 6 x Net Pay 4 X Net Pay 

Range ( ft) .2 0 0  - 6 0 0  1 5 0  - 4 0 0  3 0 0  - 1 , 0 0 0  2 0 0  - 6 0 0  

2 .  Fracture Conductivity* (Md-Ft) 5 0 0  1 , 0 0 0  5 0 0  1 , 0 0 0  
0'\ 
II':> 

3 .  Fracture Length , 

Wel l  Bore to Tip ( Ft) , 
Permeabi lity � 0 . 1  md 

Effective ly Achi eved 1 , 0 0 0 ' 2 , 0 0 0 ' 1 , 0 0 0 ' 4 , 0 0 0 ' 
Hydraulic Design Required 1 , 7 0 0 ' 2 , 5 0 0 ' 1 , 7 0 0 ' 5 , 0 0 0 ' 

Permeabi lity < 0 . 1  md 

Effective ly Achi eved 1 , 0 0 0 '  4 , 0 0 0 '  1 , 0 0 0 ' 4 , 0 0 0 ' 
Hydraulic Des ign Required 1 , 7 0 0 ' 5 , 0 0 0 '  1 , 7 0 0 ' 5 , 0 0 0 ' 

4 .  Field Deve lopment 

Wel l s  Pe r Section (Max.) 4 12 4 12 
Acre s Per We ll (Min.) 16 0 5 3  16 0 5 3  

*Product o f  fracture permeabi lity and fracture width . 



ve r i f ied by comp a r i so n  w i th actual  cos ts f rom e xp e r i e nce i n  e ach of 
the bas i n s  s t ud i ed . Al l costs ind i cated are in Ja nua ry 1 ,  1 9 7 9 ,  
d o l l a rs , and a l l  c a l cu l a t ions are mad e  i n  con s ta n t  d o l lars . Eco
nomi cs we re c a l c u l a t ed u s i ng the e xplora t ion and pro d u c t ion f ul l 
cyc le e conomi c s imu l a tor mode l  d e s c r i bed i n  Ch ap t e r  Four . Th i s  
e conomi c mod e l  hand l e s  the e conomics  a s soc i a t e d  w i th the e xplora
t ion , d r i l l i ng ,  a nd produ c t ion i n  a t igh t ga s prov i nce . 

After  we l l  performa n ce wa s c a l cu l a ted , i t  wa s r e v i ewe d by the 
bas in geolog i s t/e ng i n e e r  t e am and c ompared w i th we l l  prod u c t i o n  
d at a  from the ir f i le s . I f  there wa s not a reasonable ma tch , the 
i nput data we re ree x ami ned and r e v i s e d . F i e ld e xpe r i ence pro v i d e d  
a conf irm i ng gu id e . I f  n e c e s s a ry ,  we l l  p e rformance was r e c a l cu l at
ed , and the proce s s  re i terated unt i l  agreeme n t  wa s reached . Af t e r  
th i s ,  t h e  data we re s e n t  t o  t h e  e conomi s t s  for eva l u a t io n . Al l 
cos t data u s e d  we re ve r i f ied by the s t udy part i c ipants a s  we l l  a s  
by s eve ral ou ts ide compan i e s . Th e pre l im i n a ry e conomi c re s u l t s  
were ret urned t o  the bas i n  te ams for ver i f i c a t io n  w i th the i r  e xpe 
r i ence . I f  the s e  d a t a  were s u spe c t , a l l  geo l ogy and we l l  perfor
mance data were re e x amined and ad j u s ted unt i l  the  ba s i n team was in  
agreeme n t . 

Examp le Re source E s t imate -- San Juan Bas i n  

A s amp l e  resource e s t ima te for the S a n  Juan b a s i n  fo l l ow s  to 
i l lus trate the proce d ures u s ed to d e ve lop the re source e s t imate s 
for a l l  1 2  bas i n s  i nc lud ed in th i s  s tudy . Th e procedure s c a n  be 
s umma r i zed as fo l l ows : 

• Es t imate for each forma t ion o f  i n t e re s t  the area w i th i n  the 
bas in that con t a i n s  g a s . 

• Es t ima te the fo rma t i on area that con t a i n s  conve nt ional  ga s ,  
pro d uc t i ve a t  1 9 7 9  pr i c e s  and a t  the t e chno l ogy and r e g u l a 
t i ons commo n ly pra ct iced i n  1 9 7 9 .  

• E s t ima te the forma t ion area th a t  con t a i ns t ig h t  ga s .  ( In 
ma ny loca l i t ie s  the t i gh t area and the conve n t iona l area 
ove r l ap . ) 

• Es t ima te the po ros i ty and n e t  pay u s i ng log d a ta and t e s t  
d a t a  from poor q ua l i ty ,  uneconomi c a l  we l l s i n  the t i gh t  ga s 
forma t ion . Th e n  e s t ima te an average perme ab i l i ty i n  re s e r
vo i rs from the t ab l e s  to ma tch we l l  pe r formance t e s t  d at a . 

• Es t i mate a range o f  r e s e rvo i r  cond i t ions a f te r s t ud y i ng s e v 
e ra l  key we l l s  in  the forma t ion . 

• Us e a s e t  of g u id e l i ne tables to e s t ima t e  we l l  prod u c t ion 
h i s to ry for var i ous reservo i r  cond i t ions e xpe cted to be 
found in t igh t gas areas . 

• Compare a c t u a l  p e r fo rma n ce of we l l s  c omp l e ted i n  the t igh t 
gas fo rma t ion w i th the c a l c u l ated pe r fo rman c e  in the t ab l e s .  
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In d e l i ne a t i ng areas  for further d r i l l i ng o f  the  Dako ta forma 
t ion i n  the  San Juan bas i n ,  the geo log i s t  ou t l i n e d  a n  area ar ound 
a nd ou t s ide the pre s e n t  Dako t a  f i e ld l imi t s .  Th e ou t l i ne wa s 
re s tr i cted to c e r t a i n  l im i t s  wh ich we re d e s ignat�d by the e ncounte r 
i ng o f  upd i p  wa t e r  and/o r t h e  s i l t i ng ou t of the s ands . I n  a s s ign
ing par ame t e r s  for the und eve l oped t i gh t sand area s ,  ce s e r vo i r  
c h a cac t e r i s t i cs of a l owe r q u a l i ty than thos e o f  the  f i e ld prop e r  
we re u s ed , a s  the s e  und e ve l oped area s ,  i n  genera l , e xh i b i t  poo r 
p roduc i ng charac t er i s t i cs . Ga s -f i l led poros i t ie s  ranged from 1 . 5 
to 5 perce n t ,  i n  s i t u  gas pe rme ab i l i t i e s  ranged f r om 0 . 0004 to 0 . 04 
md , and net th i ck n e s se s  ranged f rom 10 to 3 0  f e e t .  Ave rage d ep th 
wa s 7 , 1 5 0  f ee t .  A to t a l  o f  1 , 1 8 8  s e c t ions o f  po te n t i a l  t i gh t g a s  
s ands are e s t ima ted t o  e x i s t  arou nd t h e  Dak o t a  f o rma t ion . 

A f t e r  mak i ng e s t ima t e s  of the rang e s  of po ros i ty ,  permeab i l i ty ,  
and n e t  p ay th i ckne s s ,  the geolo g i s t  e s t ima t e s  the are a l  e x tent  o f  
t h e s e  re s e rvo i r  ch arac t e r i s t i cs . A p l o t  s imi l a r  t o  the one s h own 
i n  F ig ur e  1 8  i s  mos t  he lp f u l . In th i s  c a s e , based on h i s know l ed g e  
a nd j ud gme n t , the geo l og i s t  has  i nd i c ated that there i s  no appre c i 
able  area i n  the product ive part o f  the bas i n  w i th perme a b i l i ty a s  
h igh a s  0 . 1 md . Th e h igh e s t  ave rage pe rme a b i l i ty t o  b e  con s id e red 
is  0 . 04 md , w i th abou t 6 . 3  pe rcent o f  the bas i n  h av i n g  th i s  va l u e . 
Th e mi n imum ave rage p e rme abi l i ty i s  0 . 0004 md . Cumu l a t ive area to 
th i s  po i n t  i s  100 percen t .  Po i n t s  be twe e n  the s e  e xt r eme s are 
p l o t ted a t  0 . 01 ,  0 . 004 , a nd 0 . 001 md . Th i s  p l o t  d e te rm i n e s  va l u e s  
s h own o n  Tab l e  20. 

There i s  no r igorous re lat ionsh ip b e twee n  pe rme ab i l i ty and po
ros i ty , b u t  for the p urpo s e s  of e s t ima t i on , probab l e  va l u e s  we re 
mad e by a s em i -l o g a r i thmi c plo t ,  as s h own i n  F i gure 1 9 . He re d i s 
c re te va l u e s  o f  ave rage po ros i ty are p l o t ted aga i n s t  the ave rage 
pe rme ab i l i ty .  A l i n e  through the s e  po i n t s  pe rmi t s  poro s i ty/pe rme 
ab i l i ty va l u e s  to be read for i n t e rme d i a te va l u e s .  

A s im i l a r  me thod i s  u sed to deve l op a p l o t  of pe rme a b i l i ty vs . 
n e t  p ay th i ckne s s ,  a s  s h own i n  F i gure 20. The a s s ump t ion for th i s  
p ar t icu l a r  examp l e  i s  that wh e n  a we l l  h i ts a h igh ave rage pe rme 
ab i l i ty zon e , the n e t  pay tends to be sma l l . The l ow ave rage pe r 
me ab i l i ty zon e s  tend t o  b e  th i cke r .  

Th e va l u e  o f  the p l o t s  can be s e e n  i n  the d a ta s h e e t i n  Ta b l e  
20. The s e  data are u s ed a s  i nput to a prod u c t ion mod e l wh i c h  pr e 
d i c t s  we l l  pe rforma nce . Pe rme ab i l i ty ,  po ros i ty ,  and n e t  pay th i ck
n e s s ,  a l o n g  w i th fo rma t ion pre s s ure and tempe ra t ur e , d e t e rmine the 
produc t i on rate and u l t ima t e  re cove ry pe r we l l  for e a ch s e t  o f  va l 
ue s s e l e cted from the plo t s .  Wi thou t the s e  va l u e s  no q u an t i t a t i ve 
e s t ima t e s  o f  g a s  produc t ion vs . s e l l i ng p r i ce c a n  be mad e . De ta i l s 
of the gas po te n t i a l  d i s tr i bu t ion are s h own i n  Tab l e  21 . 

Th e Dako ta fo rma t ion o f  the San Juan bas i n  i s  d i f f e re n t  from 
the produc i ng areas of other bas i ns i n  that s ome d e g re e  o f  prod u c 
t ion c a n  b e  e xpe c t ed a t  a l mo s t  a ny locat ion w i th i n  t h e  l im i t s  a s  
d e f i ned by upd i p wa t e r  and the s i l t i ng ou t of t h e  s a nd s ; i . e . , l oc 
a l i zed s t ruc t ur a l  traps are none x i s te n t  and prod u c t ion d e v i a t i on s 
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Tot a l B a s i n  Area ( S ect i on s ) : 8 , 000 
T y p e : B l a n ket 

NGL ( BB L/MMC F ) : 5 . 

Average P r od uct i ve H/C G a s  N e t  P a y  
P e rm . Area Poros i ty T h i c k n es s  
( MD )  ( S ect i on s )  ( % )  ( F t . ) 

0 . 04 7 5  5 . 0 1 0  

0 . 0 1  1 5 0 4 . 0 1 5  

0 . 004 5 1 5  3 . 0 20 

0 . 0 0 1  300 2 . 2 5  2 5  

0 . 0004 1 48 1 • 5 30 

1 ,  1 8 8 

TABLE 20 
G eo l og i ca l  Data S umma ry 

B a s i n : S a n  J ua n  
S u b ba s i n :  
Format i on :  D a kot a 

E st i mated M a x . 
G a s  i n  P l a ce a t  Recov e r a b l e 
R e s e r v o i r  Con d . G a s  

( BC F ) ( BC F )  

1 84 . 1 3  1 4 2 

4 4 1 . 9  3 2 1 

1 , 5 1 7 . 1 9  1 , 0 3 1 

828 . 0 5 2 6  

3 2 7 . 08 1 93 

3 , 298 2 , 2 1 3  

Dep t h  ( Ft . ) :  7 1 5 0 
P r e s s u r e  ( P S I A ) :  3090 
Tem p e r a t u r e  ( ° F ) :  222 

For E a c h  D r i I I i ng Locat i on W/C : 
P r o b a b  i I i ty P r o ba b i  I i ty that W/C i s  

T h a t  S t a te of P r od u ct i ve ,  G i ve n  t h a t  
N a t u r e  i s  S ta t e  o f  N a t u r e  i s  Prod 

P rod uct i ve 1 s t W/C 2 n d  W/C 

0 . 93 0 . 9 5  1 . o 

0 . 93 0 . 9 5  1 . 0 

0 . 93 0 . 9 5  1 . 0 

0 . 8 5  0 . 9 5  1 . 0 

0 . 8 5  0 . 9 5  1 . o  



B A S I N  SAN J UAN 

A V E R .  N E T  
T RA P  P E RM .  PAY 

N O .  D E S C R I P T I ON ( M D )  _{£U 

. 04 1 0 

2 . 0 1  1 5  

3 . 00 4  2 0  

4 . 00 1  2 5  
0'1 
1.0 

5 . 0 004 30  

I N I T I A L R E S E RV O I R  P R E S S U R E  P .  = 

I 
RE S E R V O I R  T E M P E RAT U R E T = 

G A S  C OM P . F A C T O R , R E S E R V O I R , z .  = 

I 

G A S  C OM P . F A C T O R , WE L L H E A D , z = 

w 

TABLE 2 1  
Recoverab l e  Gas I n  P l ace Computati on Sheet 

B LA N K E T  SAN D ! 

H / C  G A S  G A S - I N - P L AC E  T E C H . R E C .  MAX . 
P O R O S I TY R E S R .  C ON D .  G I P  R E C O V . 

( F RACT I ON )  ( B C F/ S E CT I ON )  ( B C F  / S E CT . )  F A C T O R  

. 0 5 2 . 4 5 5  2 . 2 3 . 8 5 

. 0 4 2 . 9 4 6  2 . 6 7 . 80 

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

. 02 2 5  2 . 76 2 . 5 0 . 70 

. 0 1 5  2 .  2 1  2 , 0 0 . 6 5 

____JQ9 0  P S I 

2 2 2  o F  

0 . 9 1  

0 .  9 7 7  

( 

DAT E  9 /28/79 

M A X  R E C .  U LT . RE C . 
G I P  N O . O F  G I P  

( B C F/S E CT . )  S E CT I O N S  ( BCF )  

1 .  B 9  75  1 42 

2 .  1 4  1 5 0 32 1 

2 . 00 5 1 5  1 0 3 1  

1 .  7 5  3 0 0  5 2 6  

1 . 3 1 48 1 9 3 -
1 1 88 2 2 1 3  



are the re s u l t  of ch ang i ng r e s e rvo i r  ch aracte r i s t i cs and/o r the 
loc a l i zed area o f  n a t ur a l  fract ure s . 

The e xplora t i on s imul a to r  wa s prog r ammed to take the s e  bas in 
charact e r i s t i cs i nto accou n t . Figure  21 s how s the f i e ld s i z e  d i s
tr i bu t ion o f  prod uc i b l e  gas for th e Dakot a  fo rma t i o n . The s ta t e  o f  
n a t ure a s s igned t o  e ach perme ab i l i ty l eve l i s  g i ve n  i n  T a b l e  20. 
For th i s  c as e , 9 3  pe rcent of the prospe c ts are e s t imated to be pro
d u c t ive fo r the f i rs t three perme ab i l i ty l eve l s  and 8 5  percent for 
the last two l eve l s .  The f i rs t  w i l d c a t  d r i l l e d  i n  a po ten t i a l ly 
p rod u c t ive area is  s u c c e s s f u l  9 5  percent o f  the t ime ; t h e  s econd , 
i f  needed , i s  a l ways s ucce s s f u l . Howe ve r ,  a s uc ce s s f u l  w i ldca t 
mu s t  me e t  e conomi c c r i t e r i a  be fore go i ng o n  s tre am and i n i t ia t ing 
f i e l d  d e ve l opme n t .  Tab l e  22 s h ows the d egree to wh i ch re c o ve r a b l e  
g a s  depe nds upon re s e rvo i r  character i s t i c s , g a s  s e l l i ng p r i ce , and 
d i scounted cash f l ow rate o f  r e t urn . The s e  t ab l e s  a l so s h ow i n 
creas i ng w i l d c a t  s u c c e s s  a s  pr i ce i ncrease s .  Tab l e  22 s how s these 
data for the base  techno logy cas e .  Tab l e  23 cove r s  ad vanced 
technology . 

Th e numbe r of we l ls per s e c t ion u sed i n  the mod e l  d epe nds u po n  
t h e  max imum recoverable gas i n  pla c e  ( from Tabl e  21 ) a n d  u pon u l t i 
ma te re cove ry per we l l .  Tab l e  24 l i s ts the b a s e  c a s e  u l t ima te 
recove ry pe r we l l  by pe rme ab i l i ty l ev e l  a s  s up p l i ed by the we l l  
p rodu c t ion mode l .  Ta b l e  25 s hows the s ame d a t a  f o r  a d va nced tech
nology . For base c a s e  total recove ry c a l c u l a t i on s , the constra i n t  
o f  n o  mo re than fou r  we l ls pe r s e c t ion f o r  the base  c a s e , Tab l e  26 , 
l im i t s  fract ional  recove ry to 0 . 603 for the 0 . 001 md l e v e l  and to 
0 . 4 8  for the 0 . 0004 md l eve l .  In the ad va nced c as e ,  Ta b l e  25 , the 
cons tra i n t  o f  12 we l l s pe r s e c t i on doe s not l im i t  u l t ima te recove ry 
f rom a s e c t ion of l and . In f ac t , here i t  can a l l  be prod u c ed w i th 
fewe r  than the ma x imum 1 2  we l l s per s e c t i o n . 

The for ego i n g  procedures app l i ed to t h e  San Juan ba s i n i l lu s 
t rate the deve l opme n t  of t h e  e s t ima te of t h e  recove r a b l e  t igh t g a s  
r e s o urce con t a i ned i n  t h e  b l a nke t Dako ta fo rma t ion i n  t h e  bas i n . 

7 0  
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IV 

eAS 1 14 San J uan 
SWB eAS I N  

GI\S PR I C E  
C A S E  N O . S / l'iCF 

D i s .;.:oun t R a t e  1 0.� 
1 60 I I  I I  

2 1  
3 1  
� I  
5 1  
6 1  
7 1  
8 1  

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

1 2 . 00 

£? i scoun t R a t e  I S'"��. 
I 2 I .  50  
2 2  2 . 50 
32 3 . 1 0  
42 3 . 50 
5 2 5 . 00 
62 7 . 00 
72 9 . 00 
82 1 2 . 00 

V i scou n t  Ra t e  2 0'� 
I 3 I . 5 0  
2 3  2 . 50 
3 3  3 . I 0 
1, 3 3 . 50 
5 3  5 . 0 0 
6 3 7 . 00 
73 9 00 
8 3  1 2 . 00 

" C OD E : 

f OHMAT I ON D a k o t a  
AVERAGE PER PROSPECT 

PROF I T . K -L E V E L S  E & p GAS NET PI\E S . 
PRDS P . ON S T R EAM I N V E S T . PROD . VA LUE 
__ % __ N O . VA LUE * ..J.!:1_ B C F  �M 

6 . 2  I c 1 3 5 7  I .  889 -292 
1 7 . 6  2 C D  3�20 5 . 527 392 
56 . 2  3 CDE 1 2 � 7 7  1 6 .  1 6 5  1 690 " " " " " 2602 " " " " " 6040 
76 . 9 � CDEF 1 94 7 5  2 1 . 2 2 7  1 1 7 1 1  " " " " " 1 7468 
88 . 7  5 CDEFG 2 4 1 32 2 3 . 22 4  26920 

0 0 - 702 -428 
6 . 2  I c 1 3 5 7  I .  889 - 2 00 

1 7 . 6  2 CD 3 4 2 0  5 . 52 7  2 59 " " " " " �88 
56 . 2  3 CDE 1 2 477 1 6 .  1 6 5  3202 " " " " " 6400 
76 . 9  � CDEF 1 9 �75 2 I .  22 7 1 0639 " " " " " 1 66 70 

0 0 - 702 - - 43 7  
6 . 2  I c 1 3 5 7  I .  889 - 304 " " " " " - 2 1 7  

1 7 . 6  2 C D  3420 5 . 5 2 7  96 
56 . 2  3 CDE 1 2 4 77 1 6 .  165 1 6 80 " " " " " 4079 " " " " " 6479 
76 . 9  � CDEF 1 9475 2 1 . 227 1 1 4 3 I 

C D E F G 

o o 4 o . o 1  o . o o 4  o . o o 1  o . ooo � 

TABLE 22 

EC ON011 1 C S  S WMMI\RY 

fEC11NOLOGY Base 
DATE !:lilY 196Q 

BAS I N  T OTA L S  W E L L S  
D C F  RAT E MAX N O . W I LDCAT 

OF RETURN GAS RECOVER . MAX RECOV . PROSP . S U C C E S S  W I LDCAT DEVE LOPI·IEtiT 
% AT PR I C E  8 C F  G I P  B C F  AT P R I C E  % DRY PROD . URY PROD . TOTAL 

3 . 7  5 . 3  
1 3 . 8  �63 463 84 1 5 .  I 8 3  1 5  1 2 0  480 697 
1 5 . 8  1 494 1 4 94 92 48 . 3  5 5  5 2  569 2277 2953 
1 9 .  I " " " " " , ,  
3 2 . 7  
�0 . 8  1 8 1 2  2020 85 66 . I 3 3  6 5  839 3355 4293 
59 . 9  " " " " " " " " " 
7 7 .  I 1 905 2 2 1 3  82 76 . 3  2 3  7 3  1 0 1 0  4040 5 1 45 

0 - - 0 
9 . 6  - - 5 . 3 

1 8 . 5  463 463 84 1 5 .  I 8 3  1 5  1 2 0  �80 697 
2 1 . 7  " " " " " " " " " 
3 2 . 7 1 494 1 494 92 �8 . 3  55 52 569 2 2 7 7  2953 
5 3 . 0  " " " " " " " " " 
59 . 9  1 8 1 2  2020 85 66. I 3 3  6 5  839 3 3 5 5  � 2 9 3  
9 1 . �  

0 - 0 
9 . 6  5 . 3  

1 2 . 8  " 
2 1 . 7  463 463 84 1 5 . I 83 1 5  1 2 0  �80 697 
32 . 7  1 494 1 494 92 4 8 . 3 5 5  52 569 2 2 7 7  2 9 5 3  
5 3 . 0  
74 . 5  
9 1 . �  1 8 1 2  2020 85 66.  I 3 3  65 839 3 3 5 5  �293 



TABLE 23 

E C ON011 I C S  SUMM!\1\Y, 
BAS I N  S an J u an T E C 11NOLOGY Ad�aoced 
S u a  8AS I IJ FOHMAT I ON D a k o t a  DATE May 1980 -

AVEHAGE P E H  PROS P E C T  B A S  I N  TOTALS W E L L S  
PROF I T . K - L E V E L S  E & p GAS NET PliES . D C F  RATE MAX N O .  W I LDCAT 

GAS PR I C E  PROS P , ON STREAM I N VEST . PROD . VA LUE OF RETURN GAS R EC O V E R  • MAX R E C OV . PROS P .  S U C C E S S  W I LDCAT D E V E L OP�IENT 
c r,;E N O .  S //·IC F __ % __ NO . VALUE * .J..l:l._ � �M % AT PR I C E 8 C F  G I P  BCF AT P R I C E % QB.Y. �- URY PROD . TOTAL 

D i s coun t R d t �  1 0� 
i 60 1 21 I I .  so 1 7 . 6  2 C D  2 8 7 4  s . S27 - 1 82 7 . 9 - 1 5 .  1 

2 I 2 . 5 0 5 6 . 2 3 CDE 7950 16.  1 6 5  2 360 2 3 .  I 1 494 1 494 92 48 . 3  5 5  52 1 89 757 1053 
3 1  3 . 1 0  " " " " " 3802 3 1 . 7  " " " " " " " " " 
1, 1 3 . 5 0  76 . 4  4 C D E F  1 3 979 2 2 . 62 1  5 S 7 7  3 0 . 2 2020 2020 89 66.  I 3 5  6 8  343 1 3 72 1 8 1 9  
5 1  5 . 00 " " " " " 1 0682 5 2 . 3  " " " " " " " " " 
6 1  7 . 00 88 . 7  5 C D E FG 1 8840 2 5 . 786 1 8864 72 . 3  2 2 1 3  2 2 1 3  86 76 . 3  24 76 4S6 1 82 5  2 3 8 1  
7 1  9 .  00 " " " " " 26700 1 04 . 0  
8 1  1 2 . 0 0 " " , ,  " " 38455 1 50 . 8 

n i s c oLJn t Ra r e  p ;·x. 

-...J 1 2  I 5 0  6 . 2  I c 1 5 52 1 . 889 - 508 2 . 3  5 . 3  
w 2 2 2 . SO 5 6 . 2  3 CDE 7950 1 6 .  1 6 5  1 0 1 8  2 3 .  I 1 49 4  1 494 92 48 . 3  5 5  5 2  1 89 757 1 05 3  

32  3 . 1 0  " " " " " 2039 3 1 . 7  " " , ,  " " " " " " 
42  3 50 " , ,  " " " 2 720 3 7 . 5 
5 2  5 . 00 76 . 9  4 CDEF 1 3979 2 2 . 62 1  6529 5 2 . 3 2 02 0  2 0 2 0  8 9  66 . 1 3 5 6 8  3 4 3  1 3 72 1 8 1 9  
6 2  7 00 88 . 7  5 C DEFG 1 8840 2 5 . 786 1 2 0 3 7  72 . 3 2 2 1 3  2 2 1 3  86 7 6 . 3 2 4  7 6  456 1 82 5  2 3 8 1  
7 2  9 . 00 " " " " " 1 7625 1 0 4 . 0 
8 2  1 2 . 00 " " " " " 26007 1 50 . 8 

U i � c ou n t  Ra t e  :? 0'1.) 
1 3 I . 5 0  0 0 - 1039 -620 0 0 
2 3  2 so 1 7 . 6 2 co 2874 5 . 52 7  - 1 2 8  1 7 .  4 1 5 '  1 
3 3  3 .  1 0  5 6 . 2  3 CDE nso 1 6 .  1 6 5  1 068 3 1 . 7  1 49 4  1 494 9 2  4 8 . 3 55 5 2  1 89 757 1 05 3  
' '3  3 . 5 0 " " " " " 1 582 3 7 . 5 
5 3  5 00 " " " " " 3 5 1 7  59 . 7 
G 3 7 . 00 76 . 9  4 C D E F  1 3 979 2 2 . 62 1  7874 8 4 . 0  2020 2020 89 66. 1 3 5  6 8  3 4 3  1 3 72 1 8 1 9 
7 3  9 .  0 0  88 . 7  5 C DE FG 1 8840 2 5 . 786 1 2 4 1 6  1 04 . 0 2 2 1 3  2 2 1 3  86 76 . 3 2 4  7 6  456 1 82 5  2 38 1  
83 1 2 . 00 " " " " " 1 8799 1 50 . 8  " " " " " " " " 

.. C OD E :  C 0 E F G 
0 . 0 4  0 . 0 1  0 0 0 4 0 . 00 1  0 . 000 4 



TABLE 24 

W f l l  P R O D UC T I ON S U M M A R Y -- B A S E  C A S E  

S A N  J U A N ,  D A K O T A  

G A S  P R O D U C T I O �  ( M M C F I Y E A R / W E l l )  

K • 0 . 4  0 . 1  0 . 0 4 0 . 0 1 0 . 0 0 4  0 . 0 0 1  0 . 0 0 0 4  0 . 0 0 0 1 0 . 0 0 0 0 4  0 . 0 0 0 0 1  ( H O )  
Y E A R  

1 1 3 1  8 6  6 2  3 2  2 0  

2 8 4  5 3  3 5  1 7  1 0  -...J 
tl::> 

5 5 q  3 4  2 3  1 0  6 

1 0  4 1:: 2 6  1 7  8 5 

1 5  3 8  2 3  1 5  7 4 

2 0  3 1  2 1  1 4  6 3 

3 0  2 3  1 8  1 2  5 3 

3 0 - Y F A I< 
C U I" /": , 
P R O D . 1 3 2 3  8 2 7  5 5 6 2 6 3  1 5 5  

( M M C  F ) 



TABLE 25 

W f l l  P R O D U C T I ON S U M M A R Y--A D V A N C E D  C A S E  

S A N J U A N ,  D A K O T A  

G A S  P R O D U C T I O N  C M M C F / Y E A R / W E L L )  

K • 0 . 4  0 . 1  0 . 0 4  o . o 1  0 . 0 0 4  0 . 0 0 1  0 . 0 0 0 4  0 . 0 0 0 1  0 . 0 0 0 0 4  0 . 0 0 0 0 1  C MO )  
Y E A R  

1 2 s q 2 3 5  2 0 2  1 1 7  7 6  

-...] 2 2 0 0 1 4 8 1 1 8 6 5  4 0  

U1 

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

1 0  99 7 1  5 3  2 8  1 7  

1 5 8 1  5 9  4 4  2 2  1 4  

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

3 0  4 9  4 2  3 2  1 6  1 0  

3 0 - Y E A R 
C U f'l l'l . 
P R O D • 2 8 8 1  2 1 7 1  1 6 7 0  8 8 5  5 4 5  ( M M C F ) 



-.] 
0'1 

BASE CASE 
NUMBER OF NUMBER OF 

TABLE 26 

PRODUCT I ON W E L L  REQU I REMENTS 

BA S I N :  San J ua n  
SUB�BAS I N : 
FORMAT I ON :  Da kota 

RECOVERA8LE NUMBER OF 
AUVANCED 

NUMI3ER OF 
WE L LS/S ECT I ON WE L LS/SECT I ON GAS FROM WE L LS/SI;CT I ON WE:. L LS/ SECT I ON 

PERM . REQD . TO PRODUCE ACTU A L LY USED ACTUAL WEL LS REQD . TO P RODUCE ACTUA L LY U S ED 
( lv1D ) ALL GAS [ MAX=4 l < BCF J 

. 04 1 . 4 1 . 4 1 42 

. 0 1 2 . 6 2 . 6 32 1 

. 004 3 . 6 3 . 6 1 03 1  

.00 1 6 . 6 * 4 .  3 1 8 

. 0004 8 . 3 4 .  9 3  

1 90 5  

* E xamp l e  ca l cu l a t i on t o r  0 . 00 1 m d  pe rmea b i I i ty 
Max r ecover a b l e  gas i n  p l ace = 5 26 8CF ( Tab l e s 20 a n d  2 1 )  
Numbe r of sect i ons w i th permeab i I i ty o f  0 . 00 1 md = 300 ( Tab l e  20 ) 
8CF/ Sect i on = 5 26/300 = 1 . 7 5  
Gas P r od u ct i o n = 2 6 3  MMCF/year/w e l I ( Tab l e  2 4 )  

A L L  GAS 

. 66 

1 • 1 

1 . 2 

1 . 9 7  

2 . 38 

Number of we i I s  r eq u i r ed to prod u ce a l I g a s  = 1 . 7 5  x 1 000 = 6 . 6 w e i I s/ se ct i o n 
263 

Act ua l we i I s  u s ed = 4 
Recove r a b l e  g a s  f r om actua l w e l l s  = 4 x 300 x 263/ 1 000 = 3 1 8 BCF 

l MAX= 1 2 l  

. 66 

1 • 1 

1 . 2 

1 • 9 7  

2 . 38 

CASt 

Rou n d i n g i n  these tab l es a n d  i n  the comp uter does n ot a l w a y s  a l l ow a exact match ot n umer i ca l  v a l u es . 
We l l deve l opment f a ctor or we l l d r a i n a g e  ef f i c i e n cy = _4_ = 0 . 606 or 60 . 6  percent . 

6 . 6 

RECOVERAI3 LE 
GAS FROM 

ACTUAL WELLS 
( BCF ) 

1 4 2  

32 1 

1 03 1  

526 

1 93 

22 1 3  



Ch apte r Four 

ECONOM I C  AP PRA ISAL AND CALC ULAT ION M ETHODS 
FOR T I GHT GAS EXPLORAT ION AN D DEVE LO PMENT 

E CONOM IC EVALUA T ION PARAME TERS 

Ec onom i c  eva l u a t ion o f  the tight g a s  r e s e rv o i r s  wa s accom
pl i s hed by me an s of e xplora t ion and prod uc t ion s im u l a t ion in a 
c omp u t e r  mod e l . Input to the mode l  wa s b a sed on j ud gme n t s  a nd 
pro j e c t io n s  o f  pro fe s s ion a l  geolog i s t s  a nd e ng in e e r s  f am i l i a r  w i t h  
the geol og i c a l  b a s i n s  be i ng eva l ua ted . The e c o nom i c  eva l ua t io n  
par ame ters u s ed for t h e  t igh t g a s  re se rvo i r s  s t udy i nc l ud ed the  
f o l l ow i ng : 

• Ba s i s  

- Ja nuary 1 ,  1 9 7 9 ,  d o l l ars held  cons ta n t . 

• De s i red Ou tput 

- Ad d i t ions  to ul t ima te recove ry , by ye ar , to the ye ar 2 000 
a s  a f unc t io n  o f  gas pr ice a nd s ta te o f  technology . 

- Prod uc t ion r a te s , by ye ar , to the ye a r  2 000. 

• Ga s Pr ic e 

- Pr ice a t  po in t o f  s al e . Al l cap i tal  to tha t po in t ,  s uch 
as compr e s s io n  and ga ther ing l in e s , s ho u l d  be inc luded in 
the eva l ua t io n . Final  c a l c u l a t ions wer e  made fo r $ 1 . 5 0, 
$ 2 . 5 0, $ 3 . 1 0, $ 3 . 5 0, $ 5 . 00, $ 7 . 00, $ 9 . 00, a nd $ 1 2 . 00/MCF . 

• Ca s e s 

- C u r r e n t  technology - - l ike ly to evolve and improve dur ing 
no rmal oper a t ion s ; thi s is the base c a s e . 

- Improved technology -- e f fec t and t imi ng to be d e te rm i n ed 
fo r e ach g a s  sou r c e  based on analy s i s  o f  prob l ems and im
provemen t s  l i ke ly with l a rge i nd u s t ry/g ove r nme n t  re s e a rc h ,  
deve l opme n t ,  a nd te s t i ng programs . 

• Other Pa r ame ters 

- Roya l ty -- o ne-e ig h t h . 

- Taxe s  -- 4 6  percen t federal i ncome tax r a te .  

2 pe rcent  s t a te income tax rate . 

8 pe rcen t ( o f produc e r  r evenue ) produc t io n , 
s everanc e , and property t a x . 

1 0  pe rcen t fed e r a l  inve s tme n t  tax c red i t  o n  
tang i b l e  eq u i pmen t .  
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- De pl e t i o n  Al l owanc e -- un i t  o f  prod uc t io n  d e pl e t ion 
a l l owan c e  used to recove r l e aseho l d  c os t s .  

- Overhead - - 1 0  p e r c e n t  o f  i nv e s te d  c ap i ta l . 
2 0  pe rc en t o f  d irec t opera t i ng e xpen s e .  

- Tre a tmen t o f  c o s t s  for tax p urpo se s .  

E xpen se i n ta ng i bl e d r i l l i ng and d eve l o pmen t  c o s t s .  

Cap i ta l i ze tang ible equ i pmen t  and wr i te -o f f  by mos t  
f avorab l e  tre a tme n t und e r  current  tax l aws and 
r e g ul a t ion s .  

- Tre a tmen t  o f  d ry hol e  cost s a n d  o ther r i s k s . Dry h o l e  
c os t s ,  un s uc c e s s f ul expl o r a t i o n , l e a s e ho l d , and o the r non
recoverable costs  were cha rged aga i n s t  s ucce s s f ul we l l s . 

- Ra te s o f  r e t urn i n c l ude the l o s s e s  f rom uns ucce s s f ul 
we l l s . 

Computed u l t imate recove ry fo r 1 0 , 1 5 ,  and 2 0  pe r c en t DC F  
ROR a f te r  tax . 

The se par ame te r s  we re progr ammed i n to the mod e l  and fo rm the 
b as i s  fo r the e conom i c  eva l ua tions . Le ase c o s t  wa s f ig ur ed a t  
$ 0 . 0 1/MC F  for e ach f i e ld d evel oped . M idye a r  d i s c o un t  fac to r s  were 
u sed . Inve s tme n t  and ope r a t i ng expe n s e s  var i e d  w i th e ac h  l oc a t io n . 
The v a l ue s  u s ed for e ach fo rma t ion appe ar in the b a s i n  chapte r s  o f  
Pa r t  I I  o f  t h i s  repo r t  a s  " Inve s tme n t  a nd Ope r a t i ng Expe n se s . " The 
me t hods u sed in  e s t ima t i ng c o s t s  and e xpen se s are e xpl a ined i n  the 
f o l l ow i ng parag raph s . 

Constant Do l la r  vs . C urrent  Dol l ar 

Ad j u s tmen t  fo r i n f l a t io n  h a s  become an impo r tan t fac to r  i n  e c o
nomic c al c ul a t io n s .  I n  o rder for the econom i c re s ul t s  o f  t h i s 
s t udy to have me an ing , the re l a t i o n sh i p  b e twe e n  c o n s t a n t  d ol l ar s  
and c urren t d o l l ar s  mus t  be e xpl a i n ed . 

Al l o f  the econom ic s ,  pr i ce s , c o s t s , e xpense s ,  t axe s , and t he ir 
i n te r r e l a t i o n sh i ps a r e  expr e s sed in terms of pr i c e s  a s  o f  Ja n u -
ary 1 ,  1 9 7 9 .  S ome re ad e r s  may use the s e  re s ul t s  fo r c ompar i so n  
w i th the pa s t , b u t  mos t  wi l l  compare them w i t h  the f u t ur e . Mo s t  o f  
the co s t  e l emen t s  are r e l a ted to d r i l l i ng and e q u i pp i ng wel l s .  The 
Indepe nd e n t  Pe t ro l e um As soc i a t io n  o f  Ame r i c a  ( I PAA ) make s a n  annual 
s urvey o f  the s e  costs and p ubl i she s an ave r ag e  co s t  i nd e x  for the 
year , b a se d  o n  1 9 7 4  = 1 0 0 .  

The f u t ur e  i n f l a t io n  r a te s  are unknown b u t  have been e s t i -
ma ted for t h i s ex ample to aver age about 1 6 . 4 perc e n t  pe r ye ar t o  
1 9 8 5 .  An ope r a to r  con s id e r ing a t i g h t  g a s  pro s pe c t  may wi sh to 
correct the pr i c e  o f fered for t igh t ga s i n  c ur r e n t  d o l l a r s  b ack to 
Ja nuary 1 ,  1 9 7 9 , d o l l ar s . The fo l l ow i ng schedu l e may h e lp in mak 
i ng t h e  connec t ion so tha t t h e  economi c s  in  the r e por t c a n  b e  c om- � 
pared w i th h i s  own e s t ima te s .  
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Fo r ex ampl e ,  f o r  the P i c eanc e ba s i n ,  Fo r t  Un ion fo rma t io n ,  
dr i l l i ng ,  frac t ur i ng ,  and equipp i ng the we l l s  con tr i b u te s  ove r 9 8  
percen t o f  the tota l cos t ,  a s  shown i n  Tab l e  4 2 ,  wh i c h  a ppe ars 
l a ter in this  chapter .  The I PAA i nd e x  should apply . I f  a pr i c e  o f  

5 $ 5 . 9 7/MCF we re o f fe red fo r Ju ly 1 ,  1 9 8 2 ,  t h e  Ja n u a ry 1 ,  1 9 7 9 ,  d o l 
l ar equ ival en t  wo uld be abou t $ 3 . 3 3/MCF .  

At a $ 3 . 5 0  pr ice , Tab l e  4 0  i nd ic a te s  a re a l  ra te o f  ret urn o f  
2 2 . 4 pe rcen t ,  a n d  a r a te o f  1 8 . 4 pe rcent  a t  a $ 3 . 1 0  pr i c e . The 
economic per fo rmance a t  $ 3 . 3 0/MC F  c an be e s t ima ted a s  the aver age 
o f  pe r fo rmanc e  at $ 3 . 1 0  and $ 3 . 5 0/MCF . A p l ay invo l v i ng several  
prospec ts would be e xpec ted to  re s ul t  i n  abou t  3 1  pe rc e n t  of  t hem 
be ing pro f i tabl e .  The e xpe c ted inve s tme n t  pe r pr o s pe c t  o f  
$ 2 , 8 7 1 , 0 0 0  wo uld h ave i ncreased to abou t $ 5 , 1 8 3 , 0 0 0  by 1 9 8 2 ,  but 
a 2 0 . 4 pe rcent  r a te o f  r e t ur n  wou l d  s t i l l  be e xpe c ted . Mo re g a s  
could b e  prod uc ed from the pro s pe c t s  a t  a h igher pr i c e  o r  w i t h  
l onge r  fr a c t ur e s ,  a s  shown in Ta b l e  4 1 .  

COST EST IMATES 

Co s t  e it ima te s  are prov ided fo r d r i l l i ng ,  frac t ur i ng , o pe r a t
i ng ,  s ur fa c e  equ i pme n t  and ga ther ing l i ne s ,  a nd c omp r e s so r  f ue l .  

Dr i l l ing Costs 

Da ta fo r the b a s i n s  o f  i n te r e s t  we re se l e c ted from t he 1 9 7 7  
Jo i n t  Assoc i a t io n  S urvey o f  Dr i l l i ng and Compl e t io n  Co s t s .  Tre a t 
men t  o f  the se d a ta i s  de sc r ibed in App e nd i x  D .  Tab l e  2 7 , b a sed on 
an analys i s  o f  the se c o s t s , was u sed to c omp u te d r i l l i ng c o s t s  fo r 
thi s repo r t .  Fo r e x ampl e ,  the Pi c e an c e  Creek -Fo r t  Un ion d r i l l ing 
cost wa s c omp u ted a s  fol lows ( see the ba s in chapters of Par t  I I  o f  
t h i s  repo r t ) : 

From the tab l e : S l ope = 0 . 0 0 0 2 3 3 5  
In terc e p t  = 1 1 . 2 5 2 8 2 3  

From geolog i c a l  d a ta : Depth = 5 , 0 0 0  f t .  

Co s t  i n  1 9 7 7  d o l l ar s  = e l l . 2 5 2 8 2 3  + 5 , 0 0 0  x 0 . 0 0 0 2 3 3 5 = $ 2 4 7 , 7 8 7  

Cos t  i n  1 9 7 9  d o l l ar s  = 1 . 1 8 7 *  x $ 2 4 7 , 7 8 7  = $ 2 9 4 , 1 2 3  

For t ax p urpose s ,  a s s ume : In tang i b l e = 0 . 7 x c o s t = $ 2 0 5 , 8 8 6  
Tang i b l e = 0 . 3 x cos t = $ 8 8 , 2 3 7  

* Recen t d a ta i n  Table 2 8  i nd ica te that we l l  c o s t  e s t ima te s mad e 
for th i s  s t udy i n  e a r ly 1 9 7 8  we r e  2 pe r c e n t  l ow .  
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TABLE 2 7  

Dr i l l i ng a n d  Com�l e t i on C o s t  Eguati on Coeffi c i ents -- 1 9 7 7  

Regi o n  Ba s i n  Dept h Ra nge S l ope I nte rcept R2 E r ro r  

1 .  Co l orado Denver 1 2 50- 9 99 9  . 00021 3 9  1 1 . 089932  . 85 4 4 9  1 . 1 87 6  
2 .  E .  New Mex i co Ra ton 0- 1 9999  . 0002 206 1 0 . 830232 . 96 2 2 1  1 . 1 84 3  
3 .  Mo n ta na Northern Ba s i n  0 - 3 7 4 9  . 0004 1 48 1 0 . 0486 2 3  . 85 1 6 5 1 .  0874 

W i l l i s to n  
4 .  O k l a homa - Ar koma - 3 7 50 - 9 9 9 9  . 0002203 1 0 . 86 7 1 74 . 9 5886 1 . 0944 

A r ka n s a s  Oua c h i ta 
5 .  O k l a homa - Ana d a rko 0 - 1 9999  . 00026 1 0  1 0 . 4 5 5 285 . 96 5 6 1  1 .  2 2 6 1  

Texa s 1 0  
6 .  Wyom i ng - B i g  Horn 2500-4999 . 0002691 1 1  . 01 1 7 3 5  . 9 6 7 7 1  1 . 0340 

U ta h  W i n d  R i ve r  
P i c e a n c e  5000- 1 4999  . 000 2 3 3 5  1 1 . 2 5 2 8 2 3  . 9 5 568 1 . 1 200 

00 
G re a ter G reen R i v e r  

0 U i n ta h  
Wa s a tc h  
S n a ke R i ve r  
Doug l a s C reek 

7 .  Te x a s  6- Cotton V a l l ey 7 5 00 - 1 2499  . 0003038 1 0 . 39 3858 . 99 7 0 1  1 .  01 38 
N .  L o u i s i a na 

8 .  Texa s 7 Sonora 5000 - 9 9 9 9  . 000 1 9 1 4 1 0 . 83 1 5 1 5 . 99998 1 . 0007 
9 .  Texa s 9 Fort Ho r t h  0- 1 2499  . 00049 1 9  8 . 9 38 5 3 3  . 98 306 1 .  0858 

1 0 . Te x a s  2 , 3 , 4  Edwa r d s  L i me 0 - 1 7 4 9 9  . 0002903 1 0 . 4 7 1 6585 . 9 5 0 1 5 1 . 2 382 
1 1 .  W .  New Mex i co S a n  J u a n 5000 - 9999  . 000 1 99 9  1 1  . 060594 . 99 988 1 . 00 1 2 

Co s t  ( 1 97 7  
$ )  = 

e
[ I n t e rce p t  + S l o pe ( d e p t h  i n  ft . } ]  

Adj u s t  c o s t s  a bo u t  1 2% p e r  yea r ( 1 - l / 2 yea r s } to br i ng to 1 / 1 / 7 9 .  

Re s u l t s  ba s ed o n  1 9 7 7  JAS d a t a  - d e p t h s  s e l ec ted fo r ba s i n s . 
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TABLE 2 B  

Relationship o f  Constant-Do llar Prices and Costs 
To Past and Estimated Future Current-Dollar Prices and Costs 

Pric e Index for 
Dril ling and 

Mid- Equipping Wel ls 
Year 

1 97 3  
1 974 
1 97 5  
1 976 
1 9 77 
1 978 

January 1 1  
1 9 79 

1 9 79 
1 98 0  

September 2 2 ,  
1 980 

1 98 1  
1 9 82 
1 983 
1 984 
1 985 

*Average . 
tEstimated . 

( IPAA Index ) 

B 1 . 1  
1 0 0 . 0  
1 1 7 . 7  
1 28 . 8  
1 45 . 2  
1 62 . 7  

1 7 6 . 0  

1 9 0 . 0  
2 3 2 . 8 t 

242 . 3 t 

2 1 1 . o t 

3 1 5 . 4t 

3 6 7 . 1 t 

4 2 7 . 4t 

497 . 4t 

Percentage Change 
In Index From 
Previous Year 

2 3 . 3  
1 7 . 7  

9 . 4  
1 2 . 7  
1 2 .  1 

Report Constant $ 1  Price : 

1 6 . 8  
2 2 . 5 t 

1 6 . 4* 

1 6 . 4t 

1 6 . 4t 

1 6 . 4t 

1 6 . 4t 

1 6 . 4t 

Current Prices for Tight Gas in Variou s  Years 
Adjusted for Index 

Janua ry 1 1  1 9 7 9 1  Price per MCF 
$ 2 . 5 0 $ 3 . 3 3 $ 3 . 5 0 $ 5 . 0 0  $9 . 0 0 

$ 1 . 1 5 $ 1 . 5 3 $ 1  • 6 1  $ 2 . 3 0 $ 4 . 1 5  
1 . 4 2  1 . B9 1 . 99 2 . B4 5 . 1 1  
1 . 6 7  2 . 2 3 2 . 3 4 3 . 3 4 6 . 0 2 
1 . 8 3  2 . 44 2 . 56 3 . 6 6  6 . 59 
2 . 0 6 2 . 7 5  2 . 89 4 .  1 3  7 . 42 
2 . 3 1  3 . 0 8  3 . 24 4 . 6 2  8 . 3 2 

2 . 5 0 3 . 3 3  3 . 5 0  5 . 0 0  9 . 0 0 

2 . 7 0 3 . 59 3 . 78 5 . 4 0  9 .  7 2  
3 . 3 1  4 . 4 0 4 . 6 3 6 . 6 1  1 1 . 9 0  

3 . 44 4 . 5 9 4 . 8 2 6 . 89 1 2 . 4 0 

3 . 8 5 5 . 1 3  5 . 3 9 7 . 7 0  1 3 . 86 
4 . 48 5 . 9 7  6 . 2 7  8 . 96 1 6 . 1 3  
5 . 2 1  6 . 9 5  7 . 3 0 1 0 . 43 1 8 . 7 7 
6 . 0 7 8 . 0 9  8 . 5 0  1 2 .  1 4  2 1 . 8 5  
7 . 0 7 9 . 4 1  9 . 89 1 4 . 1 3  2 5 . 45 



E s t ima t i on o f  F ra c ture Treatme n t  Cost 

Th e me thod s used in  e s t ima t i ng f r ac t ur e  c o s t s  a r e  se t fo rth in  
Appe nd i x  D .  The se are ba sed o n  costs f ur n i shed by three s e r v i c e  
c ompa n ie s  for frac fl u i d  vol ume s rang ing from 1 0 0 , 0 0 0  t o  1 , 2 0 0 , 0 0 0  
g a l l o n s  a t  depth s o f  from 4 , 0 0 0  to 1 2 , 0 0 0  fee t .  E s s en t i a l ly , the  
b a s i c  cost o f  the tre a tme n t  i s  the cos t a t  4 , 0 0 0  f e e t i n  the l ea s t  
e xpen s ive are a ,  s uc h  a s  e a s tern Te xa s .  The se c o s t s  are ad j u s te d  
for g r e a te r  d e p t h s  a n d  mo re expe n s iv e  l oc a t io n s  b y  a ppropr i a te 
depth and l oc a t ion fac to r s  ( se e  Tabl e s  2 9  and 3 0  for ad j u s tmen t 
f a c to rs ) .  In ad d i t i o n ,  a t  depths o f  1 5 , 0 0 0  f e e t o r  mo re , b a ux i te 
r e pl ace s s a nd a s  the proppan t ,  with added c o s t .  

TABLE 2 9  

Ad j u s tme n t  Factors for Frac Tre a tme n t  Cos t s  
Ad j us tmen t  Fac tor for We l l  Loc a t ion 

Bas i n  

Sonor a ,  Co tton Va l l ey , 
and Ouach i t a  

De nve r 

Gre e n  R i ve r ,  W i nd Rive r ,  
B i g  Horn , Northern Gre at 
Pla i n s ,  Wi l l i s ton 

San Jua n , U i nt a ,  Dou g l a s  
Cree k , P i ceance 

TABLE 3 0 

AFLoc a t i o n  

1 . 1 5 

1 . 1 7 

1 .  2 5  

1 .  2 8  

Ad j u s tment Factors for Fr ac Trea tmen t  Cos t s  
Ad j us tment Fac tor f o r  Depth 

Depth AFDepth 

4 , 0 0 0  Fee t  1 .  0 0 0  

6 , 0 0 0  Fee t 1 .  0 6 3  

8 , 0 0 0  Fe e t  1 . 1 8 0  
1 0 , 0 0 0  Fee t 1 .  2 9 6  

1 2 , 0 0 0  Fee t  1 .  3 1 0  
1 5 , 0 0 0  Fe e t  1 .  4 0 0  
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Con t i nu i ng the For t  Un ion e x ampl e , i t  i s  seen tha t t he n e t pay 
t h ickn e s s  fo r the f i r s t  pe rme ab i l i ty l ev e l  i s  1 2  f e e t ( se e  Tab l e  
3 1 ) .  The s and i s  l e n t i c ul a r . It  i s  a s s umed t h a t  t h e  cre a t ed 
f r ac t ur e  he ig ht wi l l  be s ix t ime s n e t  t h i ckn e s s ,  o r  7 2  f ee t ;  how
ever , for cos t e s t ima t i ng , a min imum of a 3 0 0 - foot fract ure he igh t  
i s  a s s umed . ( Th u s , a l l  ne t pay o f  5 0  f e e t o r  l e ss c os t s  t he same 
amo un t . ) 

From F ig ure 2 2  i s  taken a frac vo l ume o f  2 9 5 , 0 0 0  g a l lons for a 
1 , 0 0 0 -foot frac t ur e  wi th a he ig h t  o f  3 0 0  f ee t .  From F i g ur e  2 3  i s  
take n  $ 1 0 8 , 0 0 0 .  Ad j u s tment fo r locat ion and d e p t h  br i ng s  the to tal  
c o s t  to  $ 1 4 2 , 1 1 0 .  

Opera t i ng Cos t s  

Th e ope r a t i ng cos t s  i n c l ud e d  in Ta b l e  3 2  h ave b e e n  col l e c te d  
from prod uc i ng c ompan ie s tha t a r e  opera t i ng i n  the var i o u s  ba s in s . 
Th e s e  numbers are the ave r ag e  1 9 7 8  c o s t  fo r each a r e a  and are 
updated to 1 9 7 9  costs u s i ng a 1 2 . 5 percent  c o s t  m ul t i pl i e r . Th e 
ope r a t i ng and ma i n tenance cos t s  i nc l ud e  normal ope r a t i ng e xpe n se s ,  
s ur face a nd s ubs ur f ace repa ir s , ma in tenanc e , and s e rv i c e s .  The s e  
f ig ur e s  a l so include  f ie ld or d i s t r i c t  e xp e n se a n d  a d  va l orem taxe s  
but d o  no t i nc l ud e  corporate admin i s tr a t ive and overhe ad c o s t s . 

S urface Equ ipme n t  and Ga the r i ng L ine C o s t s  

The on e-t ime cost  for s ur f ace equ i pme n t  a s s ume s that t h e  g a s  
p ur chaser wi l l  p i ck up t h e  g a s  c l os e  t o  the we l lh e ad � Th e equ i p
men t  wo u ld i n c l ude s uc h  i t ems a s  se para to r , d e h yd r a to r , me ter r u n  
and me ter hous e , m i sc e l l an eous v a l ve s , f i t t i ng s , c o n c re te pad s , 
tankage , and ins tal l a t io n  charge s .  H igher c o s t  i n  the Nor thern 
Gr e a t  Pl a in s  r e s ul t s  from i n- f i e l d  compr e s so rs fo r the se l ow pre s
s ure we l l s . Ga ther i ng l in e  c o s t s  are a s s umed to be pa id fo r by the 
pur cha se r . 

Ga the r ing l i n e  c os t s  not inc lud ed in the g a s  s a l e s  pr i c e  r anged 
from $ 1 5 , 0 0 0  to $ 5 0 , 0 0 0  per we l l ,  depend i ng o n  l in e  s i ze .  One 
e xampl e o f  a ma i n l i n e  c os t  pe r we l l  to tal ed $ 1 3 7 , 0 3 5 . Two tho u s a nd 
wel ls were i nvol ved . Cos t s  to tran s por t ma i n l i n e  ga s var i e d  from 
$ 0 . 5 0/MCF f o r  a l in e  3 0  i nche s i n  d i ame ter and 5 0 0  m i l e s  i n  l ength 
to $ 0 . 7 5- $ 1 . 0 0/MC F  for a l in e  4 2  i nche s i n  d i ame ter and 1 , 5 0 0  m i l e s 
i n  l eng th . Co s t s  o f  t h i s  mag n i tud e  c an be pa id by the p ur c h a se r  
wi thout b e c om i ng a con s tra i n t  t o  g a s  prod uc t io n . 

Fuel for c ompre s so r s  i s  s up pl ied by the l e a se . The amount 
r equ ired var i e s  by b a s i n ,  b u t  its max imum val ue is  approx ima te ly 3 
percen t o f  the gas prod uc ed . The sched ul e  u sed c al l ed for no c orn
pre s s ion dur i ng the f i r s t  e ight ye ars , 5 1 . 6 pe r c e n t o f  max imum 
val ue for the n inth through 1 9th ye ar s , and max imum va l ue for the 
rema inder o f  the pro j e c t  l i fe . Th e e x cept i o n  to th i s  sched u l e  i s  
the Northern Gre a t  Pl a i n s ,  where 5 . 1 8  perc e n t  o f  t he prod uc t ion i s  
used fo r c ompr e s so r  f ue l fo r a l l  ye ars o f  the pro j e c t .  Th e se cos t s  
are tabula ted in t h e  ba s in eva l ua t io n s  o f  Par t  I I  o f  t h i s  re po r t .  
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co 
w::. 

Tota l Bas i n  Area ( Sect i o n s ) : 7 1 00 
T y pe : Lent i c u l a r 

NGL C BBL/MMC F ) :  2 0 .  

Average P rod uct i ve H/C Gas 
Pe rm . Area Poros i ty 
( MD ) ( S ect i on s ) ( % )  

0 . 1 4 7 

0 . 03 25 6 

0 . 0 1 78 5 .  I 

0 . 0 03 1 3 1 4 . 4  

0 . 00 1 8 1  3 . 8 

0 . 0003 3 5  3 . 2 

354 

Net P a y  
T h i c k n ess 

( Ft . ) 

1 2  

22 

34 

48 

62 

80 

TABLE 31  

Geo l og i ca l D a ta S umma ry 

Ba s i n :  P i cea n ce 
S u b ba s i n :  
Format i on :  Ft . U n i on 

E s t i mated M a x .  
G a s  i n  P l ace at Recoverab l e  
Reser vo i r  Con d .  Gas 

C BC F ) C BC F ) 

1 4  1 1  

1 40 1 0 7 

5 7 3  4 2 3  

1 ,  1 72 80 5 

809 52 1 

380 230 

3 , 088 2 , 09 7  

Dep t h  ( Ft .  ) : 
P r essure ( P S I A ) : 
Tempe r a t u r e  ( ° F ) : 

5000 
2 1 00 

1 3 5 

For E a c h  U r i I I i ng Locat i on W/C : 
P r o ba b i I i ty P r o ba b i l i ty that W/C i s  

T h a t  S t a te of Product i ve ,  G i ven t h a t  
Na ture i s  State of Na t u r e  1 s  P rod . 

P rod u ct i ve 1 st W/C 2 n d  W/C 

0 . 20 I . 0  

0 . 4 0  I . 0 

0 . 4 5  I . 0  

0 . 5 5  I . 0  

0 . 6 5 1 . 0 

0 . 7 5  1 . 0 
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TABLE 3 2  

S ur f ace Equ ipme nt and Ope ra t i n g  Cos t s  

Bas i n  
S ur face Equ i pme n t 

( $ /We l l ) 
Ope r a t i n g  Cos t 

( $ /We l l /Year ) 

Co tto n  Va l ley 
Edward s L ime 
No rthern Gre a t  P l a i n s  
Ro cky Moun t a i n s  
S a n  Juan 
Va l Ve rde 

4 5 , 0 0 0  
4 5 , 0 0 0  

1 0 3 , 0 0 0  
4 5 , 0 0 0  
4 5 , 0 0 0  
4 5 , 0 0 0  
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1 4 , 4 0 0  
7 , 5 0 0  
7 , 2 0 0  

1 0 , 0 0 0  
6 , 7 5 0  
7 , 5 0 0  



EXPLORAT ION AND PRODUC T ION S IM ULATOR FOR T I GHT GA S RES ERVO I RS 

Gene ra l De scr ipt ion o f  the S imu l a tor 

Th e Tight Ga s E xp l o r a t i o n  and Pr oduc t i o n  S imul a to r  ( E  a nd P 
S imul a to r ) i s  a se t o f  c ompu ter prog r ams d e s igned to mod e l  e xpl o
r a t io n  of na t ur a l  gas r e sour c e s  i n  t ig h t  re se rvo i r s . The mod e l  
u t i l i ze s  a c a sh f l ow s tre am to c omp u te s tand ard pro f i tab i l i ty i nd i 
c a tors , i nc l ud i ng d i scoun ted pr e se n t  wo rth , d i scoun ted c a sh f l ow 
rate o f  re t urn , payout t ime ,  pro f i t  per i nve s tmen t ,  max imum u nr e 
c overed inve s tmen t ,  n e t  c a sh recovery a f ter tax e s , e xp l o r a t i o n  
expe nd i t ure , prod uc t ion i nve s tmen t ,  and opera t i ng e xpen se s .  Add i
t ions to re serve s ( ul t ima te recove ry ) and annu a l  produc t io n  r a te s  
are tabul a  ted . 

The E and P S imul a to r  c ompr i se s  two ma in sec t ion s .  The f ir s t  
s e c t i on i s  a b a s i n  eva l u a t i o n  u s i ng the Mo n te Ca r l o  techn ique , 
whereby i np u t  to the c omp u t a t ion s i s  ob ta ined by s ampl i ng probab i l 
i ty d i s t r ib u t i o n s  f rom muc h  o f  the geo l og i c a l  d a ta ,  and by var ious 
sched ul e s  a nd tables for prod uc t ion a nd co s t  d a ta . The proper t im
i ng of even ts such as t he d r i l l ing of wi l d c a t s  a nd d ev e l opme n t  
we l l s , a s  we l l  a s  e xpe nd i t ure s and r even ue s , i s  prov ided i n  t h i s 
s e c tion . A pro f i t  and l os s  statemen t wi th u.s .  t ax comp u ta t i o n s  i s  
the ba s i s  for d e t e rmin i ng pro f i t ab i l i t y  c r i ter i a . I t  i s  a s s umed 
that the pr od uc t ive area o f  a geolog i c al b a s i n  i s  be ing eva l u a ted 
and tha t a l a rge n umbe r  o f  prospe c t s  are ava i l able  in  t he are a . 
Ma ny prospe c t s  wi l l  be d ry ,  wh i l e  o the r s  wi l l  be produc t ive , w i th 
f ie ld s i ze s  de te rmined from the geolog i c a l  i np u t  d a ta . From the s e  
d a ta an averag e  f i e l d  s i ze a n d  produc t io n  sc he du l e  w i l l  be ava i l 
able for use i n  the second s e c t ion o f  the E a nd P S imul a to r . Such 
mod e l s  empl oy i ng the Mo n te Ca r l o  sampl ing o f  probab i l i ty d i s t r ibu
t ion h ave been in use i n  the o i l i n d u s t ry for about 1 5  ye ar s . l 

The second se c t io n  o f  the E a nd P S imu l a to r  i s  a c omp u t e r  pro
gram tha t  prov ide s  for sche d ul i ng i nve s tmen t s  in  the geolog i c a l  
b a s i n s  over a number o f  ye ar s .  Th i s  se c t io n  make s a s umma t io n  o f  
the re s ul t s  o f  t h e  ba s in a n a lyse s j u s t  de scr ibed , i nc l ud i ng prod uc
t io n , c a sh fl ow ,  and pro f i tab i l i ty .  Co n s t r a i n ts to the sche d u l ing 
mod el inc l ude the fol l owi ng : 

• The n umbe r  o f  pro s pe c t s  in  a ba s i n  mus t no t e x c e ed the n um
ber requ i red to produc e a l l  the recove r a b l e  g a s  in pl ac e . 

• Ann u a l  inve s tme n t sho u l d  no t e x ceed the indus try ' s  a b i l i ty 
to s upply i nve s tmen t  capi tal . 

• Prod uc t ion s ho uld no t exceed p i pe l in e  c apac i ty .  

• Rig s mu s t  be ava i l able to d r i l l  the sche d ul e d  w i ldca t s  a nd 
deve l opmen t  we l l s . 

lNewe ndorp , Pa u l  D . , " Dec i s io n  An a lys i s  for Pe t ro l e um 
Exploration , "  pp . 3 6 9-4 9 0 ,  Th e Pe tro l e um Pu b l i sh i ng Co . ,  Tu l s a ,  
Oklahoma , 1 9 7 5 .  
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S pe c i a l  F e a ture o f  the T i ght Gas S imu l a to r  

St ud y  par t i c i pa n t s  we re aske d t o  fo recast  add i t i o n s  to ul t imate 
recove ry a nd prod uc t io n  r a te s by ye ar to the ye a r  2 0 0 0  as a f un c 
t i o n  o f  g a s  pr i c e  and s t a te o f  techno l ogy . The s t ud y  g ro u p  wa s 
a s ked to c omp u te the s e  va l ue s  for 1 0 ,  1 5 ,  and 2 0  p e rc e n t  d i sc o un ted 
c ash fl ow r a te s  of r e t ur n  and fo r pr i c e s  o f  $ 2 . 5 0 ,  $ 3 . 5 0 ,  $ 5 . 0 0 , 
$ 7 . 0 0 ,  and $ 9 . 0 0/MC F . 

The three r a te s  o f  r e t urn and f ive pr ice s po sed no prob l em ;  the 
s impl e s t  f i n an c i a l  mod e l s  provide fo r se n s i t iv i ty s t ud ie s  i n  wh i c h  
d i sco un t  r a te a nd pr i c e , vary . B u t  the b a s e  c a se and ad vanc ed c a s e  
techno l og i e s  fo r t i g h t  g a s  reservo irs  h a d  t o  b e  d e f i ned , a nd some 
way h ad to be d ev i s ed to ac c urate ly d e t e rmine the e f fe c t  o f  pr i c e  
e sc a l a t i o n  o n  ul t imate recove ry and produc t i o n  r a te s .  

Re c omme n d a t ions from the e ng ineers par t i c i pa t i ng i n  the s t udy 
were tha t the base c a se techno l ogy con fo rm to c urrent  pr ac t ic e  i n  
t he indus try f o r  t i g h t  sand produc t i o n ,  a nd tha t the advanced case 
be wha t m ight b e  e xpec ted to re s ul t  from i n d u s try and g overnmen t 
r e se ar c h  pro j ec t s . ( Th i s  s ub j e c t  i s  d i sc u s s e d  i n  Ch apter Seven o f  
t h i s  r e po r t . )  Br ie f ly s ta ted , the base c a se wa s c ompr i sed o f  no 
more than four we l l s  pe r se c t ion wi th 1 , 0 0 0 -foo t f r ac t ur e s .  The 
ad vanc ed c a se c ompr i s ed a max imum o f  1 2  we l ls per s e c t ion and 
4 , 0 0 0-foo t f r a c t ur e s .  Na t ur al ly ,  t he we l l s w i t h  1 , 0 0 0 -fo o t  frac
t ure s h ad l ower prod uc t ion ra te s  and l ower u l t ima te r ecove r ie s pe r 
we l l  than d id the we l l s  wi th 4 , 0 0 0 -fo o t  f r a c t ur e s ; howe ve r , t he 
lo nger frac t ure s cos t muc h more to cre a te , prov id i ng an i n tere s t i ng 
f in anc i a l  trad eo f f . 

A d e sc r ip t i o n  o f  the geo l og i cal d a ta i s  n e c e s sary b e fo re de
scr ib i ng the e xplor a t io n  mod e l ' s sen s i t i v i ty to pr i c e . The geolo
g i s t s  se l ec ted from f ive to  1 0  p e rmeab i l i ty l ev e l s  wi th r ange s o f  
po ro s i ty and pay th i ckn e s s .  The se d a ta we re i np u t  to the produc
t io n  mod e l ,  wh i c h  pr ed i c ted u l t imate recovery and produc t io n  r a te 
pe r wel l  for e ach pe rme ab i l i t y  l eve l . As a r ul e ,  prod uc t ivi ty 
d e c reased w i th l owe r pe rme ab i l i ty .  The g e o l og i c a l  d a ta a l so pro
v id ed fo r c omp u ta t io n  of recover abl e gas in place per s e c t ion fo r 
e ac h  pe rme ab i l i ty l eve l . 

De sc r ib i ng the manner i n  wh ich the number o f  we l l s  p e r  sec t io n  
i s  comp u ted i s  be s t  done b y  n umer i c a l  e x ampl e .  As s ume tha t i n  the 
f i r s t  pe rme ab i l i ty l eve l the re are 10  B CF p e r  s e c t io n ,  and tha t  a 
base c a se we l l  w i l l  prod uce 2 BCF over i t s  3 0 -ye a r  l i fe .  Div id i ng 
1 0  BCF by 2 B CF p e r  we l l  y i e l d s  5 we l l s  per s e c t i o n , wh i c h  are 
req u i r ed to prod uce a l l  the ava i l ab l e  gas  in 3 0  ye ar s .  But t h e  
b a s e  c a se i s  l im i ted t o  four we l l s pe r se c t io n . The r e fo re ,  t h e  
mod e l  d r i l l s  o n ly four we l l s  and prod uce s 8 B C F  p e r  s e c t io n  i n  the 
base c a se . 

Th e ad vanc ed c ase we l l  mig h t  prod u c e  3 . 3 3  B CF over i t s  3 0 -year 
l i fe ; it  wo uld requ ire o n ly three we l ls per sec t ion to prod uc e 1 0  
BCF . Th i s  n umber wo u l d  be d r i l led . Of course , g a s  f i e ld s  may be 
s everal s e c t io n s  in  are a wi th the n umbe r  o f  we l l s  dr i l l ed propo r
t io nate ly l arger . 

8 8  



As s ume that the 2 B C F  b a se c ase we l l  i s  1 0 , 0 0 0  f e e t  d e ep wi th 
a t te ndant h igh d r i l l i ng c o s t .  The f i r s t  gas pr ice to be te s ted i s  
$ 2 . 5 0 .  As s ume f ur ther tha t a w i l d ca t  i s  d r i l l ed in  the produc t ive 
are a con ta in i ng 1 0  B C F  per sec t io n .  A pro f i t  a nd l o s s  c omp u tat io n  
i s  mad e and shows a r a te o f  r e t ur n  o f  1 7  pe rcen t ,  mean ing tha t thi s 
pe rme ab il i t y  l eve l w i l l  be pro f i table a t  both a 1 0  and 1 5  pe rc en t  
DCF ROR, b u t  not a t  2 0  pe rcen t .  The advan c ed c a se we l l  produc ing 
3 . 3 3  BCF might re t ur n  2 5  pe rcen t and be pro f i table at a 1 0 ,  1 5 ,  and 
20 pe rcent  ROR. However , a s  pe rme ab i l i ty d e c re a s e s  i n  the b a s i n ,  
the wel ls prod uce l e s s .  I t  i s  l i ke ly t ha t  a ba s e  c a s e  we l l  o f  o n ly 
1 . 5 BCF o f  ul t ima te produc t i o n  in a l owe r pe rme ab i l i ty zone wo u l d  
be unpro f i table a t  $ 2 . 5 0  but pro f i table a t  $ 3 . 5 0 .  

On e  more obse rva t ion n e e d s  to be mad e . On e o r  two pe rme ab i l i ty 
z o n e s  may be pro f i ta b l e  a t  a g iven pr i c e . Bu t the se zo n e s  c anno t 
be selec t ive l y  dr i l l ed to the exc l u s io n  o f  a l l  o th e r s  beca use the i r  
l oc a t ions a r e  n o t  known . The a s s umpt io n  i s  tha t t h e  e n t i re area 
w i l l  be dr i l l ed at  e ach pr i c e  l eve l . The re for e , even tho ugh one or 
two pe rme ab i l i ty l eve l s  are prof i table  at  a l ow pr ic e ,  i t  d oe s  no t 
fol low that the pro j e c t  w i l l  be pro f i tabl e . The r ema in i ng pe rme 
ab i l i ty l eve l s  wi l l  be " d ry " a t  the l ow pr i c e . At h igher pr i c e s  
the se d ry are a s  bec ome pro f i table prod uc e r s . 

The amoun t o f  gas prod uc ible a t  e ach pr i c e  i s  tabula ted in t he 
e c onom i c  s ummary tab l e s  fo r each fo rma t io n . Ea ch pr i c e  repr e s e n t s  
an i ndepend e n t  eva l ua t io n  o f  the are a .  

S ummary o f  B a s i n  E va l ua t ion 

F ig ure 2 4  shows the flow o f  c omp u ta t ion s i n  the b a s in eva l u a 
t io n  se c t io n  of t h e  E a n d  P S imul a to r .  Ge o l og i c al i n fo rma t io n  from 
the ba s in to be a n a ly zed i s  s ampl ed to prov id e  input for prospec t s  
t o  be d r i l l ed . A pro s pe c t  i s  a w i l d ca t  l oc a t io n . I f  the wi l d ca t  
i s  produc t ive and pro f i ta b l e ,  d ev e l opme n t  we l l s  wi l l  be d r i l l ed .  
If i t  i s  d ry ,  the w i ld c a t  w i l l  be ad andoned a nd a n ew prospect  
s e l ec ted . 

A un ique fea ture o f  thi s mod e l  i s  the tre a tme n t  o f  the pro
d uc t ive w i ld ca t . Ul t ima te prod uc t ion and an n ua l  prod uc t ion ra te s 
are prov ided for we l l s d r i l l ed in  e ach pe rme ab i l i ty zone . A c om
ple te cash f l ow analys i s  i s  made for e ach w i ld c a t  at the s e l ec ted 
g a s  se l l ing pr i c e  and d i sc ou n t  r a te . I f  t he w i l d c a t  shows a nega
t ive net  pre sen t  va l ue , it  is  abandon ed . An unpro f i table w i ld c a t 
i s  a d ry hole  wi th no re t ur n  o n  inve s tme n t .  At a h ig h e r  g a s  pr i c e  
the s ame w i ld c a t  may b e  pro f i tabl e , thereby tr igger i ng f i e ld 
d evel opme n t .  

However , the b a s i n  i s  eva l u a ted a t  a s in g l e  pr i c e  and d i s c ou n t  
ra te un t i l a l l  pro s pec t s  are dr i l l ed .  Th i s  s impl y  me ans that a 
l arge number of pros pe c t s  a r e  d r i l l ed and ave r ag e s  pe r pros pe c t  a r e  
c omputed , i n c l ud i ng E a n d  P i nve s tmen t ,  g a s  prod uc t io n , ne t pre sen t 
value , and DC F ROR . 

Th e pro c e s s  beg i n s  ag a in wi th a new { h ig he r )  g a s  pr i c e . The 
same pros pec t s  are dr i l l ed , but the h igher pr i c e  may make some 
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w i l d cats , wh i c h  had been d ry a t  the l owe r pr ic e ,  prof i ta b l e  and 
pro d uc t ive . If so , more f i e lds w i l l be d eve l oped and the c omp u ted 
averag e s  wi l l  be mo re favorab l e . 

Fo r each pr i c e  and d i sc ou n t  r a te the mode l  produc e s  a c a sh f l ow 
s tre am ,  annual prod uc t io n  o f  gas  and n a t ur a l  ga s l iq u id s , a nd the 
p ro f i tab i l i ty c r i te r i a men t ioned above . The se are the bu i l d ing 
bl ocks u s ed in  the second s e c t ion of  t he s im ul a to r . Howeve r , pro f
i tab i l i ty c r i te r i a are recomputed in the sc enar ios ; t hey are no t 
aver aged from the ba s in analyse s .  Tab l e s  3 3  t hro ugh 3 5  are l i st s  
o f  i nput d a ta c ontr ibuted by s t ud y  par t i c ipan t s . 

F i n a l ly , the e s t ima te s o f  r e serve s adde d , produc t i o n  r a te s ,  a nd 
i nve s tmen t  requ i r ed for an indus try e f fo r t  in  a l l  the b a s i n s  are 
take n from the scenar ios o r  inve s tme n t  schedul e s .  

The P i ceance B a s i n  E xamp l e  

Th e fo reg o ing general d e sc r ip t i o n  o f  t h e  s imul a to r  may b e  
a ugmen ted by s pe c i f ic e x ampl e . Tabl e  3 6  i s  a g e o l og i c a l  d a ta s um
mary fo r the Fo r t  Un ion fo rma t io n  in the P i c e an c e  b a s i n .  Th e pro
duc t ive are a cons id e r ed i s  c omposed of 3 5 4  s e c t ion s o u t  o f  t h e  
7 , 1 0 0 -s e c t i o n  bas i n .  Th e Fo r t  Un ion fo rma t io n  i s  d iv id e d  i n to s i x  
aver age pe rme ab i l i ty zone s ,  wi th are a ,  poro s i ty ,  a nd n e t  pay s hown 
for e ach . Re servo i r  pr e s s ur e  i s  2 , 1 0 0  pounds  pe r square inch abso
l u te ( ps i a ) and t empe r a t ure is  l 3 5 °F ;  g a s  in  pl ace c a n  be e s t ima t e d  
f rom these d a ta . The max imum recove r ab l e g a s  i s  b a se d  on r e c overy 
fac tors intend ed to c ompen s a te for a l ack o f  con t i n u i ty i n  f l ow 
c hanne l s . 

TABLE 3 3  

T i ght Gas E and P S imu l a to r  

Geolog i ca l  F u nc t i ons 

Geo log i c a l  Te am 

• Se l e c t  Bas i n  Prospe c t i ve Are a 

• L i s t  E xplorat ion and Le ase Cos t s  

• Se l e c t  Targe t Forma t i on ( s )  

• L i s t  Pe rmeab i l i ty Leve l s ,  Pe r c e n t ag e  o f  Are a 

• L i s t Ne t Pay , Poros i ty ,  Pre s s ur e , De p t h , Tempe ra t ure s 

• E s t imate F i e l d  S i ze s  

• E s t imate W i l d c a t  S uc c e s s  Rat i o  
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TABLE 3 4  

T i ght Gas E and P S imu l a to r  

Eng i ne e r i ng F u n c t ions  

Eng inee r i ng Te am 

• Ru n Pro d u c t ion Mode l fo r 

In i t i a l  Pro d uc t ion Ra te , Dec l i n e  Ra t e , and 
3 0 -Year U l t ima te Pe r We l l  for E a ch 
Pe rme a b i l i ty Le ve l 

• Provide Cos t for 

Dr i l l i ng 
S u r f ac e  Eq u ipme n t  
Mas s i ve Fracture 
Ope ra t ing and Ove rhe ad 

• Es t ima te Dr i l l i ng S ched u l e  for P ipe l i ne S upply Ra t e  

e Es t imate N G L  ( Bbl/MMCF ) 

TABLE 3 5  

T ight Gas E and P S imu l a to r  

E conom i c  Fun c t i on s  

Econom i c  Team 

• Re s pons i b l e  fo r Comp u te r Comp u ta t i on s  

• Re spons i bl e  for Bas i c  Prof i t  and Los s  S t a t eme n t  

Loc a l  a n d  Federa l Taxe s 
Wo rk i ng In terest 
Ga s Se l l i ng Pr ice 
NGL Price 
Di scoun t Rates 
Ove rhead Co s ts 

• Re spons i b l e  for Timi ng o f  E ve n ts i n  S imu l a t ion 
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Tota l Bas i n  Area ( Sect i o n s ) : 7 1 00 
Type : Lent i c u l a r  

NG L C BBL/MMCF ) :  2 0 .  

Average Prod u ct i ve H/C Ga s Net Pay 
Perm . Area Poros i ty Th i ckness 
( M) ) ( Sect i on s ) _1!) ( Ft . ) 

1.0 
w 

o .  1 4 7 1 2 

0 . 03 2 5  6 2 2  

0 . 0 1 78 5.  I 34. 

0 . 0 03 1 3 1 4 . 4  48 

0 . 00 1  8 1  3 . 8  62 

0 . 0003 3 5  3 . 2  80 

3 54 

TABLE 36 

Geo l ogi ca l Data S ummary 

1:3as i n :  P i cea n ce 
S u b bas i n :  
Format i on :  Ft . U n i on 

Est i mated Max. 
Gas i n  P l ace at Recover ab l e  
Reservo i r  Con d .  Gas 

C BCF ) ( BCF ) 

1 4 1 1  

1 40 1 0 7 

5 73 423 

1 ,  1 72 805 

8 09 5 2 1 

380 230 

3 , 088 2 , 097 

Depth ( Ft . ) :  
Pressure ( P S I A )  : 
Temperature ( ° F ) : 

5000 
2 1 00 

1 3 5  

For E ach Dr i I I i ng Locat i on W/C : 
Proba b  i I i ty P r o ba b i l i ty that W/C i s  

That State of Prod u ct i ve ,  G i ven that 
Nature i s  State of Nature i s  Prod . 

Prod u ct i ve 1 st W/C 2nd W/C 

0 . 20 1 . 0 

0 . 4 0 1 . 0 

0 . 4 5 I . 0  

0 . 5 5  I . 0  

0 . 6 5  I . 0  

0 . 7 5  1 . 0 



Da ta fo r each d r il l i ng locat ion i n c l ud e  probab i l i ty d i s t r ib u 
t ions f o r  s tate o f  n a t ure , f ir s t  w i ld c a t ,  a nd s e c o n d  wi l d c a t .  Fo r 
the 0 . 1 md zone , the s t a te o f  n a t ur e  i s  0 . 2 produc t ive ( and 0 . 8 
d ry ) ; i . e . , e igh t o u t  o f  1 0  w i ld c a t s  d r i l l ed i n  0 . 1 md l oc a t io n s  
w i l l be d ry . The probab i l i ty tha t the f i r s t  wi l d ca t  d r i l l ed i n  a 
prod uc t i ve area w i l l  be prod uc t ive i s  1 . 0 ,  a nd there for e , a s ec o nd 
w i l d ca t  i s  no t n e c e s sary . As n e t  pay i n c rease s ,  the probab i l i ty 

ha t the s ta te o f  n a t ure w i l l  be prod uc t ive incre a se s .  

Tab l e  3 7  l i s t s  prod uc t ion we l l  requ i r emen t s  fo r bo t h  ba se a nd 
advanced c a se s .  We l l  produc t iv i ty d a ta are tabu l a ted i n  Ta b l e  3 8  
for the base c a se a nd i n  Table 3 9  fo r the ad vanc ed c a se . No te t ha t 
for the b a se c a se the 0 . 1 md we l l  has t he b e s t  i n i t i a l  produc t i on 
r a t e  ( f i r s t  ye a r )  o f  al l pe rme ab i l i t ie s , but tha t produc t io n  d e 
c l in e s  rapid ly t o  o n ly 5 mi l l ion cub i c  fe e t  pe r ye a r  by the l Ot h  
ye a r . To t a l  prod uc t ion fo r 3 0  ye ars i s  o n ly 0 . 6 4 9 B C F . The a d 
vanced c ase 0 . 1 md we l l ,  Ta b l e  3 9 , i s  s im i l ar whe n  c omp a r ed to 
other ad vanc ed c a se we l l s . Ul t ima te prod uc t ion pe r we l l  f r om 
Ta b l e s  3 8  and 3 9  wa s used to comp ute the number o f  we l l s  pe r sec
t ion requ i r ed to prod uce all  gas i n  Ta ble 3 7 . 

Rec overable gas  f r om ac t ua l  we l l s ,  Tab l e  3 7 , fo r bo th b a se a nd 
advanc ed case s ,  should be compared to the Ma x imum Re cove r a b l e  Ga s 
c o l umn i n  Table 3 6 . The c urrent pr a c t ice o f  d r i l l i ng n o  more than 
four  we l l s pe r se c t io n  ( base c a se ) reduc e s  r ec ove r a b l e  g a s  from 
2 , 0 9 7  B C F  to 1 , 1 3 0  B C F . In the advanced c a s e , s hown i n  Tab l e  3 7 , 
red uc t i o n  in recove ry i s  from the 2 , 0 9 7  B CF ava i l ab l e  to 1 , 8 3 5  B C F . 

Ta b l e  4 2  p r e sen t s  i nve s tmen t and ope r a t i ng e xpe n se s .  A r ange 
o f  frac t ur e  co s t s  e x i s t s  because n e t  pay th i c kne s s  i n c re a s e s  a s  
permeab i l i ty d e c re a se s ,  requ i r ing g re a te r  vo l ume s o f  fr ac f l u i d  and 
proppan t .  Advan c ed c a se frac t ur e s  cos t more than base c a s e  beca u s e  
f r a c t ur e  l ength i s  g reater fo r the ad van c ed c a se . 

A d i sc us s io n  o f  the Fo r t  Un ion econom i c s  s umma ry , Tab l e s  4 0  and 
4 1 ,  is now appropr i a te . Af ter the cus toma ry iden t i f ica t io n  en tr ie s 
a r e  found rows o f  e n t r i e s  beg inn ing w i th " Ca se Number"  and con t i n u 
i ng across the p age . There are three se t s  o f  d a ta corr e s po nd i ng to 
d i sc oun t r a te s  of 1 0 ,  1 5 , and 2 0  pe rcen t .  Ea c h  se t ha s g a s  se l l ing 
pr ice s o f  from $ 1 . 5 0  to $ 1 2 . 0 0/MC F .  Case Numbe r  1 3 0 2 1 1 1 ,  Tab l e  4 0 ,  
i s  a b a se case a t  a $ 1 . 5 0/MC F  pr i c e  and a 1 0  pe r c e n t  ROR . I t  
should be empha s i zed tha t t h e  en t ire prod uc t ive a r e a  i s  d r i l l ed i n  
o rd e r  t o  eval u a te t h i s $ 1 . 5 0  pr ic e .  On ly 1 3 . 2 p e r c e n t  o f  t h e  pro s 
pec t s  were pro f i table . Pe rme ab i l i ty l eve l s  0 . 0 3  md and 0 . 0 1  md , 
c oded C and D ,  c ame o n  s t r e am .  Al l o the r pe rme ab i l i t i e s  we r e  
te s ted b u t  were unpro f i table . The i nve s tmen t ave r aged $ 1 . 5 8 3 
m i l l i o n  and the n e t  pr e s e n t  value a t  a 1 0  pe r c e n t  ROR wa s - $ 4 0 2  
thous and . The DC F  ROR wa s zero . No gas  i s  r e c overable i n  t h i s 
forma t i o n  a t  $ 1 . 5 0/MCF i f  a 1 0  p e r c e n t  ROR i s  r eq u i r ed . 

It may be a sked why the zone wi th the b e s t  pe rmeab i l i ty ,  Zone B 
( 0 . 1  m d ) ,  wa s no t on s tre am .  A r eview o f  i ts per fo rmance o n  Tab l e  
3 8  shows tha t th i s  t h i n  fo rma t io n  ( 1 2 f e e t )  i s  i n fe r ior t o  z o n e s  a t  
0 . 0 3  and 0 . 0 1  md , a nd there for e , i t  i s  no t econom i c a l . 

9 4  



TABLE 37 

PRODUCT I ON WE LL REQU I REMENTS 

BAS I N : P i cea n ce 
SUB-BAS I N : -
FORMAT I ON :  Ft . Un i on 

BASE CASE ADVANCED CASE 
NUMBER OF NUMBER OF RECOVERABLE NUMBER OF NUMBER OF RECOVERABLE 

WELLS/SECT I ON WEL LS/SECT I ON GAS FROM WELLS/SECT I ON WEL LS/SECT I ON GAS FROM 
PERM .  REQD . T O  PRODUCE ACTUAL LY USED ACTUAL WE L LS REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS 
( MD )  ALL GAS [ MAX=4 1 ( BCF ) ALL GAS [ MAX= I 2 1  ( BC F )  

1.0 • I 4 . 5 4 1 0  3 . 0  3 I I  
LTl 

. 03 4 . 6 4 93 3 . 2  3 96 

. 0 1  5 . 3  4 32 1 4 . 4  4 38 5 

. 003 7 . 7  4 4 1 9 6 . 9  6 700 

. 00 1 8 . 9  4 234 7. I 6 438 

. 0003 1 7 . 4 4 53 1 3 . 5  1 2  20 5 

1 1 30 1 83 5  



TABLE 38 

W E L L  P R O D U C T I ON S U M M A R Y - - B A S E  C AS E  

P I C E A NC E �  F O R T  U N I O N  

G A S  P R O D UC T I O N  ( M M C F / Y E A R / W E L L )  

K • O e 3 0 . 1  o . o 3 0 . 0 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  C M D )  
Y E A R  

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

2 1 2 2  1 1 7 9 1  6 5  5 7  2 8  

1.0 
0'\ 

5 2 6  5 8  5 1  3 6  3 3 1 6  

1 0  5 3 0  3 0  2 5  2 2  1 1  

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

2 0  1 1 1 8  1 6  1 5  1 

3 0  0 2 1 1  1 2  1 1  6 

3 0 - Y E  A R  
C U I"• M . 
P R O D .  6 4 9  9 4 9  1 0 2 0  8 0 9 7 1 9  3 6 9 ( � M C F ) 



K • 0 . 3  0 . 1  
Y E A R  

1 3 4 8  

2 1 6 1  

1..0 
-....] 5 6 0  

1 0  1 6  

1 5  6 

2 0  2 

3 0  0 

3 0 - Y E A R 
C U M M . 
P R O D . 9 8 0  ( M I'I C  F ) 

TABLE 39 

W E L L  P R OD U C T I O N S U M M A R Y --A D V A N C E D  C A S E  

P I C E A N C E ,  F O R T  U N I O N 

G A S  P R O D U C T I O N  ( M M C F / Y E A R / W E L L )  

0 . 0 3  0 . 0 1 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  

2 8 3  2 1 3  1 4 9 1 5 9  8 8  

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

7 5  6 2  4 2  4 1  2 1  

4 2  3 7  2 8  2 7  1 4  

2 7  2 9  2 1  2 1  1 1  

1 7  2 2  1 6  1 6  9 

7 1 4  1 1  1 2  6 

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

0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( M D )  



TABL E  40 

ECONOM I CS SUMM/IHY 
eAS I N  TECHNOLOGY Base 

s u a  e!\S I N  FORMAT I ON Ft . Un i on DATE May 1 980 

AVERAGE PER PROSP E CT BAS I N  TOTALS IIELLS  
PROF I T . K-LEVELS  E & p GAS N ET PRES . DCF RATE MAX NO . II I LDCAT 

GAS PR I C E  PROS P . ON ST
-
REAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER • MAX RECOV . PROSP . SUCCESS II I LDCAT DEVE LOPMENT 

CASE N O _ S /fiC F __ % __ NO . VA LUE >> _i!:L_ BCF  �M % AT PR I CE 8CF  G I P  BCF AT PR I CE % QB.Y. PROD . DRY PROD . TOTAL 

D i ';) coun l R a t e  1 o ·� 
1 3 02 1 1  I I . 5 0  1 3 . 2  2 co 1 58 3  1 . 892 - 402 0 - - 1 3 . 2 

2 1 2 . 5 0  " " " " " - 38 9 . 0 - 1 3 . 2  
3 I 3 . I 0 30 . 9 3 CDE 2 8 7 1 4 . 1 76 5 3 3  1 8 . 4 8 3 3  1 3 3 5  1 9 9  30 . 9 1 38 6 1  1 8 3  732 1 I 14 
4 1  3 . 50 47 . I 5 BCDEF 5570 7 . 960 1 3 1 1 2 2 . 9  1 0 7 7  1 86 7  1 35 4 7 .  1 7 1  64 264 1 054 1 45 3  
5 1  5 . 00 " " " " " 2 9 9 3  39 . 8 " " " " " 
6 1  7 . 00 " " " " " 5236 60 . 4 
7 1  9 . 00 5 5 . 6  6 BCOEFG 6268 8 . 426 77 1 9  76 . 7 1 I 30 2097 1 34 5 5 . 6 59 7 5  2 9 2  1 1 6 8  1 594 
81  1 2 . 00 " " " " " 1 1 2 74 1 00 . 4 

O i s coun t R a t e  1 ')"/., 
1.0 1 2  I . 50 0 0 - 684 0 -408 0 0 
co 2 2  2 . 50 1 3 . 2  2 CD 1 58 3  1 . 892 - 1 82 9 . 0  1 3 . 2  

3 2  3 . I 0 30 . 9  3 CDE 287 1 4 . I 76 1 58 1 8 . 4  8 3 3  1 3 3 5  1 9 9  30 . 9  1 3 8 6 1  1 83 732 1 1 1 4 
4 2  3 . 50 " " " " " 3 4 3  2 2 . 4 " " " " " " " " " 
5 2  5 . 00 4 7 .  1 5 BCDEF 5 5 70 7 . 960 1 746 3 9 . 8 1 0 7 7  1 867 1 35 4 7 .  1 7 1  6 4  2 6 4  1 054 1 45 3  
C 2  7 _ 00 " " " " " 3 3 2 7  60 . 4 
7 2  9 . 00 " " " " " 4908 7 8 . 3 
82 1 2 . 0 0  5 5 . 6  6 BCDEFG 6268 8 . 426 7543  1 00 . 4 1 1 30 2097 1 34 5 5 . 6  59 75 292 I 168 1 594 

� i scou n t  Ra t e  2 IT� 
I 3 I . 5 0  0 0 - 684 0 -4 1 3  0 - - 0 
2 3  2 . 5 0 2 . 0  1 c 836 . 260 - 3 76 0 2 . 0  
3 3 3 . 1 0  1 3 . 2  2 CD 1 5 83 I .  892 - 1 56 1 3 . 8  - 1 3 . 2  

4 3  3 . 5 0  
" " " " " - 8 1  1 6 . 8  " 

5 3  s _ oo 47. 1 5 BCDEF 5570 7 . 960 1 048 39 . 8  1 0 7 7  1 86 7  1 35 4 7 .  1 7 1  64 264 1054 1 45 3  
63 7 . 00 " " " " " 2 2 3 6  60 . 4 
73  9 . 00 " " " " " 3427 78 . 3  
83 1 2 . 00 55 . 6  6 BCDEFG 6268 8 . 426 5 3 84 1 00 . 4 1 1 30 2097 1 3 4 55 . 6 5 9  7 5  292 1 1 68 1 594 

<.- C OD E : � C 0 E F G 
0 .  I 0 03 0 . 0 1 0 . 003 0 . 0 0 1  0 . 0003 



1.0 
1.0 

eAS I N  P i ceance 

SUB  eAS I N  

GAS PR I C E  
C A S E  N O . S /NC F 

D i s coun t Ra t t: \ O·.� 
1 3022 1 1  1 .  so 

2 1  2 . 5 0  
3 1  3 .  I 0 
4 1  3 . 50 
5 1  5 . 00 
6 1  7 . 00 
7 1  9 . 00 
8 1  1 2 . 00 

D i s c oun t R a t e  1' )·1�. 
I 2 I . 50 
2 2  2 . 50 
3 2  3 .  I 0 
42 3 . 50 
52 5 . 00 
6 2  7 . 00 
7 2  9 . 00 
82 1 2 . 00 

[; i S C 01 1 n t Ra r e  2 0''� 
I 3 
2 3  
3 3  
4 3 
5 3 
6 3  
7 3  
83 

;, C OD E : 

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

1 2 . 00 

B 
0 . 

F ORMAT I ON Ft . Un i on  

AVERAGE P E R  PROSPECT 
PROF I T .  K -L E V E LS E & p GAS NET PRE S .  
PROS P . ON STREAM I N V E S T . PROD . VALUE 

__ % __ NO . VA L U E * _w__ B C F  �M 

0 0 - 852 0 - 497 
1 3 . 2 2 C D  1 960 2 .  1 92 - 77 
3 0 . 9 3 CDE 4582 5 . 940 693 
47. I 5 BCDEF 1 0 1 96 1 2 . 856 2070 

" " " " " 487 1 
" " " " " 8606 

5 5 . 6  6 BCDEFG 1 3 4 1 6  1 4 . 497 1 32 7 1  
" " " " " 1 9658 

0 0 - 852 0 -SO l 
1 3 . 2  2 C D  1 960 2. 1 92 - 246 

" " " " " - 79 
" " " " " 3 3  

47 . 1  5 BCDEF 1 0 1 96 1 2 . 856 2844 
" " " " " 5479 
" " " " " 8 1 1 3  

5 5 . 6  6 BCDEFG 1 34 1 6  1 4 . 497 1 3 1 26 

0 0 - 852 0 - 504 
2 . 0  I c 994 . 2 85 - 465 

1 3 . 2 2 C D  1 960 2.  1 92 - 2 1 5  
" " " " " - 1 2 8  

47.  1 5 BCDEF 1 0 1 96 1 2 . 856 1 7 1 7  
" " " " " 3696 
" " " " " 5675 

5 5 . 6  6 B C DEFG 1 34 1 6  1 4 . 49 7  9 3 3 8  

C 0 E F G 
0 . 0 3  0 . 0 1  0 . 003 0 . 0 0 1  0 . 0003 

TABLE 4 1  

E C ONOM I C S  SUMI11\I\Y 
T E C HNOLOGY Ad�aos;s;:d 

DATE May 1280 

BAS I N  TOTA LS  W E L L S  
D C F  RATE 111\ X N O .  W I LDCAT 

OF RETURN GAS R ECOVER . MAX R E C OV .  PROS P .  S U C C E S S  W I  LOCAl D E VE LOP�IENT 
% AT PR I C E  8 C F  G I P  B C F  AT P R I C E % DRY PROD . DRY PROD . � 

0 - - 0 
8 . 4  1 3 . 2  

1 7 . 6  1 1 8 1  1 3 3 5  199 30 . 9  1 3 8 6 1  24 1 965 1 405 
22 . 8  1 63 0  1 86 7  1 2 7 4 7 .  I 6 7  6 0  356 1 4 1 8  1 900 
4 1 . 9 
66 . 3  
8 1 . 7  1 8 35 2097 1 2 7  5 5 . 6  56 7 1  447 1 7 88 2 362 

1 1 2 .  0 " " " " " " " " " 

0 - - 0 
8 . 4  - - 1 3 . 2  

1 2 . 9  - - - " 

1 5 . 8  4 8 1  5 3 0  2 1 9  " 1 90 2 9  79 3 1 5  6 1 3  
4 1 . 9  1 6 30 1 86 7  1 2 7  4 7 . 1 67 60 3 56 1 4 1 8  1 900 
66 . 3  
8 7 . 8 

1 1 2 . 0  1 8 3 5  2097 1 2 7  5 5 . 6 56 7 1  447 1 788 2 3 6 2  

0 - - 0 
0 - 2 . 0  

1 2 . 9  1 3 . 2  
1 5 . 8  " 

4 1 . 9  1 6 30 1 86 7  1 2 7  47 . 1  6 7  60 356 1 4 1 8  1 900 
66 . 3  
87 . 8  

1 1 2 . 0  1 83 5  2097 1 27 5 5 . 6 56 7 1  447 1 788 2 362 



1-' 0 
0 

TABLE 42 

I NV E STMENT A N D  OP ERAT I NG EXP E N S E S  

BAS I N : P i cea nce 
SU B-BAS I N : 
FORMAT I ON :  Ft . U n i o n 

Geo l og y  a n d  Geop h y s i cs ( $ /P r os pect ) 2 0 , 000 

D r i I I  i n g Cost ( $/We l l )  294 , 000 

Fracture Cost ( $ /We I I )  

- B a s e  Case I 1 000 Ft . Fract u r e ] 
- Ad v a n ced C a s e  1 2000/4000 Ft . F r a ct u re ] 

S u r f a c e  E q u i pment ( $ /We I I )  

An n u a l Operat i n g E x p e n se ( $ /We i I )  

Com p r es so r  F u e l Cost , Rat i o  of Cost to 

W .  I .  Ga s Rev e n u e  

1 4 2 , 000 - 282 , 000 
283 , 000 - 5 53 , 000 

4 5 , 000 

1 0 , 000 

. 03 1 I 



Fo r Ca se Number 1 3 0 2 1 2 1 ,  t he g a s  pr i c e  i s  $ 2 . 5 0 .  Other pe rme
ab i l i ty l eve l s  are s t il l  unecon omi c al , but the h igher pr i c e  doe s 
b r ing the DC F ROR to 9 . 0 percen t .  The n e t  pr e s e n t  va lue i s  - $ 3 8  
thous and a t  a 1 0  pe rcent  ROR. For the p urpose s o f  t h i s  s t udy , n o  
g a s  i s  ava i l ab l e  a t  $ 2 . 5 0 .  

Co n t i n u i ng w i th Ca se Number 1 3 0 2 1 3 1  a t  $ 3 . 1 0 ,  3 0 . 9 pe rc e n t  o f  
the prospe c t s  d r i l l ed are found to be pro f i tabl e , and Zone E ( 0 . 0 0 3  
md ) ha s j o ined Z o n e s  C a n d  D a s  pro f i table . Th i s  i n c rease s the g a s  
per pro s pe c t  t o  4 . 1 7 6  B C F  for a n  aver age i nve s tmen t o f  $ 2 . 8 71 m i l 
l io n . The r ate o f  r e t ur n  i s  1 8 . 4 percen t and the n e t  pr e s e n t  va l ue 
i s  $ 5 3 3  thousand . From Table 3 6  i t  i s  l e arned tha t the max imum r e 
coverab l e  gas  fo r the se zo n e s  i s  1 , 3 3 5 B CF . From Ta b l e  3 7 , b a se 
case , the recoverable gas from a c t ual we l l s i n  t he se three zon e s  i s  
8 3 3  BCF . The se value s are shown o n  Ta b l e  4 0 . Th e re are 1 9 9  pros
pec t s  ava i l able in  the prod uc t ive are a of  the b a s in at  the $ 3 . 1 0  
p r i c e  l eve l . Th i s  number i s  obta ined by d iv id i ng the 8 3 3  B CF 
ava i l able by 4 . 1 7 6  B C F  per pro s pec t .  The progr am l i s t s  the wel l 
r equ i reme n ts a s  1 3 8  d ry wi l d c at s ,  6 1  p r od uc t iv e  wi l d c a t s , 1 8 3  d ry 
d evelopmen t we l l s ,  and 7 3 2  pro d uc er s ,  for a to tal  o f  1 , 1 1 4  we l l s . 

The 1 5  perc e n t ROR i s  s im i l ar to the 1 0  pe rcen t ROR ; howeve r , 
$ 3 . 5 0  w i l l  no t br ing Z o ne F o n  stream a t  1 5  p e r c e n t  a s  i t  d id a t  
the 1 0  perc e n t  d i scoun t  rate . At t h e  2 0  pe rcen t  r a te , $ 5 . 0 0/MC F  i s  
r eq u i red to tur n  a pro f i t  i n  the Ne t Pr e s e n t  Va l u e  c o l umn . 

The DC F  ROR a t  $ 1 2 . 0 0/MCF i s  1 0 0 . 4 pe rcen t .  Th i s  b r i ng s  o n  a l l  
the ga s ava i l able i n  the ba se c a se for the 1 5  pe rc e n t and 2 0  pe r 
c e n t  d i sc oun t r a te s .  The $ 9 . 0 0  pr i c e  wi l l  b r ing o n  a l l  g a s  ava i l 
able a t  the 1 0  percen t d i sco un t  rate . 

The advanced c a s e , Tabl e 4 1 ,  i s  in terpre ted i n  the s ame manne r . 
The amoun t o f  g a s  recove r a b l e  i n  the ad van c ed c a se a t  each pr i c e  
should be con tra s te d  wi th t h e  amoun t o f  ga s r e cover able i n  the b a s e  
c ase . The E a n d  P i nv e s tmen t i s  g re a te r  fo r t h e  advanced case , b u t  
rate s o f  re t urn a r e  be tter than t hose o f  t h e  b a s e  c a s e . 

P i ceance S ce n a r i o  

The Pice ance ba s in e x ample c an now be e xpanded i n to a scenar io 
of one po s s i b l e  expl ora t io n  pl ay by the who l e  indus try . In add i 
t ion to t h e  For t  Un ion fo rma t ion a t  5 , 0 0 0  fee t ,  o t her fo rma t io n s  
analyze d  inc lud ed the Co rcoran Co ze t te a t  6 , 0 0 0  f e e t ,  t h e  Lowe r 
Cre taceous and Jura s s ic a t  7 , 0 0 0  fee t ,  and the Me s ave rde a t  8 , 0 0 0  
f ee t .  Those areas i n  wh i ch the Me saverde unde r l i e s the Fo r t  Un ion 
and Co rcor an Co ze tte fo rma t io n s  and in  wh i c h  t h e  Corcoran Co ze tte 
unde r l i e s  the Fo r t  Un io n  fo rma t io n  we r e  analyzed separ ate ly . Re 
s ul t s  o f  the se a n a lyse s c an be found i n  the P i c e a n c e  Cre e k  ba s i n 
c hapter o f  Par t  I I  o f  t h i s repo r t .  

Whe never two o r  more tight g a s  fo rma t i o n s  ove r l ap ,  " s ta ck i ng " 
i s  accompl i shed by d r i l l i ng a s i ng le wel l ,  frac t ur i ng e ac h  fo rma
t io n  sepa r a te ly , and comming l i ng the produc t io n . On ly tho s e  fo r
ma t ions wi th in a max imum 3 , 0 0 0 - foot separa t io n  are s ta cked i n  

1 0 1  



o rder to avo id pro b l ems due to l arge fo rma t io n  pr e s s ur e  d i f fe r
ence s .  The to tal  cos t  o f  a s tacked fo rma t io n  we l l  i s  the dr i l l i ng 
c os t  fo r the deepe s t  fo rma t i o n  pl u s  the s um of t he i nd i v id ua l  f r a c 
t ure co s t s . 

Stack i ng wa s mod e l ed in two d i f ferent way s . In the Nor thern 
Gr e a t  Pl a in s/Wi l l i s to n  ba s i n ,  the geol og i c al d a ta we r e  used to 
de sc r ibe mul t i pl e  fo rma t ion s ; tha t i s ,  the ave r age perme ab i l i ty ,  
poro s i ty ,  and n e t  pay t h i ckn e s s  repr e s e n t  the c ompo s i te va l u e  fo r 
a l l  fo rma t ions pene tra ted by a we l l . In the P i c e a nc e ,  Uin t a , W i nd 
River , a nd Gr e a te r  Gr een River ba s i n s ,  s ta cked fo rma t i o n s  a r e  mod 
e l ed a s  fo l l ows : t h e  deepe s t  fo rma t ion i s  s e l e c ted a s  t h e  " targe t "  
and the pe rme a b i l i ty l eve l s  and corre spo nd i ng probab i l i ty d i st r ibu
t ion are us ed to repre sent the s ta cked fo rma t io n . The annual c orn
m i ng l ed produc t i on r a te is d e f i ned as the pr oduc t i o n  r a te of the 
pe rme ab i l i t y l eve l pene tra ted in the targe t fo rma t ion pl u s  the 
e xpe c ted value o f  the produc t i o n  rate ( over a l l  pe rme ab i l i ty l ev
e l s ) i n  e ac h  of the o ther s ta c ked fo rma t ion s .  Th i s  va l ue is  c a l 
c ul a te d  fo r each o f  the 3 0  ye ars o f  produc t io n . S im i l a r ly , t he 
u l t ima te recove ry per we l l  i s  the s umma t io n  o f  the u l t ima te recov
e ry f o r  the pe rme ab i l i ty l ev e l  pe n e t r a ted in the targe t fo rma t io n  
and the e xpec ted va l ue o f  u l t ima te recovery ( over a l l pe rme ab i l i ty 
l eve l s ) in  e ach o f  the o ther fo rma t i o n s . 

An exampl e o f  s tack i ng the Co rcoran Co ze t te ( 6 , 0 0 0 -foo t d epth ) 
and Me s ave rde ( 8 , 0 0 0 - foo t depth ) fo rma t io n s  i n  the P ice ance ba s i n  
i l l u s tr a te s  the c al cul a t io n . The Co rcoran Co z e tte i s  t he s ec ondary 
fo rma t ion and the d e e pe r  Me s averde i s  the t a rge t .  Tabl e 4 3  co n 
t a i n s  t he i n i t i a l  produc t io n  r a te s  and u l t ima te recove ry pe r we l l  
be fore s tacki ng . The e xpec ted va l ue o f  prod uc t io n  r a te in  the 
f i r s t  ye ar fo r the Co rcoran Co ze t te ove r the s i x pe rme ab i l i ty l ev 
e l s  i s  1 9 8 . 5 MMCF per ye ar . The e xpec ted va l ue o f  u l t ima te recov
e ry pe r we l l  is 1 . 8 7 1/B CF . Tab l e  4 4  a l so shows t he r e s ul tan t 
in i t i al prod uc t ion ra te and the u l t ima te recove ry per wel l for 
t he s tacked forma t i o n .  

As s ume tha t the s ubba s i n  analy s e s  have b e e n  c ompl e ted , a n d  tha t 
a play i s  to be eva lua ted in the Piceance Cre e k  ba s i n  con s id e r i ng 
a l l  seven areas wi th a g a s  se l l i ng pr i c e  o f  $ 5 . 0 0/M CF and a d i s
c o un t  ra te of 1 5  perc en t .  As s ume f urther tha t ba se c a se technol ogy 
w i l l  be empl oye d fo r the f i r s t  few ye ars and tha t ad va n c ed tech
nol ogy w i l l  be pha s ed i n  l a te r .  Th i s  a s s umpt ion i s  based o n  t h e  
j ud g eme n t o f  r e se arch e ng i n eers a n d  i s  i l l u s t r a ted i n  Ta b l e  4 5 . 
The f i r s t  se t o f  the s even pros pe c t s  i s  the b a s e  c a s e , t he s eco nd 
i s  the ad vanced case . Th e n umber o f  prospe c t s  d r i l l ed each ye ar 
for the 2 0 -ye ar d eve l opment progr am is s hown i n  the f ir s t  t hrough 
2 0t h  c o l umn s .  The r e  is an ove r l ap o f  base c ase and ad van c e d  case 
a f ter the f i fth ye ar but the base c a se i s  no t used a f te r  the l Oth 
ye ar in th i s  e x ampl e .  The n umber o f  prospe c t s  d r i l l ed i n  a fo rma
t ion i s  the s um of base and ad vanced prospe c t s . 

Tabl e  4 6  i s  a s ummary o f  the n umber o f  pro s pec t s  d r i l l ed a nd 
the number o f  we l l s req u i red in th i s  pl ay . Th e annu a l  d r i l l ing 
schedule is shown in Tabl e  4 7 .  In a scenar i o , the n umbe r  o f  wel l s  

1 0 2  
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TABLE 43 

Examp l e  of Stacked Format i on s  -- P i ceance B a s i n  

Before Stack i n g 

Corcoran Cozette Format i on Mesaverde Format i on (Target ) 

I n i t i a l  U l t i mate I n i t i a l  U l t i mate 

Perm. Probab i l i ty Prod. Rate Recovery Prod . Rate Recovery 

(md) of Occurrence < MMCF /Year/We I I  l ( BCF/We l l l < MMCF /Year/We I I )  ( BCF /We l l l --

0 . 3 

0 . 1  o . o6 353 3 . 64 573 1 . 2 0  

o . o3 0 . 22 270 2.  77 735 2 - 1 8  

0 . 0 1  0 . 33 2 1 0 1 - 95 5 1 5 2 . 5 1  

0 . 003 0 . 27 1 4 1 1 - 1 8  359 2 . 20 

o . oo1 o . o9 98 0 . 76 242 1 . 60 

0 . 0003 o . o3 5 7  0 . 42 1 33 0 - 90 

0 . 0001 -- 94 0 . 6 4  

0 . 00003 -- 53 0 . 3 6  

0 . 00001 -
1 . 00 

No . Perm . 

Expected V a l ue of I n i t i a l  Product i o n  Rate = � Pj Oj 1 98 . 5  MMCF/Yr 

Expected V a l ue of U l t i mate Recovery 

j = 1  

No . Perm . 

z Pj Uj = 1 . 8 7 1  BCF 

j =1 

" 

After Stack i n g 

Cor-Coz + Mesaverde 

I n i t i a l  U l t i mate 

Prod . Rate Recovery 

( MMCF/Year/We l l l < BCF/We l l l 

772 3 . 08 

934 4 . 0 5  

71 4 4 . 38 

558 4 . 0 7  

4 4 1  3 . 48 

332 2. 77 

293 2 . 52 

252 2 . 23 



TABLE 44 

W E L L  P R O D U C T I O N S U M M A R Y- - B A S E  C A S E  

P I C E A N C E ,  M E S A  V E R D E  + C O R C O R A N - C O Z E T T E 

G A S  P R O D U C T I O �  ( M M C F I Y E A R I W E L L ) 

K • 0 . 3  0 . 1  0 . 0 3 o . o 1  0 . 0 0 3  0 . 0 0 1  o . o o o 3  o . o o o 1  o . o o o o 3  o . o o o o 1  < MD l  
Y E A R  

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

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

f-' 5 1 3 2  1 9 9  2 1 3  1 8 5  1 5 2  1 2 1 1 1 0  9 7  
0 
""" 

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

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

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

3 0  3 9  4 4  5 9  6 9  6 6  5 4 4 9  4 5  

3 0 - Y E A R 
C U M M . 
P R O D . 3 0 7 9  4 0 3 0  4 3 8 9  4 0 6 9 3 4 8 0 2 7 6 9  2 5 1 9 2 2 3 0 

t M I'I C F ) 



} 
3 
It 5 
b 
l 
9 n 

H 
1-' 
0 
Ul 

1 
2 3 4 
5 
6 7 (I 
9 

l� u 

Y E AR O F  D E � E L � P M E N T 

L O C A T I ON OF P R O S P E C T S - -

po 1 p2 3 0 2  5 2  
l l v 3 1 5 2 
1 1 04 1 5 2  
plr 5 1 5 2 
3 06 1 5 2  

1 3 0 7 1 5 2  
pop 5 2  3 0  2 5 2  
t 3 0 3 2 5 2  1 0 1t2 5 2  
3 0 5 2 5 2  

po 6 2 5 2  
3 07 2 5 2 

C A S E  

1 3 0 1 1 5 2  
l 3C. 2r Z 
1 3 0 3  5 2  1 3 0 4  52  H C.  5 5 z 
1 3 0 6 1 5 2  
uon5 z  
1 30 52 rO Z 2 5 2  
3 0 3 2 5 2  
3 0it 2 5 2  

1 3 0 5 2 5 2  
B8�H� 

C O� C � R A � - C O Z E T T E  P · f l  U N I O N 5 .  
M E $ A  � E R D E  8000 F T  1 5 .  
C OR - C J Z + M E S A  V E R D E  1 5 .  � ·  U N I O N t ME S A  ME R D E  f 5 •  

U N ! O N t C  R . C  l 5 .  
L U W E R  C R El t J U R A S S I C 1 5 .  
C UK C O � A H - O Z E T T �  1 5 ,  f T U N i O N 5 ,  
H E S A  � � K D E H O O O  F f  1 5 .  
C O R - C J6 t � E S A  V�R D E  1 5 ,  
F ! U ld N t ti E S A E R D"E 15 , 

U N I N + C O R - C O Z  1 5 ,  r W E R  �K E T + J U R A S S I C  1 5 ,  

L O C A T i u N O F PROS P E C T  

C G R C O R A N - C O Z E T T E  1 5 ,  f l  U N I O N 1 5 .  tl S A  � E K D E  o O O O  
Fl f g •  C O R - C J6 t M E S A  V E R D  , f !  u N l  N t M E S A  V E R D E  1 5 ,  

f UN I O N + C U R , C O 1 5 ,  l W E k  C R El t J U R A � S I C 1 5 ,  
C O � C O K A N - O Z t T T E  5 ,  ��  U N I O N  5 , 

S A  V E k O E  8000 
Fl f 5 • C O M - C J Z + M E S A  V E R D  5 ,  f ! U N I O N t M E S A  V E R O E  i 5 ,  

U N I O N +  0 · - , [ W E R  C M E � t � U��� S I C  � '  

� 

TABLE 45 

SC E NAR I C  1 2 0  Y E A R D E V E L O P M E N T  P R O G R A M  

s . o o 5 . 00 5 . 0 0 
5 . 00 
5 . 0 0 
5 . 00 
5 , 00 
5 . 00 
5 . 00 
5 . 00 
5 , 00 s , o o 5 , 00 
5 , 00  

!) , 00 
5 . 00 
5 . 00 5 . 00 5 , 0 0 
5 , 00 
5 , 00 
5 . 00 
5 , 0 0  
s . o o s . o o s . oo 
� : 88 

1 z 3 It 5 b 7 8 q 

A l a It a t 3 f 0 
1 0 1 

1 2 3 It 5 It It 3 3 � 2 2 3 � It 3 2 1 
l 2 z It l i l 1 2 3 2 

0 0 � � A 2 z 2 1 
8 8 8 l l 1 0 
0 0 0 0 0 0 t 3 It 
0 0 8 8 0 0 3 3 0 0 0 0 1 1 
0 0 0 0 0 A l I ! 0 0 0 q 0 

TABLE 46 

S U M M A R Y  OF W E l l  R E QU I R E M E N T S  

HO , P RO S P , 

2 1  
3 i  2 3  1 9 u 
2 0 
8 Z  
g 
H 

------W i l DCA
� �E l l S ------

PROD ,  R TOTAl 

9 1 1  2 0  2 2 It u 1 6  3 0  
8 2 2  
8 1 8  

6 fl H zl  
9 A9 j8  t,) " �  � t !I Z it  

H 

1 0  1 1  1 2  1 3  

0 0 0 0 
0 0 0 0 
2 0 0 0 
1 0 0 0 
A 0 0 

8 0 0 
1 0 0 0 
1 i l i 
" 5 5 6 
3 f � � 1 
1 1 1 1 
3 3 3 

� I C  s u  �p s  
R A  0 

· " 8 . 4 7 
. 't 6 . 6 5  
. 5 7 
. 5 2 
. 3

1 • 
5 

, lt 7 
· " � , 6  . It a 
, 5 2 . 3 1 

lit 1 5  1 6  1 7  1 8  1 9  2 0  

0 0 0 0 
8 

0 8 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

8 8 8 8 8 8 0 
0 0 0 0 0 0 i i � i i i i 
b 8 8 8 8 l I � � � � ! 
1 0 ! 0 l 0 3 3 3 � 

- - - D E V E l OP " fiN T  WE L L ,----P ROD , RY OUL 
5 7 l it  11  39 9 '3�� Z
�f 

bO 
1 1  H 2 7  6 

Zb  6 H u u 
2 2 3  5 5  2 7 !1  
9 8 1  zu 1 2'a Ji zU ttl 

z �  
3 1  

II II 

!�H� 
91 5 2  3H u · If! 

z I 



....... 
0 
0"1 

P R O S P E C T  
1 C O�COR 4N-C O Z E T T E 1 5 .  2 F T  UN I O N  1 5 .  
3 H c S A  V E R D E  6 0 0 0  F T  1 5 .  

� �9�u� ?���� � � A VQ � �&E l � :  
6 F T  UN l ON t CO R . C O Z  1 5 .  
7 � O � � R � R E l + J Uk A S S I C  1 5 .  
8 U �  U R  N- O Z E l lE 1 5 .  
9 F T  Ul'l 1 0N  1 5 .  

1 0  H E S A  V E RDE  6 0 0 0  F T  1 5 , 
1 1  C OR- C O Z + H E S A  V ERDt  1 5 .  
12 F T  UN l ON+H E S A  Ve RDE 1 5 .  
1 3  F �  UN l O N +COR-C O l  � � ·  't L � t �  C R E T + JU�A l S I C  • 

Y E AR 
5 . 0 0 
5 . 0 0 
5 . 0 0 
5 . 0 8 5 . 0  
5 . 0 0 
5 . 0 0 
5 . 0 0 
5 . 0 0 
5 . 0 0 
5 . 0 0 
5 . 0 0 � . oo . oo 

TOTAL WELLS COMMITTED IN EACH YEAR 

1 2 
4 4 
0 1 0  

1 0 2 1  

a l 
3 3 
0 0 
0 0 
0 0 0 0 
0 0 
0 0 
0 0 
0 0 

2 0  4 7  

TABLE  47 

Ann u a l  Dri l l i ng Commi tment  Schedu l e  

3 " 5 b 7 8 9 1 0  

1 3  l l 
1 7  1 3  1 3  8 0 0 

0 0 1 0  0 1 0  1 0  0 
3 2  4 3 5 3  't3 p 3 f 3 2  2 1  

� 1 g 1 4  H g I ] 
8 2 

3 7 1 0  7 3 3 3 0 
8 8 8 1� 1 � 1 �  g B 
0 0 0 5 
0 0 0 0 1 4 1 4  1 4  1 4  0 0 0 0 1 5 't7 6 3  6 3  
0 0 0 0 3 9 9 9 
0 0 0 0 .It 't 4 4 
0 0 0 2 2 z 2 z 
0 0 0 0 6 1 2  1 2  1 8  

6 8  1 0 0  1 1 0  1 1 6  1 3 9 1 7 1  1 6 7  1 49  

1 1 1 2  1 3  l't 1 5 1 6  1 7  1 8 1 9 2 0  

0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 ('\ 0 0 
0 0 0 0 0 0 0 0 0 0 
0 8 0 8 8 8 g 8 8 & 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 (} .� 1 � 1 3  u u 1 3  1 3  1 3  1 3  1 1  

1 4  lit 2 9  2 9  2 9  2 9  29 2 9  
7 9  7 9  H 9 5  1 2 7  1f1 

1 f! 1 f 1 
1 2 7 1 2 7  

9 1 2  1 2  1 2  1 2  1 2  
4 9 9 9 9 9 9 9 1 'o  1 4  
2 2 2 2 0 2 0 2 � 0 2 

1 8  1 8  1 8  1 8  1 8  1 8  1 8  2 5  2 5 

1 3 9  l't 7  1 6 3  1 6 3  2 0 8  2 1 0 2 0 8  2 1 7  2 20 2 2 2  



f o r  wh i c h  funds are c ommi t ted i s  l i s ted . Th i s  n umber c on s i st s  o f  
the w i ldca t s  d r i l l ed in  tha t  ye ar plus d eve l o pmen t  we l l s t o  b e  
d r i l l ed i n  the f u t ur e . S im i l arly , i nv e s tme n ts cons i s t o f  c ap i ta l  

and e xplora t ion e xpen se in  that ye ar a nd c ommi t ted t o  b e  s pe n t  i n  
t he f u t ur e  fo r produc i ng the r e serve s d i sc ove r ed . Re se rve add i 
t ions are c r ed i ted in the ye ar the prospec t  i s  d r i l l ed . Inve s t
men t  req u i reme n t s  and re serve ad d i t io n s  a r e  tabu l a ted i n  Tab l e  4 8 .  

TABLE 4 8  

I nves tment Requ i rements  Comm i t ted a nd Re s e rve Add i t ions 

Inve s tme n t  Ga s Re se rve s Cumu l a t ive 
Year ( MM $ ) Added ( BC F ) Gas Re s e rves 

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

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

3 , 7 4 1 . 1 To ta l 
Inve s tmen t  

Ta b l e  4 9  i s  a s ummary o f  c ash fl ow and annual  produc t io n  b a se d  
on the scenar io . Na t ur a l  gas  l iqu ids  are recovered from t h e  pro
d uc t io n  and tabul a ted sepa r a te ly .  The amoun t pe r m i l l ion cub i c  
fee t  was s uppl i ed by t h e  geolog i s t s . The n a t ur a l  g a s  l iq u id s e l l 
i ng pr i c e  i s  se t a t  5 . 8 t ime s t h e  gas  pr i c e  ( i n thi s c ase , $ 2 9 . 0 0  
pe r b ar r e l ) .  

The 6 9 -ye ar pro j ec t l i fe s e ems l o ng a t  f ir s t  g l a nc e . The no r 
m a l  l i fe o f  a we l l  i s  3 0  ye ars . However , a pro s pe c t  i n i t i a te d  i n  
the 2 0th ye ar may h ave d eve l opment we l l s c om i ng o n  s tre am 1 4  ye ar s 
l a te r .  Th us , t he e n t i r e  pro j e c t  has a l i fe e xpe c tancy o f  6 4  ye a r s . 
The pro j e c t  e nds whe n  opera t i ng e xpen se s e x c e ed reve n ue . 

F in a l ly , Tab l e  5 0  l i s t s  the pro f i t  i nd i c a to r s  for t he sc e 
nar io . The se are based o n  an analy s i s  o f  the sc enar io c as h  fl ow 
s tre am a nd are no t aver age s from the i nd i v i d u a l  fo rma t io n  
i nd i c a tors . 

1 0 7  



TABLE 49 

Cash F l ow and Producti on Summary 

o\ NN U A l  C UIIUL , A N N U A L  C U IIU l o A N N U A L  
C A S H  F � UW C AfH F L O II  N Gt P K O D N  NG\ P � �DN GAS P R OD N  

YE U 1 11 r a  HrU I H 11 8 1 H II B  I B C F I 
---- ----- ----- ------- - - - -- ------ - - - ---- - - -- - - --- - - -- - -1 - .  07 1 3 - . 0 7 1  J o . oooo o . oooo o . oooo 2 -! · ! '�2� :� : fUl  8 : 8888 o . oooo o . oooo l - • l 'o  o . oooo O , OGOO 4 - 6 . 3'182  - l Z . 0 '1 6 5  . 0 2 1 2 , 0 2 1 2  1 . 2 0 5 5 5 -II . H �II -! 8 . 8 5 2 1  . o 1yo , ! 001 � . H i ll  6 - 2 . 9 6 1 3  - 1 , 8 3 H . 1 7 4 . z  7 1  , 8 7 06 7 5 . 5 7 5 1  - 1 6 , 2 58 1 , 3 0 36 , H5 2  1 7 . 6662 8 u · �'l6l  , . H 8 1 , 4 7 10 J : 9 iH U: �U8 9 • '1 9 7  4 • 2 3 7 9  . 66 0 1 0  5 5 , :'> 4 11 5 9 6 , 7 8 6 3 . a H 9 . 5 8 7 0  5 0 . '10 4 0  H tiC. . l 'o C, 9  p �> . 9 1 6 3  i · P 36 1.  pot. 6 5 , 5 J6b 106 . 1 1 3 6 6 3 . 0 4<";8 • 0 9 3 !i .  2 9 9  eo . �  oq 1 3  1 3 5 . 6 2 1 7 4 1 8 . 6 7 1 5  1 . b ll u0 6 . 80 99 9 5 , 7 66 6 

H \ s 9 .  p1�  H� :H �� � . 90 5'o 1 & :U � �  l 9� : UB b 4 ,  8 '1  . 1 2 9 5 
1 6 2 u t� .  5 l l t�  '1 7 1 .  7 'o 7 2  2 .  3 4 9 9  1 3 . 1 9 'o 6  1 3 5 . � 58 7 
u 2 3 2 . 0 4 1 5  f 2 0 l . 78 tl� 

!
• 5

] 5 2  
1 5 . 76 9 8  1 4 9 . 1 6 5 8 2 5 5 . 6 3 0 3 4 5 9 , 6 1 '1  , b 011 1 8 . 5 9 0 4  u 3 . � 9 4 3 1 9  2 8 2 . 8 2 2 6  1 H 2 . H 1 7  3 . 0 6b6 2 1 . 6 7 1 0 8 . 9 69 0 2 ')  3 0 b . 4 1 2 7  2 0 5 0 . 11 5 'o 3  l ' 1 4 P p .G266 1H . 09 28 2 1  3 3 8 . 1 0 3 6  2 1 8 8 . '1 5 7 9  , 6 1  3 8 .  6 3 99  2 0 9 . 1 9 6 7  

2 Z  3 7 1 . 5 5 1 H  2 7 6 0 . 50 9 7  3 . 6 7 1 1  3 2 . H 1 0 2 2 3 . 9 3 1 2  2 3  4 2 0 . � � 98 3 1 80 , 9 5 9t 
" · P 3 ! �b obH6 2 38 . 11 7 02 

H � 4 1 . 0 7 '1 5 3 6 2 2 . 0 3 9  � .  5 2  o ,  7 9 7 0  2 37 · " 9 5 8 2 5  � 5 2 . 5 0 b 8  'o O H , 5 � bO  � . 0 1 U 6 H . 8 1 5 7 2 3  , H H8 H 4 3 � · � 5b 0  � 5 1 4 . 3 0 2 0 3 .  7 7 98 � 8 . 59 5 5 2 1 1 . 7 11 36 
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TABLE 50 

Economi c S umma ry 

P R O F I T  I N D I C A T O R S  

D I S C O U N T E D  P R E S E N T  WU R T H A T  1 5 . 0  P C T .  ( H H $ 1 
DC F R A T E  � F  K E T U � N  ( P E R C E N T )  P A Y J lJ T  T I M E  l Y E A I{ S ) 
P R D F I T P f R I N V E S T M E N T ( $ / $ ) 
M A X .  U N R E C U V E K E D  I N V E S T M E N T  l M M $ ' 
N E T C A S H R E C O V E R Y  A F T E K  l A X  M M $  
E X P L u R A T I ON E X P E N D I T U R E  M M $ 
P R O D U C T I O N  I N V E S T M E N T  ( M M $ ) 
T O T A L  I N V E S T M E N T  ( M M $ ) 
O P E R A T  N G  E X P E N S E  C M M $ )  

1 0 9  

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

6 . 8 3  
2 . 8 6 4 

2 1 . 8 3 3 4  
1 0 7 1 3 . 0 1 3 3  

6 1 9 . 9 7 0 3  
3 1 b 3 . 5 3 9 B  
3 7 4 1 . 1 4 9 7 
1 6 0 5 . 5 2 1 5  



Chapter F ive 

PRODUC T ION RATES AN D AD DIT IONS TO ULT IMATE RECOVE RY 

RES ERVES AND RESOURCES 

The prove n  rese rves e s t imated by th e Ame r i c a n  Ga s As s o c i at ion 
f or U . S .  r eg i ons as of De cember 3 1 ,  1 9 7 9 , a re g i ven i n  Table 5 1 .  
These h ave been comb ined w i th the Po tent i a l  Ga s Commi t te e  e s t ima te s 
o f  und i sc ove red gas , mos t ly conve nt iona l , for De cembe r  3 1 ,  1 9 7 8 . 
To these quan t i t i e s  we re added the N PC e s t ima te s  o f  und i scovered 
t igh t gas at a $ 5 . 0 0/MC F  p r i c e . Th e N PC total  o f  t igh t g a s  in  the 
Un i ted States was a s s umed to be 5 0 3  TC F f rom a l l  1 1 3  bas i n s .  Th e 
result ing Table 5 2  i nd i c ates a tota l o f  abou t 1 , 5 0 0  TCF o f  d i sc ov
ered and und i scovered gas ye t to be produced i n  th e Un i ted S tate s .  
I t  ind i cates th a t  3 3  percent of the gas to be produced i s  t igh t 
ga s ,  abou t 7 5  pe rcent o f  wh i ch i s  e xpe c ted to c ome from s ta t e s  
whose ga s po te n t i a l  wa s l a rge ly une conom i c a l  a t  pr i c e s  preva i l ing 
in the pa s t .  

TABL E 5 1  

Reg ional Proven Re serve s *  
( TCF ) 

Sou thwe s t  
Ro ck i e s  
North e rn Gre a t  P l a i ns 
Oth e r  Lowe r 4 8  States  

Ea s tern 
Mid -Con t inent  
We s tern 

Subtotal  
Subto ta l ,  Lowe r 4 8  

States  
Al a ska 

To t a l  

1 0  
2 
6 

*Ame r i c an Ga s As soc i a t ion , December 3 1 ,  1 9 7 9 .  

1 3 6  
7 
2 

1 8  

1 6 3  
3 2  

1 9 5  

Th ese prove n reserve s are comb ined w i th e s t ima t e s  o f  the Poten
t i a l  Ga s Comm i t te e  ( Ta b l e  5 3 ) and the N PC s t udy pa rt i c ipants to 
g i ve the gas  e s t ima te i n  Table 5 2 .  

Table 5 2 ,  wh ich se rve s as the bas i s  for the annu a l  prod u c t ion 
of t i gh t ga s ,  is d i vided into two pa rt s .  One par t ,  data for th e 
appra i sed areas , shows the 2 3 1  TCF eva l u a ted i n  g r e a t  d e t a i l  by the 
s t udy par t i c i pan t s ; the o th e r  par t ,  d a t a  for the e x t rapo l ated 
a reas , shows th e 2 7 2  TCF e x t r apo l a ted by them . Th e e x t rapo l a ted 
areas repre sent  e s t ima t e s  of much l owe r q ua l i ty . 

1 1 1  
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TABLE 5 2  

Economically Recoverable u.s. Gas Resources -- Lower 48 States 
( TC F ) 

Appraised Areas Extrapo lated Areas 
( 1 2 Basin s ) ( 101 Basin s ) 

Proven Reserves ( 12 -31- 7 9 ) *  

Conventional 

Tightt 

Undiscovered Gas Potential 

Land Conventional§ 

Offshore Conventional§ 

Total Conventional 

Tight ( NPC ) ,, 

Total Gas 

Percentage Tight Ga s 

Southwest 

9 

7 

5 4  

54 

22 

92 

2 4  

Rocky 
Mountains 

4 

3 

140 

140 

113 

2 6 0  

4 4  

*American Gas As sociation ( Tables 5 1  a n d  53 ) .  

Northern 
Great P lains 

20 

20 

9 5  

117 

81 

Greater 
Southwest 

119 

268 

114 

382 

100 

602 

17 

tEstimated tight gas portion of January 1, 197 9, AGA estimates of proven reserve s . 
§Potential Gas Committee . 

Other Lower 
48 States 

18 

133 

105 

238 

172 

4 28 

40 

Total 
( 113 Basins ) 

151 

12 

615 

219 

834 

503 

1, 500 

33 

,!At· $5 . 00/MCF ( January 1, 19 7 9, do l lar s ) ,  a 15 percent rate of return, and advanced techno logy and fie ld rule s .  



TABLE 5 3  

U l t imate u. s. Gas Prod u c t i o n  E s t i ma te 

C l a s s  of Gas 

Cumu l a t ive Produc t io n  
Proven Re serve s 

S ubto t a l  

Pote n t i a l  ( Und i scove re d ) 
Supply 

Probable 
Poss ible  
Spe c ulat ive 

Subto t a l  

Total  

Amoun t 
( TCF ) 

5 7 3  
1 9 5 *  

7 6 8  

1 9 9  
3 9 9  
4 2 1 

1 , 0 1 9 t 

1 , 7 8 7  

Source o f  
E s t imate 

AGA 
AGA 

Pote n t i a l  
Gas 
Commi ttee 

Date  of  
E s t imate 

De cembe r 3 1 ,  1 9 7 9  
Dec embe r 3 1 ,  1 9 7 9  

Dec embe r 3 1 ,  1 9 7 8  

* 5 . 7  b i l l ion barre l s  o f  natural gas  l iq u i d s  i n  add i t io n . 
t l 8 5  TC F i n  A l a s ka and o f f shore . 

EXPLORAT ION AN D PRODUC T I ON SCENARIOS 

A set of scenar ios has been wr i t te n  fo r t igh t gas prod u c t ion 
i n  the 1 9 8 0 - 2 0 0 0  per iod . Th ese scena r i o s  o f  gas  prod u c t i o n  are 
attemp ts to s imu l a te the act ions of the ga s i ndu s try in deve lop ing 
the t i gh t gas r e s ource s .  

The gas indus t ry has s evera l par ts wh i ch i n te r a c t  to d e te rm i ne 
how much , gas w i l l  be produced each ye ar . Th ey i nc lu d e : 

• Th e cons ume rs who u s e  ga s ( e . g . , i n  the i r  f urnace s , e tc . ) 

• Th e compan i e s  th a t  d i s tr i bu te gas  loc a l ly 

• Th e p ipe l i ne compan i e s  that b r i ng gas  f rom t h e  f ie lds to the 
town s and c i t i e s  

• The g a s  a n d  o i l  ope rat i ng compan i e s  th a t  f i nd a n d  produce 
the gas 

• Th e suppl i e rs who f urn i sh ma ter i a l s  and s e rv i ce s  

• Th e bank s  that f i nance i nve s tme n t s  temporar i ly through l oans 

• Th e i nve s tors who f ur n i sh permanent  cap i t a l  to the 
compan i e s  

1 1 3  



• Th e var i ou s agen c i e s  of the governme n t  who t ry to mod i fy the 
ma rke t i n teract ion of the other parts  to me e t  the i r  gove rn
me n t ' s  ob j e c t i ve s  

Some ma j or i n f luences  and constra i n t s  wh i ch a re a res u l t  o f  th e 
i nteract ion of the s e  parts  have been s tud i ed i n  t h e s e  s c e n a r ios . 
The u s u a l  re l a t ion s h ips among the parts o f  the i n du s t ry are d i s 
rupted and l e s s  e f f i c i e n t  a s  the indu s try t r i e s  to re spond to 
thre a ts to the cont i n u i ty o f  e ne rgy s upp l i e s  and the t r an s i t io n  to 
n ew e ne rgy sou r ce s .  Th e s e  i n f luences  are cons i d e red ma i n ly as they 
focus on the gas ope r a tors a s  a group and th e i r  ind i v i d ua l re a c 
t ions t o  t h e  sh i f t i ng s i t ua t i on . 

The scenar i os answe r  some que s t ions of n a t ional impo r t ance : 

• Wi l l  h ig h e r  g a s  pr i ce s  cause total u. s. g a s  prod u c t ion to 
i n c re as e ?  Or w i l l  it cause it to d e c l i ne more s l owly than 
it  wou l d  w i thou t t igh t g a s  produc t ion ? 

• Wi l l  h igher p r i c e s  cause  large r re s e rve s to be come ava i l ab l e  
to ·mee t  f u t ure U . S .  f u e l  ne ed s ?  

e· W i l l  better  techno l ogy cause larger r e s e rv e s  to be c ome 
ava i l ab l e  to me e t  f u ture u. s. fue l needs ? 

• W i l l  ch ange s i n  p ipe l i ne locat ion and capac i ty b e  needed to 
d e l i ve r  t i gh t  g a s  to the con s ume r ?  

• Wi l l  d r i l l i ng t igh t gas we l ls d ive r t  too muc h  e f f o r t  f rom 
d r i l l i ng conve n t ional gas we l l s ?  

• Wi l l  bank s  and inve s tors be able t o  s upply the c ap i t a l  
i nve s tme n t  needed f o r  s ig n i f i cant l e ve l s o f  t i gh t g a s  
produ c t ion? 

• W i l l  there be a s u f f i c i e n t  numb e r  of g e o l og i s ts ,  g e ophys 
i c i s t s ,  a nd geoch emi s t s  t o  locate the n umbe r  o f  n ew t i gh t 
g a s  prospe c t s  needed e a ch ye ar? 

• How w i l l  i nd i v i d u a l  ope rators be mo t ivated to accept a new 
mas s i ve f ra ct ur i ng technology ?  Wha t  w i l l  g e t  t h em s tarted 
mak i ng inve s tme n t s  i n  d e ve lop ing the t igh t gas resource ? 
( Mos t geolog i s t s  con s i d e r  i t  noncomme r c i a l  g a s  and be l i eve 
the r i sk s  are too great to deve lop i t . ) 

Th e i nd i v i d u a l  ope ra tor mu s t  ask h ims e l f several  q ue s t i on s  
abou t e n te r i ng a t i gh t gas pl ay . S i nce t h e r e  are large d i f ferences  
i n  the s i z e s  of operat ing compa n ie s , the answe r s  w i l l  not  be the 
s ame for all  c ompan i e s . 

• W i l l  t i gh t gas rema i n  a re source for a f ew c ompan ie s  unt i l  
the techno logy i s  s tandard i z e d ?  

• Do f avorable locat ions e x i s t  wh ere many c omp a n i e s  coul d  
e n te r  t i gh t g a s  p l ays o n  a l ow r i s k  b a s i s ?  

1 1 4  



• W i l l  ind i v i d u a l  ope rators be ab l e  to s e l l  the i r n ew gas  to a 
p ipe l i ne w i thou t seve ral  years ' d e l ay ?  

• Wh a t  pe rcentage of e xp l orat ion we l ls s hou l d  b e  d r i l le d  i n  
/ t igh t gas area s ? 

• I s  the prof i tab i l i ty great en ough for the r i sks i n vo l ved ? 

• Can i nves tors be a t t ra c ted to f i nance a t i gh t gas pl ay ?  

• Can leases  b e  a cqu ired i n  t igh t gas areas  o f  supe r ior 
prof i tab i l i ty ?  

Th ere are abou t 6 , 5 0 0  operators i n  t h e  Un i ted S t ates  who f i nd 
and pro duce petro l e um i n  th e 1 1 3  bas i ns and prov i n c e s  i n  the Un i ted 
States that produ c e  gas . Th e number o f  g a s  exploratory we l l s in
creased from abou t 2 , 0 0 0  pe r year i n  1 9 5 0  to abou t 6 , 0 0 0  in  1 9 7 8 ,  
and may be as g r e a t  as 1 0 , 0 0 0  i n  1 9 9 0 . 

Many e xplorat ion de c i s ions are be i ng mad e  e a ch year , a nd e a ch 
i s  mad e w i t h i n  the l imi ts o f  the re sources and oppor t un i t i e s  o f  
each ope rator . He w i l l  h ave a n  i nventory o f  l e a s e s  ava i l ab l e  and 
w i l l probab ly make h i s  cho i c e  o f  a d r i l l able  gas prospe c t  f rom 
among them . If h i s f i nanc i a l  resou r c e s  are sma l l  he w i l l  tend to 
dr i l l  l ower cos t ,  shal l ow we l l s or recomple te o l d  we l l s i n to t i gh t 
gas zone s .  I f  he h a s  l e s s  ava i l able technology h e  w i l l  t e nd to 
avo id t i gh t  gas prospe cts requ i r i ng mas s i ve f ra c t ures and greate r 
r i sks . 

Th e tech n i c a l  r i sk o f  try i ng to locate a good p e rme a b i l i ty 
strat igraph i c  trap and s uc c e s s f ul ly f ra c t ur i n g  the we l l s i s  g r e a t e r  
t h a n  t h e  r i sk o f  a we l l  on a conve n t ional s e i sm i c  s truc ture . 

An other me as ure of r i sk i s  the pe rcentag e  o f  d r i l led prospe c t s  
that a r e  pro f itable a t  the go i ng gas  pr i c e . Tab l e  5 4 , a c ompa r i so n  
f rom t h e  e conom i c s  o f  the C o t ton Va l ley t re nd , i l l u s t rate s  t h e  de
g ree to wh ich pr i ce r e d uc e s  r i s k : ope rato r s  w i l l  tend to  d r i l l  in  
locat ions where the r i sk s  of unprof i t able prospe c t s  are sma l le r .  

A t h i rd me a s ure o f  the ope ra tor ' s  r i sk i s  a comp a r i so n  o f  the 
resources ava i l able  to c ompan i e s  w i th the resources  requ i red by 
t igh t gas plays . Not a l l  ope r a tors can a f ford to d r i l l t igh t gas  
prospe c t s . 

An e s t imate o f  the n umbe r o f  o i l  and gas  w i ld ca t  we l l s  d r i l l e d  
annu a l ly d u r i ng the 1 9 7 0 ' s  by ope ra tors o f  va r i ou s  s i z e s  i s  s hown 
in Tab le 5 5 .  Th i s  e s t imate s upports the i d e a  th a t ,  in the e a r l y  
years of t igh t gas  deve l opme n t , t h e  mo re tech no l og i c a l ly o r i e nted 
la rge r ope rators w i l l  be the f i r s t  to use mas s i ve f ra c t ures in 
the ir gas prospe c t s . Some ope rators don ' t  d r i l l  a s u f f ic i e n t  num
ber of we l ls to r i sk a large percentage of the i r  e xplorat ion bud g e t  
o n  a new ide a .  
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E a ch a c t ive operator w i l l  e xami ne the oppo r t un i t ie s  w i th i n h i s  
area o f  ope rat ion to see  i f  each o f  the fol l ow i ng c r i te r i a  i s  me t .  
F ig u r e  2 5  i l lu s trates the log i c  proce s s . I f  he h a s  a re ady ma rk e t  
o r  ne e d s  t o  replen i sh h i s  dec l i n i ng g a s  re s e r ve s ,  he may bud ge t  
s ome t igh t gas  exp e nd i t ures for the next ye a r . Are a s  w i l l  be 
s e l e c ted that h ave a va i lable p i pe l ine capac i ty .  He may h a ve a 
we l l ,  n o  longe r produ c t ive , that cou l d  be recomp l e ted i n  a t igh t 
gas s and . I f  d r i l l i ng r igs a re ava i lable  i n  the s e  a re a s , h e  w i l l  
a l locate some o f  h i s  cap i ta l  resou r ce s  to the t igh t ga s e xp l or a t ion 
pl ay . As geolo g i c a l  evaluat ions are mad e , e s t i ma t e s  o f  p ro f i tab i l 
i ty a nd r i sk w i l l  be mad e  for prospe c t s  w i th i n the bas i ns h e  has 
chose n . The re s u l t  o f  th i s  wo rk w i l l  be a l i s t  o f  prospe c t s  f rom 
wh i ch a por t fo l i o  of w i l d c a t  locat ions can be chos e n . 

Pr ice 
( $/MCF ) 

$ 1 . 5 0  

2 . 5 0 

3 . 5 0 

5 . 0 0 

7 . 0 0 

9 . 0 0  

1 2 . 0 0  

S i ze o f  
Ope ra tor 

( Rank Orde r ) 

1 - 1 0 0  
1 0 1  - 2 0 0  
2 0 1  - 4 0 0  
4 0 1  - 1 , 0 0 0  

1 , 0 0 1  - 6 , 5 0 0  

TABL E  5 4  

Re l a t ionsh ip B e twee n  P r i c e  a nd R i sk 
( Co t to n  Va l l ey Trend , Base C a s e ) 

Pe rcen t age Prospe c t s 
Prof i ta b l e  

TABLE 5 5  

O i l  and Gas W i ldcat  We l l s  Dr i l l e d  

E x plorato ry 
O i l  and Gas 

We l l s  Pe r 
Ye a r  Per 
Ope rator 

21 
5 
3 

1 . 7 
0 . 7  

To tal  E x p l o ra tory 
O i l  and Ga s 

We l ls P e r  Ye a r  
for Group 

1 1 6  

2 , 1 0 0  
5 0 0  
6 0 0  

1 , 0 0 0  
3 , 8 0 0  
8 , 0 0 0  

6 

1 8  

2 6  

3 4  

3 4  

4 2  

5 8  

Pe r c e n tage o f  
E xplora tory 

We l l s  Dr i l led 
by Group 

2 6  
6 
8 

1 3  
4 7  

1 0 0  



Geolog i s t s  and inve s tors can f i nd de ta i l s  abou t ba s i n and for
mat i on chara c te r i s t i c s  for 12  bas ins  in the chap t e r s  of Par t  I I  
o f  th is repo rt . Th e ba s i c d a t a  on ne t pay , poros i ty , prod u c t ion 
rate s ,  probab i l i ty o f  s uc ce s s , i nve s tme n t  r eq u i reme n t s , and aver age 
rates of return for 8 2  s ubbas ins  are g i ve n in table s and d i s cu s s ed . 
The economic d a t a  may be u sed to make a rough rank i ng o f  these s ub 
bas i ns and to s e l e c t  the be s t  areas for po te n t i a l  prospe c t s . 

MARKET 

t 
RESERVE 

REPLACEMENT 

t 
P I PELI N E  AVA I LAB IL ITY 

AND CAPACITY 

+ 
R IG  AVA ILAB IL ITY 

t 
CAPITAL AVA ILABI LITY 

J 
DCF SELECT ION f-4---- TECHNOLOGY 

! 
PORTFOL IO OF BAS INS 

t 
CHANGES 

THROUGH T IME  

t 
DR I LL WI LDCATS 
ON PROSPECTS 

F igure 25.  

Tigh t gas is wide spread in favorab le forma t i ons . Econom i c  
t i gh t gas i s  found on ly i n  the bette r  q ua l i ty r e s e rvo i r  rock . Th e 
f i e ld bou nda r i e s  are not s e t  by s truc tural  traps bu t by pe rme ab i l 
i ty and e conomi c s . 

Th e product ion f rom gas we l l s comple ted i n  t i ght sands  i n i t i a l 
ly d e c l i ne s  ve ry rapid ly and then fo l lows a mu ch s l owe r and mo re 
stab i l i zed rate o f  de c l i ne throughou t  the rema i n i n g  pro d uc i ng l i f e  
o f  the we l l .  Table 5 6  i s  an examp l e  wh ich g i ve s annu a l  prod u c t ion 

1 1 7 



TABLE 56 

W f l l  P R O D UC T I ON S U M M A R Y -- B A S E  C A S E  

S A N J U A N #  D A K O T A  

G A S  P R O D U C T I O N  C M MC F / Y E A R / W E L L )  

K • 0 . 4  o . 1  0 . 0 4 o . o 1 0 . 0 0 4  0 . 0 0 1  0 . 0 0 0 4  0 . 0 0 0 1  0 . 0 0 0 0 4  0 . 000 0 1  ' "0 )  
Y E A R  

1 1 3 1  8 6  6 2  3 2  2 0  

2 8 4 5 3 3 5  1 7  1 0  
f-' 
f-' 
00 

5 5 q  3 4  2 3 1 0  6 

1 0  4 6  2 6  1 7  8 5 

1 5  3 8  2 3  1 5  7 4 

2 0  3 1  2 1  1 4  6 3 

3 0  2 3  1 8  1 2  5 3 

3 0 - Y F A R 
C U f'I M . P R OD . 1 3 2 3  8 2 7  5 5 6 2 6 3  1 5 5 

C M M C F ) 



e s t ima te s  from the var i ou s  pe rmeab i l i ty areas i n  the Dako t a  sand o f  
the S a n  Juan bas i n .  Th e perme ab i l i t i e s  range f rom 0 . 0 4 to 0 . 0 0 0 4  
md ; the cumu l a t ive pro d uc t ion i n  3 0  yea rs o f  c on t i n uou s f l ow range s 
f rom 1 5 5  to 1 , 3 2 3 MMCF pe r we l l .  Th e s e  we l ls prod u c e  a t  ve ry l ow 
rate s . I t  wi l l  be ne c e s s a ry to d r i l l  f rom four to 1 2  we l l s pe r 
s e c t ion to re cove r a s ubs tant ial part of th i s  gas . 

Tab le 5 7  s how s how the pe rme a b i l i ty and ne t pay o f  the forma 
t ion a f fe c t  the p r i c e  r eq u i red to prod uce the g a s . The e x ampl e  i s  
for the lowe r q ua l i ty part o f  the Dakota s a nd i n  the S a n  Juan 
bas i n .  The locat ion i s  nor thwe s tern New Me x i c o . 

The aver age pe rmeab i l i t i e s  ( k )  o f  d i f fe re n t parts  o f  the bas in 
range from 0 . 0 4 to 0 . 0 0 0 4  md . Th e number of s e c t ions wi th th e s e  
average pe rmeab i l i t i e s  i s  s hown i n  the f i rs t  co l umn . The n e t  pay 
is g ive n in f e e t  ( h ) a nd the prod u c t  of pe rme a b i l i ty a nd net pay 
( kh ) is e xpre ssed in m i l l idarcy-fee t ( md -f t ) .  As the kh va l u e  
d e c l i ne s , the p r i c e  req u i red t o  br i ng thos e s e c t ions h av i ng the 
next l owe r kh va lue i n to prod uct ion mu s t  i ncreas e . For e x ampl e ,  a 
$ 3 . 1 0/MC F  pr i ce i s  nece s s ary to prod u c e  the gas  from forma t ions 
having a kh o f  0 . 1 5 .  Fo rma t ions h avi ng a kh o f  0 . 4 0 o r  great e r  
cou l d  b e  produ ced a t  $ 2 . 5 0/MC F . Th e 7 5  s e c t ions prod u c t ive a t  
$ 2 . 5 0 woul d  y i e l d  1 4 2  BCF . Re coverab le resources  could  be i n 
c rea sed by 3 2 1 BCF to 4 6 3  B C F  by r a i s i ng the pr i c e  to $ 3 . 1 0 .  Those 
wild ca t s  d r i l led on prospe c t s  i n  the 2 2 5  s e c t ions w i th a kh of  0 . 1 5 
wou l d  now be produ c e r s  ins tead of d ry holes . 

Th e c a l cu l a t ion forms the ba s i s  fo r the pro j e c t ion o f  l a rge 
increases in  gas re sources as pr ice i n c rease s . Tab l e  5 8  i l lu s 
trate s the cons equence o f  e a ch gas pr i c e . Th e f i rs t column shows 
the gas pr i c e . Th e th i rd co l umn shows how the area that is prod u c 
ib le increases f rom 7 5  s e c t ions a t  $ 2 . 5 0/MC F  to 1 , 0 4 0  s e c t ions a t  
$ 9 . 0 0/MCF . Th e f i f th co l umn shows how t h e  recove ra b l e  gas  resource 
i nc reases  ove r 12  t ime s for  the  same pr i ce ch ange . 

Th e ave rage rate of return for a l l  the s uc ce s s f u l  and u n s u c 
ce s s f u l  prospe c t s  d r i l l ed i s  s hown i n  the s e ve n th c o l umn . Th e mar 
g i nal rate o f  return for th i s  case i s  1 5  percent . Any w i l d c a t  we l l  
that would no t make a 1 5  percent rate o f  re t ur n  was cons idered b e 
low the ma rg i n a l  r a t e  of r e t ur n ; i t  wa s th u s  cons i d e red a d ry hole 
and abandoned . The ave r age rate of re turn for a g roup o f  produc i ng 
f i e lds wou l d  natura l ly be h igh e r  than 1 5  pe r c e n t  s i n c e  o n ly the 
poore s t  q ua l i ty f i e l d s  in  the group would make th i s  l ow a r e t u r n . 
As the pr ice r i s es , the proport ion of h igh e r  q ua l i ty r e s e rvo i r  i n 
creases a n d  t h e  ave r age r a t e  of re t urn increa s e s ,  a l th o ugh th e ma r 
g i na l  rate i s  1 5  perce nt . No te that a t  $ 2 . 5 0/MC F , the ave r ag e  rate 
of r e t ur n  was 9 . 6  percen t ;  it  wa s all  be l ow th e mar g i n a l  r a te and 
none of the gas wou l d  be prod u c ed if  the 15  pe r c e n t  ma rg i na l  rate 
we re i ns isted upo n . No te a l s o  tha t a t  a $ 1 2 . 0 0/MC F  p r i ce no add i 
t iona l gas i s  prod u c ed and the r i s e  i n  pr i c e  from $ 9 . 0 0/MC F  o n ly 
increases the ave r age rate o f  re t urn for the s e t  o f  f i e l d s  tha t 
were prof i t able a t  $ 9 . 0 0/M C F . 
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Number of 
Sections 
in Basin 

7 5  

1--' 
N 
0 

1 50 

5 1 5 

3 0 0  

1 48 ---
1 '  1 88 

TABLE 5 7  

Economi cs of the Dakota Formation - - San Juan Bas in , New Mexi co 
Current Technology -- 1 5  Percent DCF ROR 

Effective Gas Net Re servoir Gas Gas Gas Recove ry 
Permeabi lity Pay Quality Price In Place at Prices 

( Millidarcies , k )  ( Ft� ( Md-Ft , kh ) ( $/MCF ) ( BCF/Section ) ( BCF/Section ) 

0 . 0 4 1 0  0 . 4 0  2 . 5 0 2 . 46 1 . 89 

0 . 0 1  1 5  0 .  1 5  3 .  1 0  2 . 95 2 .  1 4  

0 . 0 0 4  2 0  0 . 0 8  5 . 0 0 2 . 9 5 2 . 0 0 

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

0 . 0 0 04 3 0  0 . 0 1 2 > 1 2 . 0 0 2 . 2 1  1 . 3 0 

Percentage Recovery ( Gas Recovered)x 1 0 0  
Gas In Place 

7 7  

7 3  

6 8  

6 4  
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Gas Price 
( $/MCF ) 

f-' 
N 2 . 5 0 
f-' 

3 .  1 0  

s . o o  

9 . 0 0 

More than 
1 2 . 0 0 

TABLE 5 8  

Economics of the Dakota Formation - - San Juan Basin , New Mexico 
( Current Te chnology - 1 5  Percent DCF ROR )  

Incremental 
BCF Produced 

Number of at a Profit Percentage of 
Res ervoir Sections For this Total BCF Wi ldcat 
Quality Productive Reservoir Produced Prospects Average 
( Md-Ft ) at a Profit Quality at a Profit Profitable DCF ROR 

0 . 4 0  7 5  1 4 2  1 4 2  6 . 2  9 . 6 

0 .  1 5  2 2 5  3 2 1 463 1 7 . 6  1 8 . 5  

0 . 0 8 7 4 0  1 ,  0 3 1 1 , 494 5 6 . 2  3 2 . 7  

0 . 0 25 1 ,  0 4 0  3 1 8 1 , 8 1 2  7 6 . 9  5 9 . 9  

0 . 0 1 2 1 , 0 4 0  0 1 ,  8 1 2  7 6 . 9  9 1 . 4  

Gas Resources 
Lost to Use 
at This Price 

( BCF ) 

1 ,  7 6 3  

1 ,  442 

4 1 1 

1 9 3  

1 9 3 



In order to make the se k i nd s  of cho i ce s  f o r  a s c e na r i o  o f  a 
who l e  i n d u s t ry ,  the sch eme d e s cr ibed here i n  wa s fo l l owed . Th e d i s 

counted c a s h  f l ow r a te of return f o r  e a ch s ub ba s i n w a s  cho s e n  a s  

the ma j o r  c r i te r i o n . 

The prospe c t s  to be prove n and f u l ly or pa r t i a l ly d e ve loped 

i n  the f i rs t 2 0  ye ars in e ach s ubba s i n  were s e l e cted as fo l l ow s . 
Prospe c t s  i n  a s ubba s i n  that on average woul d  pro d u c e  a 5 0  pe rce n t  

DCF ROR wou l d  b e  pre f e rred , a nd 4 0  p e r c e n t  o f  t h e  prospe c t s  i n  that 

s ubba s i n  wou l d  be i n i t i a ted in the f i rs t 20  ye a r s . Of the s e , 2 4  

percent wou l d  b e  i n i t i a ted i n  the f i rs t de cade and l 6
.
p� rcent  i n  

the s e cond d e c ad e . Dur i ng the ne x t  c e n t u ry , the rema 1 n 1 ng 6 0  pe r 

c e n t  wou l d  b e  e xp l ored a n d  d r i l led . Th e gu ide l i ne s  for other rates  
o f  re t urn are s h own in  Tab l e  5 9 .  The ad vanced case te chno logy 

phase- i n  schedu l e  for b l anke t and l e n t i c u l a r  s a nd s  i s  shown i n  
Tab l e  6 0 . 

Pe rcent DCF 

5 0  
4 0  
3 0  
2 0  
1 0  

TABLE 59  

Inve s tme n t  Gu id e l i ne f o r  S t and a rd S c e n a r i o  
Pe rcen tage o f  Tota l Prospe c t s  i n  S ubba s i n  

I n i t i ated i n  Th ree T ime Per i o d s  

Y e a r s  l - 1 0  Years l l  - 2 0  Ne x t  

2 4  1 6  
1 2  1 8  

2 1 8  
0 . 5 9 . 5  
0 0 

C e n t ury 

6 0  
7 0  
8 0  
9 0  

1 0 0  

Th e s e  gu ide l in e s  we re u s ed t o  wr i te a s tandard s c e n a r i o  bas ed 
o n  a $ 5 . 0 0/MCF g a s  pr i c e  and a 1 5  percent DC F ROR . Oth e r  sc enar ios  
fo l l ow the s tand ard pattern bu t d i f f e r  i n  pr i ce and d i scount rate s . 
Th e s tandard s c enar i o  for $ 5 . 0 0/MCF a nd a 1 5  p e r c e n t  ROR a nd f o r  
$ 3 . 5 0/MC F a n d  a 1 5  perc e n t  ROR are d i s pl ayed i n  Appe n d i x  E .  

Seve r a l  scenar i o s  h ave been pro v i d ed and are l i s ted i n  Tab l e  
6 1 .  Th e s tandard s c e nar i o  a t  $ 5 . 0 0/MCF a nd a 1 5  percent  ROR a s 
s ume s prod uct ion o f  8 . 3 TC F o f  t igh t g a s  i n  t h e  y e a r  2 0 0 0 ; th e 
h a l f-s tand a rd s c e n a r i o  prod u c e s  abou t h a l f  a s  mu c h , and the tw i ce
s tandard scenar i o  produces  abou t tw i c e  a s  much . 

Scena r i o s  are a l so pro vided a t  pr i c e s  o f  f rom $ 2 . 5 0  t o  $ 9 . 0 0/ 
MCF and s tandard s ce nar i os for 1 0  a nd 2 0  p e r c e n t  ma rg i na l  r a t e s  of 
re t ur n . 

Product ion rates  for the s tandard s ce n a r i o  a t  $ 5 . 0 0/MC F and a 
1 5  pe rcent ROR are g i ven i n  Table 6 2 .  Th i s  scenar i o  prod u c e s  abou t 
2 TCF per year by 1 9 9 0 ,  5 TC F pe r year by 1 9 9 5 ,  and 8 . 3 TC F i n  the 
year 2 0 0 0 . Th i s  s c e n a r i o  prov i d e s  a re ach ab le goa l  for u. s. pro
d uc t ion o f  t i gh t g a s . 
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TABLE 6 0  

Pe rcentage o f  Prospe c t s  
U s i ng Ad vanced Te chnology 

Year B l anket Len t i c u l a r  

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

TABL E  6 1  

Var i a t ions o n  the S tand ard Prod u c t ion S ce n a r i o  

Ga s Pr ice ( $/MCF ) 2 . 5 0 3 . 5 0  5 . 0 0 9 . 0 0 

Ma r g i n a l  DC F 
Rate of Re turn 

1 0 %  St andard S tandard 

1 5 %  Ha l f -Stand ard Standard H a l f - S t and a rd S t a nd ard 
S t andard 

Tw i ce - S tandard 
Re comp l e t i o n  

C a s e  

2 0 %  S tandard 

1 2 3  



TABLE 62 

Standard Scenario 

Year 1981 ( $ 5 . 00 @ 1 5% )  

Percent 
Pro- Production Invest- l'b . Pro- Reserves Reserves Percent 500 'ICF 

duction Cumulat ive rnent spects l'b . Wells Added Cumula- 50 0 'ICF Added to 
('ICF/Yr . )  ('ICF ) ( $  Bill . ) /Yr . /Yr . ('ICF /Yr . ) tive ('ICF ) Produced Reserve 

No . Gr . PlainsjWill . 0 0 . 021 10 67 . 077 • 077 0 0 . 02 

I-' Eastern 0 0 . 215 4 2  391 . 312 . 312 0 0 . 06 N 
"" 

Western 0 0 . 236 52 401 • 3 54 • 3 54 0 0 . 07 

Mid-continent 0 0 . 021 3 55 . 031 . 031 0 0. 01 

Gr . Southwest 0 0 . 18 6  2 9  213 • 363 • 3 63 0 0 . 07 

Rocky Mts .  0 0 . 266 59 269 . 494 . 494 0 0 . 10 - - -- - -- -- -- - --

'Ibtal 0 0 0 . 994 202 1 , 468 1 . 72 1 . 72 0 0 . 3 5  



TABLE 62 (Continued) 

Standard Scenario 

Year 1985 ( $5 . 00 @ 15% ) 

Percent 
Pro- Production Invest- No. Pro- Reserves Reserves Percent SuO 'ICF 

duct ion Cwnulative llEnt spects No . Wells Added Cwnula- 500 'ICF Added to 
(TCF/Yr . )  (TCF ) ( $  Bill . ) /Yr. /Yr. (TCF/Yr. )  tive (TCF ) Prcx::luced l:{eserves 

--

No. Gr . Pla ins/'VVil l . 0 . 003 0 . 004 0 . 243 89 686 0 . 728 l. 774 0 . 00 0 . 3 5  

Eastern 0 . 022 0 . 0 27 0 . 953 187 1 , 792 1 . 499 4 . 166 0 . 01 0 . 83 

1-' 
N Western Ul 0 . 028 0 . 036 0 . 401 94 6 51 0 . 630 2 . 127 0 . 01 0 . 4 3 

Mid-continent 0 . 002 0 . 002 0 . 080 17 238 0 . 140 0 . 468 0 . 00 0 . 09 

Gr . Southwest 0 . 025 0 . 036 0 . 387 55 419 0 . 783 2 . 765 0 . 01 0 . 55 

Southwest 0 . 008 0 . 010 0 . 3 54 48 315 0 . 741 1 . 705 0 . 00 0 . 34 

Rocky Mts . 0 . 076 0 . 102 0 . 797 180 799 1 . 556 5 . 3 26 0 . 02 1 . 07 

-- -- -- -- -- -

Total 0 . 164 0 . 217 3 . 565 670 4 , 900 6 . 077 18 . 331  0 . 05 3 . 660 



TABLE 62 (Continuerl) 

Standard Scenario 

Year 1990 ( $5 . 00 @ 15% ) 

Percent 
Pro- Production Invest- No. Pro- Reserves Reserves Percent 500 'K:F 

duct ion Cwnu1ative rnent spects No . We1 1s Added Cumula- 500 'K:F .Added to 
(TCF/Yr. ) ('K:F )  ( $ Bill . ) /Yr. /Yr .  ('K:F /Yr . ) tive ('I'CF ) Produced Heserves 

No. Gr . Plains/Wi11 .  0 . 126 0 . 289 0 . 518 321 996 1 . 387 8 . 313 0 . 06 1. 67 

I-' Eastern 0 . 3 50 0 . 949 1 . 565 132 2 , 676 2 . 470 14 . 695 0 . 19 2 . 94 
ry 
m 

Western 0 . 220 0 . 680 0 . 785 171 1 , 085 1 . 114 7 . 199 0 . 14 1. 44 

Mid-continent 0 . 0 27 0 . 074 0 . 132 28 318 o .  250 1 . 487 0 . 01 0 . 30 

Gr . Southwest 0 . 257 0 . 720 2 . 443 288 2 , 621 5. 4 3 5  18 . 326 0 . 14 3. 67 

Southwest 0 . 201 0 . 476 0 . 6 94 78 626 1 . 477 8 . 723 0 . 10 l. 74 

Rocky Mts . 0 . 589 1 . 949 1 . 441 256 1, 081 0 . 274 15 . 205 0 . 39 3 . 04 
-- --

Total 1 .  770 5 . 137 6 . 953 1, 274 9 , 40 3  12 . 407 7 3 . 948 1 . 03 14 . 53 



TABLE 62 (Continued) 

Standard Scenario 

Year 1995 ( $5 . 00 @ 15% ) 

Percent 
Pro- Production Invest- No. Pro- Reserves Reserves Percent 500 'ICF 

duction Cwnulative ment spects !:b. Wells Added Cumula- 500 'ICF Added to 
('K:F/Yr . ) ('ICF )  ( $  Bill . ) /Yr . /Yr. ('ICF/Yr . )  tive ('ICF )  Produced Reserves 

No . Gr . Plains/Will . 0 . 443 1 . 866 0 . 674 266 1 , 343 1 . 777 16 . 691 0 . 37 3. 3 3  

I-' Eastern 0 . 833 4 . 256 0 . 7 63 155 1 , 110 1 . 445 21 . 695 0 . 85 4 . 34 
N 
-.J 

Western 0 . 479 2 . 676 0 . 571 74 571 0 . 712 10 . 617 0 . 54 2 . 12 

Mid-continent 0 . 0 71 0 . 3 35 0 . 111 24 197 0 . 227 2 . 562 0 . 07 0 . 51 

Gr . Southwest 1 . 610 5 . 461 3 . 475 408 3 , 194 7 . 709 54 . 257 1 . 09 10 . 85 

Southwest 0 . 552 2 . 572 0 . 543 58 476 1 . 133 1 5 . 161 0 . 51 3 . 0 3  

Rocky Mts . 1 . 191 6 . 676 2 . 184 313 1 , 509 2. 961 28 . 978 1 . 34 5 . 80 
-- -- -- --

Total 5 . 229 23 . 842 8 . 321 1 , 298 8 , 400 16 . 014 149 . 961 4 .  77 29 . 98 



TABLE 62 (Continued) 

Standard Scenario 

Year 2000 ( $5 . 00 @ 15% ) 

Percent 
Pro- Product ion Invest- No . Pro- Rese rves Rese rves Percent 500 'ICF 

duction Cumulative ment spects No . Wells Added Cl.llnula- 500 TCF Added to 

(TCF/Yr. ) (TC:F ) ( $  B ill . ) /Yr . /Yr .  (TC:F/Yr . )  t ive (TCF) Produced Reserves 

No . Gr .  Pla ins/Wil l . 0 . 778 5 . 079 0 . 663 205 1295 l .  770 25 . 639 1 . 02 5 . 13 

f--J Eastern 0 . 975 8 .  811 0 . 824 163 1185 1 . 5 63 29 . 287 l. 76 5 . 86 
N 
CXl 

Western 0 . 524 5 . 178 0 . 571 74 571 o . 712 14 . 177 1 . 04 2 . 84 

Mid-Continent 0 . 114 0 . 823 0 . 082 24 157 0 . 183 3 . 658 0 . 17 o .  73 

Gr . Southwes t 3 . 373 18 . 954 3 . 153 389 2696 7 . 17 2  92 . 265 3 . 7 9  18 . 4 5 

Southwest 0 . 757 6 . 007 0 . 543 58 476  1 . 133 20 . 825 1 . 20 4 . 16 

Rocky Mts . 1 . 772 14 . 448 2. 113 309 1545 2 . 676 43 . 206 2 . 89 8 . 64 
-- -- -- --

Total 8 . 29 3  59 . 300 7 . 949 1222 7925 1 5 . 209 229 . 057 11 . 87 4 5 . 810 



�LE 62 ( Continued ) 

Standard Scenario 

Year 2005 ( $ 5 . 00 @ 1 5% )  

Percent 
Pro- Production Invest- � . Pro- Reserves Reserves Percent 500 TCF 

duction Ct.nnulative rnent spects � . Wel ls Mded Ct.nnula- 500 TCF Mded to 

� 
('ICF/Yr . )  (TCF ) ( $  Bill . ) /Yr . /Yr . (TCF /Yr . ) tive (TCF ) Produced Reserve 

No . Gr . Plains/Will . 1. 09 9 . 89 1 . 41 445 2 , 879 3 . 55 40. 14 1. 98 8 . 03 

f-J Eastern 1 .  24 14. 33 2 . 89 473 3 , 867 4 . 83 48. 09 2 . 87 9 . 62 
N 
1..0 Western 0 . 60 8 . 01 1 . 09 173 1, 232 1 . 45 1 9 . 83 1 . 6 3 . 97 

Mid-Continent 0 . 14 1 .  48 0 0 0 0 3 . 66 0 . 30 0 . 73 

Gr . Southwest 3. 85 3 8. 68 0 0 0 0 92 . 26 7 . 74 1 8 . 4 5  

Southwest 0. 77 10. 02 0 0 0 0 20. 83 2 . 0 4 . 17 

Rocky Mts .  2 . 14 24 . 43 3 . 56 571 2 , 818 4 . 44 61 . 66 4 . 89 12 . 33 
-- -- -- -- -- --

Total 9. 83 106. 84 8 . 95 1 , 662 10, 796 1 4 . 27 286 . 47 21. 38 57. 30 



TABLE 62 (Continued ) 

Standard Scenario 

Year 2010 ( $ 5 . 00 @ 1 5% )  

Percent 
Pro- Production Invest- No . Pro- Re serves Reserves Percent 500 TCF 

duct ion Cumulative ment spects No .Wells Added Cumula- 500 TCF Added to 
(TCF/Yr . ) (TCF ) ( $  Bill . ) /Yr . /Yr. (TCF /Yr . )  tive (TCF ) Produced Reserve 

-

No . Gr . PlainsjWill . 1. 67 16. 92 l. 87 587 3 , 793 4. 73 61 . 77 3 . 38 12. 35 

1-' Eastern 2. 18 23. 14 3 . 79 635 5, 0 53 6. 3 5  77. 44 4 . 63 15. 49 
w 
0 

Western 0 . 89 11 . 77 1 . 3 3  214 1 , 497 1 . 80 28 . 49 2. 3 5  5. 7 

Mid�ntinent 0. 11 2. 09 0 0 0 0 3 . 66 0 . 4 2  0. 73 

Gr . South'tv'est 2. 87 54. 80 0 0 0 0 92 . 26 10. 96 18 . 45 

South'tv'est 0. 60 13. 33 0 0 0 0 20 . 83 2 . 67 4 . 17 

Rocky Mts .  2 . 95 3 7 . 44 4 . 09 637 3 , 104 4 . 48 84 . 85 7 . 49 16 . 97 
-- -- -- -- -- -

Total 11. 27 1 59. 49 11. 08 2 , 073 13, 447 17. 3 6  369. 30 3 1 . 90 73 . 86 



TABLE 62 (Continued ) 

Standard Scenario 

Year 2015 ( $ 5 .  00 @ 1 5% )  

Percent 
Pro- Production Invest- l'b . Pro- Re serves Reserves Percent 500 'KF 

duct ion Cumulat ive ment spects l'b . Wells Added Cumula- 500 'KF Added to 
('KF/Yr . )  ('KF ) ( $  B i l . ) /Yr . /Yr . ('KF jYr . ) tive ('KF ) Produced Reserve 

-

No . Gr . PlainsjWill . 2 . 47 27. 64 1 . 41 447 2 , 840 3 . 58 82 . 75 5 . 53 1 6 . 55 

I-' 
w 
I-' 

Eastern 3 . 41 37. 77 2 . 87 4 92 3, 842 4 . 74 105. 68 7 . 55 21 . 14 

Western 1 .  21 17. 22 1 . 24 195 1 , 385 1 . 72 37. 56 3 . 44 7. 51 

Mid-continent 0 . 09 2 . 60 0 0 0 0 3 . 66 0 . 52 0 . 73 

Gr . Southwest 2 . 25 67. 16 0 0 0 0 92 . 26 1 3 . 43 18. 45 

Southwest 0. 4 7  1 5 . 92 0 0 0 0 2 0 . 83 3 . 18 4 . 17 

Rocky Mts .  3 . 56 54 . 27 2 . 58 440 1 , 776 2 . 43 102 . 37 1 0 . 85 20 . 47 
-- -- -- -- -- --

Total 1 3 . 4 6  222 . 57 8. 10 1 , 574 9, 843 12. 47 445 . 11 44. 50 89. 02 



TABIE 62 (Continued ) 

Standard Scenario 

Year 2020 ( $ 5 .  00 @ 1 5% )  

�rcent 
Pro- Production Invest- tb . Pro- Reserves Reserves �rcent 500 TCF 

duct ion Cumulat ive ment spects tb .Wells Added Cumula- 500 TCF Added to 
(TCFjYr . ) (TCF ) ( $  B i l . ) /Yr . /Yr . (TCF jYr . )  tive (TCF )  Produced Reserve 

--

No . Gr . Plains/Will . 2 . 97 4 1 . 72 0 . 74 173 1 , 487 1 . 86 95 . 33 8. 34 19. 06 

I-' Eastern 4 . 0 5  57. 13 l .  73 337 2 , 385 2 . 94 1 24 . 21 11 . 43 24. 84 
w 
tv 

Western 1 . 3 7  23. 87 0 . 67 1 02 717 0 . 91 43 . 76 4 . 77 8 . 75 

Mid-continent 0 . 08 3 . 03 0 0 0 0 3 . 66 0 . 61 0 . 73 

Gr . Southwest l. 80 77. 05 0 0 0 0 92 . 26 1 5 . 41 18. 45 

Southwest 0 . 38 18. 00 0 0 0 0 20. 83 3 . 60 4 . 17 

Rocky Mts .  3 . 34 71 . 73 1 . 69 313 1 , 110 1 . 40 110 . 79 14 . 35 22 . 16 
-- -- - -- -- --

Total 14. 00 363 . 81 4 . 83 925 5, 699 7 . 11 490 . 84 58. 51 98 . 16 



The s tandard scenario  has been e xtended to inc l ud e  e xplora t ion 
through 2 0 2 0  w i th prod u c t ion con t inu ing through 2 0 7 0 .  Ta b l e  6 2  for 
the year 2 0 2 0  s hows cumu l at ive produc t ion o f  3 6 4  TCF w i th c umu l a 
t ive reserves added o f  4 9 1 TCF . Th i s  accou n t s  for 9 8  percent o f  
the e s t imated rese rve s a nd 5 8 . 5  percen t o f  produc t io n . Cumu lat ive 
reserve s added , produ c t ion , and i nve s tme n t  f o r  the s tandard s c e 
n a r i o  a r e  shown i n  graph fo rm i n  F i gure 2 6 .  Ann u a l  prod u c t ion i s  
plotted on F igure 2 7 . 

500 

LEGEND • iZ' • CUMULATIVE R ESERVES ADDED (TCF) / 0 t:.. - - - CUMU LAT IVE I NVESTM ENT (B ILL IO N $ )  • 
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F igure 26. Standard Scenario, Cumu lative Reserves, Produetion ,  and I nvestment Comm itted . 

En t r i e s  i n  Tabl e  6 2  need f ur ther e xp l a n a t ion . Produc t ion i s  
cred i ted t o  th e ye ar i n  wh i ch i t  occur s .  Thu s ,  i n  1 � 8 1  p�oduc t io n  
i s  z e ro ;  i n  1 9 8 5  produ c t ion i s  l ow because t h e  bas i n  mode l  a s s.ume s. 
a thre e -year d e l ay be tween pro j e c t  i n i t i a t ion and pro d u c t.ion s tart 
up . Entr i e s  in  the N umbe r  of Pr os pe c t s  Pe r Ye ar column are cor
rec t ly cre d i ted to the year shown . Howe ve r ,  the N umbe r  o f  We l l s  
Pe r Ye ar column i s  a conso l id a ted s tateme n t  o f  the numb e r  o f  we l ls 
that w i l l  be d r i l led or c ommi t ted and i nves tme n t  to be mad e  i n  tb.e 
f u t ure due to the numb e r  of prospe c t s  i n i t i a ted . Likew i s e ,  Re 
sources Added are cred i ted to the year the prospe c ts are i n i t i a ted . 
The f i nal two co lumn s are percen tage s based on prod u c t ion and re
se rve s add ed as a por t ion o f  th e 5 0 3  TC F u l t imate a s s umed for th i s  
s tudy . 

1 3 3  
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F igure 27 . L ifet ime Product ion Rates for 500 TCF of T ight Gas
Standard Scenario, Annual P roduction 1 981 -2070. 

2070 

The h a l f -s tand ard s c enario s hown i n  Table 6 3  p rod u c e s  abou t 1 
TC F i n  1 9 9 0  and 4 TC F i n  th e year 2 0 0 0 .  Th i s  c o u l d  eas i ly b e  
a c comp l i shed . 

The tw i ce-s tandard s c e n a r i o  shown i n  Ta b l e  6 4  produc e s  abou t 
2 . 2 TCF i n  1 9 9 0  and 1 5 . 6 TC F in the year 2 0 0 0 .  Pro d u c t ion a t  th i s  
l eve l cou l d  rep l a c e  a s ubs tant i a l  amount of imp o r ted o i l , b u t  i t  
could be d i f f i c u l t  to a ch i eve . 

Sce nar ios were c ompare d w i th s eve r a l  c r i t e r i a  to e s t imate 
the i r  i n f l u e nce on the U . S .  ene rgy s upply . As a n  approx ima te gu i d e  
to t h e  var i ous c omponen t s  o f  t h e  gas  sup p ly , Tab l e  6 5  wa s pre
pared . l A c ompos i te forecast  wa s made re f l e ct ing va r iou s op in
ions abou t f u t ure d eve l opmen t s . 

Cr i te r ion No . 1 Produce enough t i gh t gas sands to ma i n t a i n  a 
2 2  TC F pe r ye ar produ c t ion rate . 

lEnergy I n forma t ion Ad mi n i s t ra t ion , 1 9 7 9  An nu a l  Repor t  to 
Congre s s , Vo l .  3 ,  Tab l e  S - 2 ,  p .  X ;  Unconve n t ional  �as Source s � 
Na t ional Pe trol e um Coun c i l , 1 9 8 0 ; fore c a s ts of va r 1 ou s  U . S . 0 1 1  and 
gas operators . 

1 3 4  



TABLE 63 

Half-Standard Scenario 

Year 1981 ( $5 . 00 @ 15% ) 

Percent 
Pro- Production Invest- No . Pro- Reserves He serves Percent 500 'K:F 

duction Cwnu1at ive rnent s_pects rb . Wells Added Cwnula- 500 'fCF Added to 
(TCF/Yr . )  (TCF ) ( $  Bill . ) /Yr . /Yr . ( TCF/Yr . )  tive ( TCF ) Produced Reserves 

No. Gr . Pla ins/Wil l .  0 .  o .  0 . 007 3 21 0 . 025 0 . 025 o. 0 . 01 

I-' Eastern o .  o .  0 . 093 19 16':1 0 . 140 0 . 140 o .  0 . 03 w 
U1 

Western o .  o .  0. 102 23 175 0 . 152 0 . 152 o .  0 . 03 

Mid-continent 0 .  o .  0 . 014 2 36 0 . 020 0 . 020 0 .  0 . 00 

Gr . Southwes t o .  o .  0 . 088 14 104 0 . 174 0 . 174 o .  0 . 03 

Southwest 0 .  o .  0 . 032 4 43 0 . 0 54 0 . 054 o .  0 . 01 

Rocky Mts . 0 .  0 .  0 . 109 24 106 0 . 202 0 . 202 o .  0 . 04 
-- -- -

Total 0 0 0 . 44 5  8 9  6 5 4  0 . 767 0 . 7 67 0 0 . 15 



TABLE 63 (Continued) 

Half-Standard Scenario 

Year 1985 ( $5 . 00 @ 15% ) 

Percent 
Pro- Production Invest- r�o . Pro- Reserves Reserves Percent 500 'ICF 

duct ion Cwnulative H\ent spects l'lo. Wells Ad Lied Cwnula- 500 'ICF AdLled to 
(TCF/Yr . ) ( 'ICF ) ( $ Bill . ) /Yr .  /Yr . ( 'ICF/Yr . )  tive ('ICF )  Produced Reserves 

No. Gr . Plains/Wil l .  0 . 001 0 . 002 0 . 123 45 33H U . 364 0 . 84 3 0 . 00 0 . 17 

1-' Eastern 0 . 011 0 . 013 0 . 468 93 881 0 . 7 38 2 . 091 0 . 00 0 . 42 
w 
0'1 Western 0 . 013 0 . 017 0 . 200 47 333 0 . 315 l . Ob9 o . o o  0 . 21 

Mid-continent 0 . 001 0 . 001 0 . 043 9 121 0 . 0 71 0 . 227 0 . 00 0 . 04 

Gr . Southwes t 0 . 01 3  0 . 017 0 . 188 27 228 0 . 372 l . 3H8 0 . 00 0 . 28 

Southwest 0 . 004 0 . 006 0 . 186 25 174 0 . 388 0 . 840 0 . 00 0 . 17 

Rocky Mts. 0 . 035 0 . 046 0 . 4 3 4  96 424 0 . 860 2 . 764 0 . 00 0 . 55 

Total 0 . 078 0 . 102 1 . 642 342 2499 3 . 108 9 . 222 0 . 00 1 . 840 



TABLE 63 (Continued) 

Year 1990 Half -Standard Scenario 

( $5 . 00 @ 15% ) 

Percent 
Pro- Production Invest- No. Pro- Reserves Reserves Percent 500 'ICF 

duction Cumula tive ment spects No . wel ls Added Cwnula- 500 '.R:F Added to 
(TCF/Yr. ) ( TCF )  ( $  Bill . ) /Yr . /Yr . ( TCF/Yr . )  tive ( TCF )  Produced Reserves -

No . Gr . Pla ihs/Wil l .  0 . 060 0 . 1 3 5  0 . 24 2  79 456 0 . 653 4 . 076 0 . 03 0 . 82 

1-' Eastern 0 . 176 0 . 477 0 . 769 148 1 , 314 1 . 206 7 . 350 0 . 10 1 . 47 
w 
-....] 

Westetn 0 . 110 0 . 337 0 . 391 76 540 0 . 560 3 . 606 0 . 07 o. 72 

Hid-Continent 0 . 013 0 . 037 0 . 058 12 147 0 . 108 0 . 756 0 . 01 0 . 15 

Gr . Southwest 0 . 130 0 . 3 59 1 . 220 144 1 , 307 2.  713 9 . 191 0 . 07 1 . 84 

Southwest 0 . 101 0 . 237 0 . 3 50 39 323 0 . 743 4 . 364 0 . 05 0 . 87 

Rocky Mts . 0 . 314 1 . 006 0 . 783 127 555 1 . 123 8 . 006 0 . 20 1 . 60 

Total 0 . 904 2 . 588 3 . 813 625 4 , 64 2  6 . 39 3  37 . 349 0 . 53 7 . 470 



TABLE 6 3  (Continued) 

Half-Standard Scenario 

Year 1995 ( $5 . 00 @ 15% ) 

Percent 
Pro- Production Invest- No .  Pro- Reserves Reserves Percent 500 TCF 

duct ion Cumulative ment spects No . Wells Added Cwnula- 500 TCF Added to 
(TCF/Yr. )  (TCF )  ( $ Bill . ) /Yr . /Yr . (TCF/Yr •. ) tive (TCF ) Produced Keserves 

No. Gr . Plains/Wi11 .  0 . 217 0 . 912 0 . 340 119 671 0 . 899 8 . 156 0 . 18 1 . 63 

I-' Eastern 0 . 4 16 2 . 132 0 . 399 76 568 0 . 744 10 . 855 0 . 43 2 . 17 
w 
00 

Wes tern 0 . 240 1 . 336 0 . 290 37 283 0 . 362 5 . 266 0 . 27 1 . 05 

Mid-continent 0 . 037 0 . 169 0 . 058 12 100 0 . 118 1 . 307 0 . 03 0 . 26 

Gr . SOuthwest 0 . 807 2 . 739 l. 740 204 1599 3 . 858 27 . 138 0 . 55 5 . 43 

Southwest 0 . 275 1 . 285 0 . 268 29 224 0 . 562 7 . 570 0 . 78 1 . 51 

Rocky Mts . 0 . 598 3 . 459 1 . 021 130 708 1 . 373 14 . 196 0 . 69 2 . 84 
--

Total 2 . 590 12 . 032 4 . 116 607 4 153' 7 . 916 74 . 488 2 . 90 14 . 89 



TABLE 63 (Continued) 

Half-Standard Scenario 

Year 2000 ( $5 . 00 @ 15% ) 

Percent 
Pro- Production Invest- No. Pro- Reserves Reserves Percent 500 'K:F 

duction Cwnulative rrent spects No . Wel ls Added Cwnula- 500 '.K:F Added to 
('ICF/Yr. )  (TCF )  ( $ Bill . ) /Yr. /Yr. (TCF/Yr . ) tive (TCF )  Produced Reserves 

No. Gr . Plains/Will .  0 . 382 2 . 482 0 . 3 54 120 694 . 929 12 . 90 3  0 . 50 2 . 58 

...... Eastern 0 . 487 4 . 409 0 . 410 82 596 . 785 14 . 6 39 0 . 88 2 . 93 
w 
1.0 

Western 0 . 261 2 . 571 0 . 270 36 276 . 341 7 . 035 0 . 51 1. 41 

Mid-continent 0 . 057 0 . 419 0 . 055 13 98 . 114 1 . 880 0 . 08 0 . 38 

Gr. Southwes t 1 . 685 9 . 48 5  l .  722 20 3 1 , 568 l. 722 46. 366 1 . 90 9 . 27 

Southwest 0 . 379 3 . 00 3  o .  275 29 248 . 571 10 . 406 0 . 60 2 . 08 

Rocky .Mts . 0 . 852 7 . 200 1 . 188 180 839 1 . 583 21. 761 1 . 44 4 . 3 5  

Total 4 . 10 3  28 . 569 4 . 274 663 4 , 319 6 . 045 114 . 990 5 . 910 23 . 00 



TABLE 64 

'!Wice-Standard Scenario 

Year 1981 ( $ 5 . 00 @ 15%) 

Perc�nt 
Pro- Production Inve�t- No. Pro- Reserves Reserves Percent 500 'ICF 

duct ion CuHlu1ative Hlent s�cts tb . Wells Added Cl,.lffiula- SUO TCF Mded to 
(TCF/Yr . )  ( 'I'CF ) ( $ Bill . ) /Yr . /Yr . (TCF/Yr. ) tive (TCF ) PrcxJuced H.eserves 

No . Gr . P1a ins/Wi11 .  0 .  o .  0 . 021 10 67 0 . 077 0 . 077 o .  0 . 02 

f-' Eastern 0 .  o .  0 . 215 42 391 0 . 312 0 . 312 0. 0 . 06 
,j:::> 
0 

Western 0 .  0 .  0 . 236 52 401 0. 3 54 0 . 354 o .  0 . 07 

Mid-continent o .  0 .  0 . 021 3 55 0 . 031 0 . 031 o .  0 . 01 

Gr . Southwest 0 .  o .  0 . 186 29 213 0 . 363 0 . 363 o .  0 . 07 

SOuthwest 0 .  o .  0 . 049 7 72 0 . 089 0 . 089 0 .  0 . 02 

Rocky l"lts . 0 .  0 .  0 . 439 119 360 1. 263 1 . 263 o .  0 . 25 

-- - -- --

Total 0 .  o .  1 . 167 �62 1559 2 . 489 2 . 489 o .  0 . 577 



TABLE 64 (Continued) 

Twice-Standard Scenario --

Year 1985 ( $5 . 00 @ 15%) 

Percent 
Pro- Production Invest- No. Pro- Reserves Reserves Percent 500 'K:F 

duction Cumulative 1r¥:nt spects No. Wells Added Cwnula- 500 TCF .Added to 
(TCF/Yr . ) (TCF ) ( $  Bill . ) /Yr . /Yr . ( TCF/Yr. ) tive (TCF )  PrOduceo Reserves 

No. Gr . Plains/Wil l .  0 . 003 0 . 004 0 . 257 97 715 o. 7-61 1 . 832 0 . 00 0. 37 

Eastern 0 . 022 0 . 027 1 . 259 245 2 , 278 2 . 126 4 . 965 0 . 01 O . Y9 
I-' 
""" 
I-' Western 0 . 028 0 . 036 0 . 448 10 3 700 0. 7Hl 2. 215 0 . 01 0 . 44 

Mid-continent 0 . 002 0 . 002 0 . 080 17 238 0 . 140 0 . 468 0 . 00 0 . 09 

Gr. Southwest 0 . 025 0 . 036 0 . 387 55 419 0. 783 2. 765 0 . 01 0. 5 5 

Southwest 0 . 008 0 . 010 0 . 354 48 315 0 . 741 1 . 705 0 . 00 0 . 34 

Rocky i'1ts . 0 . 135 0 . 240 0 . 968 208 912 1 . 821 6. 504 0 . 0 5 l. 30 

-- -- --

Total 0 . 223 0 . 355 3 . 753 773 5 , 577 7 . 090 20 . 454 0 . 08 4 . 08 



TABLE 64 (Continued) 

Twice-Standard Scenario 

Year 1990 ( $ 5 . 00 @ 15%) 

Percent 
Pro- Production Invest- No. Pro- Reserves Reserves Percent 500 'K:F 

duct ion Cwnulative ment spects No . Wells Added Cwnula- 500 'K:F Added to 

('KF/Yr . ) (TCF )  ( $ Bill . ) /Yr . /Yr . (TCF/Yr. )  tive (TCF ) Produced Reserves --

No. Gr. Plains/Wi11 .  0 . 154 0 . 324 2 . 204 709 4 , 381 5 . 685 20 . 896 O . Ob 4 . 18 

I-' Eastern 0 . 508 1 . 190 3 . 740 673 5 , 795 6 . 350 3 2 . 476 0 . 24 6 . 50 
""' 
N 

Western 0 . 267 0 . 747 1 . 328 218 1 , 592 1. 747 9 . 679 0 . 15 1. 94 

Mid-continent 0 . 0 27 0 . 074 0 . 132 28 3 18 0 . 250 1 . 487 0 . 01 0 . 30 

Gr . Southwest 0 . 257 0 . 720 2 . 4 4 3  288 2 , 621 5. 435 18 . 326 0 . 14 3 . 67 

Southwest 0 . 201 0 . 476 0 . 6 94 78 626 1 . 477 8 . 723 0 . 10 1 .  74 

Rocky Mts . 0 . 801 2. 633 4 . 200 721 3 , 207 5. 540 26 . 307 0 . 53 5. 26 

-- --

Total 2 . 215 6 . 164 14 . 741 2 , 71 5  1 8 , 540 26 . 484 1 1 7 . 894 1 . 23 23 . 59 



TABlE 64 (Continued) 

Twice-Standard Scenario 

Year 1995 ( $ 5 . 00 @ 1 5% )  

Percent 
Pro- Production Invest- No. Pro- Reserves Reserves Percent 500 'ICF 

duction Cumulative ment spects No . Wells Added Cwnula- 500 'ICF .Added to 
(TCF/Yr . ) (TCF )  ( $  Bill . ) /Yr . /Yr . (TCF/Yr . ) tive (TCF ) Produced Reserves 

No. Gr . Plains/Wil l . 1 . 256 3 . 988 2 . 742 889 5, 545 6 . 998 54 . 513 0 . 80 10 . 90 

Eastern 2 . 057 8 . 578 4 . 059 789 5 , 740 7 . 444 6 6 . 3 72 1 . 72 13 . 27 
I-' "'" 

Western 0 . 764 3 . 63 2  l .  71 2 222 1 , 720 2 . 136 19 . 73 2  0 . 73 3 . 95 w 

Mid-continent 0 . 0 71 0 . 335 0 . 111 24 197 0 . 227 2 . 562 0 . 07 0 . 51 

Gr. Southwest 1 . 610 5 . 4 61 3 . 475 408 3 , 194 7 . 709 54 . 257 1. 0� 10 . 85 

Southwest 0 . 552 2 � 572 0 . 543 58 476 1 . 133 15 . 161 0 . 51 3 . 03 

Rocky Mts .  2 . 4 39 11 . 226 5 . 930 976 4 , 369 6 . 913 60. 318 2 . 25 12. 06 
-- --

Total 8 . 749 3 5 . 792 18 . 572 3 , 366 2 1 , 241 32 . 560 272 . 915 7 . 17 54 . 57 



TABLE 64 (Continued) 

Twice-Standard Scenario 

Year 2000 ( $5 . 00 @ 15%) 

Percent 
Pro- Production Invest- No. Pro- Reserves Reserves Percent 500 'ICF 

duction Cwnulative ment spects No . Wells Added Cumula- 500 'ICF Added to 
(TCF/Yr . ) ( 'ICF ) ( $  Bill . ) /Yr .  /Yr .  ( 'I'CF/Yr. )  tive (TCF )  Produced Reserves 

No. Gr . Pla ins/Wil 1 .  2 . 681 14 . 633 1 . 911 623 3 , 83 6  4 . 929 83 . 906 2 . 93 16 . 78 

f-' 
,j::>. Eastern 3 . 4 71 23 . 087 4 . 281 862 6 , 088 7 . 898 10 5 . 141 4 . 62 21 . 03 
,j::>. 

Western 1 . 184 8 . 721 l . 7U 225 1, 720 2 . 136 30 . 413 l .  74 6 . 08 

Mid-continent 0 . 114 0 . 823 0 . 082 24 157 0 . 183 3 . 658 0 . 17 0 . 73 

Gr . Southwest 3 . 373 18 . 954 3 . 153 389 2, 696 7 . 172 <J2 .  265 3 . 79 18 . 4 5 

Southwest 0 . 757 6 . 007 0 . 543 58 476 1 . 133 2 0 . 825 1 . 20 4 . 16 

Rocky Mts .  4 . 001 28 . 444 5 . 077 745 3 , 653 5 . 5 62 90 . 90 6  5 . b 9  1tl . 18 

--

Total 1 5 . 581 100 . 669 16 . 759 2 , 926 1 8 , 626 29 . 013 4 2 7 . 114 20 . 14 8 5 . 41 



TABLE 65  

Energy Information Administration ( EIA ) 1 979 Forecast of u . s .  Gas Supplies* 
( TC F )  

EIA 

Conventional Lower 48 

Alaska 

Unconventional 

Tight Gas 
Devonian Shale Gas 

Synthetics 

Imports 

Total Gas Supply 

Percentage u . s .  Supply from 
Tight Gas 

NPC 

Unconventional Developed 
Before 1 980t 

Unconventional (@  $5 . 0 0/MCF ) 
Developed After 1980§  

Tight Gas 
Devonian Shale Gas 
Coal Seam Gas 
Geopressured Gas 

Total Gas Supply,\ 

Percentage u . s .  Supply from 
New Tight Gas 

1 978 1 985 

1 8 . 4  1 6 . 1 

0 . 2  0 . 2  

0 . 9 1 . 9  

0 . 8 1 . 8 
0 .  1 0 .  1 

o.o o. 1 

0 . 9  0 . 8  

20 . 4  1 9 . 1 

4% 9% 

0 . 9  0 . 5  

o.o 0 . 6  

o.o 0 . 2  
o.o 0 . 3  
o.o 0 .  1 
o.o 0 . 0 0 4  

2 0 . 4  1 8 . 3  

0%  1%  

1 990  1 995  2000  2 0 1 0  

1 4 . 6  1 2 . 4 1 1 . 3 9 . 5  

1 . 1  1 . 4 1 . 6  1 . 9 

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

2 . 8  3 . 8  3 . 2  3 . 0  
0 . 2  0 . 2  0 . 2  0 . 2  

0 .  1 0 .  1 0 .  1 0 . 5  

0 . 8  0 . 8  0 . 7  0 . 2  

1 9 . 6  1 8 . 7  1 7 . 2  1 5 . 3  

1 4% 20%  1 9% 20%  

0 . 3  

3 .  1 8 . 6  1 1 . 5  1 3 . 5  

1 .  8 5 . 2  8 . 3  1 1 . 3 
0 . 7 o . 8  0 . 9  0 . 7  
0 . 6  2 . 6  2 . 3  1 .  5 
0 . 0 0 6  0 . 0 08 0 . 0 0 8  o . o  

2 0 . 0  2 3 . 3  2 5 . 3  2 5 . 6  

9% 22% 33% 44% 

2 0 2 0  

7 . 3  

1 . 8  

3 .  1 

2 . 9  
0 . 2  

1 . 3  

o .  1 

1 3 . 5  

23%  

1 4 . 9  

1 4 . 0  
0 . 3  
0 . 6 
o. o 

25 . 3  

55% 

*EIA 1979  Annua l Report to Congres s ,  with lower portion of table revised to substitute NPC 
estimate for unconventional gas . 

tincludes declining production from 1978  unconventional gas reserves not otherwise shown in NPC 
study . 

§Price in constant January 1 ,  1979 , dol lars .  
,IEIA forecast with substitution of NPC unconventional gas proj ections . 

Ta ble 6 5  i nd i c a te s  that the 22 TCF p e r  ye a r  pe ak rate for 1 9 7 3  
could be pos s ib l e  w i th the s tand ard scenar io be twe e n  1 9 9 0  and 1 9 9 5 . 
Th e ha l f -s tandard s c e n ar i o  wou l d  ach ieve th i s  goal  by the ye a r  2000 
and the twice -standard s c e na r i o  would a c h i e ve i t  by 1 9 9 5 .  

Cr i te r ion No . 2 
w i th t igh t gas . 

Replace a s ig n i f i cant n umbe r  o f  o i l  impor t s  

Ta ble 6 6  pro j e c t s  the u.s .  e ne rgy s upply f o r  t h e  1 9 80-2020 
per iod . In mak i ng th i s  pro j e c t ion , the E IA con s i d e r e d  e s t imated 
p r i c e s  for e ach k i nd o f  ene rgy and its po te n t i a l  s upply . Th e pro
ject ions re f l e c t  i n te r f ue l  c ompe t i t io n  for ma rke t s .  Accept i n g  th i s  
pro j e c t ion a s  a reasonable cas e ,  i t  i nd i ca t e s  a rathe r s te ady o i l  

1 4 5  



TABLE 6 6  

Projected u . s .  Energy SUEElY* 
( Quadrillion Btu/Yr or TCF/Yr ) 

1 9 78 1 98 0  1 98 5  1 990 1 99 5  2 0 0 0  2 0 1 0  2 0 2 0  
-- -- -- --

Domestic Oil 2 0 . 7  2 0 . 5  1 8 . 7  1 9 . 6  1 9 . 4  2 0 . 5  2 0 . 6  1 5 . 0  

Oil Imports 1 6 . 7  1 5 . 0  1 2 . 1 1 1 . 7 1 1 . 8  1 3 . 1 8 . 4  6 . 8  

Domestic Gas 1 9 . 5  1 9 . 0  1 8 . 2  1 8 . 7  1 7  . a  1 6 . 4  1 4 . 6  1 2 .  1 

Gas Imports 0 . 9  1 .  6 0 . 8  o . 8  o . 8  0 . 7  0 . 2  0 .  1 

Coal 1 5 . 0  1 7 . 6  2 5 . 0  29 . 3  3 6 . 7  3 8 . 2  49 . 7  7 1 . 6  1-' 
,j::. 
0"1 Nuclear 3 . 0  2 . 9  5 . 6  8 . 2  9 . 6  1 1 . 3  1 8 . 1 2 1 . 8  

Renewable , Solar , and Other 2 . 6  1 . 4 1 .  2 0 . 8  0 . 4  7 . 9  1 2 . 4  1 6 . 0 
-- -- -

Total 78 . 4  7 8 . 0 8 1 . 6  89 . 1  9 6 . 5  1 08 .  1 1 24 . 0  1 4 3 . 4  

World Oil Price 

Mid- 1 979 $/Bbl 1 5 . 5 0 3 1 . 0 0  3 2 . 0 0  3 7 . 0 0  4 1 . 0 0  4 3 . 0 0 4 3 . 0 0  4 3 . 0 0  

January 1 ,  1 9 7 9 , $ /MCF 
Equivalent Gas Price 2 . 5 2 4 . 92 5 . 0 8 6 . 0 2 6 . 5 1  6 . 8 3 6 . 8 3 6 . 8 3  

--

*U . s .  Energy Information Administration ( E IA )  1 9 7 9  Annua l Report t o  Congres s ,  Tab l e  S - 2 ,  p .  x. 



import rate in  the range o f  1 2  to 1 3  quad r i l l i o n  Btu ( TC F  equ i v a 
l en t ) p e r  y e a r  i n  t h e  1 9 8 5 - 2 0 0 0  per iod . Ga s de c l i ne s  from 1 9  t o  1 3  
quad r i l l ion Btu per year dur i ng the s ame per iod . Th i s  dec l i n e  
s ugge s t s  t h a t  c o a l  w i l l  b e  rep l a c i ng g a s  due to ma rke t pr i ce comp e 
t i t ion a n d  the l aw req u i r i ng more c o a l  to b e  burned i n  u t i l i ty f u r 
nace s . NPC gas s upply e s t ima tes a r e  compa red w i th E IA e s t ima t e s  in  
Tab l e  65  wh i ch ind icate  a grow i ng gas s up p ly i n  e x c e s s  o f  th e E IA 
p ro j e c t ions . I f  th i s  e x c e s s  gas comp e t e s  on ma rke t pr i ce w i th 
imported o i l ,  the impor t s  could be reduced d r a s t i c a l ly . Th e N PC 
gas s upply proj e c t ion i s  based on a $ 5 . 0 0/MC F  pr i c e  wh i l e  the 
equ ivalent pr ice o f  o i l  impo r ts r i se s  from $ 5 . 5 3 in 1 9 8 5  to $ 6 . 9 9 
i n  2 0 2 0 . 

Th e po t e n t i a l  impor t  replaceme n t  sched u l e  i s  i nd i cated i n  Table 
67  and F i g ure 2 8 . I t  may not be des irab l e  to e l iminate o i l  impor t s  
a l tog e ther , b u t  th i s  appe ars t o  b e  a pract i c a l  a nd e conom i c a l  a l 
ternat ive by 2 0 0 5 .  Be fore th i s  oc curred , the wor l d  ma rke t p r i ce o f  
o i l cou l d  de c l i ne t o  b e  compe t i t ive w i th t igh t g a s , probably abou t 
$ 5 . 0 0/MC F  i n  January 1 ,  1 9 7 9 ,  d o l l ar s , or $ 3 0 . 7 0 pe r barre l i n  mid -
1 9 7 9  d o l lars . 

Th e h a l f -s tandard s c e n a r i o  cou l d  take longe r and the tw i c e 
s tandard scena r i o  c o u l d  t ake l e s s  t ime t o  make the s e  impor t 
reduct ions . 

WELL RECOMPLET ION SCENARI O 

Oppor tun i t i e s  e x i s t  i n  the s outhwe s te rn 
re servo i r  recomp l e t ions i n  e x i s t ing we l ls .  
found i n  d e ple ted conve n t ional f i e l d s  where 
a re i n  p l a ce . Pipe l i ne capac i ty e x i s t s  for 
ma rke t s . 

Un i te d  S t a t e s  for t i gh t 
Th e s e  we l ls are to be 
prod uct ion f ac i l i t i e s  
t r a n sm i s s ion to 

The eva luat ion u s ed a s s umed that a d e p l e t e d  we l l  migh t be r e 
comp l e ted i n  a t igh t r e s e rvo i r  by run n i ng a s u i te of log s  t o  locate 
the prod uct ive zone s ,  recement i ng cas i ng , and te s t i ng for g a s  s h ows 
a t  a cos t of $ 1 0 0 , 0 0 0 .  Th e probab i l i ty o f  s uc ce s s  is  a s s ume d to be 
greate r than w i ld c a t  e xplorat ion because the recomp l e te d  we l l  a l 
ready has  some l ogs i n  the t igh t g a s  zone and i s  i n  a known produ c 
t i ve are a .  The re completed we l l  i s  charged a cos t for MHF bu t n o t  
a d r i l l i ng cos t .  Th ree mo re we l ls per s e c t ion are d r i l led and 
treated as d eve l opme n t  we l l s a t  base case cost s .  Prod uct ion s ta r t s  
as soon a s  each we l l  i s  comp l e ted . 

Ta ble 6 8  i s  an e conom i c  s umma ry o f  re comp l e t ions in  the sou th
we s tern Un i ted S t a t e s  at a $ 5 . 0 0 pr ice and a 1 5  percent ma r g ina l 
rate of return . Ma x imum g a s  re cove red i s  1 6 . 4  TCF ou t o f  2 1 . 7 ma x 
imum recoverable g a s  i n  place . Th i s  i s  7 5  perce n t , and i s  mor e  
p rof i table beca u s e  the re comp l e ted we l ls are l e s s  e xpens ive than 
s imi l a r  we l ls d r i l l ed and c omple ted i n  the target forma t io n s . 
A l s o ,  n e t  present va lue i s  h igh e r  for re comp l e t ions be cau s e  pro
duct ion ( and reve nue ) s ta r t s  i n  th e year th e we l l s are c omp l e ted . 

1 4 7  



Year 

1 985 

1 99 0  

1 995 

2 0 0 0  

2 0 1 0  

2 0 20 

TABLE 67 

Percentage Replacement of Imported Oil By 
Potential Gas Production Above EIA Demand Estimate 

( Quadrillion Btu or TCF/Year ) 

Excess Imported Percentage Replaced 
NPC EIA Gas Oil by Gas 

1 8 . 3 1 9 . 1  o . o  1 2 . 1 0 

2 0 . 0  1 9 . 6  0 . 4  1 1 . 7 3 

2 3 . 3  1 8 . 7  4 . 6  1 1 . 8 39 

2 5 . 3  1 7 . 2  8 . 1 1 3 . 1 62 

2 5 . 6  1 5 . 3  1 0 . 3  8 . 4  > 1 0 0 

2 5 . 3  1 3 . 5  1 1 . 8 6 . 8  > 1 0 0 
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F igure 28. Potent ia l Rep lacement of O i l  I mports by Excess Gas Supply 

(Standard Scenario) . 
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F i gure 2 9  c ompare s the pro d uc t i on rate s be twe e n  r e c omple t ion 
and h a l f -s tand a rd s c e n a r i o  rate s . 
s ame i n  each scenar i o .  Th e f i gure 
areas , Sou thwe s t  Un i ted S t ates  and 
Grea te r S ou thwe s t  Un i ted S t a te s  i s  
we s te rn Un i ted S t ates  acco rd i ng t o  
Tab l e  6 8 . 

Th e numbe r  of prospe c t s  i s  the 
c omb i ne s  prod u c t ion from two 
Gre a te r  Sou thwe s t  Un i ted S t ates . 
e xtrapo l a te d  f r om the s o u th -
the schedu l e  a t  the bot tom o f  

2 .5r------------.------------�-----------.------------,------------

a: 
<( 
w 
>

,....--- HALF-STANDARD SCENARIOSOUTHWEST 

� 1 .5�------------+-�------�--+---------��+---��------�--------() c 
z 
0 

fg 1 .0�----------��----�-----+-------------r-------�����-------
o 
0 
a: 
c.. 

RECOMPLETION-SOUTHWEST __ _. 

2020 
YEAR 

F igure 29. Comparison of Recompletion Production Rate with the 
Half-Standard Scenario Rate for Southwest U n ited States. 

2030 

Th e F ERC has s e t  an incent i ve p r i c e  a l so for r e c omp l e t ion o f  
o ld o i l  and gas we l l s  i n to t igh t gas  forma t ions . S i n c e  mo s t  o f  
the se a lready h ave p i pe l i ne conne c t ions , pro d u c t ion c a n  b e g i n  imme 
d i ately a f te r  the we l l  i s  comp l e ted . A s c e n a r i o  h a s  be e n  wr i t te n  
for t h e  Sou thwe s t  reg ion f o r  recomp l e t ion prospe c t s . I t  shows 
increased prod u c t i on abou t f ive years ear l i e r  than the s tand a rd 
scenar ios based on new f i e l d  w i ld c a t s . 

In the Sou thwe s t  alone , the re c ompl e t ion s c e na r i o  ind i ca te s  an 
ave rage increase i n  produc t ion o f  nearly 0 . 9  TCF per ye a r  in the 
1 9 9 0 - 1 9 9 5  pe r iod , a s  s hown in Tab l e  6 9 .  

Whe n  Sou thwe s t  reg ion re c omp l e t ions a re i n corpor a ted i n to th e 
half-s tandard s c e n a r i o  for the e n t ire Un i ted S t a te s , the pro j e cted 
production is  ve ry s imi l a r  to th e E IA e s t ima te in F i g ure 3 0 . 

1 4 9  
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TABLE 68 
Economic Summar� of Southwest RecomEletions 

( $ 5 . 00/MCF ; 15 Percent DCF ROR ) 

Southwestern Region 

Basins L isted below** Formation See below** 

Profit K-Levels E & p 
Gas Price Prosp. On Stream Invest. 

Case No . $/MCF Percentage No. Value* _$_M
_ 

Average Per ProsEect 

Gas Net Pres . OCF Rate 

Prod. Value of Return 
BCF $M Percentage 

--

Gas Recover . 
At Pr ice 

BCF 

Discount Rate 1 5  Percent 

1 601 1 52** 5 . 00 

1 801 1 52 5 . 00 

2 1 01 1 52 5 . 00 

2201 1 52 5 . 00 

2 2021 52 5 . 0 0  

2 301 1 52 5 . 00 

*CODE : A B 
0 . 3  0. 1 

5 5 . 2 3 CDE 1 1 , 643 1 5 . 52 5  

66. 0 7 A-G 1 2 , 1 37 1 7 . 873 

6 5 . 0  8 A-H 8 , 028 2 1 . 669 

80 . 5  7 ABCDEFG 4 , 85D 1 8 .  1 51 

78. 6 7 ABCDEFG 1 3 , 674 27. 481 

48. 3 4 CDEF 6, 652 8 . 587 

Case I Southwest 

* * 1 601 1 52 San Juan Dakota 

1 801 1 52 Val Verde Sonora 
2 1 01 1 52 Cotton Valley Trend 
2201 1 52 Edwards Lime S . W .  

2202 1 52 Edwards L ime Central 
2301 1 52 Val Verde Ozona 

c D E F G 

0 . 0 3  0. 01 0. 003 0. 001 0. 0003 

4, 434 31 . 2  1 , 494 

3, 837 32 . 8  688 

1 1 , 1 1 4  89. 5  7 , 292 

1 0 , 274 1 22 . 4  2 , 42 3  

1 1 , 356 60. 4  4 , 375 

1 , 206 22 . 8  1 56 

Greater Southwest 

New Mexico-West Texas 

Central Texas 

East Texas - Louisiana 
Texas Gul f South 

Texas Gulf Central 
Okl ahoma 

Basin Totals 

Max. Recov . 
G I P1 BCF 

1 , 494 

1 , 61 3 

9, 795 

3, 098 

5 , 353 

371 

Technology Base Case 

Date October 1 980 

Wells 

Max . No .  Wildcat 
Prosp. Success Wildcat DeveloEment 

At Price Percentage Q.£l Prod . QEr Prod . Total 

96 47 . 7  58 53 558 2 , 231 2 , 900 

38 53. 2 22 2 5  242 969 1 ' 2 59 

337 59. 3 1 50 2 1 9  593 2 , 370 3,  331 

1 33 59. 1 74 1 07 92 369 642 

1 59 5 7 . 9  91 1 25 1 32 528 876 

18 34 . 6  9 1 7  68 271 365 
9, 3 7 3  



Year 

1 9 8 5  
1 9 9 0  
19 9 5  
2 0 0 0  
2 0 0 5  
2 0 3 0  

TABLE 6 9  

Rec omp l e t ion Scenario vs . New F ie ld W i l d c a t s  
( Southwe s t ) 

Ha, l f -S t andard 
Ol d We l l  Ha l f -Standard 

Re comp l e t ion New F i e ld W i l d ca t s  Ad d i t ional 
Scenario Scen a r i o  Prod u c t ion 

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

1 6r---------------------�--------�--------� 
LEGEND 
---- TWI CE-STANDARD ($5 .00/MCF,  1 5% R O R) • 

- • - STAN DARD ($5 .00/MCF, 1 5% ROR) *  

- - STAN DARD ($3.50/MCF, 1 5% ROR) * 

- - - - HALF-STAN DARD ($5 .00/MCF, 1 5% RORt 1-----� 
- EN ERGY I N FORMATION 

ADMIN ISTRATION ( E I A) 

1 985 

*Constant January 1, 1979, dol lars. 

1 990 

YEAR 

1 995 2000 

F igure 30. Tight Gas Product ion Rates-Comparison of Scenarios. 

The prod uct ion for the h a l f -s tandard scenar i o  was mod i f ied to 
repl ace new f ie l d  w i l d ca t  produ c t ion in the Sou thwe s t  reg i o n  by 
product ion from t i gh t gas  zone s d i s covered by re c ompl e t i ng o l d  
we l ls . Th e U . S .  produ c t ion f o r  these c a s e s  i s  comp ared w i th the 
E IA forecast  i n  Tab l e  7 0 . 

1 5 1  



TABLE 7 0  

We l l  Re comp l e t ions and New F i e ld W i l d c a t s  v s . 

E IA 
Ye ar Fore c a s t  

1 9 8 5  1 . 8  
1 9 9 0 2 . 8 
1 9 9 5  3 . 8 
2000 3 . 2  

E IA Tight Ga s E s t imate s 
( TC F ) 

NPC Ha l f -S tand a rd 
Re comp l e ted We l l s 

i n  Sou t hwe s t 
and New F i e ld 

W i ld c a t s  E l sewh e re 

0 . 1 5  
1 . 8 6 8 
3 . 3 5 7  
4 . 03 3  

S PE C IAL PURPOS E SCENARI O S  

Scenar i o  

Al l New 
F i e l d 

W i ld c a t  

0 . 07 8 
0 . 9 04 
2 . 5 9 0  
4 . 1 03 

In add i t ion to the s cenar ios  u s ed i n  e s t imat i n g  f u t ure pro d u c 
t ion from t igh t g a s  r e s e rvo i rs ,  spe c i a l  p urpo s e  s c e nar i os h ave been 
d e ve l oped . The ob j e c t ive o f  these s c e nar i o s  is  to s t udy the e f 
f e c t s  o f  pr i c e ,  d i s c ou n t  rate , and t e ch no l ogy o n  the amou n t  o f  g a s  
recoverab l e  wi thou t t h e  pract ical  cons tra i n t s  impos ed by d r i l l i ng 
r ig ava i l ab i l i ty ,  p i pe l i ne capa c i ty ,  e t c . 

One s uch s c e n ar i o  s e t  i s  i l lu s t rated i n  F i g u r e s  3 1  t h rough 3 4 . 
He re base c a s e  te chno l ogy can be compared w i th ad vanced case t e c h 
nology a t  three d i f f erent pr ice  leve l s . Th e s e  d a ta are for the 
appra i s ed bas i n s  on ly a nd are bas ed on the a s s ump t ion tha t a l l  r e 
s ou r ce s  ava i l able a t  t h e  s tated pr i ce a r e  d i scove red i n  the  20-year 
pe r iod 1 9 8 1-2000 . 

Th e s e  d a ta are s umma r i zed i n  Tab l e s  7 1  through 7 3 .  The e f fe c t s  
due  to ch ange i n  ma r g i n a l  r a t e  o f  return ( d i s c ou n t r a t e ) a re added 
to Tab l e s 7 1  and 7 2 . 

Th e graphs i n  F i gure s 3 5  thr ough 3 7  s h ow s im i l a r  d at a . F igure 
3 5  permi t s  a compar i son of produ c t i on for a 1 5  p e r c e n t  d i s cou n t  
rate a t  $ 2 . 5 0, $ 3 . 5 0, $ 5 . 00, a n d  $ 9 . 00/MC F . F i gure 3 6  s h ows pr o
d u c t ion a t  $ 5 . 00/M C F  at d i scou n t  rates  of 10,  1 5 ,  a nd 20 p e r ce n t . 
F i gure 3 7  s h ows prod u c t ion a t  a 1 0  pe rcent d i s count  rate for $ 3 . 5 0 
a nd $ 5 . 00/MC F . 

Mo re d e t a i l e d  i nforma t i on i s  con t a ined i n  Tabl e s  E - 3  th rough 
E- 6 . Th e s e  t ab l e s  s h ow prod uct ion by ba s i n for th e 12 appra i s ed 
b a s ins . Tab l e s  E - 3  a nd E - 5  i l l u s t ra te a 1 5  p e r c e n t  d i s count rate 
and $2 . 5 0/MC F and $ 3 . 5 0/MC F respe c t ive ly . Tab l e s  E-4 and E - 6 i l 
l u s tra te a 1 0  percent  d i scou n t  rate and $ 3 . 5 0/MC F  a nd $ 5 . 00/M C F . 

An other spe c i a l  s c e n a r i o  i s  compo s ed of four reg i o n s : Sou th
we s t ,  Othe r Southwe s t ,  Ro cky Mounta i n s , and Northern Grea t  Pl a i n s /  

1 52 
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TABLE 71 

Ef fects of Price , Technology , and Discount Rate on 
Recoverable Gas in the Appraised Basins 

Ultimate Ultimate 
Gas Ultimate Gas Ultimate 

Reserve Investment Reserve Investment 
( BCF ) ( MM  $ )  $/MCF ( BCF ) ( MM  $ )  $/MCF b. BCF 

$ 3 . 50 @ 15 percent $5 . 00 @ 1 5  percent 

5 1 , 9 36 3 0 , 0 76 . 7  0 . 579 7 4 , 350  5 1 ,943 . 0  0 . 699 2 2 , 4 1 4  
8 3 , 048 5 2 , 40 4 . 3  0 . 63 1 1 1 5 , 699 9 1 , 068 . 4  0 . 78 7  3 2 , 6 5 1  

7 2 , 8 6 1  2 4 , 087 0 . 33 1  7 6 , 945  2 7 , 769 0 . 36 1  4 , 084 
89 , 2 0 3  32 , 682 0 . 366 9 5 , 347  3 7 , 085  0 . 389 6 , 1 44 

1 1 , 968 5 , 945 . 6  0 . 497  1 5 , 4 3 1  8 , 22 0 . 4  0 . 533  3 , 463 
1 9 , 698 7 , 72 8 . 9  0 . 392 2 2 , 42 1 1 0 , 529 . 0  0 . 470  2 , 72 3  

$ 5 . 0 0  @ 1 5  percent $ 5 . 0 0  @ 1 0  percent 
Advanced Advanced 

1 1 5 , 699  9 1 , 068 0 . 787 1 26 , 239  1 0 5 , 685 0 . 837 1 0 , 540  

9 5 , 347 3 7 , 085 0 . 389 96 , 82 3  39 , 1 04  0 . 40 4  1 , 476 

2 2 , 4 2 1 1 0 , 529 0 . 470  25 , 448 1 4 , 1 78 . 5  0 . 557  3 , 0 2 7  

/). BCF D. $ D. $ D. $ 
BCF Col . 1 ( MM  $ )  $ Col . 2  �CF 

Incremental 

0 . 43 2 1  , 866 0 . 73 0 . 975 
0 . 39 3 8 , 664 0 . 74 1 .  1 84 

0 . 056 3 , 682 0 . 1 5 3  0 . 90 2  
0 . 069 4 , 40 3  0 . 1 35 o. 7 1 7  

0 . 289 2 , 275  0 . 383 0 . 657 
0 . 1 38 2 , 800  0 . 362 1 . 028 

Incremental 

0 . 09 1 4 , 6 1 7  0 . 1 6  1 . 387 

0 . 0 1 5  2 , 0 1 9 0 . 054 1 .  368 

0 .  1 3 5  3 , 649 . 5  0 . 347 1 .  2 0 6  



TABLE 72  

Ef fects of  Pr ice, Technology , and Discount Rate on 
Recoverable Gas in the Appraised Basins 

Ultimate Ultimate 
Gas Ult imate Gas Ultimate 

Reserve Investment Reserve Investment ti BCF tl $ tl $  {', $ 
( BCF )  ( MM $ )  $/MCF ( BCF ) ( MM $ )  $/MCF ti BCF BCF Col . 1  ( MM $ )  $ Col .  2 �CF 

$ 5 . 0 0  @ 1 5  percent $9 . 00 @ 1 5  percent Incremental 

Rocky Mountains 

Base 74 , 350  5 1 , 943  0 .699 9 4 , 3 7 1  8 0 , 363 0 . 852 2 0 , 0 2 1  0 . 27 2 8 , 4 2 0  0 . 5 5 1 . 4 19 
Advanced 1 1 5 , 699 9 1 , 068 0 . 787 1 5 0 , 1 82 1 53 , 0 1 2  1 .  0 1 9  34 , 483 0 . 3 0 6 1 , 944 0 . 68 1 . 776 

I-' Northern Great Plains/Wil liston 
Ul 
0'\ 

Base 7 6 , 945 2 7 , 769 0 . 36 1  7 8 , 958 30 , 6 1 3  0 . 388 2 , 0 1 3  0 . 02 6  2 , 844 0. 1 0 2  1 . 4 1 3  
Advanced 95 , 347 3 7 , 085 0 . 389 99 , 3 7 2  4 2 , 0 0 3  0 . 423  4 , 025  0 . 042  4 , 9 1 8  0 .  1 33 1 . 2 22 

Southwest 

Base 1 5 , 4 3 1  8 , 22 0 . 4  0 . 533 1 6 , 722  1 0 , 0 39 . 3  0 . 600  1 , 2 9 1  0 . 084 1 , 8 1 9  0 . 22 1  1 . 409 
Advanced 2 2 , 42 1  1 0 , 529 0 . 470  2 6 , 1 3 5  1 5 , 449 . 4  0 . 59 1  3 , 7 1 4 0 . 166  4 , 920 0 . 467 1 . 3 25 

$ 5 . 0 0  @ 20 percent $ 5 . 0 0  @ 1 5  percent 
Advanced Advanced Incremental 

Rocky Mountains 9 7 , 699 6 7 , 288  0 . 689 1 1 5 , 699 9 1 , 068 0 . 787 1 8 , 00 0  0 . 1 8 2 3 , 780 0 . 353 1 . 33 1  

Northern Great Plains/Wil liston 9 1 , 188  3 4 , 2 7 2  0 . 376  95 , 34 7  3 7 , 085 0 . 389 4 , 1 59 0 . 046 2 , 8 1 3  0 . 082 0 . 67 6  

Southwest 2 2 , 290  1 0 , 1 44 . 7  0 . 455  2 2 , 42 1  1 0 , 529 0 . 470 1 3 1  0 . 006 384 0 . 038 2 . 93  



TABLE 7 3  

Ef fects o f  Price,  Technology , and Discount Rate on 
Recoverable Gas in the Appraised Basins 

Base Advanced Incremental 
Ultimate Ultimate 

Gas Ultimate Gas Ultimate 
Reserve Inves tment Reserve Investment [\ BCF ll $  ll $ ll $ 

( BCF } ( MM  $ }  $/MCF ( BCF } MM $ $/MCF ll BCF BCF Col . 1 ( MM  $ }  $ Col . 2 �CF 

Rocky Mountains 

$ 3 . 5 0  @ 15 percent 5 1 , 936 3 0 , 0 76 . 7  0 . 579 8 3 , 048 52 , 4 0 4 . 3  0 . 6 3 1  3 1 ,  1 1 2 0 . 60 2 2 , 3 27 . 6  0 . 74 0 . 7 2  
$5 . 0 0  @ 1 5  percent 7 4 , 350  5 1 , 943 . 0  0 . 699 1 1 5 , 699 9 1 , 068 . 4  0 . 787 4 1 , 349 0 . 56 39 , 1 24 . 4  0 . 75  0 . 95 
$ 9 . 0 0  @ 1 5  percent 94 , 37 1  80 , 36 3 . 0  0 . 852 1 5 0 , 182  1 53 , 0 1 2 . 0  1 .  0 19 5 5 , 8 1 1 0 . 59 7 , 264 . 9  0 . 90 1 . 3 0  

I-' Northern Great Plains/Williston 
U1 
'-l 

$ 3 . 5 0  @ 1 5  percent 7 2 , 8 6 1  24 , 08 7 . 3  0 . 3 3 1  8 9 , 2 0 3  3 2 , 68 1 . 9 0 . 366 1 6 , 342 0 . 224 8 , 594 . 6  0 . 357 0 . 526 
$5 . 00  @ 15  percent 7 6 , 945  2 7 , 769 . 5  0 . 36 1 9 5 , 347 37 , 084 . 9  0 . 389 1 8 , 40 2  0 . 239 9 , 3 1 5 . 4  0 . 33 5  0 . 506 
$9 . 00  @ 1 5  percent 78 , 958 30 , 6 1 3 . 5  0 . 388 99 , 372  4 2 , 0 0 3 . 2  0 . 4 23 2 0 , 4 1 4  0 . 259 1 1 , 389 . 7  0 . 372  0 . 558 

Southwest 

$ 3 . 50 @ 1 5  percent 1 1 , 968 5 , 945 . 6  0 . 497 1 9 , 698 7 , 7 28 . 9  0 . 392 7 , 7 3 0  0 . 646 1 , 78 3 . 3  0 . 3 0 0  0 . 23 1  
$ 5 . 0 0  @ 1 5  percent 1 5 , 43 1  8 , 22 0 . 4  0 . 533  2 2 , 42 1  1 0 , 5 2 9 . 0  0 . 47 0  6 , 990  0 . 45 3  2 , 30 8 . 6  0 . 28 1  0 . 330  
$9 . 00 @ 15  percent 1 6 , 7 2 2  1 0 , 0 39 . 3  0 . 600 2 6 , 1 35 1 5 , 449. 4 0 . 5 9 1  9 , 4 1 3  0 . 56 3  5 , 4 1 0 .  1 0 . 5 39 0 . 575  
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W i l l i s to n . I t  i s  the base case only a t  $ 5 . 0 0 a nd a 1 5  p e r c e n t  ma r 
g inal rate . Appro x ima t e ly t h e  s ame numbe r  o f  prospe c t s  are d e ve l 
oped a s  i n  the s tandard s cenar i o .  Th e approxima t io n  i s  n e c e s s ary 
because in some ins tances the base c a s e  was not pro f i t able  a t  
$ 5 . 0 0 .  

Th i s  procedure pe rmi t s  a compar i so n  of base c a s e  o n ly w i th a 
re asonab le s ched u l e  o f  impro vement by ad vanced c a s e  te ch no logy . 
Th is comp a r i son i s  d i s c u s sed i n  Chapter E i gh t i n  the s e c t ion e n 
t i tled " Benef i t s ,  Re search Cos t ,  a n d  Re search T imi ng Req u i red t o  
Ach ieve Ad va nced Te ch no logy . " 

A s e t  of s c e n a r i os for th i s  s tudy w i l l  be found i n  Appe nd i x  E .  
These tab l e s  con t a i n  a bunda n t  deta i l  on d r i l l i n g  s ch e d u l e s ,  re 
s e rve s ad ded , annu a l  and cumu l a t ive prod u c t ion , i nve s tme n t  and 
annua l cash f l ow ,  as we l l  as  typ i c a l  prof i t ab i l i ty ind i ca tors s uch 
as rate of r e t ur n ,  prof i t  pe r i nve s tme n t ,  a nd n e t  pre s e n t  va l u e . 
Scenar ios covered i n  Append i x  E inc l ude : 

Standard Scenar io a t  $ 5 . 0 0 and 1 5  Pe rcen t ,  
Base and Ad va n ced Te ch nology 

St andard S c enar i o  a t  $ 3 . 5 0  a nd 1 5  Pe r c e n t ,  
Base and Ad van ced Te chno logy 

Re comple t i on o f  Ol d We l ls i n  T i gh t Ga s Re servo i r s 
Ha l f - S t andard S c e n a r i o ,  Sou thwe s t  Reg i on a t  $ 5 . 0 0  

and 1 5  Pe rce n t ,  Base Te chnology 

Range of Prod u c t ion Ra tes Pro j e c ted 

Any po te n t i a l  recoverab le rese rve i s  as so c i a t e d  w i th a p r i c e  
f o r  t h e  gas . Th e amou n t  of t igh t gas  prod u c ed p e r  y e a r  depends on 
ma rke t d emand , wh i ch w i l l  d e te rmine the pr i c e . Th e E IA h a s  pro
j e cted gas dema nd bu t the re a re po s s ib i l i t ie s  o f  a h igh e r  demand . 
One of th e s e  i s  the replac ement of impor ted o i l . I f  u.s. i mpor t s  
we re reduced d r a s t i ca l ly by some of t h e  produc i ng c ou n t r i e s , a 
rap id i n c rease i n  gas prod u c t io n  would be d e s i rab l e . 

Th e prod u c t ion rates  for the s tandard , h a l f -standard , a nd 
twice-s tandard scenar ios are d i spl ayed i n  F i gu r e  3 0  f o r  the 1 9 8 1-
2 0 0 0  per iod . A l l  of these s ce n a r i os are for a p r i ce o f  $ 5 . 0 0/MCF . 
Th ese three s c e n a r i os repre sent a l a rge range o f  produc t ion sched
ul e s .  The twi c e -s tandard scenar i o  would prod uce more gas  than the 
marke t cou l d  be e xpec ted to u s e . Th e h a l f -s tand a rd s c e na r i o  i s  
more l ike the E IA pro j e c t ion for t i gh t gas . The three s cenar i os 
d o  not inc lude t igh t gas  now be i ng produced f r om p r ove n r e s e rve s . 
Th e E IA pro j e c t ion does inc l ud e  prod uct ion from c u r r e n t  prove n 
re serve s . An e s t ima te of the E IA pro j e c t ion of produc t i on f rom 
rese rve s  d i scovered in th e 1 9 8 1- 2 0 0 0  pe r iod i s  a l so d i s pl ayed i n  
F i gure 3 0 .  

Th e E IA e s t ima te show s h igher prod u c t i on r a t e s  a t  a n  e ar l i e r  
date than th e NPC scenar i o s . Th e E IA e s t ima te s e ems to track the 

1 5 9  



Lew i n  a nd As soc i a t e s  e s t ima te for ba s e  c a s e  t e c h no l ogy f o r  the i r  1 3  
bas i n s . 2 The Lew i n  e co nomi c s  are based on prod u c t i o n  s ta r t i ng 
one ye a r  a f t e r  the we l l  d r i l l i ng i nve s tme n t  i s  mad e . 3 E IA ' s  
e s t imate i n c l ud e s  t i gh t gas  prod uced f rom re s e r ve s  d i s covered 
be fore 1 9 8 0 .  

Th e N PC e conom i c s  we re based on the f o l low i n g  s ch ed u l e :  

Yea r  

1 

2 

3 

4 

5 

Ac t ion 

Ge o l og i s t s e xp l ore and s e l e c t  a pros pe c t  a nd w i l d c a t  
loca t i o n . 

Dr i l l  f i r s t  w i ldc a t . 

Dr i l l  s e cond w i ld ca t  i f  f i r s t  one i s  d ry .  I f  f i rs t  
w i l d c a t  i s  s uc ce s s ful and prof i t able d r i l l  s ome 
d e ve l opment we l l s . 

Pipe l i ne conne c t ion to the n ew f ie l d  i s  mad e and 
produc t ion beg i n s . 

Dr i l l  ad d i t ional deve lopme n t  we l ls a t  s uc h  a rate 
tha t the d e l ive ry p i pe l i ne from the f i e l d  is  f l ow i n g  
g a s  a t  nearly a cons tant r a t e  fo r ma ny ye a r s . S i nce 
t igh t gas  we l l s d e c l ine in  produc t i on r ap id ly , it  i s  
n e c e s s ary to keep d r i l l i ng new o ne s .  Th e d e ve lopme n t  
d r i l l i n g  s chedule  can e xtend un t i l  t h e  1 5th year . 

Th i s  scheduled d e l ay i s  bas ed on e xpe r i e nc e  w i th n ew f i e ld 
w i ld c a t s . 

2Lewin and As soc i a te s , Enhanced Re cove ry o f  Unconve n t ional 
Gas , Vo l .  I I ,  Fe bu ary 1 9 7 8 ,  pp . 3- 1 1 ,  Exh i b i t  3 - 2 , at  $ 4 . 5 0/MCF 
pric e ( s ame a s  $ 5 . 4 5/MC F i n  Ja nuary 1 ,  1 9 7 9 ,  d o l l a r s ) .  

3 Lew i n  a nd As soc i a te s , Enhanced Re covery o f  Unconven t ional  
Gas , Vol .  I I I ,  pp . 3 - 1 2 6 .  
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Chapter S i x  

CONSTRAI NTS TO THE DEVE LOPMENT OF T I GHT GAS RESOURCES 

INTRODUCTION 

There are s evera l poten t i al cons t ra in t s  to the d e ve l opment o f  
the t igh t ga s resou r ce . 

• Ma rk e t  d ema nd a t  the pr i ce s  n e ce s sary to produce the g a s  may 
not be ava i l abl e .  

• More ope rators w i l l  h ave to become convinced that the pro
duct ion tech nology is dependabl e , the gas resources a re 
ava i lab l e , a nd the e conomi c s  a re f avorable be fore ma ny t i gh t 
g a s  plays are begun . 

• P i pe l i ne capac i ty may h ave to be e xp anded i n  ma ny parts  o f  
t h e  c oun t ry . 

• The s upply o f  ma ter i a l s , manpowe r ,  and s e r v i c e s  may be 
l im i ted . 

• Th e i nve s tme n t  req u i reme n t s  w i l l  be s ig n i f i c an t .  

• W i thd rawa l o f  federal  land s  from e ne rgy a nd other u s e s  cou l d  
red uce t h e  pote n t i a l  gas  re s our c e s  ava i l ab l e . 

• Envi ronme n t a l  concerns could pose con s tra i n t s . 

• Ga s pr ice regulat ions could pose con s t ra i n t s . 

The s e  potent i a l  cons tra i n ts h a ve been cons i d e red and the i r  
relat ion s h i p  to the three s c e nar ios e xami ned . Fo r ad v i ce on the s e  
top i c s ,  the s t udy part i c ipan t s  depended large ly o n  e ar l i e r  s t ud i e s  
by the N PC a nd o n  con s u l t a t ion w i th e xp e r t s  i n  the s ub j e c t s  
i nvol ved . 

Market Demand 

Marke t d emand was e s t imated by th e E IA i n  Tab l e  3 .  The i r  e s t i 
ma te i s  abou t eq ual t o  the h a l f - s tanda rd s c e n a r i o  c a s e . Th e pos s i
b i l i ty o f  us ing some o f  the e x ce s s  gas  to re place  o i l  impo r t s  i s  
d i scu s sed i n  Ch apter F i ve . I t  may b e  fe a s i b l e  to repl ace mo s t  of 
the o i l  imports o r  a t  l e as t to in troduce pr i ce compe t i t ion and mod 
e ra te world o i l  p r i c e s . Cons ume rs now u s i ng o i l wou l d  h ave to 
i n s t a l l  gas burners i n  many case s . To d o  s o  they would need to 
f e e l  con f ident of a re l i ab le gas s upply for s eve ral  year s . F i g u r e  
2 7  pro j e c t s  l a r g e  s uppl i e s  o f  t i gh t g a s  for abou t 4 0  year s  a t  a 
$ 5 . 0 0/MCF pr i ce .  Ma rk e t  demand w i l l  be a cons t ra i n t ,  e spe c i a l ly 
a f te r  the pr ice o f  new g a s  suppl i e s  i s  d e r e g u l ated i n  1 9 8 5 .  Th e 
resource i s  adeq uate to furn i s h  a l l  of the l ike ly d emand . 

1 6 1  



Con f idence i n  T ig h t  Gas Te chnology Re sources  and Econom i e s  

Th e Soc i e ty o f  Pe troleum E n g i neers and DOE a re j o i n t ly mak i ng a 
s trong e f fort to organ i ze sympos i a  on f ra c t ur i ng a nd t i gh t g a s  
t e chnology . Th e s e  me e t i ng s  h ave bee n  a t t rac t i ng a l a rge a ud i ence . 
Th e Depar tmen t  o f  Ene r gy research and d e ve l opme n t  pro g r am h a s  i n 
volve d  many e ng i neers and ad vi sors f rom i ndu s try . Th e i r  j o i n t  
pro j e c t  w i th i n du s t ry on t i gh t g a s  we l l s a nd r e s e a r c h  pro j e c t s  h a s  
i ncre ased t h e  con f id ence of ma ny peop l e  i n  t igh t g a s .  Th e Ga s Re 
search Ins t i t u t e  i s  a l so focu s i ng a ma j or e f fort  i n  the t i gh t g a s a re a . 

Th e Po ten t ia l  Ga s Age n cy d i scu s s ion o f  t igh t g a s  i n  the b i an
nual report o f  the Po te n t i a l  Ga s Commi t tee and the data o n  t igh t 
g a s  forma t ions s ubmi t ted by ope rators to s tate regu l a tory age n c i e s  
a s  part o f  t h e  F ERC i ncent ive pr i c e  program w i l l  d e f i ne th i s  g a s  
resource mo re a c c u r a t e ly . Th e three e s t ima t e s  o f  t igh t g a s  re
source s made by th e Fed e r a l  Powe r Comm i s s i o n  ( 1 9 7 3 ) ,  Lew i n  and 
As soc i a tes ( 1 9 7 8 ) , a nd the N PC s houl d  re i n force the i n t e re s t  of 
indus t ry geolo g i s ts in e va lua t i ng the i r  l e a s e s  for t i gh t g a s  
pote n t i al . 

Th e a c t ion o f  the F E RC i n  s e t t i ng i nce n t ive pr i c e s  for t igh t 
gas  un t i l  1 9 8 5  should a t  leas t encourage the re c omp l e t ion o f  o l d  
we l l s  i n  t igh t g a s  forma t ions . Th e e conom i c  a n a ly s i s  o f  8 2  s ub 
bas i n s  i n  t h e  1 2  bas i n s  s hould provide  some e conomi c gu ide l i ne s for 
ope rators e va l u a t ing po ten t i a l  prospe c t s  in the i r  area of ope r a 
t ion . Pipe l i ne planne r s  may cons ider the po te n t i a l  i n  th e Ro cky 
Mou n ta i n  and Montana areas as a ma j o r  f u ture ga s prov i n c e  a nd a 
source o f  gas  a s  the i r  Sou theas t r e g i on g a s  s uppl i e s  d e c l i n e . 

The s e  f a c tors w i l l  probab ly h ave a c umu l a t i ve e f fe c t  o n  the 
b u i l d i ng o f  con f id ence in the e xp l o r a t i on and prod u c t ion ma nageme n t  
o f  t h e  indu s t ry . 

Pipe l i n e  Con s t r a i n t s  

Th i s  report pro j e c t s  the d eve l opme n t  o f  a g a s  s upply r e g ion i n  
the Ro cky Mou n t a i n s  and Montana that w i l l  r iv a l  the 1 9 5 0 ' s  d eve l op
men t  o f  the s ou t hwe s t  a s  a gas  pro v i nc e . S i n c e  th i s  d e ve l opme n t  i s  
o n ly beg i nn i ng ,  the ma j or p ipe l i ne capac i ty req u i red i s  not ye t 
bu i l t . I t  i s  ant i c ipated that th i s  cons t ra i n t  w i l l  be removed i n  
a n  ord e r ly ma nner d u r i ng the 1 9 8 2- 2 0 0 0  per iod . 

Pre s e n t  Reg io n a l  P ipe l i ne Capac i ty 

At pre s e n t ,  o n ly four s ta t e s  are ne t e xpo r t e r s  o f  g a s ; a l l  o f  
the se a r e  i n  the s ou thwe s t  ( Table 7 4 ) .  A s  the Un i t e d  S t a t e s mo ve s 
to h ig h e r  pr i c e s  for ga s ,  a lmo s t  eve ry s tate become s a po t e n t i a l  
prod ucer o f  t i gh t g a s . 

Th ere are ma ny g a s  trans fe r  p ipe l i ne s  w i th i n the Sou thwe s t  re 
g i on , bu t th e 1 9 7 9  N PC s t udy S torage and Transporta t io n  Capac i t i e s  
i nd i ca t e s  the n e t  1 2  TCF per year e xpo rt capa c i ty shown i n  Tab l e  7 4 . 
Es t imated e x c e s s  capa c i ty i s  sh own i n  Tab l e  7 5  for n ew p ipe l i n e s  t o  
t h e  Rocky Mou n t a i n s  and Mo n tana-Dako ta e xp e c t ed t o  be i n  ope ra t i o n  
be fore 1 9 8 5 .  
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TABLE 7 4  

Sou thwe s t  Re g i onal E xpo r t  
Pipe l ine Capac i ty 

Max imum Capac i ty 
From 

New Me x i co 
Oklahoma 
Te xa s 
Lou i s iana 
Lou i s iana 

To tal  

To 

Ar i zona 
Kan s a s  
Ark a n s a s  
Arkans a s  
M i s s i s s ipp i 

TABLE 7 5  

MMCF/D 

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

1 2 , 4 2 8 
3 2 , 9 0 7  

Probable E x c e s s  Pipl ine E xport Capa c i ty 
( TC F/Yr ) 

Montana-Dakot a  
Ro cky Mou n t a i n s  

1 9 8 0  

0 
0 . 1 0 6  

1 9 8 2  

0 . 1 1 
0 . 1 7 9  

TCF/Yr 

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

1 2 . 0 1 1  

1 9 8 4  

0 . 1 1 
0 . 2 8 8  

The pipe l ines  w i l l  carry mos t ly conve n t ional  g a s , bu t the 
e xce s s  capac i t ie s  shown sho u l d  be ava i lable  for t igh t g a s . 

Ra te o f  Bu i l d i ng New Pipe l ines  to De l i ver Gas Prod u c ed 

Th e rate o f  bu i l d i ng new p ipe l i ne s  to ad j u s t  for e xp a nded g a s  
produc t ion was e s t imated f o r  t h e  s tandard s c enar i o  a s  s h own i n  
Ta b l e s  7 6  a nd 7 7 .  Th e s e  d a t a  are comb i ned w i th the fo l l ow i ng e s t i 
ma tes o f  gas ava i lable  for e xpor t  i n  each r e g ion to d e te rm i ne p ip e 
l i ne capa c i ty n e e d  i n  the 1 9 8 5- 2 0 0 0  pe r i od . 

Tab l e  7 8  i nd i c a t e s  th a t  ma j or new p ipe l i ne s y s t ems w i l l  be 
ne eded in th e we s te r n  s ta te s .  Some f i ve new g a s  p i pe l i ne s  a r e  
e xpec ted t o  be bu i l t  to t h e  we s tern s ta t e s  by 1 9 8 4 .  A t o t a l  o f  
e i gh t add i t ional  p i pe l i n e s  w i l l  b e  needed t o  ma rke t the t i gh t g a s  
product ion d u r i ng t h e  1 9 8 5- 2 0 0 0  per iod . 

Pipe l i ne pl a nne rs for g a s  transmi s s ion comp a n i e s  be l i eve the 
sched ule o f  p ipe l i ne cons t ruct ion ind i cated abo ve i s  r e a sonab l e  and 
f e a s ible . As the gas s upply d e c l i ne s  and the ma rke t  pr i c e  r i se s  
toward wor ld ene rgy pr i ce s ,  the tempo o f  e xplorat io n  a nd d e ve l op
me n t  of t igh t g a s  w i l l  i ncre a s e  sharp ly . 

Con s tra i n t s  to the S upply o f  Mate r i a l s  and Manpowe r 

It  wa s con s i d e red nece s s ary to d e t e rmi ne wh e th e r  the ava i la b i l 
i ty o f  ma te r i a ls and ma npowe r would pre s e n t  a con s t r a i n t  to the 
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Year 

1 978 
1 980 
1 985 
1 990 
1 99 5  
2 0 0 0  

TABLE 7 6 

Rate of Bui lding New Pipelines to Deliver Gas Produced 

Gas Produced 
Inside Region 

( TCF/Yr ) 

Conventional 

Tight 
Standard 
Scenario 

1 7 .  1 9 *  
1 5 . 9  
1 3 . 1 
1 1 . 2  

9 . 2 
7 . 2  

0 . 0 2 
0 . 46 
2 .  1 6  
4 .  1 3  

Total 

1 7 .  1 9  
1 5 . 9  
1 3 . 1 2  
1 1 . 6 6  
1 1 . 36 
1 1 . 3 3 

Gas Net 
Used Gas 

Ins ide for 
Region Export 

( TCF/Yr ) ( TCF/Yr ) 

Southwest Region 

7 . 86 9 . 3 3  
7 . 86 8 . 0 4 
7 . 86 5 . 25 
7 . 86 3 . 80 
7 . 86 3 . 5 0 
7 . 86 3 . 4 7 

New 
Total Pipe line 

Pipeline Capacity 
Capacity Ne eded 
( TCF/Yr ) ( TCF/Yr ) 

1 2 . 0 1 1 
1 2 . 0 1 1 0 
1 2 . 0 1 1  0 
1 2 . 0 1 1 0 
1 2 . 0 1 1  0 
1 2 . 0 1 1 0 

Number o f  
New Pipelines 

with 1 , 0 0 0 MMCF/D 
Capacity 

0 
0 
0 
0 
0 

* u . s .  government statistics were declined a t  an e stimated total incremental decline for a l l  United 
State s .  



TABLE 7 7  

Rate o f  Bui lding New Pipelines to Deliver Gas Produced 

Gas Produced 
Inside Region Gas Net New 

( TCF/Yr ) Used Gas Excess Pipeline Number of 
Tight Inside for Pipeline Capacity New Pipelines 

Standard Region Export Capacity Needed with 1 , 0 0 0  MMCF/D 
Year Conventional Scenario Total ( TCF/Yr ) ( TCF/Yr ) ( TCF/Yr ) ( TCF/Yr ) Capacity 

Montana-Dakota 
1-' 
� 
lJl 1 98 5  0 . 08 0 0 . 0 8 0 .  1 5  -0 . 0 7 0 .  1 1  0 0 

1 990 0 . 08 0 .  1 3  0 . 2 1  0 .  1 5  0 . 06 0 .  1 1  0 0 
1 99 5  0 . 0 8 0 . 44 0 . 5 2  0 . 1 5  0 . 3 7 0 .  1 1  0 . 2 6 
2 0 0 0  0 . 08 0 . 7 8  0 . 86 0 . 1 5 0 . 7 1  0 .  1 1  0 . 6  2 

Rockies 

1 98 5  0 . 60 0 . 0 8 0 . 68 0 . 48 0 . 2 0 0 . 29 0 0 
1 990 0 . 87 0 . 6  1 . 4 7  0 . 48 0 . 99 0 . 29 0 . 7  2 
1 9 9 5  0 . 90 1 . 2 2 .  1 0  0 . 48 1 . 6 2  0 . 29 1 .  3 3  4 
2 0 0 0  0 . 94 1 .  8 2 . 7 4 0 . 48 2 . 2 6 0 . 29 1 .  9 7  6 



TABLE 78 

Schedule of New 4 2 " , BCF/Day Pipelines Neede d  After 1 9 84 
for Tight Gas Production 

Year New 
Pipe line Northern 

Be gins Great Plains/ Rocky Other 

Operations Wi lliston Mountains Southwest u.s. 

1 985 0 0 0 NA 

1 99 0  0 2 0 NA 

1 995 2 0 NA 

2 0 0 0  1 2 0 NA 

Total 2 6 0 NA 

Total -----

0 

2 

3 

3 

8 

d eve lopme n t  of U . S .  t igh t ga s resource s . Th e Na t i on a l  Pe troleum 
Counc i l  carr i ed ou t a s t udy and i s s ued a report i n  1 9 7 9  e n t i t l ed 
Mate r i a l s  and Manpower Requ i rements for u.s. O i l  and Ga s Explora
t lon and Prod u c t 1on -- 1 9 7 9-1 9 9 0 ,  and it  wa s f e l t  t h a t  th i s  s t udy 
wou l d  prov i d e  a n  adequate up-to-d a t e  eva lu a t io n . Th e b a s i s  for 
much of th i s  e ar l ie r  N PC report wa s e s tab l i shed by mea n s  o f  s u rveys 
of manu f acturers and source s uppl i e rs . I n  g e n e ra l , the re a c t i o n  
wa s t h a t  the indus t ry c ould e xpand t h e  ma rke t ,  and o n  th i s  bas i s  i t  
i s  be l i eved th a t  i t  can e x tend beyond 1 9 9 0 .  Th e f o l l ow i ng s e c t ions 
prov ide the e s s en t i a l  i n fo rma t ion q uoted f rom tha t  repor t .  

Conc l u s ions 

The ava i l ab i l i ty of equ i pme n t , ma ter i a l s , and s e r v i c e s  is  u n -
l ike ly to be a con s tra i n t  to f u ture indu s t ry a c t iv i ty l eve l s . I n  
add i t io n , t h e  manpowe r requ ired wi l l  b e  ad equ a t e  to s uppor t s ub 
s tant i a l  incre a s e s  i n  a c t i v i ty . Howe ve r ,  a ny changes  i n  l aws and 
regula t ions  wh i ch improve the bus ines s e n v i ro nme n t  w i l l  a l s o  d i 
r e c t ly i ncrease a c t iv i ty . 

Th e ma nu f a c t ur ing , s upply , and s er v i c e  i nd u s t r i e s  c u r re n t ly 
h a ve spare c apa c i ty ,  wh i ch ,  toge the r w i th e xpan s ion p l an s ,  s h o u l d  
be ad equate through 1 9 81 . In the longe r t e rm ,  the c apab i l i ty to 
add capa c i ty wh ere needed is  s u f f i c i e n t  to s upply a s ubs tant i a l  
g rowth i n  dema nd . 

Th e d i scove ry a nd s ub s eq uent d e ve lopme n t  o f  any ma j o r fore i g n  
fron t ie r  a r e a s  should n o t  pose con s t ra i n t s  to d ome s t i c  a c t i v i ty 
leve ls .  

Al though the 1 9 7 9  NPC s t udy ind i ca ted t h a t  there wou l d  be s u f 
f i c ient  capa c i ty to s upport a n  importan t and nece s s a ry i n c rease i n  
a c t i v i ty , the s tudy d id id e n t i fy a numbe r o f  areas  wh ere capac i ty 
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would be t i ght and wh e re con s t ra i nts  could d e ve l op , e spe c i a l ly w i t h  
a s ubs tant i a l  i ncre a s e  i n  act ivi ty . Th e mo s t  s ig n i f icant concerns 
appear to be i n  the general area of i ron and s t e e l . 

• O i l  coun t ry tubular goods ( o i l  we l l  c a s i n g , t ub i ng , and 
d r i l l  p ipe ) wou ld f a l l  short of demand by 1 9 8 5  w i th a s ub 
s t ant i a l  incre a s e  i n  a c t i vi ty , a n d  b y  1 9 9 0 w i th a l e s s e r  
increas e . Wo rldw i d e  capa c i ty s hou l d  a l l ow the sh i f t i ng o f  
the se p a t t e r n s  t o  mee t  dome s t i c  need s . Howe ve r ,  th i s  wo uld 
re s u l t  in  the i ncre a s i ng re l i ance on po ten t i a l ly i n s e cu r e  
fore ign source s .  

• Th ere i s  some concern abou t the adeq uate f u ture ava i l ab i l i ty 
o f  cast i n gs and forg i ng s . A s i g n i f i c a n t  factor i s  the los s 
of c apac i ty wh i ch has  resul ted f rom the shu td own of many 
sma l l  found r i e s  unable e conomi c a l ly to me e t  E PA and OSHA 
req u i reme n t s .  

• Mos t  indu s try seg me n t s  e xpres sed concern ove r a po te n t i a l  
f u t ure shortage o f  raw s tee l . 

Recommenda t i on s  

Based o n  the f ind i ng s  and conc lus ions s e t  forth i n  t h e  repor t ,  
the Na t i onal Pe troleum Counc i l  re comme nded the f o l low i n g  me a s ures  
to  improve and e xpand the  e xplorat i o n , d r i l l i n g , and  prod u c t i o n  
capab i l i t i e s : 

• Th e federal  gove r nme n t  shou l d  con t inue to promote the d e ve l
opment o f  d ome s t i c  energy re sour c e s  and s tr i ve to e s ta b l i s h  
a s table and pred i c t able bu s i n e s s  c l ima te . Th e cre a t ion of 
s uch an e nvi ro nme n t  w i l l  enta i l  the r e v i ew o f  federal  l aws 
and reg u l a t ions re l a t ing to leas i ng ,  pr i ce con tro l s , taxa
t io n , and e n v i ro nmental  pre s e r vat ion . 

• The federal governmen t  should create an e n v i ronme n t  wh i ch 
promotes  the ree s tab l i shme n t  of a s trong a nd c ompe t i t ive 
dome s t i c  s te e l  indus t ry . Th i s  e n v i ronme n t  s ho u l d  encourage 
the e xpans ion of d ome s t i c  p ipe mi l l  capac i ty and w i l l  re 
q u i re the r e v i ew o f  l aws and r e g u l at ions  o n  s te e l  impor t s , 
envi ronme n tal con t ro l s , a nd taxa t i on . 

Approach to the S tudy 

A 1 9 7 4 Na t i onal  Pe t roleum Counc i l  repo r t  e n t i tl ed Ava i l ab i l i ty 
o f  Mater i a l s , Manpower ,  and Equ ipmen t  for the Explor a t ion , Dr 1 l l 1 n g  
and Prod u c t ion o f  O i l  -- 1 9 7 4-1 9 7 6  f o cu sed a lmo s t  e n t i re ly o n  the 
ye ars 1 9 7 4 -1 9 7 6 .  The approa ch u t i l i z ed in th a t  s t udy wa s to e s ta b 
l i sh a n  i ndu stry act iv i ty l eve l by a s s umi ng t h a t  a l l  ava i l a b l e  
d r i l l ing r igs would be empl oyed t o  the i r  ma x imum c apac i ty . Othe r 
i nd u s try segme n t s  we re then tes ted for po tent i a l  cons tra i n t s  a t  
that a c t i v i ty l e ve l . For the curre n t  s t udy , t h e  Departme n t  o f  
Energy i nd i c ated th a t  the me thodology u sed i n  t h e  1 9 7 4  s tudy wou l d  
b e  acceptab l e , b u t  a sked th a t  s e ns i t i v i ty ana ly s e s  be done for 
act iv i ty l eve l s  other than tho s e  de r ived th rough that me thod o logy . 

1 6 7  



Th e NPC there fore formula ted a n  approa ch i n te nded to m i n imi ze the 
d i f f i cu l ty i n  re ach ing broad agreeme n t  on a s in g l e  pro j e c t io n  a nd 
one wh i ch would poten t i a l ly pro v id e  u s e f u l  i n f o rma t ion to thos e 
u s ing the r e s ul t s  of the s tudy . Th e approach emp l oyed w a s  to s e g 
men t  the i s s ue i n to two s eparate a n d  somewha t  i nd epend e n t  a re a s  o f  
i nve s t i g a t ion : 

• Th e pro j e c ted c apab i l i ty of the ma nu factur in g  s upply and 
s e rv i c e  indu s tr i e s  to s uppor t the pe tro l e um i n du s t ry 

• A pro j e cted range o f  poss ible i nd u s t ry d r i l l i ng a c t i v i ty 
based on pub l i shed a nd pr iva te fore ca s t s . 

Th e s e  two pro j e c t ions we re then comp ared to d e t e rm i n e  the 
e xtent to wh i ch i nd us t ry act i v i ty l e ve l s  m i gh t  be con s t r a i n e d  by 
the po s s i b l e  lack of ava i lab i l i ty of ma te r i a l s  o r  ma npowe r .  

Co ncurrent w i th th i s  e f fo r t , a n  e xami n a t ion wa s condu c te d  o f  
the impact o f  federal  l aws and regulat i on s .  

Surveys we re u s ed e xtens ive ly to o b t a i n  d a t a  wh i ch woul d  a s s i s t  
i n  analy z i ng the capac i t ie s  o f  the i nd i v i d u a l  segme nt s  o f  the ma nu
f a c t ur in g , s upply , and s e rv i c e  i n d u s t r i e s .  The s ur vey approach wa s 
a ls o  u s ed a s  an a id i n  i d e n t i fy i ng the imp a c t  o f  g ove r nme n t  reg u l a 
t ions a n d  t h e  f u t ure bus i n e s s  e n v i ro nme n t  o n  a c t i vi ty l e ve l s . 

Dr i l l i n g  Ac t i v i ty Ou t l ook . An analys i s  o f  2 3  i ndepend e n t  fore
c a s t s  o f  u.s. d r i l l i ng a c t iv i t ies by var iou s s e rv i ce and s upply , 
indu s t ry ,  governme n t ,  and f i nan c i a l  i n s t i tu t io n s  fo rme d  the bas i s  
f o r  pro j e c t ion o f  a range of po s s ible d r i l l i n g  a c t iv i ty . Th e upper 
l e ve l  of the pos s ib l e  a c t i v i ty range re f l e c t s  a 6 pe rcent  a ve r a g e  
annu a l  growth i n  we l l s  d r i l led f rom 1 9 7 9  through 1 9 8 1  a nd 3 p e r c e n t  
annu a l  growth f rom 1 9 8 2  through 1 9 9 0 .  The l ower l e ve l  o f  the a c 
t iv i ty range a s s umed g row th a nd d r i l l i ng o f  a lmo s t  2 p e r c e n t  per 
year for 1 9 7 9  thr ough 1 9 81 and j u s t  o ve r  2 pe r c e n t  pe r ye a r  f o r  
1 9 8 2  through 1 9 9 0 . 

Du r i ng 1 9 7 9 ,  a ct u a l  d r i l l i ng a c t iv i ty wa s be l ow the l owe r l e ve l 
o f  the pro j e c ted a c t i vi ty rang e .  Th i s  wa s due l a r ge ly t o  the d e l ay 
a nd u n ce r t a i n ty o f  impr oveme n t s  in  prod u c e r  prof i t ab i l i ty e xp e c ta
t i on s . Impro v i n g  pro f i t ab i l i ty e xpec t a t i on s  are e xpe cted to br i ng 
d r i l l i ng i nto the pro j e c ted po s s ible a c t iv i ty rang e . Howe ve r ,  c on
t i nued s ig n i f i ca n t  i mproveme n t  i n  e xplora t io n  and pro d uc t i o n  i n 
v e s tme n t  i ncent ive s w i l l  be req u i red t o  ach i eve t h e  uppe r l eve l o f  
the pro j e c ted a c t i v i ty range . 

An e xtens ion of these pro j e c t ion s was u s ed i n  t h e  Tab l e  7 9  c om
p a r i son of the d emand for t igh t gas d r i l l i ng . Th e pe rcentag e  o f  
u.s. d r i l l ing e f fort d evoted t o  g a s  h a s  bee n  go i ng through a typ i 
c a l  g rowth wave s in ce the l a te 1 9 4 0 ' s .  F i g u r e  3 8  h a s  been u s ed to 
e s t ima te the total n umbe r  of gas we l ls d r i l l e d  i n  th e Un i ted State s 
u n t i l  the ye ar 2 0 0 0 . 

For e a ch o f  the three scenar ios the numbe r o f  t igh t g a s  we l ls 
c ommit ted annual ly i s  shown . These w i l l  be spaced o ve r  a thre e - t o  
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TABLE 79 

Dri l l ing Projections 

Standard 
Es timat ed Gas Es timated Tight Gas Wel ls Committed for Sc enario 

Est imat ed Wel l s  Dr i l l ed Drillin� Annuall::t For S c enarios ( Perc entage of 
Total u.s. Oil Annual l::t Half- Standard Tw i c e- u.s. Gas 

and Gas Wel ls Total Exploration Standard % of Standard Supply From 
Y ear Dri l l ed Annual l::t* Wel l s  Well s  Wells Gas Wel l s  Wells Wel l s  T ight Gas ) 

1 98 0  5 5 , 3 0 0  27 , 1 0 0  8 , 7 0 0  
I-' 
� 

1 98 5  64 , 6 0 0  3 4 , 9 0 0  9 , 4 0 0  \0 2 , 449 1 4  4 , 9 0 0  5 , 5 7 7  

1 99 0  70 , 8 0 0  4 1  ' 8 0 0  1 0 , 0 0 0  4 , 6 4 2  2 2  9 , 4 0 3  1 8 , 5 4 0  9 

1 99 5  82 , 1 0 0  5 0 , 9 0 0  1 2 , 5 0 0  4 '  1 5 3 1 7  8 , 4 0 0  2 1 '  2 4 1 2 2  

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

*NPC Materials a n d  Manpower Requirements for u . s .  Oil and Gas E xploration and Productio n ,  1 979 -- 1 99 0 , p .  1 4 .  
Al l wel l numbers i nc lude dry wells a s  wel l  a s  suc c es sful ones . 
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1 0 -year per iod , bu t they a re we l ls re s ul t i ng f rom the numbe r o f  
prospe cts  s tarted i n  each yea r . The proport ion o f  g a s  we l ls 
d r i l led f o r  t igh t g a s  i n  the s tandard s c enar i o  rang e s  f rom 1 3  t o  2 2  
pe rcent of the total number o f  gas  we l l s d r i l le d . Th e percentage 
o f  the total  u. s .  gas s upply pro j e c ted for t igh t gas  in  the s tan
dard scen a r i o  range from 9 to 3 3  percent  in the pe r io d  1 9 9 0 - 2 0 0 0 , 
a s  shown i n  Tab l e  7 9 .  Th e numbe r of t ig h t  ga s we l l s  seems reason
able compared to the total n umbe r  of all gas  wel l s  pro j e c ted . 

Geolog i cal and Geophys i ca l  Serv i ce s . Geo l o g i c a l  s e r v i c e s  i s  a 
manpowe r-i ntens 1 ve prof e s s ional s e rv i ce for wh i ch f ew ma t e r i a l s  are 
req u i red . 

Th e non-Commu n i s t  wor ld geophys i c a l  s e rv i ce s  i ndu s t ry i s  
large ly u. s .  based . A cons i s te n t  d ome s t i c  ma rke t i s  a key f a c tor 
a s s ur i ng cons i s te n t  ava i lab i l i ty o f  d ome s t i c  c apa c i ty .  u. s .  g e o
phys i c a l  a c t ivi ty acGe l e rated to a g r owth rate o f  2 1  per c e n t  i n  
1 9 7 7  and 1 9 7 8 ; w i th proj e c ted capa c i ty th i s  g r ow t h  r a te i s  s u s ta i n
ab le through 1 9 8 1 . Geophys i c a l  s e r v i c e s  are not e xpe c ted to l imi t 
d r i l l i ng a c t ivi t i e s . Howeve r ,  po s s i b le f u ture shortag e s  i n  v i bra
tory sources and record i ng i n s t rume n t s  are ident i f ied a s  po ten t i a l  
b u t  not probable cons tra i nt s .  

W i re l i ne serv i ce d ema nd ( l og g i ng a nd p e r f o ra t i ng ) i s  d i re c tly 
re lated to d r i l l i n g  a c t i v i ty .  Th i s  i nd u s t ry has g r own a t  a com
pound rate of abou t 1 0  percent in logg i ng a nd perforat ing f ie ld 
un i t s  s in c e  1 9 7 0 ,  and pro j e cted c apab i l i ty w i l l  s u s t a i n  th i s  g rowth 
through 1 9 9 0 .  Th i s  is a s ubs tan t i a l ly h ig h e r  rate  than the uppe r 
l e ve l  o f  pos s ib le d r i l l i ng a c t i v i ty . 

Dr i l l i n g  Equ ipme n t .  The d r i l l i ng equ i pmen t  i n d u s t ry h a s  the 
pre s e n t  capab i l 1 ty and is e xpec ted to h ave con t i nu e d  capa c i ty i n  
the f u t ure t o  s uppor t d ome s t i c  d r i l l i ng along t h e  uppe r range o f  
pos s ib l e  act iv i ty leve l s . Pro j e c t ion s of b a s i c  r ig manu f a c t ur i n g  
capac i ty ( de d i ca ted to the u. s .  ma rke t ) e xceed t o t a l  pro j e cted 
upper leve l pos s ible dema nds to  the  ye ar 1 9 9 0 .  A capab i l i ty to 
f urthe r inc rease c apac i ty by 25  percent  i n  l e s s  than a yea r  and to 
double capa c i ty i n  abou t two years wa s i nd i cated . 

Ad eq ua te capac i ty i s  proj e c ted through 1 9 8 1  f o r  ma j o r  au x i l i ary 
equ i pme n t ,  inc l ud i ng the d r i l l i ng s tr i ng ( d r i l l  p ipe , too l j o i nt s ,  
d r i l l  col lars , a nd b i ts ) a nd pressure control equ i pme n t  ( b l owo u t 
preventers and control sys tems ) .  

Dr i l l  p ipe mi l l  c apac i ty i s  pro j e cted t o  be adequate to mee t  
the uppe r l eve l d r i l l i ng a c t ivi ty th rough 1 9 8 1 ,  bu t a po te n t i a l  
shortf a l l  i s  ind i c a ted i n  1 9 8 5  and 1 9 9 0 i f  e xpor t s  c on t i nu e  a t  the 
h i s to r i c a l  rate of 4 0  percent . 

Th e s upply o f  d r i l l i ng f l u id add i t ive s i s  a poten t i a l  con
s tr a i n t  to acce l e rated d r i l l i ng a c t i v i ty .  Howeve r ,  the i nd u s try 
pro j e cts capa c i ty s u f f i c i e n t  for uppe r leve l d r i l l i ng to the 
year 1 9 9 0 . 

1 7 1  



Tubular S t ee l . Ad equate s upp l i e s  o f  o i l  c o un t ry t u b u l a r  g oo d s  
a r e  e xp e cted t o  be ava i l able th rough 1 9 8 1 . Howe ve r ,  t h e  proj e c ted 
upper l e ve l  d eman d  w i l l  be so close to the pro j e c t ed s upply by 1 9 8 1  
tha t a s ig n i f i ca n t  u s e r  i nve n tory bu i ldup , a d rop i n  impo r t  l e ve ls , 
and/or a large i ncrease i n  e xports  could re s ul t  i n  a tenuous  
s upply/d emand b a l a n ce . Beyond 1 9 8 1 ,  upper l e ve l p ro j e c t ed d ema nd 
would e xceed the pro j e c ted s upply by 1 0 0 , 0 0 0  tons i n  1 9 8 5  and by 
one mi l l i on tons i n  1 9 9 0 . Th e pro j e c ted shortag e  mi gh t be reme d ied 
by one or more a lterna t i ve s ,  i nc l ud i ng i ncreased i mpo r t s , d e c reased 
e xpor t s , c on s truc t i on o f  new tub u l a r  mi l l s , s h i f t i ng o f  raw s te e l  
from other prod uc t s , o r  e xpan s ion o f  r aw s te e l  s uppl i e s  a s  we l l  a s  
add i t ions o f  tub u l a r  mi l l  and f in i sh ing c ap ac i ty . 

Th e mos t  secure  and re l i ab l e  s upply o f  o i l  c ou n t ry t ubu l a r  
goo d s  would re s ul t  f r om the e xpans ion o f  d ome s t i c  s t e e l  a n d  pro d u c 
t ion capac i ty . I n  o rde r f o r  s uch e xpans ion to o c cu r ,  the s te e l  
i ndus t ry w i l l  need c l ea r ,  pred i c tab l e  incen t i ve s . 

Prod u c t ion Equ ipme n t . The capac i ty for ma n u f a c t u r i n g  o i l  a nd 
g a s  prod u c t ion eq u ipme n t  i s  e xp e c ted to be s u f f i c i e n t  to s uppo r t  
th e upper l e ve l  o f  pos s ible dome s t i c  d r i l l i ng a c t i v i ty . Key po te n 
t i al c on s t r a i n t s  i n c lud e the po te n t i a l  shortag e s  o f  a l l oy s  con t a i n 
i ng chromi um a nd coba l t , long l e ad t ime s f o r  ma ch i ne too l s , a n d  
s hortag e s  o f  t h e  ene rgy needed f o r  eq u i pme n t  ma nu f a c t u re . 

We l l  S e rv i c i ng . We l l  s e rv i c i ng r i g s , c eme n t i ng a nd s t imu l a t ion 
s e r v i c e s ,  spe c i a l ty too l s  and s e r v i c e s ,  and a i r  a nd ma r i n e  tran s 
portat ion are prov ided by the we l l  s e rv i c i ng i nd u s t ry . Pre s e n t  
c apac i ty p l u s  planned ad d i t ions wi l l  b e  s u f f i c i e n t  t o  s uppo r t  th e 
p ro j e c t ed uppe r leve l d r i l l i ng act iv i ty and the prod u c t ion ma i n te 
nance d eman d s  o f  a g rowi ng n umbe r o f  a c t i ve o i l  and g a s  we l ls . 

Th e ava i l able count o f  we l l  ser v i c i ng r ig s  i s  e s t ima ted to 
i nc re a s e  by a range o f  6 t o  8 perce n t  per ye ar in 1 9 8 1  a nd 4 t o  5 
percent therea f te r  to 1 9 9 0 .  Th i s  near ly equa l s  the p ro j e c ted uppe r 
l eve l d r i l l i ng a c t i v i ty . 

Ceme n t i ng and s t imu l a t ion s e rvi c e  capa c i ty i s  ve ry s e n s i t ive to 
d emand and can re spond rap id ly .  The curre n t  shortage of ra i l  c a r s  
i s  a po ten t i a l  con s tra i n t  wh i ch cou l d  cau s e  s po t  shortag e s  o f  the 
ceme n t  and s and u s ed i n  large quant i t ie s  by the s e  s e r v i c e s .  

The pro d uc t ion o f  spe c i a l ty too l s  and s e r v i c e s  h a s  e xpande d  by 
n i ne to 1 2  percent pe r ye ar in re cent  ye a r s  a nd i s  proj e c ted to 
con t inue g r ow i ng a t  a h i gh rate to mee t  d emand . 

Land a nd mar in e  trans por tat ion veh i c l e s  and ve s s e l s  are cur
rently i n  s urp l u s . 

Manpowe r .  E xp l orat ion and prod u c t ion comp a n i e s  re spond i ng to 
s urveys e xpe c t  that the a va i labi l i ty of prof e s s i o n a l  pe r s on ne l w i l l  
h ave a grow i ng imp a c t  o n  the ab i l i ty t o  e xp and rap id ly d u r i ng the 
1 9 8 0 - 19 8 5  per iod . Le s s  than ha l f  e xpe c t  the i mpact to be large . 
Th e demand f o r  prof e s s ionals w i l l  be me t by r ap id ly i ncreased e n 
rol l me n t  i n  t h e  c r i t i c.a l  d i sc ip l i n e s  geology and pe t ro l e um e n g i 
nee r i ng . No c i rcums tances can be fore s e e n  that cou l d  prod u c e  a 
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manpowe r cons tra i n t  to the e xpans ion o f  d r i l l i ng and w.e,l l  se r v i c i ng 
a c t iv i t ies . The grea te s t  need i s  for federal  pol i c i e s  to re l i eve 
uncerta i n t i e s  in the f u t ure and thus s t ab i l i ze d emand . 

The a va i lab i l i ty o f  sk i l le d  worke rs i s  a re curr i ng concern for 
a l l  i nd u s try sectors , bu t it i s  bei ng ma naged through i n t e n s ive 
recru i t i ng and tra i n i ng progr ams by i ndus t ry . 

Inve s tmen t  Requ i r eme nts and Cap i tal Ava i lab i l i ty 

The capi t a l  r equ i r emen t s  o f  the three s c e n a r i os a re l i s ted 
a long w i th the e s t imated cap i tal ava i lable in Ta b l e  8 0 .  

Economi s ts a t  Ch a s e  Ma nh attan Bank and B a nk e r s  Trust we re 
cons u lted for the i r  es t imates  of the cap i t a l  t h a t  c o u l d  be ava i l 
a ble to me e t  i nd u s try needs i n  the Un i ted S t at e s  for e xp l orat i on 
and produc t ion . Tha t  par t  of the c ap i t al r eq u i reme n t s  a l lo t te d  fo r 
gas wa s e s t ima ted f rom h i s to r i c a l  percentag e s  o f  we l ls d r i l led for 
gas and pro j e cted into the 1 9 8 0 - 2 0 0 0 per io d . F i gure 3 8  s h ows the 
proj e c t i on . 

Th e cap i ta l  req u i red by the t igh t g a s  s c e na r ios does  not appear 
to be too large a por t ion of the gas c ap i t a l  a va i la bl e . The pe r 
cen tage of the u. s .  g a s  s upply furn i shed by t ig h t g�a s  intc:reases  by 
abou t 1 0  perce n t  e ve ry f ive years a f te r  1 9 8 5 for the s t and ard s c e 
nario . Th e cap i t a l  needed for conve n t ional  g a s  deve lopme n t  i s  
decreas i ng a t  the s ame t ime . Payout pe r io d s  are i n  the range o f  
f ive to 1 1  ye ars f o r  the va r i ou s  reg i on s , w i th an o ve r a l l U . S .  
payout of n in e  year s .  The ma x imum unrecove red i nve s tme -n t  for th e 
Un i ted S t ates i s  e s t ima ted to be $ 6.7 0  m i l l i o n  and occurs  i n  the 
s i xth ye ar . 

The conc lus ion i s  tha t  the ava i l ab i l i ty of i nves tmen t c ap i t a l  
w i l l  not pos e  a cons tra i n t  to t h e  developme n t  o £  the quan t i t i e s  o f  
t i gh t gas shown i n  the se t h r e e  scenar i o s .  

W i thd rawal o f  Federal Land and Re s·ources Fro,ml T i g h t  Ga s De ve l opme n t  

I ntrod uc t i on 

In re cent  yea r s , there has been an i ncrea s i ng e f fort to se t 
a s id e  fed e r a l ly owned lands for w i ldern e s s  p.re s e rva t ion and env i 
ronmental protect i o n . Much of th i s  e f fort or i g i na t e d  w i th the 
W i lderness Ac t of 1 9 6 4 a nd tthe Fede ra l  La nd Po l i <£:y a nd Ma nageme n t  
Ac t o f  1 9 7 6  ( FLPMA ) . The re i s  some concern that an i n crease i n  
f ed e ral l ands s e t  a s i d e  f o r  the se purpo s e s  wou l d  preve n t  the d eve l 
opment of a s ig n i f i c an t  amount o f  t i gh t  g a s  re sourc e s . Th i s  could  
be par t i cu l a r ly s e r iou s i n  s everal we s tern s ta t e s  where t h e re i s  a 
h i gh proport ion o f  fe<dera l ly owned land and a c.o-n ee n t ra t ion o f  
t igh t ga s resou r c e s . 

Th i s  repo rt presents the re s ul t s  of  a s tudy to de term i ne i f  
federa l lands curre n t ly w i thheld from o i l  and g a s  d e ve lopme n t ,  
a long w i th add i t ional federal  l and wh i ch may b e  w i thd rawn , w i l l  
con s t i t ute a s ig n i f i c ant con s t r a i n t  t o  the d e ve l opment o f  t i gh t  gas 
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Year 

1 980 

1 9 8 1 

1 98 5  

1 9 90 

1 995 

2 0 0 0  

TABLE 8 0  

Investment Capital 
( Bil lions of January 1 ,  1 9 7 9 , Do l lars Per Year ) 

u .s. Est imate d  Inves tment Capital 
Avai lable for ExEloration and Production 

Thi s  Report 
Estimated for 

Chase Bankers Trust Oil and Gas 

2 3 . 3  26 . 4  2 4 . 9  

2 6 .  1 3 2 . 2  29 . 2  

4 1 . 7 39 . 7  4 0 . 7  

7 0 . 8  4 7 . 1  59 . 0  

-- - - 7 5 . 0  

- - - - 8 5 . 0  

Total Gas 
E&P 

Inve stment 
Capital 

Estimated 
This ReEort 

1 2 . 5  

1 4 . 6  

2 0 . 4  

2 4 . 0  

48 . 0  

5 4 . 0  

Tight Ga s E&P Inves tment 
Committed By Each Year ' s  

Projects Scenarios * 
Half- Twice-

Standard Standard Standard 

0 . 4  1 . 0  1 . 2 

1 . 6  3 . 2  3 . 8 

3 . 8  7 . 6  1 4 . 7  

4 .  1 8 . 3  1 8 . 6  

4 . 3  8 . o  1 6 . 8 

Standard 
Scenario 

( Percentage of 
u.s. Gas 

Supply From 
Tight Gas ) 

9 

2 2  

3 3  

*May be spent over a three- to 1 0 -year period, but the capital 
year indicated. 

i s  committed by the proj e ct initiated in the 



r e source s . Th i s  inve s t i g a t ion appl i e s  on ly to the 1 2  prospe c t ive 
t i gh t gas bas ins cons idered i n  th i s  N PC report on t i gh t g a s  
resource s .  

Th e three ma j or sources of cu rre n t  f e d e r a l  l a nd w i thd rawa l 
inc lude e x i s t i n g  w i l d e rne s s  des ignated by va r i ou s  g o vernme n t  age n 
c ie s , t h e  n a t ional park s ,  a nd n a t ional w i ld l i fe r e f u g e s  a n d  water
f owl prote c t ion are a s . As a rule , o i l  and g a s  ope rat ions a re n o t  
a l lowed o n  these federal hold i ngs ; l e a s e s  h ave n o t  bee n  re comme nded 
by th e Un i ted State s Fore s t Se r v i c e  ( US F S ) o n  n a t ional fore s t  w i l 
d erne s s e s  a s  a general pol i cy i n  pas t  ye ars . Th e ma j or s ou r ce s o f  
potent i a l  f e d e r a l  land w i t hd r awa l i n c l ud e  t h e  w i l d e rn e s s  s t udy 
areas d e s ignated by the U . S .  Bureau o f  La nd Ma nageme n t  ( B LM ) , a nd 
the U . S .  Fore s t Se rvi c e  Road le s s  Are a  Rev i ew and E va luat i o n  I I  
( RARE I I )  w i ld e rne s s  and f ur ther p l a n n i ng areas e ndorsed by the 
Ad mi n i s trat ion in Apr i l  1 9 7 9 .  

I n  November 1 9 8 0 ,  th e BLM d e s ignated var i ou s  W i l d e rne s s  S t udy 
Areas ( WSA ) in the Un i ted S t ates to be eva lu a ted to d e t e rm i ne i f  i t  
should recommend that  s ome o r  a l l  o f  the s e  b e  s e t  a s ide for w i l d e r 
n e s s  preserva t ion . Th e USFS c omp l e ted i t s  RARE I I  w i l d e rn e s s  s tud 
ies  and th e Ad m i n i s trat ion mad e i ts re c omme nd a t i o ns t o  Con g re s s  i n  
1 9 7 9 . The BLM w i lde rne s s  s tud i e s  mu s t  be comp l e ted by 1 9 9 1 ,  bu t 
mos t  o f  the s t ud i e s  w i l l  probab ly be comple ted be twee n 1 9 7 9  and 
1 9 8 5 .  As these s tud i e s  are comp l e ted , the B LM w i l l  make i t s  w i l 
derne s s  recomme nd a t ions t o  Congre s s ,  wh i ch h a s  f i n a l  author i ty i n  
these ma t ters . I t  s hou ld be noted that o i l  and g a s  ope r a t i o n s  i n  
t h e  d e s ignated s t udy are a s  a r e  proh i b i te d  o r  re s t r i c ted d u r i ng the 
s tudy and dec i s ion pha s e s  of the BLM a nd USFS w i lde rne s s  s t ud y  
prog r ams . ( See the s e c t ion e n t i tled " Re s t r i c t ions o n  O i l  a nd Ga s 
Deve lopme n t  W i th i n  Fede ra l ly De s ignated W i l d e rne s s  S t udy Ar e a s  a nd 
W i ld e rne s s  Area s . " )  

By agen cy po l i cy ,  o i l and gas  operat ions  w i l l  probab ly not be 
a l lowed in those areas wh i ch Cong re s s  s e ts a s ide for w i l d e rne s s  
pres ervat ion . Howe ve r ,  i n  some area s , there w i l l  und oubted ly b e  
e x i s t ing o i l  and ga s leas e s , and a c t ive d e ve l opme n t  may be a l l owed 
to con t i nue w i t h  spe c i f ied re s tr i c t ion s . ( Se e  " Re s t r i c t ions  on O i l  
and Ga s De ve lopme n t  W i t h i n  Federa l ly De s ig n a ted W i l d e rne s s  S t udy 
Area s  and Wi lderne s s  Are a s . " )  

The federal gover nmen t may own and/or ad mi n i s te r  land i n  o th e r  
way s , s uch a s  i n  the Na t iona l Re creat ion Are a s , r e c lama t ion a nd 
wa ter powe r d e ve l opment pro j e c t s , o i l  s h a l e  w i t hd r awal land s , and 
spe c i al Ind i an l eg i s l a t io n  land . Howe ve r ,  as a general r u l e , o i l  
and gas d e ve lopmen t  i s  a l l owed on these l a nd s ; th i s ,  the n ,  doe s not 
con s t i tu te w i thd rawa l f rom resource deve lopme n t .  Th ere a re a num
ber o f  Ind i a n  re se rva t ions in the we stern s ta t e s  as we l l ,  bu t the s e  
a re u s u a l ly ope n  t o  o i l  and g a s  leas ing . 

I t  i s  important to note that o i l  and ga s d e ve l opme n t  c a n  u s u a l 
ly b e  carr i ed o u t  o n  e s s e n t i a l ly a ny f e d e r a l  l a n d  i f  t h e  s ub s u r f ac e  
mineral r igh ts are own e d  by pr ivate i nd i v i du a ls . Howeve r ,  t h e  fed
eral gove r nmen t  s pe c i f ie s  the cond i t ions unde r wh i c h  the d e ve l op
men t  can take plac e . In the case of BLM a nd USFS  w i lderne s s  s t udy 
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area s ,  the f ederal g·o ve r nme n t  i s  u s u a l ly the owne r o f  the m i n e r a l  
r igh t s .  On the other h and , i t  i s  not un common f o r  pr iva te i n ter
e s t s to own a por t ion o f  s ubs urface mineral  r i gh ts in  w i ld l i f e  
r e f ug e s  and waterfow l  protect ion are a s . Na t i on a l  p a rk s  h ave tra
d i t i ona l ly been c l osed to o i l  and gas  d e ve l opme n t  r e g ard l e s s  o f  
whether they h ave been d e c l ared w i lde rne s s  areas . Th i s  i s  a l s o  
t rue o f  ·W i ld l i fe r::= f ug.e s a n d  wat·e t' f owl prote c t i o n  area s .  

Summary o f  F i nd i n g s  

Tab l e  8 1  pre s e n t s  t h e  overal l  res u l t s  o f  th i s  l a n d  w i thd r awa l 
s tudy . It  i nd i c a t e s  tha t  cu r r·ent and poten t i a l  w i thd rawa l of 
f ederal  l and and re sou r c e s  from o i l  a nd ga s d e ve l opme n t  wou ld 
exc lude abou t 5 pe rcent  o f  the t igh t gas  re sourc e s  i n  th e b as i n s  
be i ng cons i d e r.ed . Th i s  represents the ma x imum p o s s i b l e  w i thd rawa l ;  
the a c t ua l would probab ly be le s s .  One reason for th i s  i s  tha t  
Congre s s  may n·o t  s e t  a s id·e a l l  the la nd recomme nded f o r  w i lde rne s s  
pre s e rvat ion . Al s o ,  some o f  the trac t s  recomme nd e d  for w i ld e rne s s  
w i l l  a l r e ady b e  s ub j e c t  t o  o i l  and gas  l e a s e s  and ope ra t ion s ,  a nd 
d e ve lopmen t  w i l l  probably be a l l owed to c on t i nue on s ome o f  th em . 
Furthermore ,  e nv i ronme n t a l  imp a i rme n t  due to the d e ve l opme n t  and 
produc t ion of gas  re sources i s  gene ral ly l e s s  s e ve r e  than in m i n i n g  
opera t ions , a nd r e s tora t i on o f  the e n v i ronme n t  i s  u s u a l ly more e a s 
i ly accompl ished . In ad d i t io n ,  ga s -pro d uc i ng ope r a t ions  l a s t  o n l y  
abou t 3 0  years . The s e  f a c t s  shou l d  mo t iva te t h e  f e d e r a l  agenc i e s  
i nvol ved to pe rmi t t i gh t gas  d e ve lopme n t  i n  t h o s e  w i l d e rne s s  area s 
w i th s ig n i f i ca n t  g a s  re source s . 

Tab l e  8 1  i nd i c a t e s  that the mo s t  s ig n i f i ca n t  c u r re n t  and poten
t i a l  wi thdr awa l o f  federal  lands from t i gh t g a s  d e ve l opme n t  would 
be i n  the No r the rn Gre a t  Pl a i ns/Wi l l i s ton b a s i n .  Eve n here , how
e ve r ,  curre n t  and po ten t i a l w i t hdr awa l repre s e n t s  on ly abou t 9 pe r
c e n t  of the t igh t ga s re sou r ce s . Aboill t 6 9  p e r c e n t  o f  the l and 
w i t hd r awa l is the re s ul t  of a large e x i s t i n g  w i ld l i fe r e f ug e  wh i ch 
e xt e nds a long the M i s sour i  R i v e r  i n  nor theas tern Mo n t ana . Mos t  o f  
the oth e r  po ten t i a l  wi thd r awa l o r i g inates  w i th s eve r a l  B LM w i l d e r 
n e s s  s tudy areas . However, there are a numbe r  o f  o i l  a nd g a s  d e 
ve l opment operat ions i n  s ome o f  the s e  w i l d e r ne s s  s t udy a re a s , a n d  
t h e  BLM may permi t further d e ve lopme n t  on some o f  them . I f  the 
current and poten t i a l  w i tnd r a.wa l o f  t igh t gas re s o u r c e s  in th e 
No r thern Gre a t  Fl a i ns/W i l l i s ton ba s i n i s  comb i ne d  w i th comparable 
r e s ourc e s  i n  the Grea t e r  Gree n River bas i n ,  the tota l w i l l  repre 
s e n t  abou t 9 3  p e r ce n t  o f  total current and p o te n t i a l  w i thd rawa l i n  
a l l  o f  the t i gh t g a s  ba s i n s  cons ide red i n  th i s  repor t .  

In the Piceanc e , Wind R i ve r ,  and U i n t a  bas i n s , current and 
pote n t i a l  w i thd r awa l of t igh t g a s  re sources rang e s  f rom a bo u t  1 . 0  
to 1 . 5  percen t o f  the t i gh t gas  re sources i n  the s e  b a s i n s . I n  the 
rema i n i ng s i x b a s i ns cons idered , i nve s t ig a t ions  i nd i c a te that t ig h t  
g a s  re s e r ve d e ve l opme n t  would n o t  b e  a f f e c ted b y  e i th e r  e x i s t i ng o r  
pote n t i a l  w i thd rawa l of federal  land s . Th e s e  i nc lud e t h e  S a n  Juan , 
Cot to n  Val l ey ,  Edwa r d s  L ime , Va l Ve rd e - Sonora and Ozon a ,  and De n ve r  
bas i n s . 
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'ABLE 81 

Existing and Potential Federal Land/Resources Withdraw� 
from Tight Gas Exploration and Deve.1.opment 

i'brthern Selected Ti9ht Gas Basins 

Great Val 
Plains/ Greater Ed- Verde 
Will- Green Wind Cotton wards Denver San Sonora Ozona 
is ton River P iceance H.iv . Uinta Valley Lime ( Est)  Juan ( Est)  ( Est) 'l'otal --

l .  Existing Wilderness ( Incl . under 
( all US Gov .Agencies ) Wildl ife 

Sections- Refuges ) 0 0 36 0 0 0 0 0 0 0 36 
( 64 0  acres ) 

BCF- 0 0 116 0 0 0 0 0 0 0 116 
2 .  Wilderness Study Areas-

(US Bur . Land Mymt . ) 
Sections- 3!:l6 334 43 11 11 0 0 0 0 0 0 785 

BCF- 1302 4007 410 212 133 0 0 0 0 l) 0 6064 -

3 .  Rare I I  Lard -Sections- 26 0 0 0 0 0 0 0 0 0 0 26 
( US Forest Service ) BCF- 147 0 0 0 0 0 0 0 0 0 0 147 

f-' 4 .  wildlife Refuyes ( US Fish 
-.) & Wildlife Serv . Gov. own-
-.) ed minerals)  Sections- 1658 3 u 0 l 0 0 0 0 0 0 1662 

BCF- 7043 15 0 0 13 0 0 0 0 0 0 7071 
5. Waterfowl Prod . Areas ( US 

Fish & Wildlife Serv-Gov . 
owned minerals )  Sections- 2 0 l) 0 0 0 0 0 0 0 l) 2 

BCF- 3 0 0 0 0 0 0 0 0 0 l) 3 
6 .  National Parks ( US Park 

Serv . ) Sections- 2 0 0 0 0 0 0 0 0 0 0 2 
BCF- 4 0 0 0 0 0 0 0 0 0 0 4 

Total Exist. & Potential 
Withdrawal - Sections- 2074 337 43 47 12 0 0 0 0 0 l) 2513 

BCF- 8 499 4022 4 10 3 28 146 0 0 0 0 0 0 13405 

Total Tight Gas H.esources 
All Form./Areas Sections 32730 8938 3171 2280 1184 1027 450 1600 1188 350 150 53 068 

BCF- 100188 81762 3 2979 23 2ts6 15269 1 28 16 8 6 48 7918 2213 2 lb0 6 38 'L'd7!:l77 -

Current & Potential \'lith-
drawal as % of Total 
Tiyht Gas Res . Sections- 6 . 3  3 . 8  1 . 4  2 . 0 1 . 0 0 0 0 0 0 0 4 . 7  

BCF- 8 . 5  4 . 9  1 . 2  1 . 4  1 . 0  0 0 0 0 0 l) 4 . 7  



Over a l l ,  abou t 5 3  percent of the current and po ten t i a l ly w i th
d r awn re s ource s i n  the t i gh t gas bas i n s  o r i g i n a t e s  w i th e x i s t i n g  
w i ld l i fe re f uge s and abou t 4 5  percent w i th B LM w i l d e rne s s  s t udy 
are a s .  Th u s ,  e x i s t i n g  w i lde rne s se s ,  RARE I I  propo s e d  w i l d e rne s se s ,  
e x i s t in g  wa terfow l  protect ion a reas , a nd n a t ional p a rk s  con s t i tu te 
2 pe rcent o f  the current and po ten t i a l  t i gh t g a s  r e s ource w i t h 
d rawa l .  No ne o f  the RARE I I  l a nd s  d e s i g n ated f o r  " f ur ther pl an
n i ng "  f a l l w i th i n  the t i gh t gas prospe c t ive areas in the bas i n s . 

Es t ima t e s  o f  curre n t  and pote n t i a l ly w i t hd r awn t igh t gas  r e 
s o u r c e s  pr e se n ted i n  th i s  repo rt a r e  b a s e d  on e s t ima te s o f  ma x imum 
recoverable t i gh t  g a s  for de s ignated t i gh t g a s  a re a s /f o rma t ions  
d e v e l oped i n  other s e c t ions o f  th i s  N PC s tudy . E s t ima t e s  o f  these 
w i t hd r awn re sour c e s  were d e ve l oped by tota l i ng e s t i ma t e d  w i thd r awn 
re sou rces  in d e s ignated por t ions of each b a s i n  con t a i n i ng w i thd rawn 
or poten t i a l ly w i t hd r awn federal l and . The w i t hd r awn re s o urce s 
e s t ima t e s  for e a ch of the s e  d e s i g na ted p rod u c t ive areas/forma t ions 
i n  the bas i n s  were made by mu l t i plying the ma x imum re co ve ra b l e  
t igh t g a s  i n  e a ch prod u c t ive are a/forma t i on by t h e  rat i o  o f  w i th
d r awn l a nd acre age to the tota l t i gh t  gas  pro d uc t i ve acre age i n  
the a re a . 

Rev i ew o f  Current and Poten t i a l  Fed e r a l  Land/Re s ou r c e s  W i th 
d rawa l  from T i g h t  Ga s Deve lopme n t  by I nd i v id u a l  T i g h t  Gas 
Bas i n s  

• Nor thern Grea t  P l a i ns/W i l l i s to n  Bas i n , Montana , a n d  North 
and Sou th Dakota ( Se e  Tab l e  8 2 ) 

Th i s  prospe c t i ve t i gh t gas  bas i n  cove r s  mos t  o f  the e a s te rn 
h a l f  o f  Mon tana a nd abou t 2 0  percent o f  ad j o i n i ng North and Sou th 
Dako t a . I t  con t a i n s  a ve ry large w i ld l i fe re f ug e  ( c a l l e d  CM 
Ru s s e l l )  that e xt e nd s  a long e i ther s id e  o f  the M i s sou r i  R i v e r  for 
a l mos t 2 0 0 mi l e s .  I t  is abou t 9 2 2 , 0 0 0  acre s ,  or 1 , 4 4 0  s e c t ions  
( 6 4 0  a cr e s  per s e c t ion ) , in  s i z e . The fede r a l  gove rnme n t  own s mos t  
o f  the mineral r i gh t s  unde r  th i s  acre age and d o e s  n o t  a l l ow o i l  and 
gas d e ve l opme n t  on i t .  Th i s  re f uge i s  by f a r  the l a rge s t  s i n g l e  
a r e a  o f  w i t hd r awn l a n d  i n  a l l  t h e  t i gh t gas  ba s i n s  cons ide red i n  
th i s  s tudy . I n  add i t ion , the federal gove rnme n t  own s mi n e r a l  
r i gh t s  i n  1 6  o the r w i ld l i fe re f ug e s  a n d  s e vera l wa t e r f ow l  prote c 
t ion tract s  i n  t h e  t igh t g a s  area o f  t h e  b a s i n . Toge ther , t h e  re f 
uge s and wa te r fowl prote c t ion a r e a s  account for abou t 8 3  p e r c e n t  o f  
t h e  current and poten t i a l  w i thd rawa l o f  t igh t g a s  re sou r c e s  i n  the 
bas i n .  From a n  o ve r a l l s tandpo in t ,  they repre s e n t  abou t 7 pe rce n t  
o f  the total t ig h t  g a s  resources in  the bas i n .  

Th e prospe c t ive t i gh t  g a s  are a  a l s o  con t a i ns 1 7  BLM w i l d e rne s s  
s t udy areas conta i n i ng ab ou t 1 , 3 0 2  BC F o f  t i gh t  g a s  re s ource s ,  o r  
abou t 1 5  pe rce n t  o f  tot a l  current and poten t i a l ly w i thd rawn re
sources  i n  the bas i n .  The area f ur ther con t a i ns one RARE I I  pro
posed w i lde rne s s  and th ree n a t ional park s .  

Ove r a l l ,  the current and potent i a l ly w i thd rawn l ands i n  the 
bas i n repre s e n t  abou t 8 , 4 9 9  BCF , or abou t 9 percent of the tota l 
t igh t g a s  resou r c e s  i n  the bas i n .  
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TABLE 82 

Northern Great Plains - Williston Basin 
Existing and Potential Federal Tight Gas Land 

and Resources Witndrawal 

Potential Potential 
Land Resource 

'rigtlt Gas Withdrawal Withdrawal 
Area Sections (BCF ) 

l .  Wilderness Study Areas 

356 Bitter Creek 3 92 . 41 278 

677 Musselshell Breaks 4 12 . 6 
256 Cow Creek ( 50% } 28 . 3  
266 Antelope Creek 14 . 7  

55 . 6  217 

633 Billy Creek 5 5 . 4 
657 Seven Blackfoot II 30. 7 
675 Bridge Coulee II 8 . 8 
278 Burnt Lodge/Sage Creek II 23 . 4  

68 . 3  365 

702 Buffalo Creek 8 8 . 8  41  

684 Terry Badlands 7 69 . 6  140 

701 Zook Creek 15 13 . 2  
736 T . R. Breaks Contiguity II 2 . 3  

15 . 5  65 

231 Two Calf Creek 1 3 13 . 3  
244 lXxj Creek south II 8 . 2  
250 Stafford II 7 . 3  
253 .Ervin Ridye II 18 . 8  
256 Cow Creek ( 50% ) II 28 . 3  

75 . 9  196 

Sub Total - Wilderness Study Areas 386 . 1  1 , 302 
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TABLE 82 (Continued.) 
Northern Great Plains - Williston Basin 

Existing and Potential Federal Ti�ht Gas Land 
and Resources Withdrawal 

Potential Potential 
Land Resource 

Tight Gas Withdrawal Withdrawal 
Area Sections ( BCF ) 

2 .  RARE I I Larrl 

1-373 Tongue River Breaks 9 25 . 9  147 

3 .  Wildlife Refuges 

CM Russell 1 50 . 4  53 

Black Coulee 2 1 . 0  
Lake Thibadeau II . 03 

1 . 03 2 

Creedrnan Coulee 12 . 13 0 . 1  

Hewitt 4 0 . 9  
U L Berrl II  58 . 2  
CM Russel l 433 . 6  

492 . 7  1 , 958  

Bowdoin 5 23 . 1  
CM Russell II 566 . 2  

589 . 3  3 , 155 . 3  

Lake Mason 16 18 . 3  2 7  
CM Russell 8 190 . 2  887 
CM Russell 6 133 . 9  393 . 7  

Medicine Lake 19 4 5 . 7  36 

DeLacs , N . D. 17 21 . 4  
Lost Wood , N . D. II 37 . 9  
Shell Lake , N . D . II 0 . 6 
Lake Ilo, N . D. II 4 . 8  

64 . 7  357 

Lake Zahl , N . D. 7 2 . 0  4 
War Horse 13 3 . 2 
CM Russell II  66 . 3  

69 . 5  180 

Sub Total - Refuges 1 , 657 . 9  7 , 043 

1 8 0  



TABLE 82 (Continued) 
Northern Great Plains - Williston Basin 

Existing and Potential Federal Tight Gas Land 
and Resources Withdrawal 

Tight Gas 
Area 

4 .  Waterfowl Production Areas 

Daniels Co. , Montana 
Sheridan Co. ,  Montana 
Divide Co. , N . D. 

Mountrail Co. , N . D. 

Sub Total - Waterfowl Prod . 

5 .  National Parks 

Ft . Union Trading Post , Montana 
Historical Site 

Ft . Union Trading Post ,  N . D. 

Custer Battlefield National 
Monwnent , Montana 

Sub Total - National Parks 

Existing and Potential Withdrawal -
Total 

Total - All Tight Gas Fonnations 
am Areas 

Existing and Potential Withdrawal 
as % of Total 

19 
II 

II 

l7 

19 

II 

14 

1 8 1  

Potential 
Land 

Withdrawal 
Sections 

0. 8 
0. 6 
0. 14 
1 . 54 

. 33 

1 . 87 

. 07 

. 54 
0. 61 

1 . 2  

1 . 81 

2073 . 6  

32730 

6 . 3 

Potential 
Resources 
Withdrawal 

( BCF ) 

l 

2 

3 

0. 5 

3 . 5  

4 . 0  

8 , 499 . 0  

100, 188 

8 . 5  



• Gre ater Gre e n  River Bas i n , Wyomi ng ( Se e  Ta b l e  8 3 )  

Some 1 5  B LM w i lde rne s s  s tudy areas cons t i tu te the bu lk o f  
poten t i a l ly wi t hd r awn l and i n  th i s  bas i n .  Th ey repre s e n t  abou t 
4 , 0 0 7  B CF , o r  5 pe rcent o f  the total t igh t ga s resou r c e s  i n  the 
bas i n . On ly one other sma l l  are a  i s  not a va i la b l e  -- a por t i on of 
the S e edskadee w i ld l i fe re f uge a long the Green R i ve r .  

Many o f  the BLM w i lderne s s  s tudy are a s  i n  th i s  b a s i n  are i n  
areas o f  a c t i ve o i l  and g a s  ope r a t i on s . Pr i o r  to be i ng d e s i g nated 
w i l d e rne s s  s tudy areas , a number of o i l  and  ga s l e a s e s  had  been 
obt a i n ed on some o f  them and a c t i ve operat ions h ad b e g u n . B LM 
o f f i c i a l s  i nd i c ate that some of the s e  ope r a t i o n s  w i l l  probably be 
a l l owed to con t i nue wh i le the w i lderne s s  s t ud i e s  are cond ucted and 
pos s ib ly a f te r  the a re a s  are d e c lared w i l d e rne s s  by Cong re s s . 
Thu s ,  the acre age a c t ua l ly wi thd r awn w i l l  probab ly be s ig n i f i c an t ly 
l e s s  than the to t a l  poten t i a l  w i thd rawa l .  

Th e re are two l a rge a reas  i n  th i s  bas i n  under the j u r i sd i c t ion 
of th e Wa ter and Powe r Re source s Se r v i c e  ( fo rmer ly the u . s .  Bure a u  
o f  Re c l ama t ion ) a nd o n e  large na t i onal recre a t i on a re a  a long the 
Gree n  R i ve r  in the v i c i n i ty o f  th e F l ami ng Gor g e  Re s e rvo i r .  The s e  
areas a re , howeve r ,  ope n  t o  o i l  and ga s l e a s i ng . 

• P i ceance Bas i n , Colorado ( Se e  Ta b l e  8 4 )  

Th e re are only two w i l d e rn e s s  s t udy areas  i n  the t igh t g a s  area 
of th i s  bas i n ,  c o ve r i ng on ly abou t 43  s e c t ions o f  l and . The se two 
t ra c t s  rep r e s e n t  abou t 4 1 0 B C F  of re sou r ce s ,  or abou t 1 p e r c e n t  o f  
t o t a l  t i gh t  gas re sources i n  t h e  bas i n .  The re are n o  RARE I I  
a re a s , wi ld l i fe re f ug e s ,  o r  nat ional p a rk s  i n  the t igh t g a s  a re a .  
There i s  one large o i l  shale wi thd r awa l are a  i n  the bas i n ,  but  th i s  
a re a  i s  ope n  t o  o i l  and g a s  leas ing and a l re ady h a s  a numbe r  o f  
l e a s e s  o n  i t .  

• Uinta Bas i n , Utah ( Se e  Tab l e  8 5 )  

A por t i on of a large w i l d e rne s s  s t udy a re a  ( 2 5 pe rcen t ) con
s t i tu t e s  the ma j o r  po ten t i a l  w i thd raw a l  of gas re s o u r c e s  i n  th i s  
bas i n .  Also a port ion o f  a smal l w i ld l i fe r e f ug e  ( 2 0 percent ) con
s t i t u te s  w i thd rawn resou rces i n  the area amo u n t i ng t o  only 1 3  B C F . 
Togethe r ,  the s e  two areas repre sent abou t 1 4 6 BC F o f  t i gh t g a s  re
source s ,  o r  abo u t  1 percent of total  t igh t gas  resou r c e s  i n  the 
bas i n .  The bas i n  a l so con t a i n s  a s i zable n a va l  o i l  shale w i thd r aw
a l  trac t , b u t  th i s  area i s  not c lo s ed to o i l  and ga s l e a s i ng . 

• W ind River Bas i n , Wyomi ng ( Se e  Ta b l e  8 6 )  

On ly o ne e x i s t i ng U S FS wi lde rne s s  and one BLM w i l d e rne s s  s t udy 
area are located w i t h i n  the t i gh t gas area o f  th i s  b a s i n .  Toge the r  
they repre s e n t  3 2 8 B CF o f  re sou r ce s , o r  abou t 1 . 4  perce nt o f  total 
t i gh t gas re s ource s i n  the bas i n .  Th i s  bas i n  a l so con t a i n s  a large 
a rea d e s igna ted f o r  l a nd rec lama t ion by the Wa ter and Powe r Re 
s ource s Se r vi c e . It  i s  s i tuated w i th i n  a n  Ind i a n  re s e r va t ion ; h ow 
e ve r ,  t h e  re c lama t ion a r e a  i s  n o t  c los ed t o  o i l  a n d  ga s l e a s ing . 
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TABLE 83 

Greater Green River Basin - Wyoming 
Existi ng and Potential Federal Tight Gas Land 

and Resources Withdrawal 

Potential 
Land 

Withdrawal 
Sections 

1 .  Wilderness Study Areas 

2.  

040-311 Alkal i Draw and Bush Rim ( 65% ) 17 . 3  
040-313 South Pinnacles 16 . 9  
040-316/317 Alkal i Basin and E . Sand Dunes 20 . 0  
040-318 Red Lake 14 . 9  

Sub Total - Lewin Area # 1 

040-408 Adobe Town 
030-4 01 Adobe Town 

Sub Total - Lewin Area #6 

040-323 Honeycomb Buttes - E 1/2 Lewin #4 

040-306 Buffalo Hili� 
040-307 Sand Dunes ( 15% ) 
040-401/402 Devil ' s  Playground and 

'IWin Buttes 
040-406/407/410 Red Creek Badlands and 

Teepee Mountain ( 75% )  

Sub Total - W 1/2 Lewin # 4 ,  Lewin #5,  
Bridger, west Moxa Arch 

Total Wilderness Study Areas 

Wildlife Refuges 
SeedsKadee - W 1/2 Lewin #4 , etc .  ( 20% ) 

rrotal Existi ng - Potential Withdrawal 

Total - All Tight Gas Formations and 
Areas in Basin 

Existing and Potential 
Withdrawal as % of Total 

1 8 3  

69 . 1  

81 . 5  
51 . 6  

133 . 1  

65 . 0  

16 . 1  
6 . 4  

37 . 9 

6 . 7  

67 . 1 

334 . 3  

3 . 3  

337 . 6  

8 , 938 . 0  

3 . 8  

Potential 
Gas Resources 

Withdrawal 
(BCF ) 

817 

1 , 851 

944 

395 

4 , 007  

15  

4 , 022 

81 ,762  

4 . 9  



TABLE 84 

Piceance Basin - Colorado 
Existing and Potential Federal Tiyht Gas Land 

and Resources Withdrawal 

1 .  Wilderness Study Areas 

007A - Black Mountain Unit/Berry Point 

066 Little Bookcl iff Unit ( 60% ) 

Total Potential Withdrawal 

Total-All Tight Gas Formations 
and Areas in Basin 

Potential Withdrawal as % of Total 

TABLE 85 

Potential 
Land 

Withdrawal 
Sections 

15 . 5  

27 . 8  

43 . 3  

3 , 171 

1 . 4  

Uinta Basin - Utah 

Potential 
Gas Resources 

Withdrawal 
(BCF ) 

312 

98 

410 

32, 979 

1 . 2  

Potential Federal Tight Gas Land & Resources Withdrawal 

1 .  Wilderness Study Areas 
068A Desolation Gray Unit -
Rattlesnake Canyon ( 25% est . ) 

2 .  Wildlife Refuge 

Ouray - ( 20% ) 

Total Existing and Potential Withdrawal 

Total-All Tight Gas Fonnations 
and Areas in Basin 

Existiny and Potential 
Withdrawal as % of Total 

1 8 4  

Potential 
Land 

Withdrawal 
Sections 

11 

1 . 1  

12 . 1  

1 , 184 

1 

Potential 
Gas Resources 

Withdrawal 
(BCF ) 

133 

13 

146 

15 , 269 

l 



l.  

2 .  

TABLE 86 

Wind River Basin - Wyoming 
Existing and Potential Federal Tight Gas 

Land and Resources Withdrawal 

Existing Wilderness 
Fitzpatrick-Forest Service ( 15% ) 

Wilderness Study Areas - BLM 
WY30-lll-copper Mountain 

Total Existing and Potential Withdrawal 

Total-All Tight Gas Formations 
and Areas in Basin 

Existing and Potential 
Withdrawal as % of Total 

Potential 
Land 

Withdrawal 
Sections 

36 

10 . 7  

46 . 7  

2 , 280 

2 . 0 

• Denve r Bas i n , Colorad o , Wyomi ng , and Nebraska 

Potential 
Gas Resources 

Withdrawal 
(BCF ) 

116 

212 

3 28 

23 , 286 

1 . 4  

Th ere are no B LM w i l d e rn e s s  s tudy areas , RARE I I  p ropo sed w i l
derness  area s ,  w i ld l i fe re f uge s ,  or nat i on a l  pa rk s  i n  the t i gh t gas 
areas  o f  the De nve r bas i n .  

• San Juan Bas i n , New Me x i co 

Th ere are a number of BLM w i lde rne s s  s tudy a r e a s  and RARE I I  
proposed w i lderne s s e s  i n  New Me x i co , bu t there are none i n  th e 
t igh t gas areas of the S a n  Juan bas i n .  Th e t ig h t  g a s  are a d o e s  
conta i n  Ind ian l eg i s l a t ion l and to wh i ch the fed e r a l  gove r nmen t  
own s the mi nera l r igh t s  a long w i th some rec l ama t ion l and , bu t the s e  
are a l l  open t o  o i l  and gas l e as ing . Th e Atomi c Ene r gy Comm i s s ion 
s e t  a s ide some sma l l  t r a c t s  wi th uran i um pote n t i a l ,  but  they a re 
not large enough to be of w i t hd r awa l s ig n i f i canc e . Th ere are n o  
w i ld l i f e r e f uge s ,  wa te rfow l  protec t ion tract s ,  o r  nat i on a l  park s  i n  
t h e  t i gh t gas port ion of t h e  bas i n .  

• Cot ton Va l l ey Bas i n , Te xas and Lou i s i an a  

The t i gh t gas prospe c t i ve a r e a  i n  th i s  b a s i n  b e g i ns i n  e a s tern 
Te xa s and s tretch e s  acros s mos t o f  nor thern Lou i s i ana . Th e re a re 
some RARE I I  tra c t s  i n  eas tern Te xas and north e r n  Lou i s i ana nea r 
t h i s  bas i n ,  bu t none a re actua l ly l oca ted i n  i t .  Th e ba s i n does 
not con t a i n  a ny nat ion a l  pa rks o r  w i l d e rne s s  s t udy areas . ( In 
Te xa s ,  there are no w i l d e rne s s  s tudy are a s  a t  a l l  s i nce the BLM 
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own s ve ry l it tle l and i n  Te xa s .  Whe n  Te xas  wa s ad mi t t ed to th e 
Un ion , i t  r e t a i ned a l l  o f  i ts land and none wa s a s s igned to the 
p ub l i c  d oma i n . ) 

• Edwards Lime Trend , and Val Verd e - Sonora and Ozona B a s i n s , 
Te x a s  

The Edwa rds Lime Trend e xt e nd s  acros s a po r t ion o f  sou th cen
t ra l  Te xa s .  Th e Va l Ve rd e -Sonora and Ozona b a s i n s  are s i tu a t ed i n  
s ou thwe s tern and we s tern Te xa s .  Th e B i g  B e nd Na tional  Park and the 
Gu ad a l oupe Moun ta i n s  w i lderne s s  are i n  the general v i c i n i ty o f  
these bas i n s , b u t  not i n  them . There are n o  RARE I I  w i lde rne s s  
areas o r  w i ld l i fe r e f uges  i n  the s e  bas i n s . 

Re s tr i c t ions on O i l and Gas Deve lopme n t  W i th i n  Fed e ra l ly 
De s ignated W 1 ld e rne s s  S tudy Are a s  and W i l d e rne s s  Are a s  

BLM W i ld e rnes s  S tudy Area s  

Pre -Fed e r a l  Land Pol i cy and Manageme n t  Ac t Lea s e s  Pr i o r  to 
Be 1 ng Des ig na ted W i ld e rn e s s  by Cong re s s  - - Lea s e s  w i th Phy s i ca l  
Impa i rme n t . Al l e xp l ora t ion , d r i l l i ng ,  a nd prod u c t ion f ac i l i ty 
con t ruct 1on a c t i v i t i e s  b e gun on o i l  and g a s  l e a s e s  i n  w i l d e r 
n e s s s t udy areas pr i or t o  the 1 9 7 6  Fe d e r a l  Land Po l i cy a nd Man
ageme n t  Act are pe rmi tted to con t i nue so long a s  the i r  phys i c a l  
imp a i rme n t  e f f e c t s  do n o t  e xceed i n  ma nner and d e g ree tha t 
wh i ch h ad a l re ady o c c urred . A more spe c i f i c  d e f i n i t ion o f  
" ma nner and d e gree " o f  imp a i rme n t  i s  found i n  the d e s c r ip t ion 
o f  the " grandf a th e red " concep t .  

A grandf a th e red u s e  w i l l  be pe rmi tted i f  i t  h a s  c re a t ed 
a c t u a l  phy s i c a l  impact on the l and bu t h a s  not nece s s a r i ly 
re s u l t ed i n  an o i l  or g a s  d i scove ry .  In  th i s  c as e ,  the quan
t i ty o f  on-ground imp a c t s  may be increased a t  a l og i ca l  pace , 
bu t the imp a c t s  may not be of a s ig n i f i ca n t ly d i f fe re n t  type . 
For i n s tan c e , i f  e xplorat ion we l l s  h ad a l ready been d r i l l ed o n  
a l e a s e , add i t ional e xp l orat ion we l l s  cou l d  b e  d r i l le d . I f  
d i s co ve ry we l ls c o uld then g o  t o  the prod u c t i on s t age w i th ou t  
c au s i ng new imp a c t s  o f  a s ig n i f i ca n t ly d i f fe re n t  k i nd ,  th i s  too 
could be pe rmi tted ( e . g . , th i s  would be the c a s e  i f  p i pe l i ne s ,  
powe r l i n e s , t ank b a t te r i e s , a nd p ump j a ck s  we re i n s t a l led on 
a l ready d i s t urbed s i te s  and route s ) .  

Pre -Fed e r a l  Land Po l i cy and Manageme n t  Ac t Lea s e s  P r i o r  to 
Be ing De s ignated W i ld e rne s s  by Congre s s  -- Lea s e s  w i th No Phys 
i ca l  Impa 1 rme n t . I f  l e a s e s  we re h e ld i n  w i l d e rne s s  s t udy areas 
p r i or to the Federal La nd Po l i cy a nd Manag eme n t  Ac t on wh i ch no 
impa c t s  h ad been mad e by o i l  and g a s  a c t i v i t i e s ,  it  is  p e rmi s 
s ib le t o  und e r t ak e  o i l  and g a s  e xp l or a t i on and d r i l l i ng a c t i v i 
t ie s  i f  the s e  a c t i v i t ie s mee t  the non impa i rme n t  c r i te r i a  e s tab
l i s hed by the BLM , i n c lud i ng : 

• O i l and g a s  act iv i t ie s  may be tempo rary and w i l l  be 
te rminated i f  the areas are d e s ignated as w i l d e rne s s  by 
the Pre s id e n t  and Congre s s . 
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• Any e f fe c t  caused by o i l  and g a s  ac t iv i ty can be re
c l a imed to a cond i t ion wh i ch is s ub s t an t i a l ly unnot i c e 
able . The ope ra t ion w i l l  be req u i re d  to und e rtake th i s  
re c l ama t ion a t  the t ime th e BLM s ub m i t s  i t s  w i l d e rne s s  
re comme nd a t ion t o  the Congre s s . 

• Af t e r  re c l ama t ion , the w i lde rne s s  v a l u e s  o f  the area 
mus t  not h ave been d e graded s u f f i c i en t ly to a f fe c t  i t s  
recomme nd a t ions t o  Cong ress a s  a w i l d e rne s s  are a . 

Pos t -Federal Land Po l i cy and Manageme nt Act O i l  and Gas Le a s e s  
-- Le ases Ob ta 1ned Pr 1or t o  Inter1m Manageme n t  Po l l ey Gu i d e 
l ines and Pr ior t o  Be i ng De c l ared Wi lderne s s  b y  Congre s s . Al l 
pos t -Fede r a l  Land Po l i cy and Manag emen t Ac t l e a s e s  obta ined 
prior to the i n te r im ma nageme nt po l i cy g u ide l i ne s  ( De cembe r 
1 9 7 9 )  are s ub j e c t  to a s pe c i a l  w i lderne s s  s t ip u l a t i o n . Th i s  
s t ipul a t ion s ta t e s  that o i l  and ga s act ivi t i e s  w i l l  be permi t
ted a s  long a s  the BLM d e t e rmines tha t they w i l l  not impa i r  
wi lde rne s s  s u i tab i l i ty .  To b e  non imp a i r i ng ,  a c t iv i t i e s  mu s t  
mee t  the fol l ow i ng c r i te r i a : 

• Use may be tempora ry , and , i f  terminated , re c l ama t i on 
req u i reme n t s  w i l l  be me t .  

• Wi lde rne s s  va lue s mu s t  not s u f fe r  to the e xt e n t  t h a t  
t h e  are a ' s  s u i t ab i l i ty a s  a w i ld e rne s s  i s  a f fe c te d . 

• E f f e c t s  of a c t i v i t ie s  mus t  be capab l e  of re c l ama t i on . 

Area s  De c l ared W i lde rne s s  by Cong re s s . I f  a ny part of an o i l 
and gas lease i s  d e s ignated w i lde rne s s  by Congre s s , a ny e xp l o
rat ion and d e ve l opment a c t i vi t i e s  t ak i ng place a t  pre s ent or in 
the f uture on that part of the lease w i l l  rema i n  s ub j e c t  to the 
requ i rements of the w i ld e rne s s  prote c t i on s t i p u l a t i o n , e xcep t 
as mod i f i ed by the Ac t of Cong re s s  d e s igna t i ng the land a s  w i l
derne s s .  I f  Congre s s  does not spec i fy h ow leases w i l l  b e  man 
age d , prov i s ions of t h e  W i l d e rne s s  Ac t of 1 9 6 4  w i l l  apply , a s  
implemented by the Depa r tmen t  of th e Inte r io r .  

Fore s t  Ser v i ce W i ld e rne s s  Are a s  

Proposed W i ld e rne s s  Are a s . No rmal ly i s s uance o f  o i l  and g a s  
l e a s e s  w i l l  n o t  b e  re comme nded in the s e  a r e a s  un l e s s  me thods 
can be used wh i ch avo id s urface oc cupan cy o r  if s ur f a c e  oc c u 
pancy wi l l  n o t  s ign i f i c antly d e g rade w i lde rne s s  va lue s .  How
eve r ,  a lease cannot be re j e c ted sole ly be c au s e  i t  i s  w i th i n  a 
wi lderne s s  are a .  The Ch i e f o f  the Fore s t  S e rv i ce h a s  the re
spons i b i l i ty for recommend i ng leases  and the i r  te rms i n  n a t ion
al fore s t  proposed w i lde rne s s  areas . 

Further Planning Are a s . O i l  and gas e xp l o r a t ion i n  the s e  areas 
w1ll  be pe rm1 tted on ly on a c as e -by -case bas i s  and on ly if  the 
ope rator ag rees to i ncorporate a s t ipu l a t ion i nd i ca t ing t h a t  
e xplora t ion w i l l  be f o r  t h e  purpose of d e te rmin i ng t h e  e xt e n t  
o f  any o i l  o r  ga s re source s . Any deve lopme n t  o r  produc t ion 
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ope rat ion s mu s t  rec e i ve spec i f i c  approva l by th e Fore s t Se r v i c e  
b a s ed o n  a l and manageme n t  plan and e v e n t u a l  c la s s i f i c a t ion o f  
t h e  l and b y  Congre s s .  

Non-W i l d e rne s s  Are a s . New l e a s e s  and ope r a t ions  und e r  e x i s t i ng 
l e a s e s  we re a u thor 1 z e d  in thos e areas c la s s i f i e d  a s  nonw i lder
nes s b e g i nn i ng Apr i l  1 5 ,  1 9 7 9 . The s e  a c t ions w i l l  b e  t ake n i n  
a c cordance w i th u s u a l  Fore s t  Se rv i ce proce d u r e s  wh i ch apply to 
road l e s s  area s .  

Oth e r  Fed e ra l ly De s i gnated W i ld e rn e s s  A re a s  

Nat i onal Park W i l d e rne s s  Are a s . For a l l  pra c t i ca l  p u rpose s ,  
o i l  and g a s  ope ra t ions are proh i b i ted on a l l  n a t i on a l  p ark l and 
whe the r  it be c las s i f ie d  w i lde rne s s  o r  n o nw i l d e rne s s .  Howe ve r ,  
a f ew l e a s e s  have been a l lowed in the pas t by the C o ng r e s s  on 
land w i t h  m i ne r a l product ion potent i a l . One e x ampl e  i s  th e 
Glen Canyon Re crea t i on Area i n  U t ah and Ar i zo n a . A l s o ,  i n  one 
i n s tance i n  Nor t h  Dakot a ,  l e a s e s  were a l l owed on p a rkland s 
wh i ch were be i ng d ra ined by we l l s  ad j a ce n t  to the park l and . 

W i ld l i fe Re f u g e  Are a s . O i l  and ga s ope r a t ions  o n  w i l d l i fe 
re f uge land are proh i b i te d  w i th rare e xc ept i o n . For e xampl e , 
l e a s e s  have been a l l owed on w i ld l i fe land be ing d ra i ne d  by 
ad j acent we l l s .  A l s o , geophys i c a l  s urvey i ng on w i ld l i fe l and 
has been a l l owed to pe rmi t cont i nu i ty i n  d a ta s amp l i ng by 
e xplorat ion compan i e s . Th i s  con t r i bu t e s  to s ubs u r f a c e  mapp i n g  
f o r  d r i l l i ng on land i n  the vi c i n i ty o f  w i ld l i fe re f ug e s .  

Some Pra c t i c a l  Consequences o f  Area s  Be i ng De s ignated Propos ed 
W i ld e rne s s  

The pre v i ou s  d i s c u s s i on o f  re s tr i c t i on s  o n  o i l  and g a s  a c t i v 
i t i e s  on po ten t i a l  B LM a nd U S F S  w i lde rne s s  l and i nd i ca t e s  that 
e xplorat ion and pro d u c t i on are pe rmi tted und e r  c e r t a i n  cond i t ion s . 
Howe ve r ,  the s e  operat ions may not be perm i t ted to cont inue i f  the 
area is u l t i mate ly d e c lared an of f i c i a l  w i ld e rne s s  area by Con
g r e s s . I f  th i s  i s  the case , any prev i ou s  d i s c ove r i e s  cou l d  po s 
s ib ly n o t  b e  e xplo i ted and prod uct ion may b e  d i scon t i nued . Th i s  
wou l d  be a s trong d e terrent to any e xp l orat ion and d e ve lopme n t  in 
the are a s . 

Envi ronme n t a l  Cons iderat i on s  

An increase i n  t i gh t gas prod uct ion w i l l  und oubt ed ly h a ve a n  
e f fe c t  o n  t h e  envi ronme n t . Th e e f fe c t s  o f  s uc h  an i n c reme n t a l  
increase c a n  be me as ured a s  the bene f i t s  d e r i ved from d e creas e d  
emi s s ions a s so c i a ted w i th the reduced u s e  of o t h e r  f u e l s  a s  they 
are re placed w i th t i gh t  g a s . The incre a s ed d e ve l opme n t  of t i gh t 
g a s  w i l l  probably improve the qual i ty o f  the e n v i ronme n t . 

Gas Pr i ce Regu l a t ions 

Th e regu l a t ion of gas pr i ce s  wh ich h ave bee n  contro l led be low 
the ene rgy equ ivalent o i l  price  h a s  be e n  a ma j or d i s i ncent i ve t o  
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g a s  produ c t ion . Pr i c e  controls on ga s ,  wh i ch h ave e x i s te d  s ince 
1 9 5 4 , h ave re cently be gun phased d e control und e r  th e Natura l Ga s 
Po l i cy Ac t of 1 9 7 8 .  Th i s  phased d e regu l a t ion now i n  prog re s s  w i l l  
be comple ted in th e 1 9 8 5 - 1 9 8 7 pe r iod for g a s  pro d uced f rom mos t 
we l ls d r i l led a f t e r  Febru ary 1 9 7 7 .  Ac t i ng under au thor i ty o f  the 
NGPA , th e Federa l Ene rgy Re gulato ry Commi s s i on on Augu s t  1 5 ,  1 9 8 0 ,  
i s s ued regu l a t ions prov i d i ng a ce i l i ng i ncent ive pr i c e  for ga s 
prod uced from t i gh t gas forma t ions ( se e  Appe nd i x  G for F ERC reg
u l a t ion ) . Th ey s e t  a c e i l i ng p r i ce of $ 4 . 5 8 6/MMB t u  a s  of Sep tem
be r 2 2 ,  1 9 8 0 ,  for gas prod uced from t i gh t g a s  forma t i on s ,  th e pr i c e  
to be ad j u s ted f o r  i nf l a t ion a s  me as ured b y  the GNP i nt r i n s i c  d e 
flator o n  a month ly ba s i s .  

The s e  reg u l a t ions prov ide for the s tate r e g u l a to ry agenc ie s ,  or 
the USGS in the case of federal lands , to nomi n a te t igh t g a s  forma 
t ion s . FERC w i l l  approve the nomina t ions , a f t e r  wh i c h  g a s  produced 
a f te r  Ju ly 1 5 ,  1 9 7 9 ,  f rom a new we l l  o r  a new recomp l e t ion i n  the 
t i gh t  gas forma t ion may rece i ve the incen t i ve ce i l i n g  pr i c e , i f  
pur ch asers a re w i l l i ng t o  pay th i s  pr i ce . Th i s  c e i l i ng p r i ce l im
i ta t ion w i l l  e xp i re on Janua ry 1 ,  1 9 8 5 ,  or July 1 ,  1 9 8 7 ,  a long w i t h  
p r i c e  con tro l s  on o t h e r  g a s  f rom mo s t  new onshore we l l s . 

S t ate regu l a tory age n c i e s  h ave held h e a r ings on t igh t g a s  form
at ion nomina t i on s  i n  Colorad o , New Me x i c o ,  Te xa s , Uta h , Wyoming , 
and pos s ibly o th e r  s ta te s . Ta b l e  8 7  s how s forma t ions that h ave 
been nominated by the s tate agen c i e s  to F ERC a s  o f  Oc tobe r 2 7 ,  
1 9 8 0 .  Th e s e  should a l l  be acted upon and probably approve d by the 
end of 1 9 8 0 . 

Th e F E RC h a s mad e  a ma j o r  con tribu t ion to the d e ve l opme n t  o f  
t i gh t gas by th i s  r u l i ng . The n e w  t i gh t  g a s  c e i l i ng pr i c e  i s  s e t 
a t  tw i ce the conve n t ional ga s ce i l i ng p r i ce for f ive ye ars . Many 
ope rators w i l l  be encour aged to d eve l op t i gh t g a s  pl ay s .  The ap
p l i cat ion of the incent ive pr i ce to re comp l e t ion of o ld we l l s  and 
to new t i gh t  gas forma t ion gas we l ls w i l l  b r i ng n ew gas s uppl i e s  
i nto the ma rk e t  more rap id ly . 

In eva luat ing a t igh t g a s  pl ay ,  ope rators may f i nd the e conomi c 
s ummaries  of intere s t  in the bas i n  chapters o f  Pa r t  I I  o f  th i s  r e 
por t .  Al l o f  t h e  e conomi c s  i n  t h e  repo rt a re b a s ed on cos t and 
pr ices  in cons tan t d o l la r s  as of Janua ry 1 ,  1 9 7 9 .  To u s e  these 
e conom i cs i t  i s  nec e s s ary to corre ct them for i n f l a t ion . Th e 
$ 4 . 5 8 6/MMBtu pr i ce o n  Sept embe r 2 2 ,  1 9 8 0 ,  i s  equ i va le n t  to a pr i ce 
o f  $ 3 . 3 3/MCF i n  Janu ary 1 ,  1 9 7 9 ,  d o l lars i n  the  repo r t . Th i s  re
port ass ume s  tha t 1 , 0 0 0  c ub i c  feet o f  gas has a h e a t i ng va l ue o f  1 
MMBtu . Th i s  ad j u s tme nt wa s mad e  by the I PAA p r i ce index  for d r i l l 
ing and eq u ipp i n g  we l l s . The c o s t  of f in d i ng and pro d u c i ng t i gh t 
gas shou l d  fol low the Dr i l l i ng Co s t  Inde x c lo s e ly . 

Th e Dr i l l i ng Cos t I nde x was  1 7 6 . 0  o n  Janu a ry 1 ,  1 9 7 9 ,  a nd i t s  
e s t imated va l ue o n  Sept embe r 2 2 ,  1 9 8 0 ,  wa s 2 4 2 . 3 . The p r i c e  a d 
j u s tme nt wa s ca lcu l a ted a s  f o l l ow s :  ( Septembe r 2 2 ,  1 9 8 0 ,  d o l lars ) 
$ 4 . 5 8 6  x 1 7 6 . 0  d i vided by 24 2 . 3 = $ 3 . 3 3  ( Janua ry 1 ,  1 9 7 9 ,  d o l l a r s ) .  
To u se the s e  p r i c e s  i n  the repor t  for a d a te i n  the  f u ture , they 
may be ad j us ted fo rward by th i s  formu l a :  fu t u re pr i c e  = ( pr i ce i n  
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State 

Texas ( 1 ) 

Texas ( 2 )  

Texa s ( 3 )  

Texas ( 4 )  

Texas ( 5 )  

Wyoming ( 1 )  

Wyoming ( 2 )  

New Mexico ( 1 )  

Louis iana ( 1 )  

Colorado ( 1 )  

Colorado ( 2 )  

Colorado ( 3 )  

Colorado ( 4 )  

Colorado ( 5 )  

Colorado ( 6 )  

TABLE 8 7  

Formations Nominated by State Regulatory Agencies 

for Designation as Tight Formations 

County 

Many in N . E .  Texas 

Crockett , Edwards , 

Schleiche r ,  Sutton , 

Terrel l ,  Va l Verde 

Reagan 

Hida l go 

Hida l go 

SWeetwater , Uinta , 
Lincoln 

Sweetwater , Carbon 

Lea 

Union 

Wel d ,  Adams , 

Boulder 

Rio Blanco , 

Garfield 

Cheyenne , Kit 

Carson , Lincoln ,  

Loga n ,  Phil lips , 

Sedgewi ck , 

Washington , Yuma 

Rio Blanco 

Mesa 

Rio Blanco 

Trend 

Cotton Va l ley 

Canyon Sandstone 

Vick sburg 

Vicksbur g 

Formation 

Cotton Va l ley Sand* 

Cotton Val l ey Lime 

Bos sier Shale 

Sonora ,  Ozona 

Cisco 

U, V 

y 

Frontier 

Mes averde 

Austin

Mi ssissippian 

Arkade lphia 

Wattenberg "J" 

Mancos "B" 

Niobrara 

Fort Union , Mancos , 

Mes averde 

Rol lin s ,  Corcoran, 

Cozette 

Mancos " B "  

*Approved by the Federal Energy Regulatory Commission effective 
October 2 4 , 1 98 0 .  
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the report ) x ( I PAA i nd e x  f o r  f u ture d a te d i v i d e d  by 1 7 6 . 0 ) .  F ERC 
uses  the GNP i n t r i ns i c  d e f la to r  to ad j u s t  i t s  ce i l in g  pr i c e s  for 
ward . On th i s  bas i s ,  FERC e s t ima ted the ce i l i ng p r i ce f o r  t ig h t  
gas on Janua ry 1 ,  1 9 7 9 ,  a s  $ 3 . 9 6/MMBt u .  Th e GNP i n t r i n s i c  d e f la to r  
w i l l  not properly ad j u s t  the economi c s  i n  the repo r t  to a f u ture or 
pas t  date . 
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Ch apter Seven 

EXPLORAT ION AND PRODUCT I ON TECHNOLOGY 
C URRENT AND ADVANC E D  

E XPLORAT ION TECHNOLOGY 

Current Explora t i on Me thod s 

Geo log i c a l  

Th e ge olog i ca l  tech no logy u sed t o  e xp l ore for t ig h t  g a s  re s e r
vo i r s  does not d i f f e r  appre c i ably from tha t  u s ed i n  e xplorat ion for 
conve n t ional reservo i rs , whe th e r  o i l  o r  gas bea r i n g . The pr i n c i 
p a l  d i f fe rence s i n  approach a r e  pr imar i ly o f  d egree rathe r than o f  
k i nd . Ba s i ca l ly , e xp l o ra t ion i nvolve s r e s e rvo i r  a n d  trap pred i c
t io n s , reservo i r  e va lua t ion s ,  and dete rminat ions o f  n a t u r a l  g a s  
poten t i a l ; i . e . , the ava i lab i l i ty of hyd rocarbon g a s  a s  a re s u l t  
of the rmal generat ion , migra t i o n , entrapmen t ,  and pre s e rvat i o n , o r  
a s  a re s u l t  of bac t e r i a l  generat ion a n d  p r e s e rva t i on . Sc i ent i f i c 
d i sc iplines  c ommon ly needed for a thorough s t udy o f  t i gh t g a s  re 
s e rvo irs e ncomp a s s  the e n t i re spe c t rum of ava i la b l e  g e o l og i ca l  
technology ; i . e . , s trat igraphy , s ed ime n to logy , pe trology , m i ne r a l 
ogy , pe trophy s i cs , we l l  log i nterpre tat ion , g e och emi s try , s truc
tural geo logy , s t at i s t i c s , pa lyno logy , paleon to lo gy , and c ompu t e r  
s c i ence . 

Re servo i r/trap pred i ct ions enta i l : 

• Loc a t i ng porou s and pe rme able beds 

• De te rmi n i ng the i r  s tr a t i g raph i c  and a re a l  d i s tr i bu t i on s  and 
conf i gurat ion s 

• De t e rmi n i ng the i r  age and corre l a t i ng equ i v a l e n t  s trat i 
gr aph i c  un i ts 

• De termi n ing s tra t ig r aph i c  and geograph i c  prox imi ty to re
l ated and a s soc iated reservo i r s ; e . g . , freque n cy o f  occur
rence s of l e n s e s  and s tack i ng of mu l t ip l e  re s e rvo i r s  

• De termi n i ng or pred i ct ing type s o f  t rapp i ng me ch an i sms 

• Lo ca t i ng e f fe c t ive rese rvo ir s e a l s  

• I n terpre t i ng pos s ib l e  rese rvo i r  d i sc on t i nu i t ie s  c a u sed by 
f a ul t i ng , nonconformi t ie s ,  i n t ru s i on s ,  channe l s , e t c . , o r  
repe t i t i on cau sed b y  f au l t ing . 

Re se rvo i r  eva l u a t ion of an e xpl oratory nature , ma i n ly b as ed on 
w i ldcat we l l  s ampl e s  and we l l  da t a , i nvol ve s : 

• Mapp i ng and zon i ng of poros i ty and pe rmeab i l i ty 
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• Det e rmi n i n g  poro s i ty and pe rmeab i l i ty q ua l i t a t i ve ly and 
quan t i tat ive ly 

• De t e rmi n i ng pore throat shapes and s i z e s  

• De t e rmi n ing w a t e r  s a turat ion and w a t e r  d i s tr i bu t ion i n  
micropore s a n d  mac ropore s a s  free a n d  ad sorbed wa te r 

• Ana ly z i ng s a l i n i ty and c ompos i t i on o f  a ny re cove r e d  wate r ,  
and c ompos i t ion o f  other re cove red f l u id s  

• Eva l u a t i ng log r e sponses  

• De termi n i ng t empe rature and pre s s ure re l a t ive to bu r ia l  
d epth 

• S t udy i n g  pe t ro l ogy and minera logy 

• Mea s ur i ng me chan i c a l  prope r t i e s  

• S t udy i ng d i agene t i c  h i s to ry ;  e . g . , c eme n t i n g  ma t e r i a l s , mode 
of o r ig i n  and s eq ue nce o f  ceme n tat ion , we athe r i ng ,  l each i ng , 
d i s so lut ion , replacemen t ,  overgrowths  

• Iden t i f y i ng orga n i c  mat te r  and o i l  res i d u e , if  a ny , a s  to 
type , quan t i ty ,  and e f fect on r e s e rvo i r  prod u c i b i l i ty 

• S t udy i ng o f  occurre nce s of natural f ra c t u re s ,  s tyl o l i te s , 
bedd ing feat ure s ,  and sed ime n t a ry s t r u c t u re s  s uch a s  b u r 
row s , a n d  the i r  i n f l u e nce on f l u id f l ow 

• As s e s s i ng f lu id produc i b i l i ty r a t e s  and d u r a t ion 

• E s t ima t ing r e s e rvo i r  capac i ty and in-p l ace and r e cove rable 
re s e rve s 

• As s e s s i n g  po tent i a l ly d amag ing proc e d u r e s  on t i ght gas r e 
s e rvo i r  performa n ce f rom d r i l l i ng ,  t e s t i ng , s t imu l a t i ng , 
c omplet i ng , and prod u c i n g  we l l s .  

Es sent i a l ly eve ry we l l  d r i l led for t i gh t g a s  re s e rvo i r  produ c 
t i on , whe th e r  a re s e rvo i r  i s  bl anke t o r  l e n t i cu l a r ,  h a s  c on s id e r
able r i s k  be c a u s e  the produc t ive po tent i a l  o f  a we l l  i s  uncer t a i n  
u n t i l  the r e s ervo i r  i s  s t imu l a ted . Co n s eq ue n t ly , more emp h a s i s  
mus t  be placed on e va luat ing re se rvo ir prope r t i e s  than i s  ne c e s s a ry 
f o r  conve n t iona l r e s e rvo i rs . Th e s tate o f  the a r t  i s  s uc h  that a 
gene ral ou t l i ne o f  a prod uc t ive trend or f a i rway c a n  u s u a l ly be 
read i ly d e term i ned by r e l a t ive ly few s c a t te red we l ls , but the s e l e c 
t ion of e conomi c a l ly pro d uc t i ve we l l  s i te s  a n d  the e l iminat ion o f  
uneconomi c a l  s i t e s  pr ior t o  d r i l l i ng gene ra l ly rema i n  unce rta i n  un
t i l  a cons iderable dens i ty o f  wel ls has been ach i e ved . 

In ce rta i n  geo log i c a l  provi nces w i th g a s  prospe c t s  i n  t igh t re 
s e rvo i r s , i t  i s  i mportant to d e te rmine the ava i l ab i l i ty o f  gene r 
a ted hyd roca rbon g a s e s  because ga s accumu l a t ions common ly are not 
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coe xtens i ve w i th in the conf i n e s  of a pro d u c t i ve bas i n .  The s e  r e 
s tr i cted occurrence s of g a s  are attr ibu table t o  three pr i n c ipal 
contro l s : s ource bed d i s tr i but ion , generat i o n -e xp u l s ion perfor
mance , and pre s e rva t ion of trapped re s e rvo i r  ga s .  Fa i lure to t ake 
the se l imi t i ng f a c tors i n to account has at t ime s re s u l ted in e xce s 
s ive ly h igh e s t ima t e s  o f  i n-p l ace and r e cove ra b l e  re s e rvo i r  ga s .  

Limi ted are a l  and s t rat ig raph ic d i s tr i bu t i on o f  e f f e c t ive the r
ma l gas s ource beds is c ommon to ma ny bas i n s . Th e De nver bas i n  i s  
a good e xamp l e ,  a s  are the W i l l i s ton and Powd e r  R i ve r  bas i n s . Mo s t  
bas ins h ave reta ined cons iderab ly l e s s  than h a l f  o f  the the rma l g a s  
generated a n d  e xpe l led w i th i n them , par t i cu l a r ly tho s e  bas i n s  i n  
wh i ch gas e xplus ion o c curred be fore La t e  Te r t i a ry t ime ,  o r  those 
wh i ch lack h igh ly e f fe c t ive seals such a s  evapo r i te s . Al s o ,  g a s  
pre s e rva t ion tends t o  be poor i n  areas and zone s o f  me teor i c  re 
charge wa ter encroachme n t ,  e xcept i n  h igh ly pro t e c t ed traps . 

A d e t e rm i na t ion of the amoun t of g a s  ava i la b l e  for t igh t g a s  
re s e rvo i rs req u i r e s  cons idera t i on o f  bo th the rma l a n d  b iogen i c  
source s .  As s e s sme n t  o f  e f f e c t ive sou r ce rock s for therma l g a s  can 
be based on the d i s t r i bu t i o n , vo l ume , and g e n e ra t i ng c apab i l i ty 
( q uant i ty , qual i ty ,  and type of orga n i c  ma t t e r ) o f  the source 
rock s , as we l l  a s  on the i r  the rmal carbon i z a t ion s t age s and the rmal 
h i s to r ie s .  From th i s  informa t ion , the t ime ( s )  of g a s  e xp u l s ion can 
be e s t imated ; th i s  inc l ud e s  gas e xp e l l e d  w i th o i l  if  the source i s  
o i l  ( i . e . , Type I I  o rgan i c  ma t te r ) ,  we t ga s e xp u l s ion i f  the source 
is we t gas , and e s s e n t i a l ly d ry gas i f  forme r o i l  h a s  a t t a i ned the 
l a ter ga s -e xp u l s ion s tag e . I t  also i n c lud e s  ga s e xp e l led f rom g a s  
source ro cks tha t never h ad an o i l -genera t i ng capab i l i ty ( i . e . , 
Type I I I  o rga n i c  ma t te r ) .  La s t ly , i t  i nc lud e s  e s t ima t e s  o f  g a s  
fo rmed by the rma l crack i ng of o i l  t o  gas i n  re s e rvo i r s  a s  we l l  a s  
i n  o i l  s o u r c e  rock s ,  t h e  l a t t e r  req u i r i ng ad d i t ional  e s t ima t e s  o f  
amounts o f  g a s  e xpe l led . 

Obt a i n i ng e s t ima t e s  o f  quan t i t ie s  o f  the rma l g a s  e xpe l led from 
source rock s ,  and o f  hyd rocarbon ga s formed by c rack i ng crude o i l  
e xternal to source ro ck s ,  i s  on ly the f i r s t s tep i n  e va lu a t ing th e 
g a s -p roduc i ng pote n t i a l  of va r iou s provi n ce s . I t  i s  a l s o  e s s en t i a l  
t o  obta in re a l i s t i c e s t ima t e s  of the amoun t s  o f  g a s  prese rved . 
Pre s e rva t ion i s  depe nde n t  on a numbe r  of f a c t or s , s uc h  a s  t ime of 
e xpuls ion and ent rapme n t  ( and henc e ,  t ime to e sc ape ) ,  e f fe c t ivene s s 
o f  seals , temp e ratur e s ,  pre s s ure s ,  and bur i a l  d e p th s ,  and tends to 
be better in zones w i th r e l a t ive ly l ow t empe ratures  and e i th e r  
a noma lou s ly h igh or anoma lou s ly l ow pre s s ur e s  ( i nd i ca t ing that 
s e a l s  are i n t a c t ) .  A c omparat ive ly unkn own n e g a t i ve f a c to r  in  
pre serva t ion , par t i cu l arly a t  low tempe rature s ,  is  the role of 
me thane -cons umi ng bacte r i a  i n  the s ub s u r f ac e . 

Geophys i c a l  

In e xp l ora t i on for t igh t g a s  re s e rvo i r s , g e ophys i c a l  ( and spe
c i f i cal ly s e i s mi c ) te chnology has  been s uc c e s s f u l ly emp l oyed i n  
d e l i ne a t i ng z o n e s  o f  l i tholog i c  con tra s t ,  b u t  i t  h a s  been o f  l im
i ted us e f ulne s s  i n  d e f i n i ng re s e rvo i r s  and t rap s and i n  l o c a t i n g  
d r i l l able prospe c t s .  The l imi t a t ions s tem f rom the non s tru c tu r a l  
nat ure o f  mos t  t i gh t  g a s  re servo i r  trap s , a n d  from the poor qua l i ty 
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o f  t igh t r e s e rvo i r  rock s ; i . e . , l ow d ens i ty and ve l o c i ty contras t s  
because of the i r  general ly l ow poros i t ie s  a n d  re l a t i ve ly l ow quan
t i t i e s  of i n-p l ace g a s . Wi th the  c ond i t i ons preva i l i ng in  ma ny 
t igh t gas re s e rvo i r s , s ubstan t i a l  i mproveme n t s  i n  g e ophys i c a l  t e c h 
nology w i l l  b e  n e e d e d  be fore i t  c a n  be come a n  imp o r t a n t  e xp l or a t ion 
tool capab le of d i sc r imin a t i ng be tween t i gh t gas re s e rvo i r traps 
a nd the ge olog i c a l ly s imi lar backg round . 

Br igh t-spo t  te ch n iques  have not been par t i c u l a r ly h e lp fu l  i n  
t h e  d i sc e r nmen t  o f  l ow g rade g a s  ac cumul a t ions b e c a u s e  o f  t h e  m i no r  
d e n s i ty and ve loc i ty c ontra s t s , e spe c i a l ly i n  o l d e r  rock s .  Oc ca
s ional ly , s e i smi c wo rk has  s ucce s s f ul ly iden t i f i ed h i gh ly overpre s 
s ured z o n e s  en comp as s i ng t igh t ga s re s e rvo i r s . 

The ma i n  rol e  of s e i smi c technology appe a r s  to be i n  h e lp ing to 
re solve prod uct ion prob l ems re l ated to ma s s i ve hyd r a u l i c  fractur
i ng ; e . g . , f r a c t ure o r i entat ion and d ime n s ions . 

We l l  Log g i n g  

The tole rance f o r  e rror i n  we l l  log e va l u a t ion of t ig h t  ga s re
s e rvo i rs i s  much l e s s  than that in e va luat ions o f  conve n t ional re
s e rvo irs aga i n  because of the shale-l ike ch arac t e r  o f  mo s t  tigh t 
gas re s e rvo i r s .  The log character of reservo i r rocks i s  o f ten s im
i la r  to the charac t er i s t i cs imp arted by nonre se rvo i r  rock s .  More 
sens i t i ve and d i sc r iminato ry me a s u r i ng d e v i c e s  are need e d  be c a u s e  
e x i s t i ng l og g i ng t echnology s eems to b e  of l i tt l e  v a l u e  i n  re s o l v
i n g  prob l ems pe rta i n i ng to pe rmeab i l i ty and wa t e r  s at u r a t i on . 
Poros i ty d e termi n a t ion can be d i f f i cul t ,  e spe c i a l ly wh ere a bore
hole i s  e n la rged . 

The d e n s i ty ,  son i c , and res i s t i v i ty logs  are gene r a l ly the mos t  
u s e f u l  of c u r re n tly ava i lable logg i ng s u i te s  i n  eva l u a t ing t igh t 
gas res e rvo i r s .  Nuc lear magne t i c re sonanc e ( NM R ) l o g s  and boreho l e  
g rav ime ter s urvey s show pos s i ble promi se und e r ce r t a i n  cond i t ions 
for d e t e rmi n i ng ad sorbed " sh a l e "  wa ter from f re e  " re s ervo i r "  wa te r ,  
a nd for i n t e rpre t i ng p rospe c t ive pay zone s . 

Poten t i a l  for Improved Explora t i on Te chno logy 

Bas i c  techno log i ca l  d e ve lopme n t s  th a t  wou l d  appre c i a b ly improve 
the pre s e n t  e xploratory we l l  s ucce s s  ra t io i n  t i gh t g a s  re s e rvo i r s  
d o  n o t  appe a r  l ike ly i n  t h e  fore seeab l e  f u ture . Howeve r ,  t h e  s uc 
c e s s  rat i o  c a n  b e  e xpected t o  improve gradual ly w i th r e f i n ements  i n  
e x i s t i ng me thodo logy . Al s o , i ncreased we l l  control w i l l  l ead to 
g r e ater comprehens ion of the f actors th at con t ro l  tech n i ca l  and ec
onomi c recove r i e s  o f  gas from t i gh t gas re s e rvo i r s . Th i s  w i l l  l e ad 
to improved corre l a t ions and pred i c t io n s  of po te n t i a l ly produc t i ve 
rock un i t s . 

Add i t ional impro vements  i n  the e xplora to ry s uc ce s s  ra t i o  w i l l  
r e s u l t  i f  e conomi c e xp l orat ion i nce n t ive s ma t ch o r  ou tpace e s c a l a t
i ng e xplorat i on cos t s . Improvements i n  e xplora t ion technology w i l l  
b e  a n  i nev i t able consequence o f  any s t imu l u s to e xp l orat i on a c t iv
i ty .  S uc c e s s  w i l l  feed on i t s e l f ,  a s s u r i ng much need ed add i t i on a l  
e ne rgy t o  help s us ta i n  the na t i on ' s  economy . 
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Spec i f i c a l ly ,  imp roveme n t s  i n  me thodology c a n  be e xp e c ted i n  
the fol l owing areas o f  geolog i c a l  i nput r e l a t ive to t i gh t g a s  r e 
s e rvo i r  technology : 

• Pred i c t i ng l e n t i cu l a r  s ands tone ge ome try and o r i e n ta t ion 

• Pred i c t i ng f avorable perme ab i l i ty trends w i th i n l ow poro s 
i ty ,  l ow pe rmeab i l i ty re s e rvo i r s  

• De t e rmin i ng phys i c a l  propert i e s  and o t h e r  geolog i c a l  f a c tors 
that control fracture o r i enta t ion and f ra c ture d ime n s ion s i n  
re s e rvo i r  rock s  

• Calculat i ng e f fe c t i ve source ro ck vo l ume for g a s , a n d  g as 
source rock performa nce ; i . e . , amoun ts o f  g a s  g e nera ted and 
e xpe l led , t ime s of e xplus ion , amoun ts of gas d e r i ved from 
therma l crack i ng of crud e o i l ,  and amoun ts of g a s  prese rve d 

• Di f ferent i a t i ng t h e rma l ga s f rom bacter i a-ge nerated g a s  

• De term i n i ng produc i b i l i ty by me ans of conve n t ional  core 
a n a lys i s  o f  t i gh t gas re s e rvo i r s , and obta i n i ng more a c c u 
r a t e  i n  s i tu g a s  perme ab i l i ty me a sureme n t s , u s ing approp r i 
a t e  corre ct i on f a c tors to b r i ng core ana lys e s mor e  i n to l in e  
wi th perme ab i l i t i e s  d e r ived from rese rvo i r  f l ow te s t s  

• Pred i c t i ng and avo id i ng poten t i al r e s e rvo i r  d amag e  
s i tuat ion s  

• De t e rmi n i ng pay th i ckne s s ,  poros i ty ,  wa t e r  s a tura t i o n , and 
gas content by me ans of we l l  logg i ng d e v i ce s and log 
interpre ta t ions 

• Compreh end i ng phys i c a l , chemi ca l , and b io l o g i c a l  d i agene t i c  
proc e s s e s  and the ab i l i ty to pred i c t  f avorable vs . un favor
able d i agene t i c  s e t t ings  

• Pred i c t i ng o r i e n t a t ions and " openn e s s "  o f  n a t u r a l  f ra ct ure 
s e t s  and sys tems and the i r  infl uence on ma s s ive hyd raul i c  
fra c t ur i ng ( s everal n ew we l l  l og g ing and s e i sm i c  techn iq ue s  
wi l l  help accomp l i sh these me a s ureme n t s ) 

• D i s t ingu i s h i ng betwe en tecton i c  frac t u r e s  and f l u id-p re s s  
pre s s ur e - i n d uced nat ura l fra c t ure s 

• De te rmi n i ng free and adsorbed water 

• De t e rmi n i ng amounts of i n-pl ace and recoverable  g a s  and the 
i n f l u ence of gas de sorp t ion and long - t e rm p roduc i b i l i ty 

• De termi n i ng s e i smi c de f in i t ion of t igh t ga s r e s e rvo i rs and 
contras ts caused by abnormal ly h igh and l ow r e s e rvo i r  
pre s s ure s .  
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Du a l  s he arjP-wave interpretat ional tech n iq ue s ,  i n  p a r t i cu l ar , 
of fer promise of enab l i ng ge ophys i c i s ts to i d e n t i fy and d e l i ne a t e  
t ig h t  g a s -b e a r i ng r e s e rvo irs w i th i n  t h e  ne x t  d e c ad e .  

T i gh t g a s  re s e rvo i r  e xp l orat ion i s  g e ne ra l ly not a f f e c ted by a 
numbe r of the prob l ems freq uen t ly encoun tered i n  more conve n t ional  
e xp l orat ion , as  problems a ttendant w i th e xp l ora tory d r i l l i ng o f  
we l ls t o  g r e a t  d e p t h s  o r  i n  h i gh tempe rature ro ck s  u s u a l ly w i l l  no t 
be encou n t e red . Ar c t i c  d r i l l i ng and o f f s hore ma r i ne d r i l l i n g  w i l l  
not be ne eded i n  the fore s eeable f u t ure . 

H i gh concentrat ions of hydrogen s u l f id e  ( H 2 S )  and o t h e r  non
hyd rocarbon ga s e s  are not l ike ly i n  the ma j o r i ty o f  t igh t re s e rvo i r  
gas pl ay s , nor are land s ubs idence and l imi t ed a c ce s s ib i l i ty c ommon 
problems . 

PRODUCTION TECHNOLOGY 

It i s  not e conomi c a l ly feas ible to d eve l op and produce th e 
l a rge quan t i t i e s  of natur al g a s  trapped i n  t igh t ga s re s e rvo i r s  
wi thou t  spe c i a l  s t imu l a t i on techn ique s s uch a s  mas s i ve hydra u l i c  
f ractur i ng . In  the low perme ab i l i ty r e s e rvo i r s , the rock ma t r i x  
pore throats are s o  sma l l  and/or sparse  th a t  they s e vere ly re s t r i c t  
t h e  rate o f  ga s m i g r a t ion into a we l l ;  t h i s  d ra s t i ca l ly a f f e c t s  
both prod uc i ng rate and cumula t i ve recove ry . An e x ample o f  th e 
c omp a rat ive prod u c t i on be twe en a typ i c a l  t igh t ga s rese rvo i r  and a 
typ i c a l  convent i on a l  pe rme ab i l i ty re servo i r  i s  s h own i n  Tab l e  8 8 . 
Th i s  s hows prod u c t ion r a t e s  and cumu l a t ive prod u c t ion f o r  two per
me ab i l i ty value s ; i . e . , a convent ional re se rvo i r  o f  1 0 . 0  md and a 
t igh t re s e rvo i r  o f  0 . 0 0 1  md fo r the unfrac t ured c a s e . Al s o  s h own 
is prod uct ion from a t i ght reservo i r  ( . 0 0 1  md ) w i th a 4 , 0 0 0 -foo t 
f ractur e . Al l other re se rvo i r  prope r t i e s  a re i d e n t i c a l  e xc e p t  for 
pe rme ab i l i ty and the e x i s tence of a 4 , 0 0 0 -foot fracture . 

The prob l ems i n  recove ry are compounded by the f a c t  t h a t  these 
r e s e rvo i rs typ i ca l ly h ave low bulk poros i t i e s  and some t ime s h igh 
wa ter s a t urat ion s ,  re s u l t i ng in l ow ga s -f i l l e d  poro s i ty .  I n  add i 
t ion , the na ture o f  the re se rvo i r s  can vary w i d e ly . Some a re con
t i nuou s ( or blanke t ) rese rvo i r s ,  wh i le others a re l e n t i cu la r . In  
the lent i cu l a r  re s e rvo i rs , d i scont inuou s s and l e n s e s  wh i ch may not 
i n ters e c t  the we l l  bore re s tr i ct the po tent i a l  d ra i nage of an i nd i 
v i d u a l  we l l .  The s e  l e n s e s  c a n  va ry i n  w i d t h , l e n gt h , th i ckne s s , 
a nd c u rva ture ( l ike me and e r i ng s treams ) .  Bo th the b l ank e t  and l en
t i cular depos i t s  are u s ua l ly found d i spe r s ed in mas s ive s h a l e  o r  
s i l t s tone s e c t ions typ i c a l ly f rom 5 0 0  t o  3 , 0 0 0  f e e t th i ck . I t  i s  
pos s i b le for l e n s e s  throughou t the e n t i re s e c t ion t o  h ave s ome g a s  
s aturat ion ; howeve r ,  t h e  more po rou s s and z o n e s  c on s t i tu te t h e  re
s ource targe t .  The te chnolog i c a l  prob l ems as soc iated w i th recov
e r i ng g a s  f rom t igh t l e n t i c u l a r  s ands are con s id e rably more severe 
than recove ry prob l ems i n  c on t i nuous re servo i r s . 
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TABLE 8 8  

Comparat ive Produc t ion Ra te s 
Conve n t ional v s . Tight Gas Re s e rvo i rs *  

( MMCF/Yr ) 

Conven t ional  
Ye ar ( 1 0 . 0  md ) T i g h t  ( 0 . 0 0 1  md ) 

X f =l O O ' X f =l O O ' X f = 4 , 0 0 0 ' 

1 
2 
5 

1 0  
2 0  
3 0  

2 2 , 0 0 0  
3 , 7 7 0  

2 4 0  
6 
0 
0 

Ul t imate 3 0 - Yr 
Cumu l a t iv e  

MMCF 

3 1 , 7 0 0 t  3 9 0  

2 1  
1 8  
1 6  
1 3  
1 2  
1 1  

U l t ima te 3 0 -Yr 
Cumu l a t ive 

MMCF 

6 , 0 1 5  

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

*Comp u ted for a typ i c al 0 . 6 5 g rav i ty g a s  i n  a 2 : 1 ,  
1 , 2 8 0 -acre , re c tang ul a r ,  8 5 - foot th i ck , 2 5 0 ° F  re s e rvo i r  
w i th a we l l  bore f l ow i ng and i n i t i al pre s s ur e  o f  5 5 0 a nd 
5 , 5 0 0  ps ig , re s pe c t ive ly , and a hyd roc arbon pore vo l ume o f  
2 . 9  percen t .  

t Re s e rvo i r  to t a l ly depl e ted i n  1 0 . 5 ye ar s . 

No te : X f ( fra c t ure l e n g t h , wel l  bore to t i p ) o f  1 0 0 ' 
u s ua l ly o c cur wi th s tand a rd pe r fora t ion breakd own 
procedur e . 

Fractur i ng Te chnology 

These t i gh t gas re se rvo i rs requ i re h ig h ly c on d uc t i ve d r a inage 
channels wh i ch pene trate deeply into the e x t remi t ie s  o f  the for
mat ion to d ra in gas i n to the we l l  bore . The l e ad i ng me thod o f  
feas ibly and e conomi c a l ly c re a t i ng the s e  f l ow p a t h s  i s  ma s s ive 
hydrau l i c  frac t ur i ng . The s e  tre a tmen t s  create a d e e p ly pene tra t 
i ng , ve r t i ca l  fracture propped open w i th s and o r  ano the r s u i tab l e  
propp i ng agen t .  ( Se e  F i g ur e  3 9  for an i l l u s t ra t ion o f  th e ma s s i ve 
f rac concep t . ) For each produc i ng i n t e rva l there i s  u s u a l ly only 
one ma i n  frac t ure i n  each produc ing z on e , and it e xtends on both 
s id e s  of the we l l . In  many b la nke t-type sand s , s uc h  propped f ra c 
t ure s c a n  now u s u a l ly be e xtended a n d  propped ope n for d i s tanc e s  on 
the order of 1 , 0 0 0  fee t a long e a ch ve r t i c a l  w i ng on e i th e r  s id e  of 
the we l l .  It  has been a s s umed that s im i l a r  l e n g t h s  can pos s i b ly b e  
ach ie ved for lent i c u l a r  sand s . I t  may be d i f f i c u l t  to ach ieve 
1 , 0 0 0 -foo t lengths w i th base te chno logy i n  some l e n t i c ul a r  forma
t ions . Ve r t ical  grow t h  tendenc i e s  of hyd ra u l i c  f r a c t ur e s  i n  len
t i cular zon e s  are u s u a l ly gre a t e r  than i n  b la nke t forma t ion s . Th i s  
ve r t i cal grow th can re s ul t  in a shorter than d e s i re d  f ra c t ure 
length . ( In the t r ad e  l i terature , the term " f rac t u re l e n gt h "  r e 
f e r s  t o  the length of o n e  w i ng .  I t  i s  one h a l f  o f  the length f rom 
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F igure 39.  Conceptual Fractu res Created by MHF  for B lanket and Lenticu lar Formations . 
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t ip to t i p . ) The s e  conduc t i ve , propped f r a c t u r e s  c r e a t e  a maj o r  
p re s s ure s ink into wh ich f l u id s  i n  the e xposed t igh t rock s e c t ion 
can flow out o f  the forma t ion into the f r a c t ure and move free ly on 
t o  the we l l  bore through a " f reeway . "  Th i s  s t imu l a te s  prod u c ing 
rates  and increa s e s  u l t imate re cove ry d e sp i te l ow pe rme ab i l i ty .  

The fracture s  are c re ated by pump i ng a s pe c i a l  f r a c t u r ing f lu id 
( typ ical ly e i th e r  ge l l ed wa ter , g e l led hyd roca rbon , foam , o r  a 
hydrocarbon/wa ter emu l s ion ) in to the s e l e c ted f o rma t ion a t  s u f f i 
c i ent pre s s ure to break the rock . As more f l u id i s  pump ed , the 
fract ure e xtends f urther i n to the re s e r vo i r  ro ck , be ing propagated 
i n  both d i re c t ions f rom the we l l  bore . Due to e a r th s tr e s se s , the 
fra c t ure s are near ly a lways o r i ented i n  a more o r  l e s s vert i ca l  
plane . A propp i ng age n t , u s u a l ly s and , i s  m i xed w i th t h e  f l u id and 
i s  carr i ed into the fract ure by the f lu id . Wh en the d e s igned vo l 
ume o f  f l u id and proppant h a s  been i n j e cted , pump i ng i s  s topped and 
the pres s ure is d e creased , a l l ow i ng the f r a c t ure to c l o s e  on the 
proppant . Af terward s , wh en the we l lh ead is opened for produc t ion , 
e xpan s ion o f  the gas near the f ra c t ure face forces  the f r a c t u r i ng 
f l u id ou t of the fracture and up the we l l  ( th e  c le anup pha s e ) ,  b u t  
le ave s  the proppan t s o  that t h e  f ract ure f ac e s  d o  no t " h e a l . "  

Mos t  o f  the s uc ce s s f u l  fractur ing a c t iv i ty to d a te h as bee n 
concentrated in the geolo g i c a l ly f avorable port ions o f  the  blanke t 
f orma t ions . The ma j or i ty o f  the produc t ion i s  f rom t h e  C o t ton Va l 
l ey ,  De nve r ,  Gree n  R i ve r ,  S a n  Jua n ,  a n d  Sonora b a s i n s . Mos t for
ma t ions that h ave been s t imu l a ted to d a te i n  t h e s e  b a s i n s  h ave been 
the broad , con t i n uous b l a nke t reservo i r s  w i th cond i t ions that f avor 
e f fect ive MHF t r e a tme n t s . Th e Sonora , h owe ve r ,  i s  l e n t i cu l a r ,  bu t 
is un ique among the t igh t fo rma t ion s t ud ie s  to d at e  i n  that  i t s  
lenses  are l a rge enough t o  approxima te the d ra i nage area o f  a com
parable b l a nke t f o rma t ion . Produc t i on from the o t h e r  lent i cu l a r  
b a s ins has been pr ima r i ly f rom the one- o r  two-b l a nk e t-type forma
t ions they conta i n .  Incon s i s tent re s u l t s  o f  t e s t s  i n  the other 
bas ins have re s tr i c ted d e ve lopme n t  to d a te , emp ha s i z i ng the need 
for technolog i c a l  ad van c ements to overcome the probl ems th ey pos e . 
More than 1 , 0 0 0  MHF treatme n t s  o f  seve ral  type s i n  ma ny d i f fe re n t  
geolog ical  e nvironments h ave been per fo rmed i n  t h e  l a s t  s i x  yea r s .  
In general , these t igh t ga s comp l e t ions h ave s teep d e c l i ne s  in 
prod uct ion ra te s ( depend ing on pe rme ab i l i ty ) d u r i ng the f i r s t  f ew 
years and cont i nue w i th l owe r rates of d e c l i ne for 2 0  to 3 0  ye a r s . 

W i th the current t e ch no logy , MHF treatme n t s  typ i c a l ly range i n  
s i ze from 1 0 0 , 0 0 0  to 1 , 0 0 0 , 0 0 0  gal lons o f  fra c t u r ing f l u i d  w i th u p  
to 2 . 5 m i l l ion pounds o f  propp ing agent . The s e  t r e a tme n t s  prod uce 
fractures of  va ryi ng lengths and conduct i v i t ie s .  The e f fe c t ive 
c ondu c t ive fracture length w i l l  depend on ma ny f ac tors , i nc lud i ng 
the vo l ume s and type s o f  ma te r i a l s pumpe d , the  i n t e r a c t i on o f  th e 
i n  s i tu rock prope r t i e s  and in s i tu s tr e s s  f i e ld s  w i th the internal 
s tre s s e s  c reated by the f lu id ( s ) ,  and the proppan t s trength and 
manner i n  wh i ch it  is  d i s tr i bu ted in the f r a c t ur e . Th e cu r rent 
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methods o f  c re a t i ng e f fe c t ive cond uct i ve f ra c t ure l e n g t h s  a re l im
i ted to contro l l i ng : 

• Th e vo lume and type of f l u id 

• Th e vo lume and type of proppant 

• Th e i n j e c t ion rate 

• Th e f l u id and proppant pump i ng s c h ed u l e .  

The E f f e c t s  o f  De ve lop ing Ad vanced Technology 

Th e i ndu s try is g radu a l ly mov i ng up a learn i ng c u rve ; h oweve r ,  
to make f ur th e r  s ign i f i c ant ad van ce s ,  s ome ma j or r e s e arch req u i re 
me n t s  a re be i ng re cogn i z e d  a s  pre requ i s i te t o  e f fe c t ive e xp l o i 
tat ion o f  s ome ma j o r  t i gh t s and re s e rvo i r s . W i th wha t  i s  te rmed 
b a s e  t e chnology ( wh i ch i n c l ud e s  c u r rent ava i l a b l e  techno logy p l u s  
e xpe cted e vo lu t ion from t r i a l  and error app l i ca t ion ) ,  i t  i s  e s t i 
mated that eventua l ly e f fe c t ive ly propped f racture  lengths  o f  1 , 0 0 0 
fee t ( from we l l  bore to t ip )  and conduc t i v i t i e s  o f  5 0 0  md - f t  can be 
c re ated i n  prac t i c a l ly a l l  of the bas i n s  i nc lud e d  in th i s  s tudy . 
In some forma t ions  ( part i cular ly the b la nke t type ) ,  i t  i s  curre n t ly 
o f ten pos s ib l e  to ach i e ve longe r ,  h ig h e r  condu c t iv i ty f ra c t ur e s .  
Howe ve r ,  the s e  are curren t ly spe c i a l  s i tuat ions and the capab i l i ty 
o f  " un ive rs al ly "  a ch i ev i ng longe r ,  more cond u c t ive f r a c t u r e s  i n  any 
forma t ion ( e spe c i a l ly lent i cu la r ) w i l l  req u i re s ign i f i c ant add i 
t ional ad vances  i n  technology . Wi th ad va nced t echno logy , i t  i s  
pos t u l a ted that e f f e c t ive ly propped f ra c t u re lengths  on the ord e r  
o f  4 , 0 0 0  f e e t  ( f rom we l l  bore to t ip )  w i th cond u c t iv i t i e s  o f  1 , 0 0 0 
md -ft w i l l  u l t imate ly be pos s i b l e  in a l l  bas i n s . 

Th i s  ad vanced te chnology increase in e f fe c t i ve ly propped f r a c 
t u r e  l e ng t h  and f ra c t ur e  cond uc t iv i ty w i l l  b e  a c c omp an ie d  b y  red u c 
t ions in ve rt i c a l  fract ure g r owth ( fract ure h e i gh t ) .  A l s o , i t  w i l l  
b e  pos s ib l e  t o  transpo r t  proppant farther d own the hyd ra u l i ca l ly 
created fract ure . The s e  two f a c tors w i l l  re s ul t  i n  mor e  e f f i c ie n t  
u se of fractur i ng ma t e r i a l s  and w i l l  u l t ima t e ly r e d u c e  t h e  cos t p e r  
un i t-l ength o f  e f fe c t i ve ly propped f r a c t ur e . In add i t ion to mor e  
e f f i c i en t  me thod s for cre a t i ng longe r ,  h igh e r  cond u c t iv i ty f rac
t ure s , ad vanced te chno logy is  e xpe c ted to prov id e  an a pr i o r i  
know l edge o f  t h e  a z imu thal d i re c t ion wh i ch hyd ra u l i c  f ra c t ur e s  w i l l  
tend t o  fo l l ow .  Th i s  w i l l  h ave a ma j or impa c t  o n  the s trateg i c  
d e s ign o f  we l l  loca t ion patte rns to ma x imi z e  re s e rvo i r  d r a i nage 
with min imum interference be tween dra inage p a t terns  for each we l l .  
Unde r base technology , fracture a z imu th i s  e s s en t i a l ly unknown . 
Th i s  somewha t  l im i t s  we l l  dens i ty because o f  the poten t i a l ly a d 
verse e f fe c t s  o f  cre a t i ng we l l  dra inage p a t terns  wh i ch o ve rl ap and 
inte rfere w i th each o the r ,  cons t i tu t i ng an i ne f f i c i e n t  and h i gh ly 
cos tly proce s s  for r e s e rvo ir depl e t ion . Know l edge o f  f r a c t ur e  
a z imu th tend e n c i e s  w i l l  prov ide a bas i s  for s e l e c t i ve ly loc a t i ng 
we l l  p a t te rn s  w i th the approp r i ate number of we l l s  nece s s ary to 
e f f i c i e n t ly d r a i n  the ent i re rese rvo i r  and m i n imi ze the potent i a l  
f o r  i n t e r f e rence . 

2 0 2  



Table 8 9  r e f l e c t s  the base and ad va nced techno logy p e r t i ne n t  to 
fra c t ur i ng a s  i t  is  c urre n t ly v i ewed . The data repre s e n t  what i s  
c ons ide red typ i c a l  techno logy for t igh t ga s re s e rvo i r s  i n  gene ra l ; 
i . e . , te chnology wh i ch can b e  more or l e s s  un i ve r s a l ly appl i ed to 
b lank e t  or lent i cu l ar forma t ions i n  any one o f  the b a s i n s  i n c luded 
in th i s  s t udy . The b a s e  data repre sent a compo s i te o f  e xpe r ience 
g a i ned throughou t the o i l  and g a s  i ndu s t ry on s ome 1 , 0 0 0  t igh t g a s  
we l ls treated by M H F  o ve r  t h e  pa s t  s e ven yea r s .  The ad vanced c a s e  
was deve loped f rom a c ompos i te of pro j e c t ions obt a i ne d  f rom those 
s egments o f  the indus t ry wh i ch h ad g a i ned e xper i e n c e  i n  the d e 
ve lopmen t ,  MHF s t imu l a t ion , a nd produ c t ion o f  the s e  1 , 0 0 0  we l ls i n  
t i gh t gas forma t i on s .  Howe ve r ,  ad vanced c a s e  te chno logy repre s e n t s  
technology ye t t o  b e  deve l oped . 

The preced i ng comme n t s  b r i e f ly add r e s s ed the a sp e c t s  o f  frac
t ure h e i gh t ,  conduct i v i ty ,  e f fe c t ive ly propped l e n gt h , hyd ra u l i c  
length , and we l l  spa c i ng for base vs . advanced techno logy i n  b l an
ke t and lent i cular forma t i on s .  One add i t ional c omme n t  perta ins  to 
the relat ionsh ip be twe e n  perme ab i l i ty and frac ture length in the 
ad vanced cas e . In  b l a nke t forma t ion s , 2 , 0 0 0 -f oo t -long conduct i ve 
f rac ture s are adeq uate for forma t ions w i th perme a b i l i t i e s  o f  0 . 1 md 
or h i ghe r . Add i t iona l fra c t ure lengths in the s e  forma t ions w i l l  
not e f fect a s ig n i f i c an t  increase i n  produc i ng r a t e  o r  u l t ima te re
cove ry .  Henc e , the cost to ach i e ve longer f r a c t ure l e n g t h s  i s  not 
j u s t i f ied . For rese rvo i rs w i th perme ab i l i t i e s  o f  l e s s  than 0 . 1 md , 
conduc t i ve fracture lengths o f  4 , 0 0 0  f e e t  or longe r are r eq u i re d  
for adeq u a te reservo i r  dra i nage , and are cos t j u s t i f ie d . In  l e n
t i cular re s e rvo i r s , 4 , 0 0 0 -foo t -long fractures are n e c e s s a ry fo r 
a l l  perme ab i l i ty l e ve l s  to e n s ure th a t  the ma x imum num b e r  o f  
l e n s e s  remote to a we l l  bore can b e  interse c t ed a n d  conne cted t o  
the we l l  bore . 

Th e product ion r a t e s  a nd 3 0 -ye ar cumu l a t ive re cove ry e s t ima tes 
c i ted for e a ch bas i n  are based on s imu l a to r -c a l c u l a te d  pred i c t ions 
for rese rvo i rs produc i ng through fracture s y s tems that conform to 
the data in Tab l e  8 9 .  Th e me thod used for mak i ng the s e  pred i c t i o n s  
i s  d i sc u s sed i n  Append i x  C ,  e n t i tled " C umu l a t ive Re cove ry a nd 
Ave rage Ga s Prod uc ing Rat e  Cal culat ion s . "  The prod u c i ng rates  and 
3 0-ye ar cumu l a t ive recove r i e s  are l i s ted for both the b a s e  and 
ad vanced c a s e s  in the tables  ent i tled " Wel l Prod uct io n  S umma r ie s "  
i n  e a ch bas i n chapter i n  Pa rt I I  of th i s  repo r t . Th e me thod s  and 
des ign data u s ed to compute th e MHF vo l ume req u i reme n t s  and trea t 
men t  cos ts t o  ach i e ve the fractures  a re d i cu s se d  i n  Append i x  D ,  i n  
the s e c t i on ent i tled " Fractur ing Cos t s . "  
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TABLE 89 

Base vs . Advanced Technology and Regulation 

1 .  Fracture Height 

Range ( ft )  

2 .  Fracture Conductivity* ( Md-Ft ) 

3 .  Fracture Length , 

Wel l Bore to Tip ( Ft )  I 
Permeability � 0 . 1  md 

Effectively Achieved 

Hydraulic De sign Required 

Permeability < 0 . 1 md 

Effective ly Achi eved 

Hydraul ic Design Required 

4 .  Field Development 

Wel l s  Pe r Section ( Max . ) 

Acres Per We ll ( Min . ) 

Blanket Formations 

Base Advanced 

4 x Net Pay 3 x Net Pay 

2 0 0  - 6 0 0  1 5 0  - 4 0 0  

5 0 0  1 , 0 0 0  

1 , 0 0 0 '  2 , 0 0 0 '  
1 , 7 0 0 '  2 , 5 0 0 ' 

1 , 0 0 0 '  4 , 0 0 0 ' 
1 , 7 0 0 ' 5 , 0 0 0 ' 

4 1 2  
1 60 5 3  

*Pro duct of fracture permeabi lity and fracture width . 

Lenticular Formations 

Base Advanced 

6 x Net Pay 4 X Net Pay 

3 0 0 - 1 , 0 0 0  2 0 0  - 6 0 0  

5 0 0  1 , 0 0 0  

1 , 0 0 0 '  4 , 0 0 0 ' 
1 , 7 0 0 ' 5 , 0 0 0 ' 

1 , 0 0 0 '  4 , 0 0 0 ' 
1 , 7 0 0 ' 5 , 0 0 0 ' 

4 1 2  
1 6 0  5 3  

. �-� " 
�� - . .... 
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Chapter E ig h t  

DEVE LOPM ENT OF ADVANC E D  TEC HNOLOGY 

POTENT IAL RES ERVE AND PRODUCT ION I NCREAS ES 

It  is  obv ious from i n fo rma t ion pre sen t ed i n  pr e�ious  chapters 
t ha t  ad vanc ed technology is  r eq u i red to enhance d e ve l opmen t  o f  
t igh t ga s fo rma t ion s . Te chno l og i c al advanceme n t s  w i l l  h ave a maj or 
impac t o n  inve s tme n t  e conom i c s , gas r a te d e l iverab i l i ty ,  a nd the 
ult ima te vol ume s of r ec overabl e gas ava i l ab l e  in t igh t gas fo rma
t ions . Some pe rspe c t ive o f  th i s  c an be g a ined from the d a t a  l i s ted 
i n  Table s 90 and 9 1 . 

Year 

1 
5 

1 0  
3 0  

TABLE 9 0  

Total Recove rable Gas from T i g h t  Re s e rv o i r s  
( Co n s ta n t  1 9 7 9  Do l l ar s ) 

Pr i c e  Ba s e  Ca s e  Ad vanced C a s e  
( $/MC F ) ( TC F ) ( TC F ) 

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

TABLE 9 1  

I nd i v idual We l l  G a s  Prod u c t ion S ummary - - C o t ton 
( Annual Prod uc i ng Ra te MMC F/Ye a rjWe l l )  

k = . 0 1 md k = . 0 0 1  
Ba se Ad vanced % Ba se Ad van c e d  
C a s e  C a s e  I ncrease C as e  C a s e  

5 1 2 1 , 4 2 3  1 7 9  2 2 0  7 9 8  
2 1 1  5 7 2  1 71 8 0  2 6 9  
1 6 6  4 1 2  1 4 8  5 8  1 8 9  
1 0 1  2 2 1 1 1 9  3 9  1 1 4  

Cumu l a t i ve 3 0-Year Re c ove ry ( MMCF ) 

To tal 4 , 9 4 9 1 2 , 3 3 6  1 4 9  1 , 8 3 8  6 , 0 1 3  

% 
Increase  

7 2  
3 8  
4 2  

Va l ley 

md 
% 

I ncrease 

2 6 3 
2 3 6 
2 2 2  
1 9 2 

2 2 7  

Ta b l e  9 0  re f l e c t s  the impac t  o f  both pr i c e  and techno l ogy o n  
c umul a t ive recovery . As can be seen , i t  w i l l  take a c omb ina t io n  o f  
p r i c e  incen t ive s and technolog i c a l  advancemen t s  t o  max im i ze g a s  
prod uc t ion from t ig h t  g a s  re s e rvo ir s . I t  i s  a l so obv i o u s  t ha t 
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I I 

t echno l ogy w i l l  have a s  much a s  and po s s i b ly mo re o f  an impac t  than 
pr ice . A more d r ama t ic impre s s ion c an be ga ined f rom Tabl e 9 1 . 
The se d a ta e x c l ud e  ec onom i c  c on s idera tions and d emo n s t r a te c ompar
a t i ve phys i c al be h av io r  fo r base and ad vanced t e c hnol ogy . Th i s  
s hows tha t ind iv i d u a l  we l l  pe r fo rmac e  c an be d ra s t i c a l ly improved 
w i t h  advanced tec hnol ogy . 

From an ove r a l l  v i ewpo in t , the indu s t ry h a s  ad vanced abou t 2 0  
t o  3 0  p e r c e n t  up the " l e arn ing curve " o f  read i ly ava i l a b l e  s ta te
o f-the -ar t technol ogy capabl e o f  un ive r s a l  appl i c a t ion to a l l  t igh t 
g as r e se rvo i r s  i n  a l l  b a s i n s . To improve the techno l ogy w i l l  re
qu i re a s ign i f i c an t  amoun t of re se arch o n  many d i f fe ren t a s pe c t s  o f  
a wide  var i e ty o f  probl ems a s so c ia ted w i th e xpl o r a t ion , e v a l ua t i o n ,  
s t imula t ion , and prod uc t io n  o f  t igh t g a s  re s e rvo ir s . The s ign i f i 
c an t  probl ems and need s are d i sc us sed in the fo l l ow i ng s e c t ions . 

POTENT IAL TECHNOLOGICAL NEEDS FOR T I GHT GAS RES ERVO I RS 

Many f a c to rs a f fe c t  the d eve l opme n t  o f  g a s  produc t i on from 
t igh t g a s  re se rvo i r s . In gener a l , they may be c a t egor i zed i n t o  ( l )  
r e source charac te r i s t i c s  and re servo ir parame t e r s , a nd ( 2 )  r ecovery 
and eva l u a t ion me thod s .  The technology d e a l i ng w i t h  re source c h a r 
a c t e r i s t i c s  and rese rvo ir pa rame ters general ly involves a r e a s  o f  
geoph y s i c s , geol ogy , pe trophys i c s , we l l  l og g i ng , and re s e rvo i r e n
g ineer ing . The recovery and evalua t ion me thods r eq u i re the above 
d i sc i pl ine s plus  techno logy in the are a s  o f  we l l  c ompl e t io n , we l l  
s t imul a t io n ,  hyd raul i c  fr ac tur ing , pr e s s ur e  tran s i e n t  analys i s ,  and 
prod uc t ion mechan i c s . Factors a s soc ia ted w i t h  the s e  c a t egor i e s are 
d i s c u s sed in the fo l l ow i ng s e c t ions . 

Resource C harac te r i s t i c s and Rese rvo i r  Parame te r s  

Pe rmeab i l i ty ,  g a s - f i l l ed po ro s i ty ,  n e t  pay t h i ckn e s s ,  a n d  l en 
t i c ul ar i ty are some o f  the cr i t ic al re s e rvo ir par ame te r s  t ha t  a f 
f e c t  g a s  produc t io n . Add i t ional f a c tors i nc l ud e rock mechan i c a l  
and chemical  prope r t ie s  and r eg ional s tre s s  charac ter i s t i c s . S i g 
n i f i c an t  var ia tion in r e s e rvo ir prope r t i e s  wi t h i n  sma l l  geograph i c  
are a s  f urther c ompl i c a te s  re s e rvo ir a s se s smen t .  Probl ems r e l a t ed 
to var ious rese rvo ir prope r t i e s  include the fo l l ow i ng . 

Permeab i l i ty 

Pe rme ab i l i ty i s  a me a s ur e  o f  the c apab i l i ty o f  a rock to trans
mi t f l u i d s . I t  con t ro l s  the ve l oc i t ie s o f  f l u i d s  tr aver s i ng 
t hroug h a forma t io n  and i s  one of the ma j or parame t e r s  wh i c h  c on
trol gas prod uc i ng r a te . In s i t u  gas pe rme ab i l i t i e s  o f  typ i c a l  
t ig h t  g a s  r e se rv o i r s  may r ange from 0 . 0 0 0 1 t o  0 . 1  md . Th e se r e s e r
vo i r s  wer e  con s idered " d ry"  by pr evious conven t ion al s tand a rd s . 

Ac c u r a te knowl edge o f  pe rme ab i l i ty i s  e s se n t i a l  fo r asc er ta in
i ng ma s s ive hyd ra ul ic fract ure s t imul a t ion requ i r emen t s  and fo r 
pred i c t ing po ten t i a l  we l l  pe rformanc e . Knowl edge o f  pe rme ab i l i ty 
var ianc e , bo th a s  i t  i s  s tra t i f ied ver t i c al ly and d i s tr i buted ar e 
a l l y , i s  e x treme ly impo r tant to MHF d e s ig n .  Cur r e n t  me thods fo r 
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obta in i ng perme ab i l i ty { produc t ion te s t s , pre s s ur e  b u i l dup te s t s , 
c ore s , e tc . ) are h ighly t ime consum i ng and e xh i b i t que s t i onab l e  
r e l i ab i l i ty . 

Gas -F i l le d  Poro s i ty 

Th i s  parame te r  con t ro l s  the vo l ume o f  g a s  con ta ined i n  a re se r 
vo i r .  Many t ight g a s  b a s i n s  are marked by h ig h  wa te r s a t ur a t io n  
and/or h igh c l ay con ten t c omb ined wi th l ow por e  v o l ume . Ga s-f i l l ed 
poros i ty ,  then , i s  sma l l  by c onven tional s tandard s . It  rarely e x 
ceeds 1 0  percen t ,  a nd i n  t h e  maj or i ty o f  c a s e s  i s  abo u t  5 percen t .  
Bo th g a s  in pl ace and techn i c a l ly r ecov e r ab l e  g a s  are a f un c t io n  o f  
ga s-f il l ed po ro s i ty . I t  i s  a f unc t ion o f  bo t h  the rock ma tr i x  por e  
volume a n d  t h e  amoun t o f  wa ter satur a t ion i n  t h e  rock po re s .  Cur 
r e n t  me thods fo r mea s ur i ng wa ter s a t ur a t ion h av e  e nc o un tered r e l i 
ab i l i ty prob l ems . 

Net Pay Th i ckne s s  

Ne t  pay i s  one o f  the mos t  impo r ta n t  parame t e r s  r eq u i red fo r 
re s e rvo ir pe r fo rmance eva luat ion and fo rma t io n  s t imul a t ion d e s ign . 
To tal g a s  i n  pl a c e  and f l ow r a te are both e s se n t i a l ly d ir e c tly pro
por t ional to the t h i ckne s s  of the ga s-be ar i ng r e s e rvo i r . The to t a l  
n e t  pay i s  o f t e n  c ompo sed of nume rous r e l a t i v e l y  t h i n  g a s -bear ing 
zone s in terbedded with impe rme able shal e s  and wa t e r - f i l l e d  zone s .  
The se may b e  d i spe r s ed bro ad ly throug hout ma s s i v e  g ro s s  geo l og i c  
sec t ion s . Di f feren t ia t io n  o f  the ga s-be a r ing zone s f r om wa te r
f i l l ed zones and shal e s  is e s se n t ial  i n  e s t ima t ing the net th i ck 
ne s s  o f  a re s e rvo i r . In terwe l l  corr e l a t io n s  p ar t i a l l y  m i t igate the 
probl em i n  the bl anke t r e se rvo i r s  but  o f fe r  l i t t l e  a s s i stance  i n  
len t ic ular fo rma t ion s .  Curr e n t  me t hods for d e te rmin i ng ne t pay 
have a very h ig h  probab i l i ty for erro r .  

Len t i cu l ar i ty 

In the areas whe r e  the n e t  pay ( and prom i s e  o f  r e c ove ry ) i s  
gre a te s t ,  a fo rma t ion may be h ighly d i scon t in uo u s  o r  l en t i c ul ar . 
Le nt icul ar i ty severely reduc e s  the d ra inage volume tha t c an be con
tacted by a wel l  bore . Beyo nd l imi ted o u tc rop s t ud ie s ,  l i t tl e  i s  
known abou t the s i ze , shape , and o r i e n t a t i o n  o f  t he l en se s i n  l en
t i c ul ar re s e rvo i r s . The se fac to r s  gre a t l y  l imi t prod uc t i v i ty a s  
c ompared to tha t from bl anke t- type fo rma t i o n s . 

I n  S itu Rock P rope r t i e s  and Stre s s e s  

The d e s ig n  of e f fe c t ive s t imul a t ion techno l ogy requ i re s  knowl 
edge of the character i s t ic s  o f  bo th the ga s -be ar i ng re s e rvo ir and 
s urround ing rock . Th i s  i n c l ud e s  l ocal s t re s s  f i e l d s , r eg ional 
s tr e s s  f i e ld s , me chan i c a l  rock proper t i e s , c h em i c a l  rock makeup , 
e tc .  Know i ng the s tre s se s and rock prope r t i e s  helps  d e term i n e  the 
pre s s ure req u ired to cre a te an opt imum fra c t ur e . Both c h em ic a l  and 
mecha n i c al analy s e s  of rese rvo ir rock are n e c e s s a ry to a s se s s  the 
pos s ib i l i ty of i n terac t ion be tween frac t ur i ng f l u id s , the re s e rvo i r  
rock , and the e x i s t i ng s tr e s se s .  
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Reg ional  S tre s s  and F r a c ture A z imu th 

Reg io nal e a r th s t re s s e s  a f fe c t  the az imu thal  trend of a f r ac
t ure re s ul t i ng f r om MHF s t imula t ion . Fra c t ur e  a z imu th c anno t b e  
contro l l ed bu t i t  m i g h t  be pr ed i c ted . In  l en t i cu l ar fo rma t i o n s , 
th i s  in fo rma t ion wo uld be c r i t ic a l  i f  the d ominant  l e n s  o r i en ta t io n  
we r e  al so known . It  may b e  po s s ib l e  to s t r a te g i c al ly pl a c e  we l l s  
to max im i ze the n umbe r  o f  l e n se s i n te r s e c ted by frac t ure s . I n  
d ev e l op i ng bl anke t- type r e s e rvo i r s , knowl edge o f  t he pr e ferred frac
t ure a z imuth would pe rmi t opt ima l we l l  s pac i ng and d evel opmen t pa t
terns  to avo id in te rwe l l  d ra inag e  area i n te r fe renc e .  

Var i ab i l i ty 

E xpe r ie n c e  to d a te ind i c at e s  a broad var i a t i o n  o f  the c r i t i c al 
par ame te r s  even wi t h i n  the s ame fo rma t ion . Pe rme ab i l i ty ro u t in e l y  
v ar i e s  b y  o rders  o f  mag n i tud e ; g a s - f i l l ed po ro s i t i e s  c an vary b y  
f a c to r s  o f  2 to 5 ;  n e t  pay c an vary b y  fac to r s  o f  2 to 5 0 .  Few 
d a ta are ava i l ab l e  on the d i s t r ibut ion of l e n s  s i ze and geome t ry , 
but e xtremely w id e  var i a t io n s  can be e xpec ted . E xper ience i nd i 
c a te s  t h a t  expe n s ive , t ime -consum i ng me a s ur emen t s  and analy s e s  mad e 
for one we� l may no t be s u f f ic ien tly appl i c ab l e  to another we l l  i n  
t he s ame b a s i n  to d e s ig n  a frac t ur e  tre a tme n t .  

W i d e  var i a t ions c an b e  observed w i th i n  the re l a t iv e l y  n arrow 
con f i n e s  o f  ad j acen t town sh ip s  even o f  a proven f i e l d  in a blanke t  
forma t i o n .  Th i s  h a s  been expe r ienced i n  the Wa t tenberg f i e l d  o f  
the De nver ba s in .  The s ign i f icance o f  th i s  i s  tha t i t  s ub s tan
t i a l ly r educ e s  the ab i l i ty to ex tr apo l a te f rom one we l l  to ano the r .  
Th us , e x trapol a t ion over a w ide area i s  d i f f i c u l t .  I t  a l so i n 
c re a se s the r i sks tha t mu s t  b e  c on s i d e red i n  prope r ty eval u a t ion by 
indus t ry , a nd i nc r e a se s the requ i r emen t s  fo r c o s t-e f fe c t ive rou t ine 
me thods of me a s ur ing and i n te rpr e t i ng r e s e rvo ir characte r i s t i c s . 

C urrent Re source Character and Re se rvo i r  Parame t e r s  
C apab i l i t i e s  a n d  N e e d s  

In v e ry l ow perme ab i l i ty g a s  re s e rvo i r s , e x i s t i ng me t hod s a nd 
too l s  fo r me a s ur ing c r i t i c al parame ters have been found to be i n ad 
equa te f o r  a c c ura t e ly character i z i ng t h e  prod uc i ng fo rma t ion s .  E x 
tremely l ow perme a b i l i ty r enders d a ta from d r i l l  s tern te s t s  n e arly 
u s e le s s . We l l  l og g i ng ha s fa i l ed to adequa te l y  d i s t i ng u i sh ga s 
produc t ive from wa te r-produc t ive zone s .  Ne t pay t h i ckn e s s  and g a s 
f i l l ed po ro s i ty are me a s ured w i t h  v e r y  l ow r e l i ab i l i ty .  Curr e n t  
c or ing techn ique s tend to a l te r  the rock prope r t i e s  pr i o r  t o  l abo
ra to ry te s t i ng . Co nven t ional l abora to ry te s t s  o f  pe rme ab i l i ty h ave 
been shown to produce r e s ul t s  tha t vastly ove r s t a te ac tual pe rme 
ab i l i ty und er re s e rvo i r  cond i t ions o f  wa ter s a t ur a t ion and pre s 
s ur e . The d i s to r t i o n  i s  g reater at l owe r pe rrne ab i l i t i e s , whe r e  
recovery i s  more s e n s i t ive t o  pe rme ab i l i ty .  Laborato ry me a s ure
men t s  a nd te s t s  o f  rock s trength and hard ne s s  are o n ly now be i ng 
d eve l oped and s tand ard i ze d . No downho l e  pe rmeab i l i ty me a s ur eme n t  
techn i que h a s  proved r e l i able in t ight fo rma t ion s . Pre s s ure te s t
i ng o f  we l l s  in t i g h t  fo rma t io n s  r equ i re s  v a s tly l ong er t ime pe r i 
ods than for co nven t ional  fo rma t io n s  ( e . g . , we ek s vs . hour s ) fo r 
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c omparab l e  pr ec i s ion . Me a s ur eme n t s  o f  l e n s  g eome try h av e  been 
l imi ted to s t ud ie s  of  o u tc rops of  the fo rma t ion s .  The n a t ure and 
d i str ibut ion of the s ub s ur face g a s-bear ing lense s h av e  not been 
character i z ed .  Re se rvo i r  mod e l i ng a l so needs  improvemen t .  
Compe ten t  two -d ime n s ional f l ow mod e l s  are ava i l ab l e , b u t  three
d imen s ional mod e l s  h ave o n l y  begun to be d eve l oped a nd are exc e e d 
ing ly cos tly t o  ope r ate . 

In b r ie f ,  pr e se n t  r e s e rvo ir charac te r i z a t i o n  te chn ique s a r e  
inadequa te t o  gu ide t h e  d e s ign o f  s t imul a t ion technol ogy , t o  eva l
uate the pe r formance o f  tha t technology , o r  to pr ed i c t  r e s e rvo i r  
perfo rmance we l l  enough t o  r e d uce the r i s k s  tha t mu s t  be accoun ted 
for when evalua t i ng a prospe c t  fo r d eve l opme n t .  A l arge i nve s tmen t 
in the we l l  mu s t  b e  made pr ior to col l e c t io n  o f  d a ta t h a t  pe rm i t 
val id evalua t i o n .  Pr e se n t  proced ur e s  a r e  e i ther inaccur a te o r  pro
h ib i t ive ly e xpen s ive ( o r  bot h ) for f i e l d-sc a l e  appl i ca t io n . 

The ob j ec t ive o f  impro v i ng d i ag no s t i c  too l s i s  to improve the 
prec i s ion in me a s ur eme n t  and inte rpr e ta t io n  of t he key r es e rv o i r  
par ame ters tha t d ir e c t  the d e s ign o f  t h e  M H F  techno l ogy and s uppor t 
accurate a s se s sm e n t  o f  the geo log i c  r i sks o f  a pro s pe c t .  

Recovery and E va l u a t ion Me thods 

The d e s ig n  o f  fractur ing treatme n ts i s  curren tly a tr i a l  and 
error proc e s s .  The l a ck o f  ab i l i ty to d i r e c t l y  me a s ure or i d en t i f y  
many o f  the fo rma t i o n  charac te r i st i c s  ( e . g . , i n  s i tu s tr e s se s  and 
mechan ical rock proper t ie s , l i t holog i c a l  var i a t io n s , e tc . ) t ha t 
c on trol frac t ur e  g rowt h ,  the geome try o f  t he f r ac tur e i t se l f  d ur ing 
and a f ter MHF , and the proppan t  locat ion and d i s tr ib u t ion i n  t h e  
frac tur e  make i t  e x t r emely d i f f i cul t t o  accur a te ly pred i c t  f r a c t ur 
i ng be h av ior and e f f e c t ivene s s  from a g iven se t o f  d e s ign c o nd i 
t ions . In the produc i ng areas where frac t ur ing i s  u t i l i ze d , i t  i s  
typ ic a l  fo r operato r s  to progre s s  through an e x te n s i ve proce s s  o f  
t ry i ng a number o f  a l te r na t ive fl u id s ,  t r e a tme n t  s i ze s ,  and i n j e c 
t ion proc edure s to arr ive a t  a se t o f  " s ta nd a rd " trea tme n t s  t ha t 
prov ide " ac c eptab l e "  r e s ul t s .  Bl anke t-type fo rma t io n s , whe r e  mo s t  
d evel opment t o  d a te ha s taken plac e , c an us u a l ly b e  d ev e l oped mor e  
q u i ckly wi th thi s approach b e c a u s e  t h e  c on t i nu i ty o f  t he r e s e rv o i r  
pe rmi t s  more s y s tema t ic , r i sk-r e d uc i ng e xper imen ta t io n . The l e n
t ic u l ar fo rma t io n s  o f fer few s uc h  advan tag e s .  

Th ere are many f a c to r s  wh i c h  pe r ta i n  to the frac tur ing pro
ce s s .  Th e more s ign i f ic an t  a s pe c t s  are d i s c u s s ed in the fol l o w i ng 
c omme n ts . 

F rac ture Geome try 

Fr actur e  geome try r e fe r s  to the he ig h t , w i d t h , l e ng t h , s hape , 
symme t ry , and con f i g ura t io n  o f  the i nd uc ed f r a c t ure . The c e n tr a l  
g oal i s  t o  c re a te a frac t ur e  tha t i s  e f fe c t iv e ly propped and re
ma ins i n  the g a s  re s e rvo i r .  Exce s s ive ver t ic a l propaga t i o n  red uce s 
the e f fe c t ive l eng th wh en nonproduc t iv e  ove r ly i ng and/or und e r ly i ng 
sec t ion s are fr a c t ured . S im i l a r ly , e f fe c t ive f r a c t ure l e ngt h  i s  
reduc ed i f  the proppant i s  no t d i st r ibuted ad j a c e n t  to the pay o ve r  
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the f ul l  l e ngth o f  t he i n d uc ed hyd r a ul i c  fr a c t ur e  o r  i f  i t  c r u s he s  
a s  the frac t ur e  c l o se s .  Fr actur e  geome try h a s  a ma j or e f fe c t  o n  
proppan t d i s tr ibu t ion . 

Cond uc t iv i ty 

The con tr a s t  be tween the fr a c t ure c o n d uc t ivi ty ( pe rme ab i l i ty x 
f r a c t ur e  w i d th ) and the pe rme ab i l i ty o f  the r e se rvo i r  rock c ontro l s  
the e f fe c t ivene s s  o f  the frac t ure to i ncrease prod uc t i o n  ra te and 
u l t ima te recovery . In very l ow pe rmeab i l i ty r e s e rv o i r s , a d equa te 
contra s t  c an u s ual l y  be ach i eved wi th sand proppan t .  Whe n  re s e r 
v o i r  pe rme ab i l i ty i s  h ig he r  ( e . g . , 0 . 1 m d  o r  g r e a te r ) , t h e  fl ow 
capac i ty o f  the frac t ure can be a more ser i o u s  c o n s tra in t .  

F ra c t u r i ng F l u i d  Rheo logy 

The frac t ur i ng f l u ids s e l ec ted fo r MHF are c r i t ic al to fract ure 
g rowt h  behav i o r ,  t he d i s t r ibut ion and pl a c emen t of proppan ts , and 
the cos t  o f  the trea tmen t .  F l u ids wh ich leak o f f  rap id ly i n to t h e  
forma t ion have l ow e f f i c iency i n  hyd raul i c al ly we d g i ng and e x te n d 
i ng a frac t ure . Al so , t h e  re s idue f i l tered o f f  on t h e  fr a c t ure 
f a c e  dur i ng l e ako f f  can a f fe c t  the fl ow b ehav i o r  o f  the fl u id s  
r ema in i ng in the frac t ure . The "e f fe c t i v e "  vi sco s i ty o f  t he f l u id 
c on tro l s  the i n te rnal f r ac t ur e  pr e s s ur e  and the proppan t  t r a n s
por t i ng charac ter i s t i c s . The c urren tly ava i l ab l e  f l u id s  wh i c h  are 
s u i table fo r MHF are ve ry c ompl ex , non-Newt o n ian , n o n-powe r- l aw 
m i x t ure s .  The i r  be h av ior i s  a f fec ted by many th i ng s , i n c l ud i ng 
tempe r a t ur e , tempe r a ture h i s to ry , shear r a te and h i s to ry , t ime deg
r ada t i o n , and c h emic al con t amina t ion . Th u s , they are con s id er ed to  
b e  somewh a t  " tempe r amen ta l "  i n  natur e . In add i t i o n ,  c ur ren t tech
nol ogy is  un able to r e l i ably pred i c t  the rheolog i c a l  be h a v i o r  and 
proppa n t  transpo r t  characte r i s t i c s of the se fl u i d s  wi th the degree 
o f  a c c ur a cy requ ired fo r op t imum frac t ur e  d e s ign . 

Proppant-F l u i d  Sys tems De s ig n  

F l u id s  mus t  tran s port proppan t s  in to t h e  fr a c t ure a n d  d i s tr i b 
u te them appropr i a te ly . Proppan ts mu s t  b e  s e l e c te d  wh i ch wi l l  not 
b e c ome imbedd ed in the fract ure face or c r u sh when s ub j ec ted to the 
forces impo sed by f r ac t ur e  c l o s ur e . Re c en t  ev i d e n c e  s ug g e s t s  tha t 
the c urren tly ava i l able proppa n t s  are no t be i ng d e po s i t ed a s  d e 
s ig ned ( re s ul t i ng i n  sho r te r  e f fe c t ive fr acture l eng t h s ) ,  o r  they 
are c r u s h i ng d ur i ng c l e anup and/o r  l a ter i n  the l i fe o f  the we l l . 

Remote Len s e s  

A ma j o r technolog i c al chal lenge i n  the l e n t i cu l ar b a s i n s  i s  the 
po s s ib i l i ty of the frac t ure pene tra t i ng l en se s tha t wer e  no t o r i g 
i n a l ly c ontac ted by t h e  we l l  bore . The r e  are two c r i t i c al i s s ue s : 
whe ther a frac t ur e  e x tend i ng beyond the i n i t i a l  l en s  w i l l  enter 
a no ther l e n s  i n  i ts pa th o r  wi l l  bypa s s  the  s e cond l e n s ; and if  the 
second l en s  i s  pene tra ted , whe ther i t  a nd the in t e rven i ng s h a l e  can 
b e  e f fe c t ively propped . 
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F rac ture Az imuth and Lens O r i e n t a t ion 

Know i ng the c ompa s s  o r ie n ta t io n  ( az imuth ) of t he frac t ur e  i s  
importan t i n  all  t ight fo rma t ion s . I n  bl anke t-type s a nd s , i t  i s  
n ec e s sary to de te rm i n e  we l l  locations fo r op t imal recove ry . In 
len t i c ul ar fo rma t ion s ,  fr a c t ure a z imuth r e l a t ive to d ominant l e n s  
o r ientation i s  c r i t i c al . Lo ng f r a c t ur e s  pe rpe nd i cu l a r  to narrow 
lense s ( unle s s  they enco un ter r emo te len se s ) are wa s ted once the 
frac t ur e s  l e ave the re se rvo ir . Long f r ac t ur e s  paral l e l  to the 
l en s , howeve r , c an prod uce a t  h igh in i t i al r a te s .  Al tho ugh ad
van c e s  i n  me a sur ing f r ac ture az imuth have been mad e , s ub s ta n t i a l  
improvements  are s t i l l  n e ed ed . 

We l l  Spac ing 

In c urrent pr ac t i c e , one to four wel l s  are typ ic al ly l oc a ted on 
e very 6 4 0  ac res i n  t ig h t  fo rma t ions . In bl anke t sand s , th i s  u s u a l 
l y  puts a l l  the pay i n to con tact w i t h  a we l l  bore . Howeve r ,  unl e s s  
perme ab i l i ty i s  o n  the o rder o f  0 . 5 md o r  g r e a te r ,  d r a i nag e w i l l  be 
incomple te or too s l ow for eco nom i c  d evel opmen t .  S uch s pac i ng s  i n  
t ig ht , l en t i cul ar b a s i n s  a r e  even l e s s  e f fec t iv e . Even w i th more 
than four we l ls pe r 6 4 0  acre s , only a por t io n  of the d i scon t i n uo u s  
l en t i cu l a r  l en s e s  may b e  contac ted . Dr i l l i ng a t  c l os e r  spa c ing 
would i ncrease the g a s  recove ry per acre ; c l o s e r  s pac ing wo u l d  
r e s ul t  in cons i d e rably m o r e  o f  t h e  len t i cu l a r  r e se rvo i r s  b e i ng 
con tac ted . 

Forma t ion Damage 

Frac t ure flu ids and/or proppan t s  may i n ter ac t wi th the re s e r
vo ir rock to reduce fo rma t i on pe rme ab i l i ty .  The se i n te r ac t i o n s  may 
be chemical or phys i c al in n a t ur e  ( e . g . , the s we l l i ng of c l ays i n  
the reservo ir d ue to contact wi th wa te r ) .  I n t e r ac t io n s  may a l so be 
mechan i c a l  ( e . g . , the d i slodg i ng of mic ro sc op i c  par t i cle s f rom the 
proppan t s  o r  from the re servo i r ) . E i ther o f  t he se has  the e f f e c t  
of block i ng or r e d uc i ng t h e  pore throa t s  thro ugh wh i c h  the ga s mus t 
f l ow ,  thus reduc ing the al ready l ow pe rme ab i l i ty .  

Forma t ion Wa ter 

In  mo s t  c ase s ,  fo rma t i o n  wa ter is  l i t tl e more than a n u i sance 
once the fracture ha s e xpe l l ed the frac t ur ing f l u id s . In s ome 
c ase s ,  fo rma t io n  wa ter or wa ter inv a s ion dur ing f r ac t ur i ng c an s ig 
n i f ican tly impa i r  g a s  pe rme ab i l i ty a t  the fract ure face . Te chno l 
ogy i s  needed to " dewa te r "  the reservo ir i n  the se c a se s .  Th e use 
of fo ams o r  gase s i n  the frac tur ing f l u i d s  a nd the inj ec t i o n  o f  d ry 
gas have been s ugge s ted . 

S ummary o f  Re covery and E va l uat ion C apab i l i t i e s  and N e e d s  

L imi ted ab i l i ty t o  d e t e rmine frac t ur e  g eome t ry s ever e ly r e 
s tr ic t s  the ab i l i ty t o  pr ed i c t  pe r fo rman c e  o r  to d ev e l op improved 
me an s to con trol per fo rmance . The indu s t ry ' s  current  re s po n se to 
the se problems i s  to d e s ig n  and pe rform MHF t r e a tme n t s  to the be s t  
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of i t s  ab i l i ty w i t h  v e ry l imi ted i n fo rma t ion . Th i s  appro a c h  c a n  
o ft e n  r e s ul t i n  e x c e s s ive c os t s , i nc ompl e te d ra in ag e , o r  t he re
d uc ed economic a ttrac t ivene s s  of the re sourc e . 

Curren t me t ho d s  o f  a sc e r ta in i ng g e ome try are l imi t ed . Temper a
t ur e  l og s  and tracer te s t s  c an show fr ac tur e  he igh t  very n ear the 
wel l  bore , but no me a s ure s are ava i l able to me a s ure he igh t away 
f rom the we l l  bor e . Mo reover ,  no techn ique s fo r d i re c t  me a s uremen t 
o f  frac t ur e  w i d th o r  l e ngth c urren tly e x i s t . Par ame tr i c analys i s  
o f  produc t i on te s t  d a ta by c omputer re servo i r  s imul a to r s  r ema i n s  
t h e  o n l y  me an s o f  i n t e rpre t i ng the cond uc t i vi ty and l e ng t h  o f  a 
f r a c t ur e . Un fortun a te ly , th i s  approach produc e s  a l arge n umber o f  
v i able interpre ta t io n s  and requ ire s l o ng prod uc t ion and pre s s ur e  
te s t i ng . A f r ac t ur e  d e s ig ned fo r 2 , 0 0 0  f e e t ,  fo r exampl e ,  m i g h t  
per fo rm l i ke one o f  1 , 0 0 0  f e e t  for s ever al pos s i bl e  re a son s : b e 
c au s e  e x c e s s iv e  ver t i cal  g rowth reduc ed the a c t ua l  leng t h ,  b e c a u s e  
t h e  f l u id fa i l ed to c a r ry the proppan t beyond 1 , 0 0 0  fee t ,  because  
o f  l ow c o nduc t i v i ty i n  the  frac tur e ,  or  because of  fo rma t io n  d amag e 
a l l  along the frac t ure . 

Pa s t  re se arch and d evel opment ha s been l imi ted to r e l a t ive ly 
l ow r i sk ,  e vo l u t ionary improveme n ts .  I t  i s  seve r e ly l im i ted by 
i n ad equa te re s e rvo i r  d a t a .  And d i scour ag i ng re s ul t s , e s pe c i al ly i n  
the l en t i cu l a r  sand s , h av e  cau sed produc e r s  t o  ad opt a " go-s l ow "  
po s t ure . 

Impro v i ng the e conomic a t tr a c t ivene s s  o f  the t ight s a nd s  d e 
pends o n  incre a s i ng the rel i ab i l i ty and e f f i c i e n cy o f  m a s s ive hy
d r a ul ic frac t ur i ng r e l a t ive to the co s t  of i t s  appl i c a t ion . Th e 
key e l emen t s  for accompl i sh i ng the se are d i sc u s se d  in the fo l l ow i ng 
sec t ion s . 

DEE P  ( 1 5 , 0 0 0+ F OOT ) GA S DEVE LOPM ENT 

Th i s  s t ud y  d o e s  not i n c l ud e  any po ten t i a l  g a s  r e so ur c e s  i n  
ba s in s  a t  depth s o f  grea ter than 1 5 , 0 0 0  fee t .  Ga s prod uc t ion 
1 5 , 0 0 0  f e e t d e ep has been d e reg u l a ted by the F E RC . Howe v e r , i t  i s  
recogn i zed that there are prob ably ve ry s ign i f i c an t re source s o f  
t ig h t  g a s  i n  the d e ep Ro cky Mo un t a i n  b a s i n s  a s  we l l  a s  g a s  i n  the 
deep An ad a rko , Arkoma , and we s tern Gul f ba s in s . 

In the Rocky Mo un t·a in s , re se rvo i r s  o f  Cre taceou s  and Ter t i ary 
age have the b e s t  po ten t i a l  for y i e ld ing g a s  from t ig h t  r e se rvo i r s . 
With  the except ion o f  d r i l l i ng in the Al t amon t  o i l  f ie ld o f  t h e  
U i n ta b a s i n ,  v e ry f e w  we l l s  have pe n e tr a ted Te r t i a ry and C r e taceous 
rocks b e l ow 1 5 , 0 0 0  fee t .  

However , those few wel l s  that h ave pene tra ted Cre taceous and 
Te r t iary s trata b e l ow t he se depth s have almo s t  a lway s  y i e lded ex
c e l l en t  s tore s of ga s and c ommonly h ave te s t ed sma l l  vo l ume s  o f  
free g a s  o n  d r i l l s tem te s t s . The u. s .  Ge o l og i c al Survey i s  cur
ren tly s t udying core s from a few i so l a ted d e e p  d ry hol e s  in t h e  
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Ro cky Mo un ta ins  i n  an a t temp t to eva l ua te d eep r e s e rv o ir c har ac ter
i s t i c s  and pro v id e  d a ta tha t may a id d eve l opme n t  of improved recov
e ry te chnol ogy . The USGS w i l l  then make an a s s e s sme n t  o f  d e ep g a s  
re source s .  

Accord i ng to the US GS , those bas ins  w i t h  the be s t  deep t ight 
gas po te n t i a l  in Te r t i ary and C r e taceou s sand s to n e s  i n c lud e the 
Wind River , Wa shak ie , Gre a t  Div ide , Gre e n  R ive r ( in c l ud i ng Hoback ) ,  
B igho r n ,  Hann a ,  and U i n ta .  Though a few pr e sen tly c omme r c i a l  res
e rvo i r s  h ave been encoun tered in the deep ba s in s , c ompl e t ion a t
temp t s  have been general ly un s uc c e s s ful . Proppa n t  c ru s h i ng i s  one 
of the cause s of some o f  the se un s ucce s s f ul c omple t ion s . The u. s. 
De pa r tme n t  o f  Energy i s  r e search i ng the appl i c ab i l i ty o f  h ig h  
s trength s in tered baux i te and other ma ter i a l s  a s  proppa n t s  for deep 
fr ac j obs . 

Us ual ly 
pre s s ured . 
g eneration 
deep we l l s 
d e f ined . 

the se Cre taceous and Te r t i a ry g a s  r e s e rvo i r s  a re ove r
Current work by the US GS has propo s ed that the ac t ive 

of gas is the cause o f  t h i s  ove rpr e s s ur i ng . As mo re 
are d r i l l ed and te s ted , thi s re s o urce c a n  be be tter 

Figur e  4 0  i l l u s trates  the rel ationsh i p  b e twe e n  pr i c e  and depth 
for the deep Me s averde fo rma t ion . Curve s are s hown fo r Me s averde 
a lone and in c omb i n a t i o n  w i th another fo rma t io n .  Econom i c s  o f  d e 
ve lop i ng d e e p  re se rvo i r s  a r e  improved when c omb ined wi th o ther for
ma tions . Th i s  f igure includ e s  only gas above 1 5 , 0 0 0  f e e t  i n  the 1 2  
appra i sed bas i n s . The l a rge amo un t tha t l ie s  d e e pe r  i n  the ba s in s  
i s  om i t ted from the f ig ur e . I t  appe ars tha t the g a s  b e l ow 1 5 , 0 0 0  
fee t could be economic al ly prod uc ed a t  pr ice s above $ 7 . 0 0/ M C F  i f  a 
sec ond , more shal l ow produc i ng forma t ion i s  s u i tab l e  fo r a c omb i n a
t ion wel l . 

RES EARC H REQU IREM ENTS 

Enhanc ing techno l ogy fo r the deve l opme n t  and recovery from 
t igh t gas forma t ions w i l l  requ ire ad vanc eme n t s  i n  many spec i f i c  
d i sc ipl ines o f  rese arch . In add i t ion , i t  wi l l  be n e c e s sary to c om
b ine the knowl edge from a wide var ie ty o f  d i sc i pl i ne s to opt imi z e  
the rate o f  advan c emen t on the l earn ing curve . Th e pro b l ems and 
needs a s soc i a ted wi th t igh t gas re se rvo i r s  h ave been id en t i f i ed and 
d i scus sed in pr eced i ng po r t i o n s  of t h i s ch apte r as we l l  as in many 
of the pr evious chapte r s . Top i c s  and pro j ec t s  ca tego r i zed by d i s 
c ipl ines wh ich have a h ig h  po te n t i a l  fo r ad d re s s i ng s pe c i f i c  
req u i r emen t s  are l i s ted i n  Appe nd ix H ,  " Re se a rch Top i c s  and Pr o
g rams . "  Th i s  appe nd i x conta ins  a s ugge s ted compr ehe n s ive program 
approach for conduc t ing and organ iz i ng the spe c i f i c  re se arch to 
accelerate l e arn i ng , i n t egra te theory i n to pr ac t ic e , a nd tran s fe r  
the technol ogy fo r appl i c a t io n .  

Th e De pa r tme n t  o f  Energy ' s  r e se arch and d eve l opme n t  prog ram for 
enhanced gas recove ry i n c l ud e s  wo rk on we s tern t igh t gas  re s er
voirs . A DOE r epo r t  e n t i tl ed " Ga s Re sour c e s  RD& D Pl an"  l i s t s  the 
re search needs in t ight fo rma t io n s  tha t are the foc u s  of the DOE 
program . 
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BENEF ITS , RES EARCH C OS T, AN D RES EARCH T IMING REQU IRE D TO ACH I E VE 
ADVANC E D  TECHNOLOGY 

The d i sc u s s ions in prev ious s e c t ions o f  t h i s  chapter add re s s  
the rese arch need ed t o  b r i ng the t ight fo rma t io n  g a s  techno l ogy 
from the base c a se to the ad vanced c a se . The bene f i t s o f  mov ing 
from the base to the ad vanced c a s e , in both the are a of ach i ev i ng 
add i t ional gas r e so ur c e s  throug ho u t  the Un i te d  S t a te s  as we l l  a s  
prov id i ng economic incen t ive s , are colos s al . Howeve r ,  t h e  move 
w i l l  a l so requ ire a s ig n i f i c an t i nve s tme n t  in r e se arch t ime , 
manpowe r , and dol l ar s  from a w id e  s pe c tr um o f  sc i ence s a nd t e c h 
nolog ie s  a s so c i a ted w i th t he indus try . To ach ieve t h e  r e s ul t s  
a s soc ia ted with the ad vanced c a se scenar i o  w i l l  r eq u i re a s ig n
i f i c ant amoun t o f  c oncentrated rese arch e f fo r t  over the n e x t 1 0  to 
1 5  ye ar s . Tabl e 9 2  dep i c t s  a schedul e  o f  re s e a r c h  i nve s tmen t d o l 
lars . It  c ove r s  the c ompr ehens ive r e se arch pro g r am ou t l ined i n  
Append i x  H :  

• Eva l ua t ion 
• Re source and s i te char a c te r i z a t ion 
• Re search , in s tr umen ta t ion , and mod e l  d ev e l opme n t  
• Produc t ion te chno l ogy d ev e l opme n t .  

Year 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

'IDTAL 

Evaluation 
Programs 

2 
4 
8 

15 
20 
20 
15 
10 

4 
2 

100 

TABLE 92 

Research Expenditures to Achieve 
Advanced Teclmology case 

(Millions of Dollars) 

Resource 
and Site 

Characterization 
Programs 

4 
10 
16 
30 
40 
40 
30 
15 
10 

5 

200 

Research , 
Instrumentation 

and Modelling 
Programs 

6 
12 
24 
40 
60 
60 
60 
60 
60 
60 
30 
20 

8 

500 

Production 
Technology 
Ievelopment 

Programs Total 

3 15 
4 30 

12 60 
20 105 
60 180 
90 210 

105 210 
95 180 
76 150 
68 135 
45 75 
40 60 
37 45 
30 30 
15 15 

700 1 , 500  

Present Worth 
Discounted at 15% - 570 
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Spe c i f i c i tems d i sc u s s ed prev iously i n  " Po te n t i a l  Te chno l ogy 
Re search Ne eds for T igh t Ga s Re se rvo i r s "  a nd t he s e c t ion in Appe n
d ix H e n t i tl ed " Sp e c i f i c Po ten t i a l  Ar e a s  and Top i c s  to Enhance  
T ight Ga s Fo rma t io n  Development and Rec ove ry " are  add re s s ed impl i c
i tl y  unde r  these four r e l evant prog rams . As c an b e  s e e n  i n  Tab l e  
9 2 ,  a re search b udge t o n  t h e  order o f  $ 1 . 5 b i l l ion i s  s c h e d ul e d  
o v e r  a 1 5 -ye ar pe r iod . Appr o x imately 8 5  p e r c en t o f  t h i s  i s  bud 
ge ted d ur i ng the f ir s t  1 0  ye ar s . It  w i l l  take appro x ima te ly f i ve 
ye ars to d eve l op each of the program s e c t i o n s  i n to a ful l - s c a l e  
re se arch e f for t .  A s ign i f i c an t  por t ion o f  the re se arch d o l l ar ha s 
b een bud ge ted for produc t ion technology d ev e l opme n t  prog ram s  wh i c h  
i nvo l ve f i eld appl i c a t ion s or f ie ld re se arch prog r ams . 

The re se a rch e f fo r t s  here w i l l  requ i re a s ig n i f i c an t  amoun t of 
i np u t  from s uppl emen tal technolog ie s .  On e exampl e wo u l d  be the 
requ i r emen t for the d eve l opmen t o f  frac t ur i ng f l u ids wh i ch would 
invo l ve many of the b a s i c  chem i c al i ndu s t r ie s  wh i c h  may not b e  cur
ren tly a s soc ia t ed d i rec tly wi th the pe tro l e um i nd u s t ry . As t h e  
technology i n c re a se s i n  soph i s t i c a t ion , i t  i s  pro j e c te d  tha t b a s i c  
phys i c s  a nd chemical  sc i enc e s  w i l l  become more a n d  more i nvol ved , 
a s  wi l l  the e l e c t ro n i c s  and i n s trume n ta t io n  i n d u s t ry . 

Some perspe c t iv e  of the e conom i c s  i nvolved c a n  be seen i n  F i g 
ure 4 1 .  The sol id l i ne s hows the c umu l a t ive c a s h  f l ow t h a t  re s u l t s  
from t h e  b r i ng i ng on o f  advanced technology . Ove r  a 4 0-ye ar pe r i 
od , appro x ima t e l y  $ 1 0 0  b i l l ion add i t ional revenue w i l l  a c c umulate 
as a re s u l t  o f  the advanced techno l ogy . Th i s  d i s c o u n t s  back to a 
ne t pre se n t  worth on the o rd e r  o f  $ 5 . 4 b i l l ion . The b roken l i ne 
shows a c a s h  pos i t ion o f  the rese arch i nve s tme n t  cos t .  The $ 1 . 5  
b i l l ion s pe n t  over the 1 5 -year per i od has  a d i scoun ted ne t pre se n t  
worth a t  1 5  pe rcent o f  $ 5 7 0  m i l l ion , wh ich i s  approx imately one 
tenth the ne t pre s e n t  worth o f  revenue genera ted . ! If the pro
bab i l i ty of rese arch s uc c e s s  is 7 5- 8 5  percen t ,  the payo u t  for the 
research i nve s tmen t  w i l l  be ach i e ved i n  appro x ima te ly ten ye ar s . 
Af ter payou t ,  the e a r n i ng rate w i l l  be approx ima tely 2 0- 2 5  percent 
fo r a 1 0 -ye ar per iod and will  g radual l y  d e c l ine therea f te r . I f  
probab i l i t i e s  of r e s e arch s uc c e s s  are o n  the o rd e r  of 4 0 - 5 0  per
c en t ,  the payout t ime w i l l  be incre a s ed to appro x ima te ly 1 2  ye a r s  
and t h e  r a te of r e t u r n  f o r  t h e  1 0-ye ar pe r iod fo l l ow i ng payo u t  w i l l  
be red uc ed to approx ima t e ly 1 5 - 2 0 pe rcen t . 2 

lTh i s  f igure ind i c a te s  that the rese arch i nve s tmen t w i l l  be re
cove red i n  about n i ne ye ars ( und i scoun ted ) .  

2A ve ry pe s s im i s t ic pro j e c t ion of 1 0  pe rcent s uc c e s s  would 
only increase the payo u t  t ime to 18  ye ar s . 
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Ch apter N i ne 

COMPARI SON WI TH OTHER STUD I E S  

A pa uc i ty of s t ud ie s  and t � e  d i f fe rence s i n  t h e  area s , forma
t ions , and areal e x t e n t  o f  the ba s i ns wh i ch have been s t ud i e d  
pre c l ude an e f fe c t ive and a c c urate c ompar i son o f  t h i s  s t udy w i t h  
prev ious one s .  Ac t ual ly , o n ly two pr ev i o u s  s t ud i e s  are recent and 
inc lus ive enough to a l l ow a c ompar i son : Enhanced Re covery o f  Uncon
vent ional Gas , 1 9 7 8 ,  by Lewi n  and As so c i a te s ,  I n c . , and Nonconven
t lonal Natural Gas Re source s ,  1 9 7 8 ,  a Na t ional  Ga s Survey pe r fo rmed 
for the u.s. Depa r tme n t  of Energy . Othe r s t ud i e s  that d id not u s e  
s imilar me thods for e s t ima t i ng we re e x c l ud ed from th i s  c ompar i son . 

Tab l e  9 3  i l lu s trates the square mi l e s  ( s e c t i on s ) e n c omp a s sed i n  
d i f ferent a r e a s  by the three s t ud ie s  men t ioned . Th e Nat iona l Ga s 
Survey report i s  not a s  extens ive a s  the Lew i n  and N PC r epo rts  and 
make s no a t t empt to ind i cate recoverable gas r e so urce s .  Th e Lew i n  
and NPC repo r ts mo re nearly cove r the s ame a r e a s  even though the 
amoun t of area cove red i s  var i ab l e . Th e Nat io n a l  Ga s Survey , 
e xcept fo r the No rthern Gre a t  Pla i nsjW i l l i s ton reg i on ,  i nd i c a t e s  
much h ighe r  g a s  i n  p l a c e  than the othe r s t ud ie s .  

Th e Lew i n  rec ove rable g a s  e s t ima t e s  are for the 1 3  b a s i n s  they 
eva lua ted , wh i l e  the N PC e s t ima te s are for 1 2  appra i sed b a s i n s  and 
the 1 0 1  e x t rapo l a ted bas i n s  in the l owe r 4 8  s ta te s . The tota l s  are 
c ompared i n  Tabl e  9 4 .  The se relat ion s h i p s  be twe e n  pr i c e  a nd tec h
nology are mo re read i ly c ompa red i n  graph form in F i g ure 4 2 .  

Another k i nd of compar i son may be mad e  be twe e n  the e s t imated 
percentage of gas re cove red by the NPC and Lew i n  s t ud i es . 

Th e Na t ional Ga s S u r vey s tudy cons i d e red e conomi c s  bu t d i d  not 
prov ide a re lat ion s h i p  be tween gas pr i ce and to t a l  recove r ab l e  
reserve s for the i r  bas i n s . The Lew i n  repo r t  d o e s  prov i d e  s uc h  a 
relat ionsh ip and i t  c an be rough ly compared w i th th e N PC e s t imate s .  
The f i r s t  s tep i s  to i n f l a te th e Lew i n  pr i ce s  ( and e c onomi c s ) to 
the Janu ary 1 ,  1 9 7 9 ,  d o l lars u sed i n  the NPC e co nomi c s . The Lew i n  
pr ices i n  1 9 7 7  dol l ar s  we re ad j u s ted t o  Janua ry 1 ,  1 9 7 9 ,  d o l l a r s  by 
the I PAA pr i ce i nd e x  for d r i l l i ng and eq u i pp i ng we l ls : 

M id - 1 9 7 7  Do l l a r  Pr i c e s  

$ 1 . 7 5/MC F  
$ 3 . 0 0/MC F  
$ 4 . 5 0/M C F  

January 1 ,  1 9 7 9 , Do l l a r  Pr i ce s  

$ 2 . 1 2/MCF 
$ 3 . 6 4/MC F  
$ 5 . 4 5/M C F  

Lew i n  e s t ima ted t h e  po tent i a l  recove rable ga s a t  t h e  three 
pr ices  above and for two l eve l s  o f  technology . The base  and ad
vanced tech nology for the two repo r t s  d i f f e r  somewh a t , r e f l e c t ing 
increas i ng te chn i c a l  op t imi sm of e n g i neers two years l a te r .  

Th i s  e s t imate i s  bes t mad e  for the 1 3  ba s i n s  s t ud i ed i n  d e ta i l  
by Lew i n  and the 1 2  b a s i n s  s tud i ed i n  d e t a i l  by t h e  N PC . E l eve n of 
the s ame bas ins we re s t ud i ed by both group s .  
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TABLE 93 
Compar i son of Stu d i es 

Not i ona l Gas Survey Lew i n  Report NPC Report 

Potent! o I I y Potent I o l  I y Potent i a l l y  

Product i ve Product i ve F'roduct l ve 
Arells Gas I n  P l ace Max . Rec . Gas Areas Gas I n  P l ace Max . Rec:. Gas Areas Gas I n  P l ace Max . Rec. Gas 

Bos I n  < S q .  M i l e s )  <TCF l <BCF /Sec. l <TCF l (BCF /Sec. l < S q .  M i l e s )  <TCF l (BCF /Sec. l < TCF l <BCF /Sec. l �· M i l e s )  <TCF l (BCF /Sec. l < TCF l <BCF /Sec. l 

Northern Great 

P l o l ns/Wl l l l ston 32, 500 1 30 4 -- -- 24, 080 74 3 . 0  3 5  1 . 4 32, 730 1 48 4 . 2  1 00 3 . 0  

Green R i ver 1 , 800 240 1 32 -- -- 870 91 1 04 . 6  36 4 1 . 3  8 , 938 1 36 1 5 . 2  82 9 . 2  

W I nd R I ver -- -- -- -- -- 465 3 6 . 5  1 2 . 2  2 , 280 34 1 4 . 9  2 3  1 0. 0  

N U l  nto 5 1 5 1 50 290 -- -- 996 50 5 0 . 2  1 8  1 8 . 0 1 '  1 84 2 1  1 7 . 7  1 5  1 2 · 7  

N 
0 P l ceonce 1 , 090 2 1 0  1 92 -- -- 855 36 4 2 . 1  1 2  1 4 . 0  3, 1 44 49 1 5. 4  33 1 0 . 4  

Denver -- -- -- -- -- 2, 591 1 9  7 . 3  1 3  5 . 0  1 , 600 1 3  6 . 9  8 5 . 0  

B i g  Horn -- -- -- -- -- 761 24 31 .5 8 1 0. 5  

San J Ut!ln 1 , 800 63 35 -- -- 830 1 5  1 8 . 0  1 2  1 4 . 5  1 '  1 88 3 2 . 5  2 1 . 7 

V o l  Verde 

Ozon&-Senora -- -- -- -- -- 1 , 960 24 1 2 . 2  1 6  8 . 1  500 5 1 0 . 0  3 6 . 0  

Edwords L i me -- -- -- -- -- -- -- -- -- -- 450 1 4  3 1 . 1  9 20.0 

Cotton V o l  I ey Sweet -- -- -- -- -- 5, 1 27 53 1 0. 3  40 7 . 8  1 , 027 22 2 1 . 4  1 3  1 2. 6  

Cotton V o  I I ey Sour -- -- -- -- -- ___!d.!_!_ 1 4  1 1  . 6  1 0  8 . 2  

37, 705 39, 746 53,041  



TABLE 9 4  

Lew i n  vs . NPC E s t ima tes o f  Re cove r ab l e  Ga s 
( TC F ) 

Lewin 1 3  Bas i n s  

January 1 ,  1 9 7 9 , P r i ce 
Base Te ch nology 
Ad vanced Te chnology 

NPC 

$ 2 . 1 2  
6 9 . 7 

1 4 9 . 3  

$ 3 . 6 4  
1 0 0 . 3 
1 8 1 . 5 

$ 5 . 4 5  
1 0 7 . 5 
1 8 7 . 7 

Janua ry 1 ,  1 9 7 9 , 
Pr i ce $ 2 . 5 0  $ 3 . 5 0  $ 5 . 0 0  $ 9 . 0 0  

Number o f  Bas i n s  1 2  1 1 3  1 2  1 1 3 1 2  1 1 3  1 2  1 1 3  

Bas e Cas e 
Ad van ced C a s e  

9 7  
1 4 2  

1 9 2  
3 3 1  

1 3 7  
1 9 2  

1 6 5  
2 3 1  

3 6 5  
5 0 3  

1 8 8  
2 7 1  
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The perce n t age recove ry a s  a f fe c ted by pr i c e  and te chnology i s  
c omp a red i n  F ig u re 4 3 .  Th e re i s  good agreeme n t  f o r  the b a s e  c a s e . 
The ad van c e d  c a s e  i s  qu i te d i f feren t .  Lew i n  e xpe cted p e r c e n t a g e  
recove r ie s  1 5  t o  3 0  p e rcent g r e a t e r  t h a n  the N PC d i d f o r  ad va nced 
t e chnology . Th e NPC d i s counted recove ry f a c to r s  s ub s t an t i a l ly to 
t ake i nto accou n t  poo r  qual i ty por t ions o f  prod u c i ng f ie ld s . Th e 
NPC geo l o g i s t s  cons idered abou t 3 3  pe rcent  more s e c t io n s  than d id 
Lew i n .  Th e s e  ad d i t io n a l  s e c t ions of ten repre s e nted lowe r q ua l i ty 
r e s e rvo i r  rock , and corre s pond ing l owe r recove r i e s  we re c a l c u lated . 

Al l o f  the s e  re po r t s  c ar ry the s ame me s s ag e . The t i gh t  gas 
r e source i s  ve ry l a rge . I t  can be produced a t  wo rld e n e rgy pr i c e s  
and e ve n  more o f  i t  can b e  prod uced i f  te chno logy can b e  i mprove d . 
Th i s  i s  the th i rd repo r t  on th i s  s ub j e c t . Th e F E RC t igh t g a s  i n
cent i ve pr ice pro g r am make s i t  pos s i b l e  to s ta r t  e xplora t io n  i n  
1 9 8 1 ,  and pr i ce d e control i n  1 9 8 5 -1 9 8 7  s ho u l d  e n c ou rage mo re d r i l l
i ng .  Deve l opmen t  o f  th i s  gas r e s ource can s tr e n g then our coun t ry . 
Ge o l og i s ts shou ld s tudy the e conomi c po te n t i a l  o f  the i n d i v i d u a l  
bas i n s  a s s e s s ed i n  Par t  I I  o f  th i s  report a n d  cons ider t i gh t  
g a s  p lay s .  
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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 
President ' s  energy pol icy is to promote dome s t i c  energy pro
duction from unconventional sources as wel l  as from conven
tional source s .  One of the areas to be encouraged i s  the 
recovery of natural gas from unconventional sources .  

In the pas t ,  �he National Petroleum Counci l  has provided 
the Department of the Interior with apprai s a l s  on the extent 
and recovery of the Nation ' s  oil and gas resources through 
such studies as Future Petroleum Province s ,  U .  S .  Energy Out
look , Ocean Petroleum Resources , and Enhanced O i l  Recovery . 

Therefore , the National Petroleum Counci l  i s  reques ted to 
prepare ,  as  an early and important part of i t s  new relation
ship with the Department of Energy , a study on unconventional 
source s of natural gas to include deep geopres sured zone s , 
Devonian shal e , tight gas sands , and coal seams . Your analy
s i s  should a s s e s s  the resource base and the s tate-of-the-art 
of recovery technology . Additional ly , your apprai s a l  s hould 
include the outlook for costs and recovery of unconventional 
gas and should cons ider how Government pol icy can improve the 
outlook . 

For the purpose of thi s  study , I wi l l  des ignate the Deputy 
As s istant Secretary for Policy and Evaluation to repr e s ent 
me and to provide the nec e s s ary coordination between the 
Department of Energy and the National Petroleum Counc i l . 

Sincerely , 

��s�· � 
Mr . Col l i s  P .  Chandler , Jr . 
Chairman , National Petroleum 

Counc i l  
1 6 2 5  K Street , N .  w .  
Washington , D . C .  2 0 0 0 6  

Secretary 
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DESCRIPT ION OF THE NAT IONAL PE TROLEUM COUNC I L  

I n  May 1 9 4 6 ,  the Pre s id e n t  s ta ted i n  a l e t t e r  to the S e c re t a ry 
o f  the I n t e r ior tha t he h ad been impre s sed by the c ontr i b u t ion mad e 
through governme n t / i nd u s t ry coope rat ion to the s uc c e s s  o f  th e World 
War I I  pe t ro l e um prog ram . He  f e l t  tha t it  wou l d  be bene f i c i a l  i f  
th i s  c l o s e  r e l a t io n s h i p  were to b e  cont i n ued a nd s ug g e s ted tha t the 
Se cre tary o f  the I n te r ior e s tabl i sh an i nd u s t ry o rg a n i z a t ion to 
ad v i se the Secre ta ry on o i l  a nd na tural gas ma t te r s . 

Pur s ua n t  to th i s  reque s t ,  Inter ior S e c re tary J .  A .  Krug e s 
tab l i shed t h e  Na t ional Pe tro l e um Counc i l  ( N PC )  o n  June 1 8 , 1 9 4 6 .  
In Oc tober 1 9 7 7 ,  the Departme n t  of Energy wa s e s tab l i shed and the 
Counc i l ' s  f unc t ions were tran s ferred to the new d e p a r tmen t .  

The p urpo s e  o f  the NPC i s  sol e ly to ad v i s e , i n fo rm ,  
recommend a t ions to the S e c re tary o f  Energy o n  a ny ma tte r , 
by h im ,  r e l a t i ng to pe tro l e um o r  the pe tro l e um i nd u s t ry .  
c i l i s  s ub j ec t  to the prov i s ions of the Fed e r a l  Ad v i sory 
Ac t o f  1 9 7 2 .  

and make 
r eque s ted 
Th e Coun
Comm i ttee 

Ma tters  wh i c h  the Secre tary o f  Ene rgy wo uld l i ke to h ave con
s id e red by the Coun c i l  are s ubmi t ted a s  a reque s t  i n  the form o f  a 
l e t te r  outl i n i ng the n a t ure a nd scope o f  the s t udy . The reque s t  i s  
then re fe rred to the NPC Age nda Commi ttee , wh i ch make s a recomme nd
a t ion to the Counc i l . The Counc i l  re s e rve s the r igh t to d e c i d e  
whe ther o r  n o t  i t  wi l l  cons ider any ma tter re fe rred t o  i t .  

Exampl e s  o f  recent maj o r  s tud i e s  und e r take n by the N PC a t  the 
reque s t  o f  the Depar tmen t  of the In t e r i o r  a nd the Depar tment of En
e rgy i n c l ud e : 

• Pe tro l e um Re sources Und e r  the Ocean F l oo r  ( 1 9 6 9 ,  1 9 7 1 ) 
Law of the S e a  ( 1 9 7 3 )  
Ocean Petrol eum Re sources ( 1 9 7 4 ,  1 9 7 5 ) 

• Env i ronme n ta l  Con s e rv a t ion - - Th e O i l  and Ga s I nd u s t r i e s  
( 1 9 7 1 , 1 9 7 2 ) 

• U . S .  Energy Outlook ( 1 9 7 1 , 1 9 7 2 ) 

• Eme rgen cy Prepared n e s s  for Interrupt ion o f  Pe trol e um Impo r t s  
i n to t h e  Un i ted States  ( 1 9 7 3 ,  1 9 7 4 ) 

• Pe tro l e um S torage for N a t i onal Secur i ty ( 1 9 7 5 )  

• Po t e n t i a l  
1 9 7 4- 1 9 7 8  
Po tential 
1 9 7 9- 1 9 8 5  

fo r Energy Conserva t i o n  
( 1 9 7 4 ) 
fo r Energy Co nse rva t i o n  

( 1 9 7 5 )  

• Enhanced O i l  Recovery ( 1 9 7 6 ) 
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i n  the Un i ted 

i n  the Un i ted 

S t a te s :  

S t a te s : 



• Ma te r i a l s  and Manpower Requ i reme n t s  ( 1 9 7 9 ) 

• Pe tro l e um S torage & Transporta t i on Capac i t i e s  ( 1 9 7 9 ) 

• Re f i nery F l e x i b i l i ty ( 1 9 8 0 ) . 

Th e NPC doe s no t concern i t s e l f  w i th trade prac t i c e s , nor does 
it  engag e i n  any o f  the u s ual trad e  a s so c i a t ion ac t iv i t i e s . 

Members of the Na t ional Pe troleum Cou n c i l  are appo i n ted by the 
Secretary of Ene rgy a nd re pre sent a l l  s egme n t s  of pe t ro l e um i n te r
e s t s . Th e NPC i s  head ed by a Ch a i rman and a Vi c e  Ch a i rman who are 
elec ted by the Counc i l . The Counc i l  i s  s uppor ted e n t i r e l y  by 
volun tary contr ibut ions from i ts membe r s . 
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NAT IONAL P ETROLEUM COUNC I L  
M EMBERSHIP 

Jack H .  Abe r na thy 
Vi ce Ch a i rman 
Entex , I n c . 

Jack M .  Al l e n , P r e s ident 
Alpar Re sourc e s , I n c . 

Ro bert 0 .  Anderson 
Ch airman of the Board 
At lantic  Ri chf i e l d  Company 

R .  E .  Ba i l ey 
Cha i rman a nd 

Ch i e f Executi ve O f ficer 
Co noco I n c . 

R .  F .  Bauer 
Ch airman of the Board 
Gl obal Ma r i ne I n c . 

Robert A .  Be l fer , P r e s ident 
Be l co P e trol eum Co rpor a t i o n  

John F .  Bookout 
Pre s ident and 

Ch ie f Executive O f f i ce r  
Sh e l l  O i l Company 

w .  J .  Bowe n 
Ch a i rman o f  the Bo ard 

and Pre s i de n t  
Transco Comp an i e s  I n c . 

I .  Jon Bruml ey 
Pres ident and 

Chi e f  Execut i v e  O f f i cer 
Sout h l a nd Roya l ty Company 

I .  David Bufk i n  
Cha i rman a nd 

Ch i e f  Execut i v e  O f f i cer 
Te xa s E a s tern Corporat ion 

Theodore A .  Bur t i s  
Cha i rman , Pres i de n t  and 

Ch i e f  Executive O f f i ce r  
S u n  Comp any , I n c . 
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J ames C .  C a l away , Pre s id e n t  
Southwe s t  Mi n e ra l s , I nc . 

Wi l l i am E .  C a r l , Pre s i de n t  
C a r l  Oi l a n d  Gas , Inc . 

John A .  Carver , Jr . 
Director o f  the Natural 

Re sour c e s  P ro g r am 
Co l l eg e  o f  Law 
Univers i ty o f  Denver 

c .  Fred Chambe r s , Pre sident 
C & K Petrol eum , Inc . 

Co l l i s  P .  Chand l er , Jr . 
P re s i d e n t  
Chand l e r  & A s s o c i a t e s , I n c . 

J ame s E .  Che naul t ,  Jr . 
Pre s i de n t  
Lone Star S tee l 

E .  H .  C l ark , J r . 
Cha i rman o f  the Board 
Pre s i d e n t  and 

Ch i e f  Execut i v e  O f f i ce r  
Baker I nterna t i o n a l  

Edw i n  L .  Cox 
Oi l and Gas P ro duc e r  

Roy T .  Dur s t  
Consul t i ng Eng i neer 

Jame s W .  Emi son , Pre s ident 
We s tern Petrol eum Compa ny 

Jame s H .  Evan s , Chai rman 
Union Paci f ic Corpora t i o n  

John E .  Faherty , P r e s ident 
Crown Oi l a nd Chem i c a l  Company 

Frank E .  Fi t z s immon s  
General Pres i d e n t  
Intern a t iona l Bro therhood 

o f  Teams ters 



John S .  Fo s te r , Jr . 
Vi ce Pres ident 
Sc ience a nd Te chno l o gy 
T RW I nc . 

R .  I .  Ga l l and 
Cha i rman of the Bo ard 
Amer i can Pe trof ina , Incorporated 

C .  C .  Garv i n , Jr . 
Chairman o f  the Board 
Exxo n Co rpo ra tion 

Jame s  F .  Gary 
Cha i rman a nd 

Chi e f  Executive O f f i ce r  
Paci f i c  Re sour c e s , I n c . 

Joe F .  Gary , P r e s id e n t  
Sooner Pe trol eum Company 

Me l v i n  H .  Gert z , P r e s id e n t  
Guam Oi l & Re f i ni ng Company , I n c . 

Jame s W .  Gl anvi l l e  
General Part ner 
La z ard Freres & Company 

Ri chard J .  Gon z a l e z  

Rober t  F .  Go s s , Pres ident 
Oi l ,  Chem i c a l  and Atom i c  Workers 

I n tern a ti o na l  Union 

F .  D .  Go ttwa l d , Jr . 
Chie f Execut ive O f f i ce r , 

Chairman o f  the Board a nd 
Chairman o f  Executive Comm it t ee 

Ethy l  Corpora t i on 

David B .  Graham 
Deputy Ge neral Coun s e l  
Ve l s i co l  Chem i ca l Corporation 

Frederi c  C .  Hami l to n , Pres ident 
Hamil ton Brothe rs O i l Company 

Armand Hammer 
Cha i rman of the Board a nd 

Chi e f  Execut ive O f f i cer 
Oc c idental Pe trol eum Corporation 

Jake L .  Hamo n  
Oi l a nd Ga s Producer 
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John P .  Harb i n  
Chairman o f  the Board and 

Chi ef Exe c utive O f f i c e r  
Hal l iburton Company 

Fred L .  H ar t l ey 
Chai rman a nd Pre s i de n t  
Union O i l Company o f  Cal i forn i a  

John D . Haun 
I mmediate P a s t  Pre s ident 
American As soc i a t io n  

o f  Petrol eum Geo lo g i s t s  

Deni s  H aye s 
Executive Director 
Sol ar Energy Res earch I n s t i tute 

H .  J .  H ay ne s  
Cha i rman o f  the Boa rd 
S t a ndard Oi l Company o f  C a l i fornia 

Robert A .  He f n e r  I I I  
Manag i n g  Partner 
GHK Compa ny 

Robert R .  Herr i ng 
Cha i rman o f  the Board and 

Chi e f  E xe c u t ive O f f i cer 
Hou s to n  Natura l Gas Corporatio n  

Leon H e s s  
Chai rman o f  t h e  Board and 

Chi e f  Executive O f f i cer 
Amerada H e s s  Corpo r a t io n  

Ruth J .  H i ne r f e l d , P re s i de n t  
League o f  Women Vot er s  

o f  the U ni ted S t a t e s  

H .  D .  Hoopman 
Pre s i de n t  and 

Chi e f  Exe c ut ive O f f i ce r  
Marathon Oi l Company 

Mary H uds o n , P re s i de nt 
Hudson Oi l Company 

W i l l i am L .  Hutchi son 
Chairman of  the Board and 

Chi e f  Exec ut iv e  O f f i cer 
Texas Oi l a nd Gas Corporation 



Pro f e s so r  He nry D .  J acoby 
Directo r ,  Center for Energy 

Po l i cy Re search 
Ma s sachuse t t s  I n s t i tute 

o f  Technol o gy 

John A .  Kane b , Pres id e n t  
No rthea s t  Pe tro l eum 

Indu s trie s ,  I n c . 

Jame s L .  Ke te l s en 
Cha i rman a nd 

Ch i e f  Executive O f f i ce r  
Te nneco I n c . 

Thomas L .  Kimbal l  
Executive Vi c e  P r e s ident 
National Wi ld l i fe Federation 

John T .  K l ink e f us , Pres ident 
Berwe l l  Energy , I n c . 

Char l e s  G .  Koch 
Cha i rman a nd 

Chi e f  Executive O f f i ce r  
Ko ch Indus trie s ,  I n c . 

John H .  L i ch tb l au 
Executive Di rec to r  
Pe tro l eum I ndus try 

Re search Foundation , I n c . 

J .  Hugh Li edtke 
Ch airman of t he Bo ard 
Ch ie f Execut ive O f f i ce r  
P e nn zo i l  Company 

Je rry McAf ee 
Chairman of the Board 
Gul f  Oi l Co rporatio n  

Paul W .  Ma cAvoy 
The Mi l ton S t e i nbach Profes sor o f  

Organi z a ti o n  a nd Mana gemen t  and 
Economic s 

The Y a l e  S c hool o f  Organi za tion 
a nd Managemen t  

Yale  Univers i ty 

Pe ter MacDonal d , Chairman 
Coun c i l  o f  En ergy Re sour ce Tr ibe s 

D .  A .  McGe e ,  Chairman 
Kerr-McGe e Corporation 
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John K .  M c Ki n l ey 
Cha i rman o f  the Board 
Texaco I n c . 

John G .  M c Mi l l i an 
Cha i rman a nd 

Chi e f  Execut ive O f f i c e r  
Northwe s t  A l as k a n  

Pipe l i n e  Company 

W .  K .  McWi l l i ams , Jr . 
Pre s ident 
W.  K .  M .  I nv e s tments , I n c . 

Cary M .  Maguire , Pre s id e n t  
Maguire Oi l Company 

C .  E .  Mar s h , I I  
President 
Mal l ard O i l  & Gas  Compa ny 

W .  F .  Mart i n  
Cha irman o f  the Board 
Phi l l ips Pe trol eum Company 

David C .  Ma s s e l l i  
Environme ntal  Con sul tant 

F .  R .  Mayer 
Chairman o f  the Boa rd 
Exe t er Company 

Thomas B .  Medders , Jr . 
Partner 
Medders Oi l Compa ny 

Jame s R .  Mo f fe t t  
Cha irman a nd P r e s ident 
McMo Ran Explora tion Company 

Je f f  Mon tgomery 
Cha i rman o f  the Board 
Ki rby Exploration Company 

R. J .  Moran 
Cha irman and 

Chi e f  Exec ut i v e  O f f i c er 
Moran Energy I nc . 

Robert Mo sbacher 

C .  H .  Murphy , J r . 
Cha i rman o f  the Board 
Murphy Oi l Corpo rat ion 



John H . Murre l l  
Ch i e f  Execut i ve O f f i c e r  
DeGo lye r a nd MacNaughton 

Ira S . No rd l i ch t , Esquire 
Ho l t zmann , Wi se & Shepard 

R. L .  O ' Sh i e lds 
Chairman and 

Ch i e f  Executive O f f i ce r  
Panhandl e  E a s t ern 

Pipe Li ne Comp any 

S i dney R. Pe tersen 
Ch a irman of  the Board a nd 

Ch i e f  Execut i ve O f f i ce r  
Ge tty Oi l Company 

Travis H .  Pe tty 
Ch airman of the Board 

and Pres ident 
Th e E l  Pa so Company 

John G .  Ph i l l i p s  
Ch airman o f  t he Board a nd 

Ch i e f  Executive O f f i ce r  
The Louis iana Land 

& Exploration Comp any 

T .  Boone Pi ckens , Jr . 
President 
Me sa Petro l eum Company 

L .  Frank P i tt s , Owner 
Pi t t s  Oi l Company 

Ro semary S .  Pooler 
Ch airwoman and 

Exectuive Di rector 
New Yo rk S t a t e  

Consumer Protec t i on Board 

Do nald B .  Ri ce , P r e s iden t 
Rand Co rpor ation 

Co rbin J .  Ro be rtson 
Ch airman of  t he Board 
Qu intana Pe trol eum Corpora t io n  

Jame s C . Ro s apepe , P r e s ident 
Ro sapepe , Powers & A s s o c i a t e s  

He nry A .  Ro senberg , Jr . 
Chairman o f  t he Board a nd 

Ch i e f  Execut ive O f f i cer 
Crown Central Pe tro l eum 

Co rporation 
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Ned C .  Rus so 
Cons u l t a n t  o f  Pub l ic Re l a t ions 
Stabi l-Dri l l  Special t i e s , I n c . 

Robert V .  S e l l e r s  
Cha i rman o f  t h e  Board 
Ci t i e s  S e rv i c e  Company 

J .  J .  S immons , Jr . 
Pre s id e n t  
S immons Roya l ty Company 

Theodore S nyde r , Jr . 
Immediate Pas t  Pres ide n t  
Si erra C lub 

John E .  S we a r ingen 
Cha i rman o f  the Board 
S t andard Oi l Company ( I nd i ana ) 

Robe rt E .  Thoma s  
Cha irman o f  the Board 
MAPCO I n c . 

Geo rge E .  Trimb l e  
Chairman o f  the Board and 

Chi e f  Execut ive O f f i cer 
Ami no i l  U . S . A . , I n c . 

H .  A .  True , Jr . 
Partner 
True Oi l Company 

Mar t i n  Ward , P re s ide n t  
Un i ted As soc i a t ion o f  Journeyme n 

a nd Appr e n t i c e s  o f  the P l umbing 
a nd P ip e  Fi t ti n g  I ndus try of 
t he Uni ted S ta t es and Canada 

Rawl e i gh Warner , Jr . 
Cha i rman o f  the Board 
Mobi l Corpo r a t i o n  

J .  N .  Warren 
Cha i rman o f  the Board 
Gol drus Dri l l i n g  Company 

John F .  Warren 
Independent Oi l Ope r a tor/Produc er 

A l ton W .  Whi tehous e ,  Jr . 
Chairman o f  the Board and 

Chi e f  Executive O f f i c e r  
The S tandard Oi l Company ( Ohi o )  



Jo seph H .  W i l l i ams 
Cha i rman o f  t he Board a nd 

C h i e f  Execut i ve O f f i ce r  
The Wi l l i ams Comp an i e s  

M .  A .  Wr i gh t  
Pres i d e n t  a nd 

Chai rman o f  the Board 
Cameron I ron Wo rk s , I n c . 
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Robert E .  Yancey , P re s i de n t  
Ash l and O i l ,  I nc . 

Keat i ng V .  Z eppa , Pre s id e nt 
De l ta Dri l l i ng Company 
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NAT IONAL PE TROLEUM COUNC I L  

T I GHT GA S RES ERVO IRS TASK GROUP 
OF THE 

C OMMITTEE ON 
UNCONVENT IONAL GAS S OURCE S  

CHA I RMAN 

C .  Ov id Bake r ,  Man ag e r  
E & P Re search Pl ann i ng 
Mob i l  Re search & Deve l opmen t  

Corporat ion 

GOVERNMENT COCHA I RMAN 

Luc io D ' An d r e a  
Ind u s tr i a l  Spe c i al i s t/ 

Na tural  Ga s 
Of f i c e  o f  O i l  & Na t ur a l  Ga s 

Supply 
U . S .  Depar tme n t  of Ene rgy 

S ECRETARY 

Pe te r  J .  Cover , Con s u l tan t 
Na t i onal Pe tro l e um Coun c i l  

Dr . Cl aude P .  Coppe l 
Sen ior Re se arch As soc i a te 
Chevron O i l  F i e l d  Re se arch 

Company 

Charles  J .  Crowl ey 

* 

Co nsul t i ng Re se rvo ir Geo l og i st 
Re servo i r  Eng inee r i ng 

Depa r tme n t  
The El Pa so Na t ur a l  Ga s Company 

Dr . John N. Dew 
Di recto r  o f  Spe c ia l  Pro j e c t s  
Re se arch and Deve l opmen t  
Conoco Inc . 

Dr . John D .  Ha un 
Geol ogy Depar tmen t  
Colorad o School of M i n e s  

Ke i th v .  Hawk i n s  
Ch ie f Geolog i s t  
Na tural Ga s Pipe l ine Company 

of Amer ica 

Dr . Stephen A .  Ho ld i tch 
Pe tro leum Eng ineer ing De pa r tme n t  
Te xas A & M  Un ive r s i ty 

* 
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F .  Gl enn Ma r t i n 
Pr inc i pa l  Re search Eng i ne e r  
Re s e arch & Deve l opme n t  Depa r tmen t  
Arc o O i l  & G a s  Company 

Jame s A .  Mompe r 

R .  J .  Sauc i e r  
S t a f f  Re s e ar c h  Eng i n e e r  
She l l  Dev e l opmen t  C ompany 

Dr . Al v i n  L. Schalge 
Se n io r  Re s e a rch Ch em i s t  
Mara t hon O i l  C ompa ny 

Charl e s  W .  Spe n c e r  
Prog r am Ch i e f  
u.s. On s hore Ba s i n s  S t ud ie s  
u.s. Geo l og i c a l  Survey 

Fr ank W .  S t e ad , Ge o l og i s t  
U . S .  Geolog i c a l  Survey 

G.  w .  Sul l i va n  
Econom i c s  and Computer 

Appl i c a t ions Ad vi so r 
Gu l f  O i l  Expl o r a t ion and 

Prod uc t ion Company 



T I GHT GAS RESERVO I RS TAS K  GROUP 

Dr . Ra lph W .  Vea tc h , Jr . 
Re search Supe rv i so r  
Amoc o  Prod uc t ion Company 

Jame s R. We ber 
Vi ce Pre s i d e n t  - Expl o ra t i o n  
Cha nd l e r  & As soc i a te s ,  I n c . 

S PEC IAL AS S I STANTS 

Con f id e nce W .  0 .  Amad i 
Re search As s i s tant 
Mob i l  Re search & 

Dev e l opmen t  Co rpo r a t i on 

Dr . J .  P .  Br ashear , Pr i n c ipal 
Lew i n  & As soc i a te s , Inc . 

Rob e r t  D .  Carter 
Re se arch Supe rv i so r  
Amoc o  Prod uc t ion Compa ny 

Joh n  s. Conway 
Pe trol e um Eng i neer 
U . S .  Depa r tmen t  o f  Ene rgy 

T .  D.  Cook 
Manag e r  of Stratig raph i c  Serv i c e s  
She l l  O i l  Compa ny 

Sand ra J .  Dougherty 
As soc i a te Computer Analys t 
Amoco Prod uc t io n  

Lloyd E .  E lk i n s  
Pe tro l e um Con s ul tant 
Lewi n  & As soc i a te s , Inc . 

Joh n  H .  Evan s 
Sen ior Re search Econom i s t  
Mob i l  Re search & 

Deve l opmen t  Co rporat ion 

Dav id C .  Faecke 
Sen io r  Re search Economi s t  
Mob i l  Re s e arch & 

Dev e lopment Corpo ra t io n  

Dav i d  V .  F i nd ley 
Re search As s i stant 
Mob i l  Re search & 

Dev e l opme n t  Co rpo r a t i on 
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Joh n  L .  F i tc h  
Man ag e r ,  Prod u c t i o n  Me chan i cs 
Mob i l  Re search & 

Dev e lopme n t  Co rpo r a t i o n  

Jame s H .  Gr i f f i th 
Geolog i c a l  Spe c i a l i s t  
Mob i l  O i l  Co rporat i o n  

Carrol F .  Knu tson , Partner 
C .  K .  Geo En e rgy 

Rob e r t  L.  Man n  
Vi ce Pre s id e n t  
C . E . R .  Corpo ra t io n  

Cha r l e s  N .  Needham 
As soc i a te Exp l ora t i on Geo l og i s t  
Mob i l  Prod uc i ng Tex a s  & 

New Me x i c o , Incorporated 

Dud l ey D.  Ri ce , Geo l og i st 
U . S .  Geo l og i c a l  S u rvey 

Mu s t a f a  Se n g u l  
Re search Eng i neer 
Maratho n  O i l Company 

Fred L.  Str i ck l i n , Jr . 
Exp l oration Ma nage r  
Southern Reg i o n  
Ki rby Exp l orat ion Company 

A l l e n  A .  S t r ipl i ng , Pr e s ident 
Str i pl i ng As soc i a t e s  



NAT IONAL PE TROLEUM COUNC I L  

COMM I TTEE ON 
UNCONVENT IONAL GAS S OURC E S  

CHAIRMAN 

John F .  Booko u t , Pr e s i d e n t  
and Ch ie f Exe c u t ive Of f ic e r  

She l l  O i l  Company 

EX OFF IC I O  

C .  H .  Murphy , Jr . 
Cha irman 
Na t ional  Pe tro l e um Counc i l  

GOVERNMENT COCHAI RMAN 

R .  Dob i e  Langenkamp 
Deputy As s i s tan t Secre tary 
Re sou r c e  De ve l opme n t  a nd 

Opera t io n s  
Re sou r c e  Appl i c at i o n s  
u.s. Depar tmen t  o f  Ene rgy 

EX OFF I C I O  

H .  J .  Hayne s 
Vi c e  Ch a irman 
Na t io n a l  Pe t ro l e um Co unc i l  

S ECRETARY 

Mar shal l W .  N i c ho l s 
E xe c u t ive Di r e c to r  
Na t ional  Pe trol e um Counc i l  

R.  E .  Ba i l ey 
Cha irman and 

Ch i e f  Exe c u t ive Of f i c e r  
Conoco Inc . 

Robert A .  Be l fe r , Pr e s id e n t  
Be lco Pe tro l e um Corpora t ion 

I .  Dav id Bu f k i n  
Cha irman and 

Ch i e f  Exe cut ive Of f i c e r  
Te x a s  Ea stern Co rpo r a t i o n  

John A .  Carver , Jr . 
Direc tor o f  the Na t ur a l  

Re sources  Prog ram 
Col l ege o f  Law 
Un ive r s i ty o f  De nver 

Co l l i s  P .  Ch and ler , Jr . 
Pre s ident 
Chand ler & Assoc i a te s ,  Inc . 

* * 
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Edward W .  Er i ck so n  
Prof e s so r  o f  Ec onom i c s  and 

Bu s in e s s  
No r th Ca ro l i na S t a te Un ive r s i ty 

John s. Fos te r ,  Jr . 
Vic e  Pre s id e n t  
Sc i e n c e  and Te chno l ogy 
TRW Inc . 

Fr ed e r i c  C .  H am i l to n , Pre s iden t 
Ham i l to n  Bro the r s  O i l  Company 

John D .  Ha un 
Immed i a t e  Pa s t  Pre s id e n t 
Ame r i c an As soc i a t io n  o f  Pe tro l e um 

Geo l og i s t s  
cjo Geo l ogy De partme n t  
Color ad o  School o f  Mine s 

Den i s  Haye s 
E x e c u t ive D i r e c tor 
So l a r  Ene rgy Re s e a rch In s t i t ut e  



UNCONVENT I ONAL GAS SOURC ES 

Rob e r t  A. He fne r I I I  
Manag i ng Par tner 
GHK Compa ny 

Robe r t  R .  Her r i ng 
Ch a i rman o f  the Bo ard a nd 

Ch i e f  Exe cu t ive Of f i c e r  
Hou s ton N a t u r a l  Ga s Co rpo r a t ion 

H .  D .  Hoopman 
Pre s id e n t  and 

Ch i e f  Exe cu t ive O f f i ce r  
Marathon O i l  Company 

F l oyd w .  Lew i s  
Ch a i rma n and 

Ch i e f  Execut ive Of f i c e r  
M i d d l e  Sou th Ut i l i t ie s , I n c . 

Paul  W .  Ma cAvoy 
The M i l ton Ste inbach Pro f e s sor o f  

Organ i z a t ion and Man ageme n t  
a n d  Economi c s  

Th e Ya l e  School o f  Organ i z a t ion 
and Manag eme n t  

Ya l e  Un ive r s i ty 

W .  C .  McCord 
Cha i rma n and Pre s id e n t  
Ense rch Co rpo rat ion 

C a ry M .  Mag u i r e , Pre s id e n t  
Magu i r e  O i l C ompa ny 

C .  E .  Mar s h , I I  
Pre s id e n t  
Ma l l ar d  O i l  & Ga s C ompany 
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W .  F .  Mar t i n  
Ch a i rma n o f  t h e  Bo a rd 
Ph i l l ip s  Pe t ro l e um C ompa ny 

Tr avi s H .  Pe t t y  
Ch a i rman o f  t h e  Bo a rd a nd 

Pre s id e n t  
Th e E l  Pa so C omp a ny 

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

Ch i e f  Exe cu t ive O f f i c e r  
Th e Lou i s i a n a  Land & E xplora t ion 

Comp a ny 

Rob e r t  E .  S eymour 
Cha i rman o f  t h e  Exe c u t ive 

Commi t t e e  
Con so l i d a t e d  Na t ura l Gas Company 

El v i s  J .  S tah r 
Sen ior Cou n s e l o r  
Nat iona l Aud ubo n Soc i e t y  

W .  A .  Strau s s 
Ch a i rma n o f  t h e  Boa rd a nd 

Ch i e f Po l i cy Of f i c e r  
I n t e rNo r t h , I n c .  

S t ephen A .  Wak e f i e l d  
Bake r & Bo t t s  

Le e C .  Wh i t e  
Found i ng Pre s id e n t  
Con s ume r  Ene rgy Coun c i l  o f  Ame r i c a  



NAT IONAL PE TROLEUM COUNC I L  
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CUMULAT I VE GAS RECOVERY AND 
AVERAGE GAS PRODUC ING RATE CALCULATIONS 

The me thod u s ed to pred i c t  c umul a t ive gas prod uc t ion and g a s  
produc ing rate s empl oyed type curve s d eve l oped f rom a c omp u t e r i zed 
re s e rvo ir s imul a t io n  mod e l .  The type c urve s apply to a w i d e  var i
e ty o f  reservo ir pe rme ab i l i t i e s ,  po ros i t ie s , n e t  pay v a l ue s ,  pre s 
s ure s ,  temper a t ure s ,  g a s  c ompo s i t ion s , a n d  fra c t ur e  conduc t iv i t ie s . 
Howeve r ,  d i f ferent s e t s  o r  type curve s are r eq u i red f o r  d i f fe r e n t  
dra i nage boundary c o n f i g ur a t i on s . The type c urve s u s ed to generate 
produc t ion rate and cumul a t ive g a s  recove ry are cons i s te n t  w i th the 
re servo i r/fract ure s y s t em geome tr ie s  de scr ibed in Chap t e r  Three 
( see Tab l e  1 9 ) . Th e s e  are d ep i c ted i n  F i g ur e s C - l a  t hroug h C-ld , 
wh ich show the var ious f ra c t ure l ength s and re s e rvo i r  bound a ry con
f igurations used for genera t i ng the base  and ad van c ed c a se produ c 
t ion e s t ima te s .  The con f i g urat ions i n  F i g ur e  C - 1  repre s e n t  one 
quarter of a symme t r i c  d r a i nag e  pa ttern . 

As shown in F i g ur e s  C - 2  through C- 5 ,  c umu l a t ive type c urve s o f  

Gp o  = f ( F C D '  t nx f ) ( 1 ) 
where 

Gpo = d imen s ion l e s s  c umul at ive g a s  pro d uc t io n , 

Fe n  = d ime n s ionl e s s  fra c t ure f l ow c apac i ty ,  and 

tDX f 
= d imen s ionle s s  t ime 

were d eve loped to e s t ima te gas recove r i e s  and g a s  prod uc i ng rates  
for each d i f ferent set  o f  reservo ir prope r t i e s  i n c l ud ed i n  th i s  
s t udy . 

Type curve s are me re ly a d i s pl ay i n  g raph form o f  the c a l cu l a 
t ions generated f rom a f in i te-d i f ference , c omp u te r i z e d  r e s e rvo i r  
s imul a tor . W i th the coord i nates 

and 

G D = p 

9 0 0 0  T G p 
2 

x f 
6 [ m ( p ) J 

k fw f 
F = --

c D  k x f 

( 2 )  

( 3 )  

( 4 )  

the curve s repre s e n t  a n o rma l i zed compo s i te wh i ch ,  i n  e f fe c t ,  
appl i e s  to any comb i na t ion of reservo i r  prope r t i e s . Thu s ,  o ne s e t  
o f  cumul at ive type curve s  can b e  used t o  c a l c u l a t e  c umu l a t ive g a s  
produc t i on a n d  ave r ag e  g a s  produc i ng r a t e s  for a va r i e ty o f  d i f f e r 
e n t  rese rvo i r s  a n d  re s ervo i r  cond i t ion s . The appl i c a t ion o f  type 
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h 
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WELLBORE 
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2640' 
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50xh 
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( d )  Xf 1 0 .xh 

F igure C-1 . Fractu re Lengths and Reservo i r  Confi gu rat ions Used for Generat ing the Base and Advanced 
Case Production Est imates. 
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c urve s i s  we l l  docume n ted and r e f erenced by the i nd u s t ry f o r  repre 
sent i ng g a s  pro d uc ing rate and cumulat ive re covery . 

The type curve s i n  F ig ur e  C - 2  apply to a 6 4 0-acre , square 
d r a i nage area w i th one c e ntral ly loc ated we l l  ( F i g u re C - la ) . Th i s  
set appl i e s  for a s i ngl e ,  vert i c a l , f in i te -cond uc t iv i ty fracture 
wh i ch ext ends symme tr i c a l ly 1 , 0 0 0  feet  on e i th e r  s id e  of th e we l l  
bore . Th i s  s e t  was u s e d  for the b lanke t s and b a s e  c a s e  technology 
pred i ct ions . F igure s C - 3  a nd C - 4  show the type c u r ve s u s ed for the 
blanke t s ands ad vanced c a s e  2 , 0 0 0 - foot and 4 , 0 0 0 - foot fracture s .  
The se curve s apply for a rectangul a r  shaped ( 2 : 1  l ength to w id t h  
ratio ) 1 , 2 8 0-acre d ra in age a re a  ( F ig ure s C - lb a n d  C - lc ) .  Here the 
f ractur e  runs paral l e l  to the l ong s id e  of the d r a i nage pattern and 
contacts the e n t i re ve r t i ca l  net pay interva l . 

F ig ur e  C- 5 i s  for the lent i cular sand s . The type c urve s h e re 
are cons i s tent w i th F ig ure C-ld , wh i ch dep i c t s  a f r actur e  c u t t ing 
acros s a lens w i th d ime n s ions o f  he ight ( h ) , w i d th ( 2 0h ) , and 
l e ngth ( l O Oh ) . 

The procedure u s ed i n  e ach s e t  o f  c a l cu l a t ions  i s  a s  f o l low s : 

1 .  Spe c i fy r e s e rvo i r  parame ter va lue s :  pe rme a b i l i ty ( k ) ,  po 
ros i ty ( ¢ ) , net p ay ( h ) , i n i t i a l  pre s s ur e  ( P i ) ,  s and-
f ac e  f l ow i ng pre s s ur e  ( Pw ) , and temperature ( T ) . 

2 .  Spe c i fy a ga s prop e r t i e s  table a t  d i s c re te po ints  o f  pre s 
s ure ( p ) and t empe rature ( T ) : v i scos i ty ( � ) ,  c ompre s s i b i l 
i ty ( c ) , r e al ga s dev i a t i on f actor ( Z ) ,  a nd r e a l  g a s  po ten
t i a l  [ m ( p ) ] .  

3 .  Spe c i fy fracture parameter v a l ue s : fracture ha l f- l ength 
( X f-we l l  bore to fracture t ip ) , fracture cond uc t i v i ty 
( kfWf ) •  

4 .  Se l e c t  a s e t  o f  d e s i red real t ime v a l ue s ( t ) a t  wh i ch cor
respond i ng c umul a t ive prod uc t ion v a l ue s  ( Gp ) a nd ave rage 
produc ing rate s ( qavg ) are d e s i red ( e . g . , o ne ye ar , two 
ye ar s ,  • • • •  3 0  ye ar s ) . 

5 .  Comp u te d imen s ion l e s s  t ime s ( tnx f ) for e ach d e s i red 
real t ime v a l ue ( t ) ( Equat ion 3 )  and the d ime n s i o nl e s s  
fracture cond uc t iv i ty value  ( Fe n ) ( Eq ua t i o n  4 ) . 

6 .  Interpolate d imen s i onl e s s  c umul a t ive prod uc t io n  v a l ue 
( Gp n ) value for each d imens ionl e s s  t ime v a l ue 
( tnx f ) a t  the appropr iate d imen s ionl e s s  f r a c t ure f l ow 
capa c i ty ( Fe n ) f rom F igure C-1 for a 1 , 0 0 0-foot f r ac ture 
leng th o r  from F ig ur e  C- 2 for a 2 , 0 0 0 - foot frac ture l e ngth . 

7 .  Use Equa t ion 2 to back-calc ulate the r e a l  c umu l a t iv e  g a s  
prod u c t ion value s ( Gp ) from the i n te rpo l a ted d imen s ion
l e s s  c umul a t i ve prod uct ion v a l ue s ( Gp n ) for e ach corre
spond ing real t ime value ( t ) spe c i f i e d  i n  Step 3 .  

C- 7  



Th i s  pro v i d e s  a s e t  o f  cumu l a t ive produc t ion va l ue s  ( Gp ) vs . 
r e a l  t ime ( t )  f o r  the re s e rvo i r  prop e r t i e s  and f ra c t ur e  parame ters  
spe c i f i ed i n  S teps 1 ,  2 ,  and  3 .  Va l ue s  o f  ave r age d a i ly pro d u c t ion 
r a te ( qavg ) f o r  any s pe c i f i c ye ar are de term i ned by s ub t r a c t i ng 
the cumul at i ve pro d uc t i on at the end o f  the prev i o u s  year f r om th e 
c umu l a t ive produc t i on a t  the end of the spe c i f i c  y e a r  and d iv i d i ng 
by 3 6 5 . 2 5  d ay s . 

F i g ure s C - 2  through C - 5  were generated from a f i n i t e -d i f fe rence 
g a s  r e s ervo i r  s im u l a tor computer mod e l  u s i ng r e s e rvo i r ,  g a s , and 
f rac t ure p a r ame ter va l u e s  in the range o f  those re s e rvo i rs inc l uded 
in th i s  s tudy . A c omp u te r  mode l  prog ram wa s d eve l oped to auto
ma t i c a l ly pe rform the c omputat i on s  d i s c u s s ed in Steps 1 through 7 
above . In a l l  c al cu l a t ion s , a ga s w i t h  a grav i ty o f  0 . 6 5 ( a i r  = 

1 . 0 0 ) was cons ide red typ i c a l  for the rese rvo i rs i nc l ud ed i n  th i s  
s tudy . The va l u e s  for v i scos i ty ,  f l u id c ompre s s i b i l i ty ,  g a s  com
pre s s ib i l i ty f a c to r , and real g a s  potent i a l  ( f unc t ion s  o f  p re s s ure 
and tempe rature ) we re c omp u ted for d i s c re te pre s s ur e s  and tempera
t ure s and l i sted i n  tabular form . Linear interpo l at ion and g a s  l aw 
equat ions we re used to d e term i n e  va lue s o f  v i s co s i ty ,  c ompre s s i b i l 
i ty ,  g a s  c ompre s s i b i l i ty f a c to r , and rea l  g a s  poten t i a l  for pre s 
s ur e s  and temperatur e s  not l i s ted i n  th e tabl e .  

In the c a l cu l a t i ons for th i s  s t udy , a s  a ma t te r  o f  conve n t i o n ,  
the f l ow i ng s a n d face pre s s ure ( Pw ) w a s  chosen to be one tenth o f  
the i n i t i a l  r e s e rvo i r  pre s s ure ( Pi ) fo r any g i ven r e s ervo i r . The 
above method s we re f ound to prov ide a c c u ra c i e s  w i th i n  1 0  percent o f  
t h e  va l u e s  c a l c u l a ted u s i ng a f i n i te-d i f fe rence , c omp u te r i z e d  s imu 
lat ion mode l . The pro d u c t i on rate for the f i rs t  year was reduced 
by d e l e t i ng the f i r s t  14  d ay s ' cumu l a t ive produc t ion to a c coun t  for 
los s e s  d ue to pos t-fracture tre a tment c leanup and test i ng . 

Nomen c l a t ure : 

A = d r a i n age a rea o f  a f racture we l l  

c = c ompres s i b i l i ty ,  1/ps i 

c t = total system c ompre s s i b i l i ty ,  1/ps i 

Fe D = d ime ns i on l e s s  fracture f l ow c apa c i ty ( se e  Equat i o n  4 )  

h = f o rmat ion th i ckne s s ,  f t  

k = f o rmat i on pe rme ab i l i ty ,  md 

k f = f r a c t ure pe rme ab i l i ty ,  md 

m ( p )  = real g a s  p s e ud o -pre s s ure , ps i 2jcp = 

p 
2 f T d T  

]J ( T )  Z ( T )  Po 

6 [m ( p ) J = d i f ference i n  real gas pseudo-pre s sures , 
ps i 2 /cp = m ( p . ) - m ( p ) l w 

C - 8  



p = pre s s ure , ps i 

P i = i n i t i a l  pre s s ure , ps i 

Po = base pre s s ure , ps i 

Pw = sand face f l ow i ng pre s s ure , p s i 

Gp = cumu l a t ive gas  produc t ion , MMCF 

Gp o = d ime ns ion l e s s  cumul a t ive gas  produc t ion ( s ee 
Equa t ion 2 )  

q = f l ow rate , s tb/d o r  MC F/D 

t = flowing t ime , hours 

t ox f 
= d imens ion l e s s  t ime based on X f ( se e  Equa t i o n  3 )  

T = rese rvo i r  t emperat ure , O F 

Wf = frac t ure w i d t h , f t  

X f = fract ure h a l f-length , f t  

z = real gas d ev i a t ion factor 

� = v i scos i ty ,  cp 

¢ = forma t ion poros i ty ,  frac t ion 

C - 9  
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COST ESTIMATES 

EST IMATI ON OF DRI LL ING COST 

Dr i l l i ng cos t s  for we l l s can be obta ined by e i ther of the fo l 
l ow i ng two me thods : 

• Use of the Cos t Equ a t ion : Tabl e  D-1 

Se l e c t  the appropr i a te reg i on ( f i rs t column ) for the 
bas i n  ( se cond co l umn ) of intere s t .  

Re ad the " s lope " ( fourth co l umn ) and " intercep t "  ( f i f th 
column ) .  

Se l e c t  the we l l  depth be i ng eva l u a t ed . Make c e r t a i n  th i s  
depth f a l l s  i n  the " depth range " ( th i rd c o l umn ) . 

Use the fo l l owing equat ion to c a l c u l a te " 1 9 7 7 "  c os t :  

Cos t ( 1 9 7 7 $ ) = e [ Intercept + S lope ( d epth i n  f e e t ) ]  

Ad j us t  cos ts to January 1 ,  1 9 7 9  ( 1  1 / 2  years a t  1 2  
percent per ye ar ) : 

Cos t ( 1 9 7 9 $ ) = 1 . 1 8 7 2  Cos t  ( 1 9 7 7 $ )  

• Use of Graphs : F ig ur e s  D-1 and D- 2 

S e l e c t  the appropr iate reg ion ( Ta b l e  D-1 , f i r s t  column ) 
for the bas i n  ( se cond co l umn ) of i n t e re s t . 

Se l e c t  the f igure for that reg ion . 

Se l e c t  the we l l  d ep th be i ng eva luated . 

Re ad the cost  ( 1 9 7 7 $ ) from the appropr i ate f i gure for 
th i s  depth . 

Ad j u s t  cos t s  to Janu ary 1 ,  1 9 7 9  ( l  1/2 ye ars a t  1 2  per
cent per year ) .  

Cos t ( 1 9 7 9 $ ) = 1 . 1 8 7 2  Cos t ( 1 9 7 7 $ ) .  

BAS IS AND PROC EDURES US E D  IN DEVE LOP ING DRI LLING COST ESTIMAT ION 
METHOD 

Source of Da ta 

The Jo i n t  As soc i a t ion S urvey has pub l i shed c o s t s  o f  d r i l l i ng 
and compl e t ion of gas  we l l s  that include a l l  cos t s  through the 

" Ch r i s tma s tree . "  ( Th e  l a t e s t  pub l i c a t ion of the d a ta wa s for 

D - 1  
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TABLE D- 1 

D r i l l i ng a n d  Compl e t i on  Cos t Equa t i o n  Coeffi c i e n ts - - 1 9 7 7  

Regi o n  Ba s i n  Depth Ra nge S l ope I nt e rc ept 

l o  Co l o ra d o  Denver 1 250-9999 0 0002 1 39  1 1 0 08 9 9 3 2  
2 o  E .  N e w  Mex i co Ra t o n  0 - 1 9999 o 0002206 l 0 o 830232 
3 o  Mo n ta na No r t he r n  Ba s i n  0- 3 74 9  o 0004 1 48 l 0 o 0486 2 3  

W i l l i  s ta n  
4 0  O k l a homa - Arkoma - 3 7 50-9999 . 0002 203 1 0 . 86 7 1 7 4  

A r ka n s a s  Oua c h i ta  
5.  O k l a homa - Ana d a r k o  0 - 1 9999 . 00026 1 0 1 0 . 4 5 5285 

Tex a s  1 0  
6 .  Wyom i ng - B i g  Horn 2500- 4 999 . 0002 6 9 1  1 1 . 01 1 7 3 5  

U t a h  W i n d  R i ve r  
P i c e a n c e  5000- 1 4 999 . 000 2 3 3 5  1 1 . 2 5 2 8 2 3  
G re a t e r  G reen R i v e r  
U i n ta h  
Wa s a tc h  
Sna ke R i v e r  
Do u g l a s C reek 

7 o  Texas  6 - Co t ton Va l l ey 7 5 00- 1 2499 . 0003038 1 0 . 3 9 3858 
N .  L o u i s i ana  

8 .  Texa s 7 Sono ra 5000- 9 99 9  . 0001 9 1 4  1 0 . 83 1 5 1 5 
9 .  T e x a s  9 Fo r t  �Jo r t h  0- 1 24 9 9  . 00049 1 9  8 . 938533  

1 0 . Te x a s  2 , 3 , 4 E dwa r d s  L i me 0 - 1 7499 . 0002903 1 0 . 4 7 1 6585 
1 1 .  W .  New Mex i co S a n  J u a n  5000 - 9 99 9  0 0001 9 9 9  1 1  . 060594 

Co s t  (
1 9 7 7  

$ )  = 
e

[ I n t e rce p t  + S l o pe ( d e p t h  i n  ft . ) ]  
Ad j u s t  c o s t s a bo u t  1 2% p e r  y e a r  ( 1 - l / 2 y ea rs )  to br i ng to 1 / l / 7 9 . 

Re s u l t s ba s ed on  1 9 7 7  J A S  d a t a  - d e p t h s  s e l e c t e d  fo r ba s i n s .  

R
2 

Erro r  

0 85 4 4 9  1 . 1 87 6  
o 96 2 2 1  1 0 1 84 3  
0 85 1 6 5 1 o 08 7 4  

0 9 5886 1 . 0944 

. 96 5 6 1  1 0 2 2 6 1  

. 9 6 7 7 1  1 . 0340 

. 9 5 568 1 . 1 200 

0 99 70 1  1 .  0 1 38 

. 99998 1 .  0007 

. 98 306 l .  0858 

. 95 0 1 5 1 . 2 382 

. 9 9 988 1 . 001 2 
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1 9 7 7 . ) The cos ts are reported by s tate ( and s ub s t a te d i s t r i c t ) and 
by d ep th . Tab l e  D- 2 i s  an e xamp l e  of the 1 9 7 7  JAS d a t a  ( for Colo
rado ) . JAS ins t ruct ions for cost are : 

Report the total cos t ( tang i b l e  and intang ib l e ) o f  e a ch we l l  
comple ted by you a s  operator i n  the s urvey ye ar ( wh e th e r  a c t ua l ly 
d r i l led by you or d r i l l ed for you by contractors ) .  The total o f  
s uch cos t s  should be repo rted even though you a s  ope ra tor had only 
a part of a work i ng in tere s t  i n  the we l l . Do not report the cos t 
o f  we l l s  d r i l led by others i n  wh i ch you h ad a work i ng i nt e re s t  re
gard l e s s  of the s i ze of s uch i ntere s t .  The cos t s  to be reported 
are those as soc i a ted w i th we l ls wh i ch we re comp l e ted dur ing the 
s urvey year and the dollar amount to be reported is the ac cumu l ated 
cos t of s uch we l ls from the t ime locat ions we re mad e  un t i l  the 
we l l s  we re completed a s  product ive we l l s  or abandoned af ter dr il l 
ing was term i n a ted be cause they we re nonprod u c t ive . 

In gene ral , the e l eme n ts con t r i bu t i ng to reported co s t  are the 
expend i t ures for dr i l l i ng d ry ho l e s  and pro d u c t ive we l l s and equ i p
p i ng new product ive we l ls th rough the Ch r i s tma s tree i n s ta l l a t ion . 
More spec i f ical ly the s e  cos t e l ements are the cos t s  o f  l abor , mat e 
r i a l s , s uppl i e s , wa ter , f u e l s , powe r ,  and d i re ct ove rh e ad ( i . e . , 
f i eld , d i s tr i c t , and reg i onal ) ,  for s uch operat i ons a s  s i te prepa
rat ion , road bu i ld i ng ,  e r e c t i ng and d i sma n t l i ng d e r r i ck s  and d r i l l 
i ng r ig s , dr i l l i ng ho l e , runn ing and c ement i ng cas i ng , h a u l i ng 
ma te r ials , e tc .  Inc lude the total cos t of wa t e r ,  i f  purchas ed , o r  
cos t of wate r we l l ,  i f  d r i l l ed and chargeable to o i l  or gas  we l l  
d r i l l i ng ope rat ions . We l l  cos t s  also i nc l ud e  ma ch inery and too l 
charges and renta l s ,  and depre c i at ion charge s ,  where approp r i a t e , 
for r ig s  and other equ ipme n t  and f ac i l i t ie s  wh i ch wi l l  be u s ed i n  
d r i l l i ng more than one we l l . Deduct t h e  cond i t i on v a l ue o f  ma t e 
r i als salvage d a f t e r  use  where approp r i ate . 

Do not repo r t  the cos t  of l e a se eq u ipme n t  s uc h  a s  art i f i c i a l  
l i f t  equ ipment and d ownho le l i f t  eq u i pmen t ,  f l ow l ine s ,  f l ow tank s , 
s eparators , e t c . , that are req u i red for produc t i on . Do not reduce 
reported cos t s  by tes t we l l , bot tom hol e , or d ry hole cont r i bu t ions . 

For of f shore we l l s ,  i nclude cos ts o f  f ixed p l a t forms and i s
land s . Whe re fac i l i t ie s  s e rve more than one we l l , the cos t s  s hould 
be a l located to e ach we l l  on the bas i s  of the ope ra to r ' s  b e s t  cur
rent e s t imate of the u l t imate number o f  we l l s that  w i l l  use the 
fa c i l i ty .  Also , i nc lude cos t  e xp i rat ions ( d eprec i a t i on or amo r t i 
z a t ion ) for c ompany -owned mob i le plat fo rms , barge s ,  and t e nd e r s . 

Treatment o f  JAS Data 

Data for areas o f  intere s t  ( bas i n s ) we re s e le c t e d  from the JAS 
d a ta . The s e  we re va r iou s comb inat ions of s ub s t a t e  d i s t r i c t s  and 
states that be s t  covered the bas i n  be i ng cons idered ( Se e  the f i rs t  
co lumn , Tab l e  D- 1 ) .  

Regre s s ion analy s i s  of the d a ta reve a l ed that  total  d r i l l i ng 
and c ompl e t ion cos t s  f i t  r e l a t ive ly c l o s e ly to a logar i thmi c  f unc
t ion w i th we l l  depth . The JAS gas  we l l  d a ta we re analyzed u s i ng 
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TABLE D-2 
£ S T I � A T E O  C O S T S  OF O Q I L L I N G A N D  E Q U I P P I N G W E L L S ,  � y  O E P T � I N T E Q V A L S  • 1 9 7 7  

C O L Cl i U DO 

T O T A L  N U M B E R  OF W E L L S o  
F OO T A G E  D � I L L E � , A N n  C O S T S  A V E Q A G E  O E P T M  A N D  C O S T  P E R  w E L L 

· · · · · · · · · · � - � - - - � · - · · · · · · · · · · · · · · · - · · · · · · · · · · · · · · · · · · · · · · · · • . . . . . . . • • • . . . . • • . . • • . . . • • . • . • . . • . • . . 
D E P T M I "j f E R V A L  O i l.  G A S  D R Y  
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� E L L S 5 I t o  1 6  
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C CJ S T S  I l 11 5 o l ll ll  1 , 6 7 3 , 6 5 6  ·7 5 0 , 6 1> 5 z , n 2 , 5 0 5  bQ , & 3 b  1> 11 , 9 11 6 H 1 t. 3 1  '5 2 o l l l 
l'l f. L L S  q 8 7  3 8  t l ll 
, UO T A G E z . s o o  .. 3 o 7 U 9  2 '1 , 1 41 7 2 7 11 , 9 8 7  l \ 11 , 11 11 7 41 2 0 . II l l  1 1 2 3 8  3 .  !til 3 ,  0 1 3  � · 1 1 9 C O S T S  5 '1 1 '1 o 41 0 8  l l o 6 0 1 r 7 25 2 r l 1 l o 3 41 7  ll l o 7 3 41 r ll 8 0  I O ! o ! S b  ! 3 l r l 5 3  S ll o 2 11 'i  I O C1 o 9 '5 8  

ol f. L L S  1 0 5  5 &  t 0 8 2 6 9 F 00 T 4 G f l o 7 5 0  • 41 , 9 9 '1  5 0 1 , } 5 7  i! ll t , O II 3  11 9 41 , 3 6 7  1 , 2 3 6 r 7 b 7 4 , 7 7 11  ll o 3 0 4 11 , '5 7 7  11 , '59 7 
C O S T S  S ! 2 ,  t 'I 0 , 8 0 b l l , 'i b 7 , 5 8 5  " '  7 2 3 . ! 0 11  l 0 , 4 8 1 , 11 9 '.i  l l b o l O i!  2 0 11 , 5 11 11  11 2 , 2 5 0  I I  :\ o l l ll  

0 W E L L S 2 1 2  11 0  2 2 11 11 9 11  
I ' OO T • CO E  '5 , 0 0 0  • 7 , 41 11 '1  I , i! U o l T O  l 7 2 1 11 5 7  l r l 'l ii , 0 3 11  2 1 H 8 , 8 11 1 '5 , 1 1 8  o , i! 0 7  ., , 0 11 0  '1 o 9 2'S 0"1 C O S T S  S 41 l o 8 0 9 o l 2 1  1 11 , 9 8 '5 , 9 7 3  l ll o ll 8 i! , O II 2 7 5 , 2 7 T , H b 1 '17 , 2 1 3  2 4 '1 , 7 & 6  8 2 r '5 0 11  l 'J t o T b ll  

W f L L S  3 1  4 3  5 2  1 2 6 
F OO T 4 G E  7 o 5 0 0  • q , q q q  2 11 11 , 11 11 8  1 4 '1 1 7 11 11  11 2 2 , 3 6 '1  1 1 0 1 6 , 7 6 1  7 .  8 «1 1  e . t l l  8 , 1 2 2 8 o 0 & CI C O S T S  S ll , l b l . 6 1 b  ! 4 , 0 5 '5 , '1'1 3  8 o l '5 5 , '1 !1 3  2 !1 , '5 7 4 o b 5 i!  1'1 � '  7 '1 6 J h o 8 8 l a o , , «� l  2 2 1t , T il i!! 

W E t.. L S  l 3 
' DO T A G E  t o , o o o  • t z , u q 'l 3 1 , 0 3 0  3 1 o 0 3 0 + • 1 0 , 3 11 1  I O r l ll ]  
C O S T S  S l o 6 11 11 , '5 2 3 l , b 4 4 o '52 l + + '5 11 8  , t  7 41  'S II Il  1 1 111 
W l L L S 

h.J O U CO E  ! Z o 'S O Q  • 1 4 0 '1 '1 9  • + • • C O S T S  S • + • • 
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W l L L S  I I 
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the ave rage footage and cos t s uch as those s hown i n  Tab l e  D- 2 ,  s e v
enth column . The data we re we ighted to repr e s e n t  the numb e r  of 
we l ls in a g ive n foo t age interval , as s hown i n  the t h i rd co l umn . 
Da ta cove r i ng only the footage range appl i c a b l e  to depths where 
t ight gas bas i ns are kn own to e x i s t  we re a n a ly zed . F ig ure s D-1 and 
D- 2 s how the re sul t i ng be s t -f i t  l i ne s .  Tab l e  D - 1  g i ve s the s l ope 
and in tercept for the s e  l ines as we l l  a s  R2 and " Erro r "  wh i c h  
mea s ure s how we l l  t h e  d a t a  f i t t h e  a s s umed corre l a t ion . 

EST IMATI ON OF FRACTURE TREATMENT COST 

To e s t imate the f rac t u r i ng cost for a we l l :  

• E s t imate frac t ure he igh t . 

• Se l e c t  fract ure l e ngth . 

• Re ad frac f l u id vo l ume requ i red for th i s  f ra c t ure h e ight a nd 
l e ngth from e i th e r  F i g ure D- 3 for base  c a s e  or F ig ur e s  D- 4 
and D- 5 for advanced case . 

• Re ad bas i c  cos t  o f  fra c t ur ing tre a tment for th i s  vo l ume from 
F igure s D- 6 and D- 7 .  

• Ad j u s t  th i s  bas i c  cos t for loc a t ion ( b a s i n ) and for d ep th of 
we l l  by mul t i pl y i ng bas i c  cos t by the ad j u s tmen t  factors 
obt a i ned f rom Tab l e  D- 3 and Tab l e  D- 4 : 

Frac Cos t = ( Ba s i c Cos tF i g  D- 6 o r  D- 7 ) ( A FLoc a t i on ) ( AFDepth ) 

• At 1 5 , 0 0 0  f e e t , baux i t e  mu s t  be u s ed i n s t e ad o f  s and and 
cos t mu s t  be i ncreased : 

Frac Cos t 
wjbaux i te 

= Frac Cost + ( 2 } ( Frac F lu id Vo l )  ( 0 . 7 5 )  
wjs and 

AS SUM PTI ONS AND PROC EDURES USE D  IN DEVELOP ING F RACTURE COST 
ESTIMAT ION METHOD 

• For de s i red propped fracture l engt h ,  the req u i red hyd raul i c  
fract ure l e ngth was c a l c u l ated . 

Base c a s e  ( from curre nt e xpe r i ence ) 

L prop 
0 . 6 

Ad vanced c a s e  ( ant i c ipat i ng improvemen t  i n  the f u t ure ) 

L prop 
0 . 8  
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TABLE D- 3 

Adju s tment Factor for We l l  Loc a t ion 

Bas i n  

Sonora , Cot ton Va l ley ,  
and Ouach i t a  

De nve r  

Gre e n  Rive r ,  W i nd R i ve r , 
B ig Horn , Northern Gre at Pla i n s ,  
Wi l l i s to n  

S a n  Juan , U i n t a , Doug las 
Creek , P i c e ance 

TABLE D- 4 

A FLoc a t i on 

1 . 1 5 

1 . 1 7 

l .  2 5  

l .  2 8  

Ad j us tment Fac tor For Depth 

Depth AFDepth 

4 , 0 0 0  l .  0 0 0  

6 , 0 0 0  l .  0 6 3  

8 , 0 0 0  1 . 1 8 0  

1 0 , 0 0 0  1 . 2 9 6  

1 2 , 0 0 0  l .  3 10 

1 5 , 0 0 0  1 . 4 0 0  

• Vo lume o f  fractur ing f l u id req u i red t o  create hyd raul i c  
f ract ure l e ngth was c al culated . 

Cal culat ion me thods 

Frac t ure area generated -- Carter equ a t ion l 

Frac t ure width - - Pe rk i ns and Kern equat ions 2 

1Howa rd , G .  C .  a nd Fa s t ,  C .  R . , " Op t imum F l u id 
Charact e r i s t i c s fo r Fra c t ure Extens ion , " AP I Dr i l l ing and 
Prod u c t i on Prac t i ce ( 1 9 5 7 ) , p .  2 6 1 .  

2Pe rk i n s , T .  K .  and Ker n , L .  R . , "Wid ths o f  Hyd ra u l i c  Frac
ture s , "  J .  Pe t .  Te ch . ( Se p t . 1 9 6 1 )  9 3 7 - 9 4 9 ;  Trans . ,  AIME , 2 2 2 . 

D- 1 3  



Tre a tmen t  par ame te r s  

Frac . 

Re s e rvo i r  prope r t i e s : 

Pe rm . = 0 . 0 2 md 
Por . = 0 . 1 0 

E = 6 , 0 0 0 , 0 0 0  ps i 
Depth = 7 , 6 8 4  f t .  

Re s .  Pre s . = 2 , 9 0 0  ps i 
C ompr . = 0 . 0 0 0 3 4 5/p s i  

Re s .  V i s e . = 0 . 0 2 cp 
Ext . Pre s .  = 5 , 6 0 0  ps i 

Frac f l u id : 

Type : 4 0  to 5 0  l b/ 1 , 0 0 0  g a l . cros s - l i nked h ydro xy 
guar ge l l ed wa t e r  wi th 5 p e rcent o i l  phase 
for f lu id loss  control 

Rheolog ical  and f l u id loss  prope r t i e s : 

S l ope = 0 . 7 0 

I n tercept = 0 . 1 0 

cw = 0 . 0 0 0 7  f t/ min 

Spurt = 0 . 1 0 c c/ 2 2 . 8  cm2 

Propp i ng ag.e n t : 

Type : Sand 

S i z e : 2 0/4 0 me s h  

Concentra t i on :  2 l bjga l ave rage 

I n j e c t ion rate : 2 5  BPM 

• F ra c t ur e  treatme n t  cos t data 

Repre sent a t ive tre a tme nts we re s ubmi t ted to three s ervi ce 
c ompan i e s  for cost e s t imate s . De ta i l ed e s t ima t e s  we re 
obta i ned fo r frac fl u id volume s rang i ng f rom 1 0 0 , 0 0 0  to 
1 , 2 0 0 , 0 0 0  g a l l ons at depths rang ing from 4 , 0 0 0  to 1 2 , 0 0 0  
fee t .  Add i t ional e s t ima t e s  we re obt a i ned for spec i f i c 
treatmen t s  i n  va r i ou s geograph i c  are a s . From ana lys i s  of 
these cos t d a ta , the e s t ima t ion sch eme pre s e n ted here wa s 
deve l oped . 

E s s en t i a l ly ,  the bas i c  cos t of the fract u r i ng trea tmen t  
( F i g ure s D- 6 and D- 7 )  i s  the cos t of a t re a tme n t  at a depth 
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of 4 , 0 0 0  fee t ,  d one in one of the l e a s t  e xpens ive area s , 
s uc h  as e a s tern Texas ( Cotton Va l l ey ) o r  we s tern Texas 
( Sonora ) .  Th i s  cost i s  then ad j us ted by mul t i p ly i ng by two 
f ac tors . 

EST IMATED COST OF GATHERING SYSTEMS FOR T IGHT GAS F I ELDS 

An e s t imate wa s made o f  cos t s  o f  g a the r i ng sys t ems and c orn
pre s sors . S ix c a s e s , r epre sent ing a b road range of f ie l d  s iz e s  and 
product ion rate s ,  we re s e l e c ted ; the i r  chara c te r i s t i cs are s h own i n  
Tab l e  D - 5 . F ig ure D - 8  s hows a chart for e s t ima t i ng ga th e r i ng sys
tem cos t s . 

Layouts of a gas  g a the r i ng sys tem were made for e a ch f i e l d ; 
these g ive an approxima te idea of ga th e r i ng cos t s .  

P i pe l i ne pre s s ure s we re a s s umed to d e c l i ne ove r the l i fe o f  the 
f ie l d s , as shown i n  Tab l e  D- 6 .  

TABLE D-5 

Cost of Field Gathering Systems 

For a Range of Cases 

Case No . 

2 3 4 5 6 
-- --

Field Size ( BCF ) 4 80 4 0 0  4 , 0 0 0  1 6  8 , 0 0 0  

Fi eld Size ( Sections ) 2 1 4  4 0  5 0 0  2 5 0 0  

Wells Per Field 4 28 8 0  2 , 0 0 0  1 6  4 , 0 0 0  

Wel ls Per Section 2 2 2 4 8 8 

Design Annual Produc-

tion Rate Per Well 

MMCF Per Year 

Year 1 2 0 0  8 0 0  1 , 1 0 0 2 6 0  2 0 0  2 6 0  

Ultimate Production 

Per Well ( BCF ) 3 5 2 2 

Gathering System Cost 

( $  Per Well ) $ 2 3 , 2 0 0  40 , 4 0 0  8 0 , 1 0 0  47 , 60 0  1 4 , 3 0 0  4 5 , 5 0 0  

Cost ( $  Per We ll 
Per BCF of 

Ultimate Well 

Production ) 2 3 , 20 0  1 3 , 50 0  1 6 , 1 0 0  2 3 , 80 0  1 4 , 3 0 0  2 2 , 80 0  

D-15  
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TABLE  D-6 

Gatheri ng Sys tem Pressures  (ps i a) 

F l ow i n g Bo t t om Ho l e  P res s u re 

We l l  Head P res s u re 

F i e l d  Comp res s o r  Su c t i on 

F i e l d  Comp res s o r  D i s cha r g e  

Cen t ra l Comp res s o r  S u c t i on 

Cen t ra l Comp res s o r  D i s cha r g e  

De l i ve ry to G a s  T r a n sm i s s i on P i pe l i ne 

1 -8 

1 360 

1 1 3 0  

1 000 

Yea r s  

2=12 2 0-30 30- 5 0  

7 1 0 360 85 

590 300 70 

5 00 

1 000 

1 000 

2 5 0  

1 000 

1 000 

80 

1 60 

1 2 0 

1 000 

1 000 

D i ame ters o f  g a ther i ng l i ne s we re e s t imated u s i ng the gene ral 
f low equat ion conve r ted to the formu l a  for d i ame t e r . 3 

The cos t of p i pe l i ne s  wa s obta i ned from three i nd u s t ry sources  
and included gas  f i e l d  gather i ng sys tems and cros s -coun t ry tran s 
mi s s ion l i ne s .  Tabl e  D- 7 i l lu s trates the we igh t e d  va l u e  for ga th 
e r i ng l ines a s  we l l  a s  the cos t  of other p i pe l i ne and product ion 
equ ipmen t .  

COMPRESSION COSTS 

For an e conom i c a l  ope rat ion , a c ros s -cou n ty g a s  transm i s s ion 
p i pe l ine mus t  ope rate a t  about 1 , 0 0 0  ps i a .  When the gas  f i e l d  
we l ls c a n  no long e r  f l ow into a 1 , 0 0 0  p s i a  p ipe l i ne ,  i t  i s  nece s 
sary t o  compre s s  t h e  gas a t  t h e  terminus o f  the g a t h e r i ng sys t em . 
The schedu l e  of compr e s s ion pre s s ure req u i reme n ts i s  shown i n  Tabl e  
D- 6 for the cases  a s s umed for e s t imat ing gathe r i ng cos t s . 

Compres sor hors e power requ i rements are e s t i ma t ed i n  Tab l e  D- 8 
for the compre s sor ope rat i ng b e twe en sea l e ve l a nd 1 , 5 0 0  f e e t  e l e
va t ion . At h ighe r e l eva t i on s ,  the amount o f  b rake hors epower r e 
qu i red mu s t  be i ncre ased t o  d e l i ve r  t h e  s ame compre s s ion horsepower 
to the gas . 

Insta l l ed i nve s tment cos t s  are e s t imated i n  Tab l e  D- 9 for 
skid-moun t ed f i e ld compre s sors at $ 8 5 0  per b rake horsepowe r .  The 
i nve s tments are based on engines  capab le o f  s upply i ng a l l  t h e  
hors epowe r needed at 2 5 0  p s i a  s uc t ion pre s s ure . They shou l d  be 
s e rv i ceab l e  thoughout the l i fe o f  the f i e l d . 

3sake r ,  Ovid , a nd Swe rd lof f ,  Wi l l ,  O i l  & Gas Journa l , May 1 6 ,  
19 5 5 . Use these charts to speed up f l ow c a l c u l a t i on s  for d e s ign o f  
gas-gather ing s y s tems . 
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TABLE D-7  

I ns ta l l ed Gas  Fi e l d Gatheri ng Pipel i ne Costs , U . S .  Average 

P i pe S i ze 

21 1  
41 1 
6 ' ' 
81 1  

] 01 1  
1 2 ' '  
1 4 1 1 

I n s ta 1 1  ed Cos t *  

1 979 Do l l a rs / Foot $/ i n c h /m i l e  

7 . 00 
1 0 . 00 
1 4 . 00 
1 8 . 00 
23 . 00 
28 . 00 
33 . 00 

1 8 , 400 
1 3 , 2 00 
1 2 , 320 
1 1 , 880 
1 2 '  1 5 0 
1 2 , 320 
12  ' 45 0  

*Th e s e  cos t s  c o u l d  b e  40% h i g h e r i n  h ea v i l y pop u l a t ed a r ea s .  Th ey cou l d  be 
2 0% l es s  i n  f a v o r a b l e  a rea s . Loca l a rea com p e t i t i on i s  a s i g n i f i ca n t  co s t  
f a c t o r .  

Cos t s  i n c l ud e  a l  1 ma t e r i a l s ,  r i gh t  of wa y ,  d ama ges , coa t i n g a nd wra pp i n g ,  
con t ra c t o rs ' i ns ta l l a t i on cha rges , a nd a l l d i r e c t  o p e ra t o rs ' cos t s .  

P rod uc t i on Equ i pmen t  - I n s ta l l ed Cos t 

S k i d  mou n ted u n i t  con ta i n i n g s epa ra t o r ,  hea t e r ,  ga s me t e r 
r u n  a n d  met e r  fo r d umped 1 i q u i d s  . . . . . . • . . . . . .  

2 1 0  bb l l ea s e t a n k  . . . . . . . . . . . • . . . . . . . . .  

Dehyd ra t o r 3 -5 MM C FD ca p a c i t y . . . . . . . . . . . . . .  . 

1 0  MMC F D  ca pa c i ty . . . . . . . • . . . . • . •  

Me t e r  Hous e  • . . . . . . . . • . . . . . • . . . . . . . . 
P i pe l i ne d r i p s . . • . . . . . • . . . . . • . . • • . . . .  

P r i ce Ea c h  
1979 D o l l a r s 

$25 ' 000 
3 , 000 

1 8 , 5 00 
25 , 000 

3 , 5 00 
3 , 2 00 

Compres sor operat i ng cos ts are e s t ima t ed i n  Tab l e  D- 1 0 . The s e  
are based on ope r a t ion and ma in tenance cos t s  of $ 5 0 p e r  brake 
horsepower pe r ye ar and f ue l  costs of 10 c ub i c  f e e t  o f  gas  pe r 
hors epowe r-hour a t  the f ie l d  ga s s e l l i ng pr i c e . The l ow operat i ng 
cos t i s  for a u t oma t i c ,  unat tended operat ion o f  the c ompre s sors . 

Es t imated ope rat i ng cos t s  for gathe r i ng and c ompre s s ion c om
b i ned i s  s hown in Tabl e  D- 1 1  for C a s e  2 at 1 , 5 0 0  f e e t  e l eva t i o n ,  
$ 2 . 5 0/MCF f ue l  pr i c e , and c ompre s s ing from 2 5 0  ps i a  t o  1 , 0 0 0  p s i a .  

Annual ope ra t i ng costs  for the g a the r i ng sys t em may be e s t i 
mat ed a t  abou t 3 percent o f  t h e  inve s tme n t  cos t .  

D- 1 8  



TABLE D- 8 

Compres s i on Horsepowe r Requ i rements  

Compressor Suction Pressure , P S IA 
Compressor Discharge Pressure PSIA 
Compress ion Rat io 
N Value for 0 . 6  SG Gas 
Brake Horsepower /MMCFD of Gas @ 1 4 . 4  psig and Suc tion Temperature 
BHP /MMCFD @ 1 4 . 65 p s ia and 60°F 
Brake Horsepower Hour /Year /MMCF 
Compressor Fuel Consumed @ 10 cu . F t . per brake Hor sepower hour/MCF/year 
Fue l  as a Percent of Gas Compres sed 

Compressor Eng ine Eff iciency at Various Altitudes 

Sea Level to 1 500 f t .  
3 , 000 F t . 
6 , 000 Ft . 
9 , 000 Ft . 

Per MMCF/D Compres s ed 

2 5 0  5 0 0  
1000 1000 

4 2 
1 .  2 8  1 . 28 

85 . 6  4 4 . 0  
93 . 8  4 8 . 2  

821 , 6 3 3  4 2 2 , 2 3 2  

8 , 2 1 7  4 , 222 
2 . 2 5 1 . 16 

Ef f iciency 
100% 

93 . 5% 
81 . 5% 
7 0 . 5% 

Brake hor sepower requirements shown above are increased in the ratio of 
100 Efficiency at elevations above 1500 f t .  

Brake Horsepower Requirements a t  Sea Level 
Suction PSIA Discharge P S IA Case 1 Case 2 Case 3 

500 1000 27 7 3 0  3240 
250 1000 34 9 1 2  367 7 
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TABLE  0- 9 

Compres sor I nvestmen t  Costs 

Suction = 2 5 0  P S IA ,  Discharge = 1000 P S IA 

Elevation, 
1 50 0  
3000 
6000 
9000 

1 500 
3 000 
6000 
9 000 

1 500 
3000 
6000 
9000 

F t . 
Hor sepower Installed 

Case 1 Case 2 
34 9 1 2  
36 9 7 5  
4 2  1119 
48 1 2 94 

Inves tment $ /Field 
$ 2 8 , 900 

30 , 600 
35 , 700 
40 , 800 

$ 7 7 5 , 200 
8 2 8 , 7 5 0  
9 5 1 , 150 

1 , 09 9 , 900 

Investment $ /Well 
$ 7 , 2 25  

7 , 650 
8 , 925 

1 0 , 200 

D - 2 0  

2 8 , 7 1 0  
3 0 , 690 
32 , 230 
40 , 7 4 0  

Case 3 
3677  
3 9 3 3  
4 5 1 2  
5 2 1 6  

$ 3 , 125 , 4 50 
3 , 343 , 000 
3 , 835 , 2 00 
4 , 4 3 3 , 600 

39 , 07 0  
4 1 , 7 90 
4 7 , 940 
5 5 , 420 



TABLE D- 1 0  

Compres s i on Operati ng Cos ts 

Suction = 250 PSIA ,  Discharge = 1000 PSIA 0-1 500 f t . elevation 
Cas e  1 Case 2 Case 3 

Brake Horsepower Ins talled 34 9 1 2  3677 
Thousands of BHP hr s /year 298 7 , 98 9  32 , 210 
Fuel MMCF/year 2 . 98 7 9 . 9  322 .  

Fuel Costs $ /year @ $2 . 50/MCF 7 , 450 199 , 750 805 , 000 
Operations & Maintenance 1,700 45,600 183,850 

$ 9 , 150 $245 , 35 0  $ 98 8 , 850 
Annual cos ts for o ther conditions can b e  estimated by the equation 

Operating Cost , $/year = I(BHP @ 1 5 00 f t .  ele':. ) 1ool [ 5 0  + 87 • 6 Fuel Pricel [ Compressor Effic1ency J J 
Annual $ /well $ 2 , 288 $ 9 , 097 
$/MCF Compres sed 0 . 0696 0 . 0692 

TABLE D- 1 1  

Operati ng Cos t for Gatheri ng and Compres s i on 

(94 , 500) ( 0 . 03) = Gathering 
Compressing 

Condi t ions 
Suction = 250 PSIA ,  Discharge 1000 PSIA 
Elevation 0-1 500 f t . 
Fuel Price 2 . 50/MCF 

$ /Well/Yr . 
$ 2 , 8 35 

9,087 
$11 , 922 

For other cond itions , use data from previous tab les . 
D - 2 1  

$ 1 2 , 360 
0 . 0691 

$ /MCF 
0 . 02 1 6  
0 . 0692 
0 . 0908 
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TIGHT GAS DEVELOPMENT SCENARIOS - - I DENT I F ICAT I ON OF PROSPECTS 

Examples o f  two t igh t gas developme n t  s cenar i os are inc l uded i n  
the fo l low i ng comp i l a t ions , i l lu s trat i ng t h e  s tand a rd s c enar i o  for 
$ 5 . 0 0/MC F pr ice a t  a 15 pe rcent d i scount rate a s  we l l  a s  the s tan
dard scenar io for $ 3 . 5 0/MC F  at  a 15  perce n t  d i s c ou n t  r a te . Fol l ow
i ng is a de scr ipt ion o f  the iden t i f i c a t i on of prospec t s  u s ed i n  
the s e  scenar ios . 

A s even-d ig i t  c a s e  numbe r  i s  used to ident i fy the prospec t s  
used in the scenar i o s . I t  appears in the s econd co l umn o f  t h e  
scenar io pr i n tou t ,  imme d i ately precedi ng an abbre v i a ted a lphabe t i c 
descript ion of the prospe c t  locat ion . The case number cons i s ts o f  
a four-d ig i t  loca t ion code , a s  we l l  a s  s i ng l e  d i g i t  cod e s  f o r  t e c h 
nology , gas s a l e s  pr i ce s , and d i scount rat e . 

EXAMPLE : 

Loc a tion Code 

D i scount Rate 

" l "  - 1 0 %  
" 2 " - 1 5 %  
" 3 "  - 2 0 %  

Gas S a l e s  P r i c e  ( $ /MC F ) 

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

�--- Technology/Reg u l a to ry Cons tra i n t  

" 1 "  - B a s e  Case 
" 2 "  - Ad vanced Ca s e  

A l i s t  of locat ion cod e s  f o r  each o f  the 8 2  locat ions u s ed i n  
t h e  1 2-ba s in t igh t gas  s tudy i s  includ e d  on t h e  pag e s  preced i ng t h e  
comp i l at ion . In t h e  example ,  " 1 2 1 6 "  r e f e r s  to t h e  Nor th e rn Gre a t  
Pla i ns/Wi l l i s ton ba s i n ,  Car l i l e  forma t ion . Fol low i ng c od e  s hows 
the base cas e , $ 5 . 0 0/MCF pr i c e ,  at  a 1 5  percent d i s count rat e . 

Certain appr a i sed reg i ons are also u s ed to repr e s e n t  other 
spe cu l a t i ve t igh t gas reg ions when all  o f  the 113  g a s  bas i ns i n  the 
Un i ted S tates are cons ide red i n  the scenar i o .  Th i s  is d i s c u s sed in 
Chapter F ive . 

E - 1  
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Basin 
---

Northern Great 

Plains/ 
Willi ston 

Wind River 

Cotton Valley 

Subbasin 

TABLE E- 1 

Location Code 

Formation 

Mowry 

Mowry , Greenhorn 

Mowry , Carlile 

Mowry , Greenhorn , Car l i l e  

Mowry , Greenhorn, Carlile , Eagle 

Mowry , Greenhorn , Eagle 

Mowry , Judith River 

Mowry , Carlile , Eagle 

Mowry , Carl i l e ,  Eagle , Judith River 

Greenhorn 
Greenhorn, Car lile 

Greenhorn , Eagle 

Greenhorn, Car l i l e ,  Eagle 
Car l i le 

Niobrara 

Carli l e , Eagle 
Judith River 

Mowry , Greenhorn , Carlile , Eagle , 

Judith River 
Carli le , Niobrara 

Lower Fort Union 

Lance 9 , 0 0 0  

Lance 1 4 , 0 0 0  

Mesaverde 1 5 , 0 0 0  

Lower Fort Union , Lance 9 , 0 0 0  

Lance 1 4 , 0 0 0 ,  Mesaverde 1 5 , 0 0 0  

Frontier , Muddy 

Location Code 

1 2 0 1 

1 2 0 2  

1 2 0 3  

1 2 0 4  

1 20 5  

1 2 0 6  

1 2 0 7  

1 2 0 9  

1 2 1 1  

1 2 1 2  

1 2 1 3  

1 2 1 4  
1 2 1 5  

1 2 1 6  
1 2 1 7  

1 2 1 8 
1 2 1 9  

1 2 1 0  

1 2 2 0  

1 1 0 1  

2 5 0 2  

2 5 0 3  

1 1 0 4  

2 5 0 5  
1 1 0 6  

1 1 0 7  

2 1 0 1  



1?:1 
I 

w 

Basin 

Greater Green 

River 

Subbasin 

Lewin Area 1 

Lewin Area 2 & 3 

Washakie 

E/2 Lewin Area 4 

TABLE E- 1 ( Continued )  

Formation 

Almond A 
Ericson , Rock Springs , Blair 

Fort Union 

Almond A + Almond B 

Almond A + Ericson , Rock Springs , 

Blair 

Almond B + Ericson , Rock Springs , 

Blair 

Lan c e ,  Lewis 

Almond A 

Almond B 

Ericson , Rock Springs , Blair 
Fort Union 
Almond A + Almond B 

Almond B + Ericson , Rock Springs , 

Blair 
Lance , Lewi s 

Almond 

Lanc e ,  Lewis 

Lower Mesaverde 

Lance , Lewi s + Almond 

Lower Mesaverde + Almond 

Mesaverde 

Fort Union 

Fort Union + Mesaverde 

Location Code 

0 8 0 1 

0 8 0 2  
0 8 0 3  

0 8 0 4  

0 8 0 5  

0 8 0 6  

0 8 0 7  

082 1 

2 4 2 2  

0 82 3  
0824 
2425 

0 8 2 6  
0 8 2 7  

083 1 

0 83 2  

0 8 3 3  

0 8 3 4  

0 8 3 5  

0 84 1 

0842 

0 8 4 3  
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I � 

Basin 

Greater Green 

River 

Uinta 

Subbasin 

W/2 Lewin 4 ,  

Bridge r  

Lewin 5 

Sand Wash 

TABLE E- 1 ( Continued )  

Formation 

Fort Union 

Me saverde , Lance 

Frontier 

Mesaver de , Lance + Frontier 
Fort Union + Mes averde , Lance 

Lewi s 7 , 0 0 0  
Lewi s 9 , 0 0 0 

Mes averde 9 , 0 0 0  

Mesaverde 1 1 , 0 0 0  
Lewi s 7 , 0 0 0  + Mesaverde 9 , 0 0 0  

Mesaverde 9 , 0 0 0  + Mesaverde 1 1 , 0 0 0  

Coaly 

Castlegate 

Coaly + Castlegate 

Wasatch + Coaly 

Wasatch + Barren 

Wasatch 

Barren 

Location Code 

0 8 5 1 

2452 
2453 
2454 
2455 

0 8 1 1 
0 8 1 2  

0 8 1 3  

0 8 1 4  
0 8 1 5  

08 1 6  

1 0 0 3  
1 0 0 4  
1 0 0 5  

1 0 0 6  

1 0 0 7  

1 0 0 1 

1 0 0 2  



t':l 
I 

Ul 

Basin 

Denver 

Edwards Lime 

Piceance 

San Juan 

Val Verde-Sonora 

Val Verde-Ozona 

Subbasin 

TABLE E- 1 ( Continued )  

Area A 

Area B 

South We st 
Central 

Formation 

Corcoran Cozette 
Fort Union 

Mes averde 8 , 0 0 0  
Corcoran Cozette + Me saverde 

Fort Union + Mes averde 

Fort Union + Corcoran Cozette 

Lower Cretaceou s , Juras s ic 

Dakota 

Location Code 

2 0 0 1 

0 5 0 2  

2 2 0 1 

2 2 0 2  

1 3 0 1 

1 3 0 2  

1 3 0 3  
1 3 0 4  
1 3 0 5  

1 3 0 6  
1 3 0 7  

1 60 1 

1 8 0 1 

2 3 0 1 



1 
2 3 
� 
6 
7 
8 
9 

1 0  
1 1  
1 2  

I:Ij 1 3  
1 4 

I 1 5  0) 1 6  

u 
19 

�� 
2 2  
2 3  
2 4  
2 5  
2 6  
2 7 
2 8  
2 9  
3 0  
3 1  
3 2  
3 3  
3 4  
3 5  n 
39 ItO 

C A S E  

Y E A R  O F  O E V E L O P H E N T  

L O C A T I O N  OF P R O S P E C T S --

1 2 01 1 5 2  
1 2 0 2 1 5 2  
1 2 0 3 1 5 2  

H8HH 
1 2 0 6 1 5 2  
1 2 0 7 1 5 2  
1 2 0 8 1 5 2  
1 2 09 1 5 2  
1 2 1 0 1 5 2  
1 2 1 1 1 5 2  
1 2 1 2 1 5 2 
1 2 1 3 1 5 2  
1 2 1 4 1 � 2  
1 2 1 5 1 5 2  
1 2 1 6 1 5 2 
1 2 1 7 1 5 2  
1 2 1 8 1 5 2  
1 2 19 1 5 2  pzopz 

2 0 1  5 2  
1 2 0 2 2 5 2  
1 2 0 3 2 5 2  

FS4 2 5 2  
2 5 2 5 2  

1 2 0 6 2 5 2  

N G P - W I L , H  
N G P -W I L , H  G 
N G P -W l l • H  C 

���:�H;R �:� . e  
N G P -W I L , H  G , E 
N G P -W I L , H  J R  
N G P - W I L , H  C 1 E  
N G P -W I L , H  C , E , J R  
N G P - W I L , H  G, c , e , J R 
N G P - W I L , I1  C , J R  
N G P - W l l , G  
N G P - W i l • G • C  
N G P - W  I L , G ,  E 
N G P -W I L , G • C • E 
N G P - w i L , C  
N G P - w i L , N  
N C P - W l l • C • E  
N G P rt W I L L S  
N G P - k l (  � , t-
N G P - W  
N G P - W I L  � G 
N G P-W I L  C 

J U O , R I V  

���= � I t  R �!L e  
N G P - \o i L  H G , E 

1 2 0 7 2 5 2  N G P - W J L H J R  
1 2 C P 2 5 2  � G P - W  L I'! C , E  l2 0 9 2 5 2  N GP - \o i L  H C , E , J R  

2 1 0 2 5 2 .  N G P - W l l  PI G, c , e , J R  
1 2 1 1 2 5 2  N G P - W I L  I'! C , J R 
1 2 1 7 2 5 2  N G P - W I L  G 
1 2 1 3 2 5 2  N G P - W I L  G , C  
1 2 1 4 2 5 2  N GP - W I L  C , E  
1 2 1 5 2 5 2  N G P -W I L  G , C , E 

lHHU �a�=t t t � Fl 8 2 !S 2  N G P•W L , E 
2 Q 2 5 2  N G P � w  L L� J UO . R I V  

1 2 2 0 2 5 2  N G P -W I L  C • h  

TABLE E-2 ( l ) a  

Standard Scenari o a t  $ 5 . 00 and 1 5% 
Base and Advanced Techno l ogt--Northern Great P l a i n s/Wi l l i s ton 

2 . 4 0  S C  E NAR 1 0 1 0 11 / 0 6 / 11 0  

1 2 3 4 5 6 7 

1 5 . ,  5 . 00 0 0 0 0 0 0 0 
1 5 . ,  s . oo 0 0 0 2 2 3 2 
1 5  . ..  5 , 00 0 0 1 1 2 ,_ 4 

H::  � : 88 � 1 A 1� 1 � 1 � l� 1 8 
1 5 . ,  5 . 00 0 Q 0 2 3 5 5 
1 5 . ,  5 . 0 0  0 0 0 1 1 1 � 1 5 . ,  5 . 0 0 2 5 7 7 7 7 
1 5 . ,  5 . 0 0 0 2 5 5 7 7 4 
1 5  • •  5 . 0 0 1 1 3 3 5 5 4 
1 5 . ,  5 . 0 0 0 0 z z 2 3 • 3 
1 5 . ,  5 . 0 0 8 0 0 0 0 1 1 
1 5 . ,  � . o o 0 0 1 1 1 1 
1 5 . ,  5 . 0 0 0 1 1 1 2 3 3 
1 5 . ,  5 , 0 0 0 0 1 1 3 3 3 
1 5 . ,  5 . 00 0 0 0 1 1 1 0 
1 5 . , 5 . 0 0  1 A 2 3 3 3 3 
1 5 . ,  5 . 0 0 0 0 1 1 1 0 

1 5 . 0 , 5 . 00 0 0 0 0 0 0 0 

H• •  ' · g o 0 8 A A 2 � a • •  5 .  0 0 0 
1 5 . ,  5 . 00 0 0 0 0 0 2 3 
1 5 . ,  5 . 00 0 0 0 0 1 4 5 
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TABLE  E-2 ( 2 ) i  

E C O NO M I C  S U M M A R Y  

P R O F I T  I N D I C A T O R S  
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Y E A R O F  D E V E L O P M E N T  

L O C A T I O N  O F  P R OS P E C T S--
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2 l l U 7 1 5 2 W I: S I [ ;< N  S H A L L U W 1 5 • •  5 . 0 0  
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1 1  1 3 0 3 2 5 2  W E S II: ;( N  l tl T C: K M E O  1 5  0 ,  5 . 0 0 1 7.  1 3 0 7 2 5 2  W E S I E R N  I N T E R M E D  1 5  0 ,  5 . 0 0  
1 3  2 , 0 2 1 ) 2 W i: S  T I: K N O t. t P  1 5  • •  ; . o o  
1 4  2 5 0 3 1 5 2  W E S T E R N  D E E P  1 5 . ,  5 . 0 0  
1 7  2 5 0 2 2 5 2  W t: :i T E t< N D E E P  1 5 . ,  5 . 0 0  
11.> 2 5 0 3 2 5 2  W E S T E R N  D E E P  15 . ,  5 . 0 0 

1:>:1 
I 1\..) 

I-' 

C A S E  L O C AT I O N  C! F  P R O S P E C T  

1 1 O l l  2 � E S T E R N  I N T t R M E D  1 5 . ,  5 . 0 0 
2 1 0 7 1  2 � E S T E J<. N  S H A L L U I• 1 5 . ,  5 . 0 0 3 1 0 1 1  2 . E S T E � N  l N T E � M E D  1 5 . ,  5 . 0 0 4 1 o z :.  2 \I � S T U . 1� 1 N T  C K t"t E 0 l � 0 ,  5 . 0 0 
:;. 1 C 2 1  2 � E � T E R N  I � T E � M E D  1 5 , ,  5 . 0 0 
6 l 0 7 1  2 o. E S T f: r< N l N T t R M E D  1 5 , ,  5 , 0 0 7 1 0 1 2  2 � E S i � � N  l N T C: R M E O  1 5 . ,  5 . 0 0 
t i 0 7 2  2 w E S T E R N  S H A L L LJ \ol  1 5 , ,  5 . 0 0  c; 1 0 1 2  2 V. E S T E il. f\1  I f�� T E R M E D  1 5 . ,  5 . 0 0 

10 1 0 2 2 2 w E S T E R N  l N T c R M E D 1 5  0 ,  5 . 0 0  
1 1  1 0 3 2  2 \Oo' c S T E ii. N I N 1 E R M E D  1 5  0 ,  5 0  0 0  
! 2  l 0 7 2  2 w E S T E � N  I N T E R M E D 1 5 , ,  5 . 0 0 1 3  2 J 2 1  2 W E S H r< N  D E E P  1 5  • •  � . o o  l .. 2 v 3 l  2 w E S  T E K N  D E E P  l 5  • •  5 , :J O 15 2 0 2 2  2 II E S T E K N  D E E P  1 5 . ,  5 , 0 0 l o  2 0 3 2  2 W E S T ERN D E E P  1 5 , , 5 . 0 0 

TABLE E-2 ( 3 ) a  

Standard Scenari o at  $ 5 . 00 and  1 5% 

Base and Advanced Techno l ogi es- -Western U . S .  

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

TABLE E-2 ( 3 ) b  
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TABLE E-2 ( 3 ) c  
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TABLE  E-2 ( 3 ) d  

I N v E S T M E N T  R E Q U I R E M E N T S A N D  R E S E R V E  A D D I T I O N S 

Y E A ,<.  I N V E S T M E N T  
( M i1 $ )  

1 2 3 5 o 9  
2 2 4 b . 9  
7 2 5 4 . 7 ,J 

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

1 0  7 8 4 . 7  
1 1  5 0 8 . 7  
1 2  5 6 3 . 5  
1 3  5 5 4 . 2  
1 4  5 6 0 . 5 
1 5  5 7 0 . 7  
1 6  5 7 0 . 7  
1 7  5 7 0 . 7  
1 8  5 7 U . 7  
1 9  5 7 0 . 7  
2 0  '.) 7 0 . 7  

1 0 5 8 3 . 3  
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A D D E D  ( B C  r )  
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.8 1 0 .  2 
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l l 1 lt . l  6 2 4 . H  
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6 9 Y a 2  
7 1 2 . 1  
7 1 2 . 1  
7 1 2 . 1  
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1 6 3 , 5 0 U 4 9  
3 2 . 9 0 
1 1 . 1 2  
3 . 3 0 0 

5 9 . 7 1 3 5  
b 2 3 0 . b 7 tl 5  

3 5 1 . 7 7 2 0  
D ::i !J , !/ 9 7 3  
1 8 8 8 . 2 0 4 5  
1 4 2 9 . 3 7 6 9  



1 
2 
3 
4 
5 
b 

tlj 
I 

� 
Ul 

:a. 
2 
3 

" 5 b 

TABLE E-2 ( 8 ) a  

Standard Scenari o at $ 5 . 00 a n d  1 5% 
Base and Advanced Techno l o  i es--Greater Southwest 

Beh i nd the P i pe Recomp l eti on 

C A S E  1 • 1 1  S C E N AR I O  1 1 0 1 1 0 / B O 20 Y E A R  D E V E L O P M E N T  P R O G R A M  

Y E A R  O F  D E V E L O P M E N T  

L O C A T I ON O F  P R O S P E C T S --

1 60 1 1 5 2  
l 8C l l 5 2  
2 1 0 1 1 5 2  
2 2 U l l 5 2  
2 2 0 2 1 !> 2  
2 3 C. l 1 5 2  

S A N J U A I'l D A �. O T A  
V A L  V E R D E  � Ot-. O R A  
C O T T O �  V A L L E Y  T R E ND E D w A I(O S  L l M f  s w  E C W A M D S  L l � E  C N T R L  V A L  V E R D E  C Z O N A  

� . 00 . 1 5 . 0  . o c . l 5 . o 
5 . oo . l 5 . o 
5 . oo . 1 s . o  
s . cu , 1 5 . o  
5 . 00, 1 5 . 0  

C A S E  L J C A T ION O F  P R O S P E C T  

1 6 0 1 1 5 2  S A N  J U A N  D A K O T �  s . cu , 1 5 . o  
1 6 C l 1 5 2  V A L  V E R G E  � C. Ii D P. A 5 , C Q , l 5 . 0 
2 1 0 1 1 5 2  C O T T O N  V A L L E Y T R E N D 5 . o o , .t s . o  
2 2 0 1 1 5 2  E D iro A R D S  L I ME s w  5 . c o , t 5 . o  
2 2C.2 1 5 2  E D W A R D S  L I M E  C N T R L  s .oc , t s . o 
2 3 0 1 1 5 2  V A L  V E R D E  O Z ON A  5 . 0 0 , 1 5 . 0  

1 2 3 4 5 6 7 8 9 1 0  

� � H H B H B H H 2 � 
1 0  1 5  1 7  2 0  2 5  2 7 3 0  3 5  40 40 
2 0  2 5  3 7  5 0  5 3  5 7  6 3  6 7  7 0  7 5  

5 1 0  1 3 1 5  1 5  1 5  l 7  1 7  2 0  2 0 
1 1 1 2 2 3 3 3 3 4 

TABLE  E -2 ( 8 ) b  

S U � M A R Y  O F  W E L L  R E OU I R � H E N T S  

N O .  P R O S P .  

30 8 
1 6 2  
61 5 

1 0 � 0  
2 9 5 

5 6 

------ W I L O C A6 W E L L S------
P R OD . R Y  T O T A L  

1 7 0 1 8 6 3 5 6  
l O b  9 3  1 9 9  
3 9 9  2 7 3  6 7 2  
8 it 'o  5 8 3  1 it 2 7  
ZH 1 6 8  3 9 9  

2 8  8 0  

1 1  1 2  1 3  

2 ; 2 ; 2 ' 
5 0  5 0  4 5  
7 7  7 7  7 7  
2 0 1 7 1 7  

4 4 4 

W / C  

5�xH55 
. �o e  
. 5 3  
. 5 9 
. 5 9 
. 5 8 
, 6 5 

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

1 � 1 � 1 ; 1 ' 1� � ! 
4 0  3 7  3 5  32  2 5  2 2 z o  70 6 0  5 0 lo O  3 0  2 7 2 5  
1 7  1 5  1 5  1 3  1 3  1 2  9 

3 3 3 3 3 3 3 

---DE V E L O P M�N T  WE L Li----
P R OD . R Y  O T A L  

7 1 5 7  1 7 8 9  8 94 6 
4 1 3 1 1 0 3 2  5 16 3  
it 3 2 5  1 0 8 1  5 1t 0 6  
Z t! 8 1 7 2 0  3 60 l 

9 7 9  �"" 1 2 2 3  
8 it 3  1 0  1 0 5 3  

ig� 
6 1 5  

1 0 5 0  
2 9 5 

5 6  

T O T A L  
A Lt 

W E L  S 

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



TABLE E-2 ( 8 ) c  

A�NUA L D R I L L I N G  SCHE DU L E  

P R O S P E C T  Y E A R  1 z 3 " 5 6 7 8 9 10 1 1  1 2 1 3 1 4  1 5  1 6  11 1 8  1 9  2 0  
� �A N  J U A N  O A K�T A � .00, 1 5 . 8 U! p1 Hi i92 4 5� H� 694 694 694 �94 694 �94 634 5 1

! 
top 3�2 Bf fg� z�� zu AL IJ E R OE S O  O R A  . oo, 1 � .  3 1  3 1  4 3  430 397 3 6 4  98 2 3 1 3 1  2 31 23 2 1 2 1 

3 C O T T O N  V A L L E Y  T R E N D 5 . c0, 1 5 . o 98 148  168  197 247 266  296  345  395 395 49 4  494 444 395 3 6 5  3 4 5  3 1 b  2 4 7  2 1 7  197 
4 E D W AR D� L I M E  S \1  5 . 00 , 1 5 . 0  �� 1 2 0  1 78 2 4 1  2 5 5  2 7 5  304 323  3 3 7  3 b 2  3 7 1  37 1  3 71  337 269 ZH 193 14'1 1 3 0  1 2 0  5 E D W A R D  L I M E  C NT R L  5 . 00, 1 5 . 0  5 5  7 1  8 2  8 2  8 2  93 93 1 10 1 10 1 10 93 93 9 3  8 2  71 7 1  6 b  4 9  
6 � A L  V E R D E  O Z O N A  5 . oo , 1 5 . 0  2(1 20 20 40  40 60 bO 60 60 6 1  6 1  8 1  6 1  6 0  6 0  b O  60 60 60  60 

T O T A L  � E L L S  I N  E A C H  Y E A R  557  785 1 1 00 1 28 3  1507 1626 1877 19 12  1960 1940 19 8 1  196 4 1 854  1629 1480  1351  1203 98 9 8 1 3 703 

TABL E  E-2 ( 8 ) d  
tz:1 
I ol::o 

I N V E S T M E N T  � E Q U I R E M E NT S  A N D  k E S ( R V f  A D D I T LON S 0'1 

Y E A R  I N II E S T"I E N T  G A S  P. E S E P. V E S  C U Mt> U L A T I V E  
( M M \ ) A D D E O  I 8C F )  G A S  P E S E R V E S  

1 37 1 . 2  8 92 , 7  892 . 7  
2 5 5 1 . 5  12 9 b .  0 2 1 1l 6 o 6 3 74 9 . 8  1755 . 3  3 9 4 4 .  
4 894 , 2  2 1 50 . 9  t 094 . 9  5 10C8 , 6  2 3 9 6 . 3  8 493 . 2  
b 10H o 0  2 5p . 9  1 1 0 4 7  · t 7 1 2 2 4 . 4  2 8  5 . 9 1 3 9 2 3 . 
8 1 2 7 1 . 8  30 39 . 0  H962 o 1 c; 1 3 5 5 . 4  3266 . 4  202 Z 8 . 5  

10 1 36 2 . 0  33 30 . 0  23 5 5 8 . 5  1 1  l't 2 7 . 7 3 5 47 . 2  2710 5 . 7  
1 2  1 3  B t  • 7 34 6 4 .  8 30 570 . 5  
1 3  p2 3 . 3  3 3 2 5 . 4 3 3 8Q 5 , 9  
1 4  1 9 5 . 9  30 19 . 3 369 1 5 . 2  
t� lg72 . � 8 4 .  �b8b . 8  4 30 . 9  �9eo� . o 2 3 • 8 
u � b l o b  2098 . �  4 4 1 3 � · i 2 . • o 17 1 3 . 45 84 • 

lZ ��b:t B82 : 7  ..,l�,a ·� 48 4 • 

19988 .4  T O T A L  I NV E S T M E N T  



ANNUAL C U'1UL , C AI H F \ 011 C Ai H F �Cw Y E A R  M M \  I H U  ---------- ----------1 -88 , 9847  - 8  8 .  984 7 
2 -69 , Q2£2 ,.. 15 � . 'l0�0  3 -2 � . 1 4 6 - 1 � 4 . 0 4 t 6  
4 7 4 , 3 1 25 - 10'1 . 7 3 4 1  5 2 2 7 . 0622 l l 7 . 3 2 f 2  b 4(,6 , 022'1  52 3 . 3 51 1  
7 5 7 7 , 7 5e2  po 1 . 1 09 3  8 792 . 6 009 69 3 , 7 1 02 
9 1 0 1 5 . � -:,9o 2909 .  7(.'12 

1 0  1 2 70 . 2 785 4 17 9 . 9 8 7 7  
1 1  1 5 1 6 . 3206  5696 . 308�  
1 2  1 79 7 . 91 78 7494 , ?2 l 3 
1 3  2 0 7 l . 'l 55 1  9�6 6 . 1 6 1 4  
1 4 2 3 4 5 . 9 5!0 1 1'l1 2 . 1 324  
1 5 2 5 e 4 . 5 3  1 1 4 49 6 .  662!> 
16 2 774 , 2 5 1 2  1 7 27 0 . 9 1 3 7  
1 7 2 9 3 4 , 2 b & 7  2 0 20 5 . 1 C 24 
1 8  3 05 7 . t 3 36 2 3 2 6 2 ,  8 H:2  
�z 3 11o . 8745  � 6 39� . 8 ��7 3 . 8. 364 9 57 • 9 1 
2 1  3 3 1 5 . 7 ·)02 3 2 68 6 , 1> 273  2 2  3 2 2 6 . 1 1 58  3 6 1 1 4 , 74 3 1  
2 3  3 1 2 5 . en4 3 9 2 4 0 . 5 704 44 3 0G 9 , 1l l39  4 2 2 5 0 . 1 '< 43  
2 5  2 6 9 7 , 2 4 84 4 5 1 4  7 .  442!'  
26  p9 1 , l b22  4 79 o 8 , t>04CJ 27 t- 6 9 ,  865 5 0t-2 7 , 79 1 4  
2 8  2 5 90 . 5 611  5 321 8 . 3 5 2 5  2 9  2497 . 1 202 5 5 7 1 5 . 4 7 2 7  I:Ij 30  2 4 0 8 . 2 367  5 8 1 2 3 . 7094 

I 3 1  2 3 < 3 , 9 044  60it4 7 , 6p'i 
� 3 2  2 2 4 3 . 71J74 6 2 69 1 . 3  1 3  

3 3  2 1 6 4 , 8 8 4 6  6 1t 8 5 6 , 2 C t 0  
-...,J 34  2 0 € 3 , Q 1 61 6694 0 , 1 27 1  

3 5  1 99'1 ,  7474  6 8 93 9 ,  Rt95 36  1 9 1 1 . 4 1 40 7oe s 1 . 2 6 3 5  
3 7  1 8 1 9 , 5 6 19 72b70 . 8 f !>4 
3 6  r 72 5 . n eo 74 396 . 1 835 39 62 8. 5 •JCJ3 7 6'J2  4. b'IC1 
40  15  3 1 .  8 4 10 775� 6 ,  5 3 'lR  
4 1  1 4 3 4 , 7833 7 899 1 . 3 2 3 1  
4 2  1 3 � 7 . 4t97  8 0 3 2 8 , 7�28 4 3 1 2 4 0 , e 6 72 8 1 56 9 , 6<"01 44 1 1 4 5 . 6 3 57  6 2 7 1 � . 2950  
45  1 0 5 3 , 4 ? 9 4  8 3  7 !> � .  7 5 5 1  
4 6  9t: 6 . 7�34  � 4 7 3 � . 5 1 b 6  
4 7  ll 8 7 .  7392  8 5 t 2 3 , 2 5 7 7  
48  B l b ,  7504 8644 0 . 00 8 1  
4 9  7 5 3 , 7904 8 7 19 3 . 7'1 !< 5  
50  698 . 7973 8 7892 . 595'1 5 1  642 . 5 5 40  B A 53 5 . 1 4 99 
5 2  590 . 1 71:; 2  8 9 1 2 5 , 3 2 1' 1  5 3  � 4 1 . 02 1 4  8 9 1>6 6 ,  3 4 7!> 
5 4  4 9 7 . 8 7 18  90164 . 2 1 <; 3  5 5  4 5 'l , 2 86C 9 0 U 3 , 5 C �l 
5 6  4 2 3 . 5 664 C. 1 04 7 . 0 7 l 6  
5 7 3 8 7 . 2 6 2 5  9 1 43 4 , 3 3 4 2  58 3 5 0 . 27 lf.>  9 1 7A 4 , b C � 7  
5 9  �H :  6j6� 9�0'1 1> .  j 4f l 
60 q 369 ,  6 9 
6 1 2 3 3 . 0078 9260 2 . 3897  
•2 194 . 1 4 1 6  92791: . 5 3 1 3  
6 3 1 5 6 . � 8 78 9 295 3 . 4 19 1  
6 4 12 3 . 1 7 16 9 3076 . 5 90 7  6 5  4 3 . 46 1 2  '13 170 . 0 51 9  
bb 6 6 , 9891 93 23 7 , 0 4 1 1  
6 7  4 4 . nnl4 '13 2 R l . 702:>  
68  2 7 . 4 5 80 9 3 3 0 9 , 1 60 )  
69 1 2 . 7220 '1 3 32 1 .  8 8 2 6  

TABLE E-2 (8 )e  

C A S H  F L OW AND P R ODUC T I ON SUMMARY 

At'� UAL NG\,.,��90"1 ----------o. oooo 
o 4 3 � A  1 .  (14  0 

1 . 7 8 1 6  
2 . 6 3 9 8  
3 . 6 4 6 3  
4 .  70 5 § 5 . 8 6 8 
7 . 1 2 5 1  a .  4 7 2 4  
9 , 7 598  

1 1 . 2 4 0 1  
1 2 . 6 3 7 2  
l 3 . E 4lll 1 4 . & 2 4 0  
1 5 . 6 4 3 9  
1 6 , 3 4 6 5 
1 6 . € 9 9 7  B: �H� 
1 7 . 4 0 8 1  
16 .  7 4 1> 4  
1 6 . 1 ?9 6 
1 5 . 5 4 1 0  
1 4 . � 8 8 4  
14 , 46 3�  3 , 960 
1 3 . 4 8 t- 8  
1 3 . 0 5 2 9  
1 2 . 6 606 
H· 30 3 3  . 96 8 4  
1 1 .1:4 1 0 1 1 . 2970 
lO , 'l 2 2 0  o. 5 l b ll  10 . (, 9 1 2 
9 , 64 5 8  9 . 1 800  
f . 6983  8 , 199 6 
7 . 6 � 12  7 . 1 5 09  
6 , 6006  
b , 01l4 ; 5. 5 4 2  
5 . u t:4 � 4 . t- 3 3  4 , 2 4 3 6  
3. 8 9 5 7  3 . 54 2 7  
3 . 2 1 'l 4  2 . 92 6 0  
2 . t: a 7 l  
2 . 4 8 50 
2 . 3 0 7 3  
2 . tnA 1 .  3 7 i · 7 3 7� 

• 540  
1 . � 7. 3 4  
1 . 1 0 8 6  
, c; o92  
.• 73�1 

• �b 9 
, 41 3 1  
. 2 7 5 0  
. 16 8 4  
. 0 7 8 9  

CUMUL . NG\  PP?ON 
M '1 �  ----------o . oooo 

, 430R  
1 . 47 1 0 
3 .  25 3 4  
5 .  8 '1  32  
9 .  53 95  

! 4 . 24 5� 
0 . 1 1 3  

2 7 . 23 8 6  3 5 . 7 1 10 
4 5 . 4708 
5 6 . 7 1 09 
6 'l , 3 4 0 1  
8 3 . 1 6 9 7  9 8 , (, 1 3 7  

1 1 3 , 6 5 7 5  
1 3 0 . 00 4 1 
1 4 6 . 90 3 8  
l6 4 , 0'l48  
8 1 , 4430  

1 9 8 . 8 5 1 1  2 1 5 , 59 74 
2 3 1 . 7 2 7 1  
2 4 7 , 26 80 
2 6 2 . 2 5 64 
FS· 1 1 97 " • oe 04 
304 . 1 6 7 1  
3 1 7 . 22 00 
3 2 9 , 8 8 07 
3 4 2 . i8 40 3 5 4 .  5 24 
3 6 5 , 7934 3 7 7 . 0'l04 
3 8 8 , 01 24 
398 , 52 9 2  
408 . 6 204 
4 1 € . 2662  4 2 7 . 44 6 1  
4 3 6 , 1 4 44 4 4 4 , 3 4 40 ' 
4 5 2 . 0 2 5 2  
4 5 9 , 1 7 6 1  4 6 5 . 78 4 8  
4 H . s" 9

g " . 39 1  
4 8 1 , 4560 48  . 08 92 
49 1 , 33 27 
4 9 5 . 22 8 5 498 , 77 1 2  
5 01 . 9906 
5 0 4 . 91 66 
50 7 , 60 3 7  ! H O , O R 8 7  
5 1 2 . 39 61 
p4 . 5 2 3 2  

l b , itb 10 
5 l n . p8g 5 9 ;  3 8  
5 2 1 . 06 1 9  
5 2 2 . 1705  5 2 3 . 07 97 
5 2 3 , 80 99 5 2 4 . 37 5 8  
5 2 4 . 7 8 8 9  
5 2 5 .06 3 '1 
5 2 �  "1 2 4  5 2 �  . 12 

ANNUAL GA �  P R�ON 
B C F  ----------o . oooo 

4 9 , �095 
1 1 5 .  1 16 
2·:l 2 . 9 1 2 1  3 0  7 .  4408 
4 16 . 0697 ��$ : n61 
7 7 4 . 4 1 2 7  90 4 , 4 7 42 

1 0 3 1 , 77 5 3  
1 1!> 2 . 2 3 27  
1 2 8 0 , 5791  
PH · pgs 472 , b 2 
1 5 3 4 . 7676 
1 5 8 0 . 96 54 
1 60 8 . 0509  
i6 i� · 4 4 55 6 • 7752 
1609 . 1099 
1 5 3 2 . 7 567  
·1 46 5 .  4 265  
140 4 , 4228 
1 3 4 9 . 50 16 
H"Y · o494 

5 • 9 4 28  
1 2 0 8 . 0848 1 1 6 7 . 4099 
1 1 2 9 , 4441  !89 3 . �068 

5 9 .  1 5 
102 4 . 8 8 51 Q 89 . 0 500 
95 1 . 3 399 
9 1 1 . 3 285  
Rb9 . 3 3 89 
8 2 5 . 98 58 7 8 1 . 2489 
7 3 6 . 0 5 10  6 90 , 61>75  
64 5 . 1 8 't 5  bOO,  0324  
5 5 5 . 5765  
� 1 2 . 5768 7 2 . 1 2 44 4 n . zp4 4 :> 2 , 0  84  
3 7 2 , 5924 
� "8 · F" 6 2 • 3 4 1  
f 1 5 , 0077 7 1 . 1 702 
2 49 , 8993 
2 3 0 . 5 8 64 
2 1 2 . 5 691 
l9 4 , z sg5 75 , 62 b 
1 51> . 2 8�9 1 3 6 , 8 7  1 
1 1 6 . 8 860 
9 7 , 4647 
78 . 8 1 89 
6 , . 9p9 4 • 0 37 
3 3 .

7Hg 2 2 . 4  
1 3 . 7809 

6 . 3 795 

C UMUL • 
GA i  P ��ON 

B C f  ----------. o . oooo 
49 . !�9� 1 6 4 .  1 

3 6 7 . 4 3 3 2  
674 . 8 7 4 1  

1090 . 94 3 8  
! 6 1 t '  8 5 'W 26 . 48 77 
304 1 . 9004  3946 . 3  746  
4978 . H98 
6 140 . 3 8 26 
7420 , 91> 1 7  
8 � 08 . 22 0 1  1 0  8 0 . 5 803  

1 1 & 1 5 . 3479  
1 3 396 . 3 1 3 3 
1 5004 . 36 4 2  u���: ggu 
1 9 8 4 6 . 6947  
2 1 3 79 . 4 51 4  
2 2 A H , 8780  
2 4 2 4 9 , 3008  
2 5 59 8 , & 0 2 3  
�b897 . 8 5 1 �  8 1 49 . 79<,  
2 9 3 5 7 . 8 793  3 0 5 2 5 . 2892  
3 1 1> 54 , 7 3 3 3  
H 746 . 3 3p 8 0 7 , 5 �  b 
3 4 8 3 2 . 43 67 3 5 8 2 1 . 4 8 67 
3 6 7 72 , 6 2 66 
3 76 8 4 . 1 5 5 1  
3 8 5 5 3 . 4940  
39 379 , 1t798  4 0 160 . 72 8 7  
4G8'l6 , 7797  4 1 5 8 7 . 4 472  
4 2 2 32 , 1: 3 1 7  4 2 6 3 2 , 664 1  
4 3 3 8 8 . 2 4 07 
4 3 990 . � 1 75 
4 4 3  2 , 9 4 1 9  
4 4 808 . f5 5 1 4 5 2 1 0 .  8 3  
4 5 5 82 . 77 6 1  
4 5 9 2 9 . 6 52� 46249 , 78 
4b5 44. 792f 4 6 8 1 5 . 91>2  
4 706 5 ,  b620  
4 7 296 . 4 4 8 3  
47509 . 0 1 74 
4 7 703 . 2 1> 79 
4 78 7 6 . 1<974  
4 b 0 3 � . 1 8u4  
'4 8 1 72 . 0585  
4 82 8 8 , 94 4 5  
4 8 3 � 6 . 4092  
41! 465 . 22 8 1  
4 8 5 2 7 . 1 540  
48 57 4 . 1 6 7 7  
4 8 60 7 . 8 7 8l 
4 8 6 3 0 . 3 3 4  
lt 8 6 4 4 . 1 1 5 1  
4 8 6 5 0 . 4 9 4 6  

AN"'UAL CUMU L .  
r�� F p�a�� u�F p�8�� ---------- ----------o . oooo o . oooo 

5 1 . 60 8 � 12 1. 449 H · 80 8 1  1 • � 76 
2 1 3 .  2't 5 2  38 6 . 30 2 8  
3 2 2 . 75 1 6  709 , 05 H  
4 3 7 . 2 1 8 3  1 14 6 . 2 72 7  
5 5 4 , 2a B 66 3 .  66 goo. 4799  8 4 . 1 4 5 7  
8 1 5 . 7 3 6 6  3 199 , 8 8 4 2  9 5 3 . 6 1 39  4 1 5 3 , 49 8 1  

1 08 8 . 38 2 3  5 2 4 1 . 8 805  
1 2 2  7 .  4 2 5 6  6 4 6 9 . 3061  1 3 5 3 . 8 746  7 8 2 3 . 1 8 0 7  
f46 7 . 5 39 5  5 5 8 . 3 3 9 5  9 2 90 .  72g+ 108 4 9 . 0 5 
1 6 2 5 , 5019  1 24 7 4 . 5 6 1 6  
1 67 5 . 77 5 2  1 4 1 5 0 . 3 368  
1 706 . 0693  1 5 8 5 6 . 406 1  Ht�: H�� iHH: �s�a 
1 7 1 0 . 0769 2 1000 . 0309 
1 6 29 . 8 8 5 6  2 2629 , 9 1 6 5  
1 5 5 8 , 9784  � 4 1 8 8 , 8949  
1 49 4 . 5 6 0 5  5!>d 3 , 4 5 5 4  
l 4 3 b ,  4 3 4 2  2 7 1 1 9 . 8 8 9 7  
1 �d � · 9r 66  1 3 0 9 't 3  � e s o � . e2gz  963  . 74 b 
1 2 8 1> . 30 80 3 1 12 2 . 04 86  1 2 4 3 . 1 1 6 9  32365 . 1 6 5 5  
1 2 02 . 8  7 5 6  3 3 5 6 8 . 0 4 1 1  
1 1 � 4 . 9� � 0  �HH:gg�g 1 8 . 6  5 
1 09 2 . 4029  3695 <t . 03 84 105 4 . 5 7 2 7  38008 , 6 1 1 1  
1 0 1 4 . 6 8 7 4  3902 3 . 2984  9 7 2 . 3 2 5 8  3999 5 , 6 2 42 
92 7 . 6 6 80  4092 3 , 't 9 2 2  
8 8 1 . 93 � 4  8 3 4 . 4 9  6 4!80 5 , 4 23� 4 b 3 9 , 9 1 o  
7a 6 . 5o F 73 8 . 2 2  2 4 3 4 2 6 , 4 1  H 

4't 1 6 4 . 6 42 6  
6 8 9 , 7 3 5 4  44 8 5 4 , 3 780 6 4 1 . 5 0 77 4549 5 , 8 8 5 8  
5 9 3 . 9065  460 8 9 . 7923  
5 4 7 . 7 4 98 5 0 4. 2 7 1  4�63 7 . 5 4B 4 l 't l o 8 1  
46 4 . 5 8 7 3  471>06 . 3998 428 , 9009 4 803 5 . 3008  
3 9 7 . 2 0 5 3  4 84 3 2 . 5060 
�6z . 4 b99 4 • 6819 4 8 8H . 97�9  

49 1 • b 5 9 � 1 3 . 68 00 8 8 , 1 408  
49 45 6 o 3 p9 4974 4 . 4  8 7  

2 6 5 , 4 8 4 7  50009 . 9 634 
2 4 4 . 9996 502 5 4 . 9630 
22 5 . 9 5 1 6 5048 0 , 9 1 4 7  
IR�: �U� �&�u: �9£a 
lb b .  3 !> 7� 4 5 . 8 1 2  5f 04 0 , 7 2 B9 

5 1 8 6 . 5 4 1 7. 
1 2 4 . 5 6 1 6 5 1 3 1 1 . 1 0 3 3  
1 0 3 . 8 9 4 6  5 1 H 4 o 9 9 80 

8 4 . 0926  5 1 4 9 9 , 0 9 0 5  
6 6 . 1 6ge 
5 0 . 2 9  9 

5f
5 6 5 · PP 5 6 1 5 .  4 2 l6 . 10 7� 

4 . 0 5 0  
�1 6 5� · 6&4 4  

1 6 7  . 7  50 H. 7 5 79 5 16 9 0 . 4 6 2 8  
6 . 8 3 69 516 9 7 . 2 99 8  

lt 8 6 5 0 ,  BC�--KAX GAS PRODUC E D  IN SC ENARIO 
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TABLE E-2 ( 8 ) f  

E C ONO M I C  S U M M A RY 

P RO F I T  I N D I C AT O R S  

D I SC O U NT E D  P R E S E N T  W O RTH A T  1 5 . 0  P C T .  ( KM S ) 
D C F R A T F O F  R E T U R N  ( P E R C E N T ) 
P A Y O � T  T I M E  ( Y E A R S ) 
P R O F I T  P E R  I N V E S T � E N l  ( $ / $ ) 
M A X .  U N P E C O V E k E D  l N V E S T M E � T  C M M S )  
N E T  C A S H  R E C CV E R Y A F T E �  T A X C M M $ ) 
E X P L OR A T I O N  E X P E N D I T U R E ( M M $ ) 
P R O D � C T ! O �  I N V F S T M E � T  ( M � $ 1 
T O T A L  ! � V E S T M E N T  C M M $ ) 
O P E R A T I N G E X P E N S E  ( M M$ ) 

5 6 0 9 . 3 29 8 0  
7 4 . 4 0  3· · 4 8 
4 . 6 6 9  

1 8 4 . 0 4 6 6  
9 3 3 2 1 . 8 8 2 6  

1 6 4 6 . 7 8 9 1  
1 8 4 4 5 . 1 6 4 1  
1 9 9 8 8 . 4 1 6 5  
1 1 4 5 3 . 4 9 5 4  
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t:r:l 6 
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"'" 1.0 

C A S E l o l l  SC ENAR I O  

Y E A R  O F  D E V E L OPME N T  

L O C A T I ON O F  P R OS P EC T S--

1601 1 52 
� 801 152  
101152  

Hops2 0 152 
2301152  

C A S E  

l U2H�� 
3 2 1

8
1152  4 2 2  1 1 52 

5 22C2152  
6 2301152 

S AN J U A N  DAKOTA 
VA� V E R D E  S O N O R A  C O  TON V A L L l Y  T R E ND 
E D W A R D� l f '1E 
E D W A R D  L M E  � �TRL 
V A L  V E R D E  OZ OfiiA 

5 . eo , l 5 .0 
s . oo, 1 5 .g 5 . co, 1 5 .  
� · go , l5 .g 

• o, l 5 .  
5 .oo, 1 5 . o  

L O C A T IO N  O F  PROS P E C T  

S A N  J U A N  D A K O TA 
II A L  V E R D E  S ONO R A 
C O TTON \l A L L E Y  T R E ND 
E D ioi A R O S  L I II E  S W  
E O � A R O S  L I II E  C N T RL 
V A L  V E R D E  O Z O N A  

5 . 00, 1 5 . 0  
5 . C0, 1 5 . 0 
5 . 00 . 1 5 . 0  
5 . tso,. 1 5 o 0  
5 .oo, 1 5  . o  5 oOO,. l 5 oO 

1 

1 
2 
i 
2 

TABLE E-2 ( 9 ) a  

Standard Scenari o a t  $5 . 00 and 1 5% 
Base and Advanced Technologi es--Southwest 

(Beh i nd the P i pe Recomp l eti on) 

1 10/09/80 20 YEAR DEVELOPMENT PROGRA" 

2 3 4 5 6 7 • 9 10 

2 3 5 5 ' 5 4 4 4 
� ' 1s " 4 " 1l 1� 1� 13 1 5  15 
3 i 1I li H lY H lY lS 5 
2 2 z 2 2 1 0 0 0 

TABLE E-2 ( 9 ) b  

SUIIHARY O F  W E L L  R E QU I R E ME NTS 

N O .  PROSP. 

4 7  
30  

!6� lfi 

------W I LD C AT W E L L S-----
P ROD . DRY TOT AL 

2 5  1 9  
162 8 6  
95  
12 

n 
1 �& 69 

6 

n 
iH 
164 1 8  

1 1  

3 
1� 
J 0 

. . . .  12 13 lit 1 5  1 6  17 18 19 20 

2 2 1 1 0 0 0 0 0 
1; lj 1j 1g 1� 1� 18 g 9 
I 5 3 l 2 l l 1 � .. z z 2 0 0 0 0 0 0 0 0 0 

'"'E succ ss --- D E V E L O PM E N T  W E L LS----uno P R OD . D R Y  T O T A L  

. 4� 

. 5  
1n� Ul lug 

. 59 175 8 439 2 19 7 
o 59 293 73 366 . 58 401 100 501 . .  , 195 48 243 

H 
2�8 
l�I 1 3  

T O T A L  
A L L  

W E L L S  

lU� 
21t70 
5 11 
665 261 



tij 
I 

Ul 
0 

P R O S P E C T  

1 SAN J UAN DAKOTA � lA� �E ReE SONDRA 0 T N A L L E Y TREND 
4 E D W A R D� L I M E  SW 
5 

t
OWAP C L I M

O 
C NT R L 

6 AL V E R D E  Z ON A  

Y E A R  

5 .oo, 1 5 . o  
5 . oo, 1 5 . o  
5 . 00, 15. 0 
5 . 00, 1 5 . 0  
5 . oo, 1 5 . 0 
5 . o o , 1 5 . o  

T O T A L  W E L L S  I N  EACH Y E A R  

1 
30 
3 3  
19 
9 

1� 
142 

TABLE E-2 ( 9 ) c  

ANNUA L D R I L L I NG S C HE DU L E  

z 3 4 5 6 7 8 9 10 11 1 Z l3 
60 90 1 5 1  1 5 1 1 5 1  1 51 120 1 20 120 90 60 60 
33 66 99 132 132 } '2 99 66 66 33 3 3 3 3 
49 69 98 128 1 4 8 48 168 1 6 8  1 68 168 168 148 
14  Zit 3 3  lt8 48 lt8 48 48 48 33 3 3 24 
27  lt4 60  60 60 60  60 6

8 
49 3

8 
3
a 

zs 40 40 40 40 40 20 0 0 

223  333  481  5 59 5 79 559 495 462 It 5 1  362 3 27  287  

TABLE E-2 ( 9 ) d  

I N V E S T M E N i  R E OU I � E M E NTS A N D  R E S E R V E  A D D I T IONS 

YE AR -·· I NV f S T M E N T C M I'I U  

1 90 . 2  
2 1 7 1 . 8  
3 Z t-. 2 , 3 
4 3 1 2 . 6  
5 lt 2 3 . 3  
6 1, 39 . 4  
7 4 3 2 . 7  
8 4 1 8 . 4  
9 406 . 2  

10  3 7 8 . 9  
1 1  3 1 3 . 2  
1 2  2 87 , 9 
1 3  - .. 

2 3 4 . 6  

H 1�6 , 1 
1 4 . 0  

l� p
7 . 5  

3 6 , 6  

u 11 2 . 5  
96 . 4  
8 3 , 5 

5 178 . 3  

G A� R E S EP V E f A O E D C BC F  

. 1 8 5 . 2  
... .. 

3 66 . :  
5 6 1 . 8  
7 94 . 5  
9 3 1 . 8  
975 . 1  
966 . �  96 7 ,  
9 5 0 . 0  
8 95 . 1  
7 5 2 . 2 
799 . 2  
5 4 . 6  
4 6 7 . 8  
4 5 0 .  
4 16 , 3  
3 54 . 8  
2 89 , 8 
2 46 , 5  
206 . 6  

T O T A L  
I NV E S T " E N T  

-· . . . 

C U"MU L A T I V E  
G A S  R E S E R V E S  

1 8 5 . � 
5 5 1 .  

1 1 1 3 . 3  
1 907 . 7  
2 [l 3 9 , 5  
3 8 1 4 . 6  
4 78 l . i 5 749.  
6 699 , 1  
7 5 94 . 1  
6 34t 6 . 4  
9C 5 5 , � 9630 ,  

iC098 o i  0 5 48 , 

1��6 4 . 4  
19 , 2  

p609 , �  1 85 5 .  
12062 . 1  

llt 15 16  17  1 8  19  20 
30 30 0 0 0 0 0 

1U lltg  
0 0 

9g 
0 

63 llt8 128 79 lit 1ft 9 It It It 0 
1b 1b 1b 

1
b 

1
6 

1
6 

1b 

236 203 168  143 1 1 3 94 80 



TABLE E-2 ( 9 ) e  

C A S H  F L O W  AND P R O D UC T I ON SUHHARY  
A N N U A L  � UHl!l . ANNU A L C U HUL . A N NUAL C A S H  F l O W  C A  H F L OW N G L  P R O O N  N G L  P RO ON G A S  P R O ON 

Y E A R  1 1'\HS I ( 11 M S  I I 111'18 I 1 1'11'1 8 1  C B C F I  ---------- ---------- ---------- ---------- ----------
1 -2 0 . 75 5 7  -2 0 . 7 � 5 7  o . oooo o . oooo 0 .

9
009 z -30 . 03Q1 -5 0 . 79 5 3  .O'l64 . 09 64 9 .  3 2  

3 -2 7 . 1>5 02 -7 8 . 44 5 5  . 290 1  • 38 6 5  2 8 . 3968 4 - 1 3 . 2092 -9 1 . 65 4 7  • 5 6 1 2  . 94 71 5 6 . 06 6 6  5 3 1 . 68 5 9  - 5 9 . 71>�8  . 9 3 7 4  1 . 68 5 1  9 3 . 6 8 69 6 1 0 0 . 6421  4 0 . 8 7 3 3  1 . 399& 3 . f 8 4 l  p6 . �6()9 1 1 8 1 . 0 l 'l 4  22-1 . 8927 1 . 900 5 .  8 4 1  7 8 .  2 1 6  8 2 6 3 . 4 P 1 7  4 8 5 . 3 744 2 . 3809  7 .  56 50 2 1 7 . 7084 9 3 4 6 . 40 14  6 3 1 . 7757 2 o b 8 1 Z  10 . 446 3  2 5 5 . 5 4 5 4  10 4 2 9 . 9292  1 26 1 . 7050 3 . 3 5 4 5  1 3 . 8007 2 9 1 . 0 4 1 1  H 5 1 6 . 7279 1 7 7 8 . 4 3 29 3 . 8038  1 7 . b046  3 2 1 . 82 06 5 8 2 . 1 1 90 2 3b 0 . 5 5 1 9  4 . 2046  2 1 . 8092  3 4 3 . 31 1 8  H 64 7 . 3t >S R 3 00 7 . 92�7 4 . 5 7 9 8  2 b o 3 R 90 36 � . 94 1() b9 b . 4920 3 70 4 .  4 1  6 4 . € 1>8 8  3 1 . 2 5 78 3 7  . 44 51 
15  72 4 . Z 4 43  442 8 . b 5 t 9  5 . 1266 3 6 . 38 44 3 7 b . 78 8 2  1b  74 8 . 8 797  5 1 7 7 . 5 3 66 5 . 3 6 3 7  4 1 . 74 8 1  3 6 1 . 16 20 1 7  766 . 3048  594 5 . 8 4H 5 . 5 6 3 5  4 7 . 3 3 1 6  3 6 3 . 916 5  18 1a � . o5 g1 6 72 � . 8 9�� � . 73 8� 5 � . 07

8
2 U i : ZbH 1 Q  7 8  . 96 z 7 5 1  . R 5  . 8 1 0  5 . as  4 

20  78 5 . 8 76 2  6 29 6 . 731\6  5 . 8 2 9 5  6 4 . 70 99 376 . 0625 2 1  796 . 9726  909 5 . 7092 5 . 62 1 9  7 0 . 5 3 1 6  373 . 0073 
22 77b . 1963  9 87 1 . 9 055 5 . 62 3 0  7 6 . 1 5 4 8  3 5 6 . 7 8 16 2 3  7 5 3 . 4 3 1 4  10b2 5 . 33t:9  5 . 4 3 b6  6 1 . 5Q 1 4  3 4 5 . 8662 24 72 8 . A 2 02 1 1 35 4 . 1 5 71 5 . 2 5 5 1  8 6 . 8 46 5  3 3 3 .  760b �� 704 . 7726  1 2v 5 8 . 9Z'l7 5 . Ci6CO 9 1 . 92 b 5  F f · 4 2 16 6 8 1 . 3 790 1 2 74 0 . 3C87  4 . 9 106 9 6 . 6 3 72 1 . b 4 90 H 6 5 8 . 6 3 60 1 3 3<1 8 . 9467 4 . 7 474  1 0 1 . 5 8 4 6  � 0 1 . 40 b8 6 3 b . 4 3 3 9  1 1t 03 5 . 3 806 4 . 5 9 3 3  1 0 6 . 177Q  91 . 7603 

l:t:l 29 6 1 5 . 2 2 3 2  1 4 b5 0 . b038  4 . 4 5 2 1  1 1 0 . 6Z Q9 Z 8 Z .  7104 30 5 9 4 . 9b09 1 5 24 5 . 5647 4 .  3 2  4 2  1 1 4 . 9 5 41 Z 7 1t . �4 30 
I 3 1  5 7 5 . 3942  1 5 8 2 0 . 9589  4 .  20 76  1 1 9 . 16 17 26 5 .  065 lJl H 5 5 t> . 3 A 0 3  1 b 31 1 .  35Q2  4 . 09 85  12 3 . 2b 00 p7 . 78 29 

I-' 5 3 7 . 3 b €9  1b91 4 . 7  f 1  3 . 99 1  1 2 7 . 2 5 1 1 4 9 . 50 1 5  
�� 

5 1 7 . 5 3 74 1 7 43 2 . 2 4 54  3 .
F

9 3  
p� . 1 3 2

4 
B�: lH� 4'l 5 . 'l4 5 A  1 7 92 8 . 1 Ql 2  3 .  5 4 3  3 . a 8  a 

36 4 7 Z . 04b6  1 8 40 0 . 2 316  3 o b 1 1 9  1 38 . 49 b7 2 2 0 . 3 5 4 3  3 7  44b . 2 'l9 1  1 8 84 b . 5 37
8 

3 . 4 5 2 Q  1 4 1 . 94 9 b  2 0 8  · Fez 38 4 1 R . 9 1 3 0  1 9 26 5 . 4 5 (1  3 . 2 7 8 1  1 4 5 . 22 77 19b . 1 33 
39 3«g . 9004 1 9b 5 6 .  3 504 �. o'l89 1 4 8 . 31 8 6  f 8 3 . 4 4 ZO 40 3b . 3 474  2001 Q . 6Q7 8  . 1' '1  1 1 5 1 . 7. 1 77 70 . 6 1 26 41  3 31> . 4 294  2 0 3 5 6 . 1272  2 . 705 3 1 5 3 . 92 29 1 5 8 . 4902 42 3 1 0 . 7057  201>6 6 . !1 329 2 . 5 12 8  156 . 43 5 7  146 . 7 3 16  43  2 t! b . 5 1> 2 3  2 C Q5 3 .  3 'l � Z  2 . 32 4 7  1 5 !1 .  71>04 1 3 5 . 7206 " "  2 6 4 . 20 E l 2 1 21 7 . 1>034  2 . �4 3 1  160 . 90 3 5  12 5 . 5 5 3b 4 5  2 4 3 . 3 1 7 5  2 1 41.>0.  92C9 1 ·  b83  b 2 .  � 7-1 8 l l 6 . 0705 
46 2 2 4 . 5 1 94 2 1 61\ 5 . 4 403 1 . 8 0 4 4  16 4 . 1> 7b2 1 0 7 . 5 5 ZQ 47 2 0 7 . 5 2 08 2 l t9 2 . 9 1: 1 2  1 . 6 5 1 6  166 . 32 8 0  9 9 . 8 699  46  1 Q l . 9020 2 208 4 .  8631  1 . 50 0 5  l6 7 . 63 b 5  9 2 . 8 2 5 8  49  1 7 7 . 3 2 3 1  2 2 2 b 2 .  H t- 3  1 . 3 7 26  b9 . Z0 9 1  8 b . 2 5 29 50 1 6 4 . 0 8 5 5  2 2 42 1> . 2 718  1 . 2 4 R 8  1 7 0 . 4 5 79 8 0 . 2703  H P

9 · 46�6 Z Z 5 7 b . 7394 i : b �� �  p�· 5 a n  
B· 9�

QZ  3 . l fl 1 2 2 71 3 .  Q245  7 • b099 • 6 56 
53 1 2 3 . 6 9 2 4  2 2 8 3 7 . R lt-8  . 9 2 H  p3 . 5 3 3

6 
6 1 . 2Q7.4 54 1 10 . lt U 0 2  2 2 94 e .  6'171 o b 3 !> 7  7 4 . 31>9  5 4 . 89 52 55  9 6 . 2 6 46  2 3 04 b . 98 1 7  . 75 b 5  1 7 5 . 12 55 4 8 . 5Q76 5b 8 6 . 4 5 30  2 3 1 3 3 . 4 347  . 6 8 2 7  p5 . a�s� H · b 4 8+ 57  7 5 . 3 4 68 2 3 20 � .  71iB . 1> 1 3 2  7b . 4  1 . 069  58 M .  7 f 2 4  Z � 27 � · 4H9 o 5 44 � p� ·9b 5 6  3t . nu 5 9  ') 4 . 7  72  2 32 • 2 1 . 479 1 . 4 4 4 7  z . 8 1  

6 0  4 5 . 4 3 2 6  Z 3 37 3 . b4 37  . 41 5 3  1 7 7 . 85 99 2 2 . 2 152  61 37.  79 31o  2 3 4 1 1 . 4 371 . 3 � 74 1 7 8 . 21 73 1 8 . 45 1 9  b Z  3 0 . 5 406 2 3 4 4 1 . Q777 • 300 5 1 78 . 5 1 78 1 4 . 8 78Q t-3 
i
4 . 676

i n��� : H�Z . 2 5 }0  p a . �b �a 1
� :��gg 64 9 .  720 . zo 1 7 8 .  7 6 6!> 1 5 . 1 3 6 3  2 3 50 1 . 5 10 3  . 1 5 7 7  179 . 1 2 9 2  7 . 3 3 1 3  b 6  1 0 . 8 1 1 8  2 3 !i1 7. . 32?0  . 1 1 30 1 7 9 . 2 4 2 3  5 . 2 368  6 7  7 . 2 1 6 3  2 3 51 9 . 5403  . 07 4 5  1 7 9 . 3 1 67 3 . 4980 �3 4 o� 40i z Hn . 8 �g7 

• 8
4 4

� H�· 1�H 2 :���6 1. 36 2 3 52 5 . 8 1  8 • 20 

� UH U L . 
G A  P R O O N  

C B C F I 
----------

S: 9g�9 
3 8 . 1295  
9 4 . 2 1 8 3  

1 8 6 . 1072  
3 2 4 . 394�  
50 2 . 6 1 5  
720 . 3 2 4 3  
9 7 � . 8697  

1 26 6 . 9108  
1 5 88 . 73 �4 
1 93 2 . 0 4  3 
2 2 9 3 . 98 49 
2 6 1>6 . 4 30 1  
3 0 4 3 . 2 1 8 2  
3 4 2 't . 4002  
3 606 . 3 1 6 7  
4
3
92 . 2

HY 4 7 3 . 8 
4 9 5 1 . 8 956  
5 3 2 4 . 9029  
566 3 . 66 4 8  
602 9 . 5 509 
6 3 6 3 .  3 l l 5  
668 5 .  73H 6Q97 . 3 8 
7 2 9 8 . 7 8 8 9  
7 5 90 . 5 4 92 
7 8 7 3 . 2 5 96  
8 14 7 . 4026  
8 4 1 3 . 3091  
8 b7 1 . C920 
8 9 20 . 5 9 35 
9!6� . 3 46� 9 9 • 469 
9 b 1Z . 8 2 4Z 
9 8 2 1 . 5024  

1 001 7 . 71 57 
r8�9i : Hn 
1C 5 30 o 4b05  
10677 . 1 9 2 1  
1 0 8 1 2 . 9 1 2 7  
l 09 3 8 . 4 bb� l 0 5 4 . 5 3 b  
1 1 1 6 2 . (1897  
1 12 6 1 . 9�96  
1 1 3 5 4 . 70 5 4  
l l 4 H . 03 8 3  
1 1 5 2 1 . 30 8 6  
1 1 5 95 . 2 4 78 
l b62 . 9 2 3 4  p 7�4 . 2 1 5 8  
1 7  '1 . 1 1 1 0  

1 1 8 2 7 . 7086 
H �l9 : � ��� 
H�i�: ���9 
1 1 9 8 8 . 2 3 50 
12006 . 6 8 6 8  
1 202 1 . 5 6 5 7  
H8H: HB 
1 2 0 5 0 . 4 4 2 8  
1 20 5 5 . 6 796 
1 20 5 9 . 1 7 76 
H8��:nH 

A N N U A L  
G A S  P R O O N  
C BC F  E Q I I  

----------
1 8 : ���� 
30 . 079 3  
5 9 . 3 4 40  
9 9 . 3 2 5 6  

l
4 4 . 4o

tg 6 9 . 2 4  
2 3 1 . 5 1 77 
2 72 . 25 66  
3 1 0 . 4 97 1  
3 4 � . 8 8 � 8 
3 6  • 1>9 6 
3 8 8 . 5g 47 
40 .b 39 
4 0 6 . 5 2 2 5  
't l 2 . Z91 5 
4 1 6 . 3009 
�H: �zr2 
4b 1 . 8 1 3 6  
4 6 .  7 7 4 2  
3 9 1 . 3 Q 5 3  
3 7 7 . 3 Q 8 4  
3 b 4 . 2 401  
� 5 h o 8 8 5 8  
4 . 1 3 07  

3 2 8 . Q4 1 8  
3 1 8 . 40 1 4  
3 0 8 . 5 3 2 4  
2 9 9 .  22  3 3  
290 . 3 107 
zp . 5s 3g  
Z Z . b49 
� � � : �gH 
2 4 1 . 3036 
2 2 0 . 70 5 2  
2 1 5 . 2 2 b0  
fg+ : ��H 
1 14 . 1607 
1 6 1 . 30 5 8  
1 4 9 . 20 3b  
p 7 . 9 8 3 8  
2 7 . 4 6 b4 

pa . ot 8 5  
O 'l . 4 50 5  

1 0 1 . 5 7 5 0  
9 4 . 2 1 3 7  
8 7 . �1 3 5  
8 g . 4 9 1 8  
7 • 60 4 7 
6 b . h47Q 
5 9 . 74 2 2  
5 2 . 9 8 5 4  
lo h . 6� 77 
lt0 . 6 6 5 
� 4 . 929� 
9 . 598  

2 4 . 62 38 
fg o 5 2 4 6  

. 62 1 9  
i8: H8$ 
8 . 2 4 5 9  
5 . 89 2 2  
3 . 93 0 1  
f:aH� 

� U I'I U L . 
G A  P R O ON 
C B C F  E Q I I  

----------
1 8 : ���� 
4 0 . 3 7 12 
9 9 . 7 1 5 2  

199 . 04 09 
�4� . 44 �9 
3 . 68 1 

76 4 . 20 1 4  
1036 . 4 5 80 
1 3 4 6 . 9 5 5 1  
!69g . 8 379  
0 5  . 5 3 6 5  

� 44 7 . 9" H 8 4 7 .  2 
3 2 5 4 . 2 4 75 
3 b66 . 5 3 90 
4 0 8 2 . 6 3 99 
4�og . o 3�9 
4 1 • 3 3  4 
5
FI·

2 1
H 5 3 • 98  

6 1 2 5 . 3 8 2 6  
6 5 0 2 . 7 8 1 0  
6 8 b 7 . 0 2 1 1  
7 p 6 . 9g69 
7 5 9 . 0  76 
7 6 8 7  • . 9794 
8 20 b . 3 80 7  
6 5 1 4 . 9 1 3 1  
8 6 � 4 . 1 364  
9 1  4 . 4 4 7 1  
9 3 5 � . goo1 
9b5 • 496  

1Z�H: �8E 
10 4 1 6 . 10 50  
106 4 4 . 8 1 0 2  
10660 . 0 3 b 2  
H�� � : 3g��  
1 1 42 3 . 2 1 36 
1 1 5 8 4 . 5 1 9 4  
1 1 7 3 3 . 7 230  H�H: lSH 
12 p 7 .  2 1 1 7  
1 2  2 b . b b Z 2  
1 2 32 6 . 2 3 72  
12 4 2 2 . 4 50Q 
12 509 . 9b 4 5  
F s9

2
. 4 5

n 2b b  . O b  
12 730 . 70b9 
12 790 . 4 5 1 1  
12 6 4 3 . 4 3 b 5  
H B90 . 0442  

9 3 0 . 6 70 7  
H�$� : �8g; 
1 3019 . 8 2�6 
po4o . H  b 
30 51> . 969 

B8J� : tU� 
13089 . 3924  
130 'l 5 . Z 8 4 b  
1 3099 . 2 1 4 7  
Bt8!: &Ui 

12062.  8C F--ftAX GAS PRODUCE D  I N  SCENARIO 
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TABLE E - 2 ( 9 ) f  

E C O N O M I C  S U M M A R Y  

P RO F I T  I N D I C A T O R S  

D I S C O U N T E D  P R E S t N T  � O R l H A T  1 5 . 0  P C T o C KKS ) 
OC F R A T E  OF R E T U R N  ! P E R C E N T ) 
P A Y O �T T l � E  ( Y E A R S )  P R OF I T  P E R  I N V E S T M E N T  I S / $ )  
M A X .  U N R E C O V E F E O  I NV E S T M E � T  C M K S ) 
N E T C A S H  R �C G V E R Y A F T E R T A X  �K M S )  E X P L C R A T I O N  E X P E ND I T U R E  C M M $ ) 
P R O D �C T I O N I N � E S T � E N T  C M H S ) 
T O T A L  I N V E S T M E N T C MM S ) 
O P E R AT I N G  E X P E N S E  C K M S ) 

1 5 5 1 . 2 5 2 6 0  
6 4 . 3 0  

4 . 5 9 
4 . 5 4 3  

9 1 . 6 5 4 7  
2 3 5 2  5 • B·1 b 8  

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



t:r:l I 
U1 
w 

1 - - 2 
3 4 
5 
6 
7 8 
9 

TABLE E - 3 ( l ) a 

Standard Scenari o at $3 . 50 and 1 5% 
Base and Advanced Techno l ogi es --Northern Great P l a i n s/Wi l l i s ton 

Y E A R O F  D E V E L O P M E N T  1 2 3 It 5 6 7 

L O C A T I ON O F  ? R O S P E C T S --

1 2 0 1 1 4 2  N G P  w i l l  M O W R Y 1 5 . 0 , 3 . 5 0 0 0 0 0 0 0 0 
1 2 0 2 1 4 2  N G t ' ,  M J '.< R Y  + G f< N H O R N  1 5 . 0 , 3 . 5 0 0 - 0 0 - ·- 2 - 2 3 2 
1 2 0 3 1 4 2  N G P , M � � K Y  + C A � L I L E 1 5 . 0 , 3 . 5 0 0 0 1 1 2 5 4 
1 2 0 4 1 4 2  N G P , M u w R Y  + G , C A R L E  1 5 , 0 , 3 , !:> 0 1 1 2 3 5 J. O  8 
1 2 0 5 1 4 2  N G ? , M R Y  6 R N rlN , C , E G L E  1 5 . 0 , 3 . 5 0  5 1 0  1 2  1 5  1 5  1 3  1 0  

2 0  Y E A R O E V E L O P � E N T  P R O G R A M  

8 9 1 0  1 1  1 2  

0 0 0 0 0 
1 0 0 0 0 
2 0 0 0 0 
5 0 0 0 0 
8 0 o · 0 0 

l 3  lit 

0 0 · o 0 
0 0 
0 0 
0 0 

· - - - -- - - -- -- -

1 5  1 b  1 7  

0 0 0 
- - 0 -- 0 ·-- 0 

0 0 0 
0 0 0 
0 0 0 

1 8  

0 o -
0 
0 
0 

1 2 0 6 1 4 2  N GP , M � Y , G R H N , E A G L E  1 5 . o , 3 . s o - --· o -- · <J ___ o -· z -- 3 5 ' ·· - 3 0 0 - o o - - o --·--- o ·-·-- o --· o - · - o - o 
1 � 0 7 1 4 2  N G P , M J � R Y  + J U D I T H  1 5 . 0 . 3 . � 0 0 0 0 l 1 1 1 1 0 0 0 0 0 0 0 0 0 0 
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1 0 0 Q , 2 4 1 5  
1 3 7 7 . 8 1 1 2  
1 1l O I> , 'l 5 1 4  
2 ?. 9 8 . 1 4 3 6 
::> S 5 4 . 1 9 7 3  
3 4 7 5 , 1 J. 3 6  
4 1 6 0 . 4 3 4 3  
� 9 o 6 . 0 o 4 6 
5 7 0 9 , 5 8 0 6  
� 5 6 9 .  5 1 1 4  7 �8 3 ,  7 9 2 0  
8 4 2 8 . 7 4 7 6  
9 H 8 . 8 9 7 0 

1 ) 2 9 4 , 8 2 3 3  
1 1 1 !> 6 , 0  7 b 4  
1 1 '1 '1 1> . 8  4 6 3  
1 ? 7 9 4 , 3 2 4 6  
1 3 5 6 (' , 8 5 3 7  
H 3 0 5 , 3 3 6 l  
1 5 0 2 4 . 0 3 4 9  
1 � 7 2 1 . 0 0 9 4  
B 3 9 7 , 9 3 3 'l 
1 7 0 5 <; , 9 5 2 0  
1 7 '> 9 5 . 3 7 1 3  l � 3 1 5 . 7 7 v 3  

9 9 1 5 . 9 8 9 6  
\ 1 49 4 . 1 5 4 5  
2 ') 0 4 7 , 6 9 0 9  
?. 0 5 7 3 , 8 3 4 &  
?. 1 0 6 'l . 8 7 7 0  
2 1 5 3 3 . 6 7 0 3  
2 1 'l 6 3 . 6 0 b 5 
2 � 3 5 8 . 4 7 2 5  
2 � 7 l h . 9 8 C. 4  
2 3 0 3 8 . 1 0 8 2  
2 3 3 2 1 . 5 9 8 5  
2 3 5 A ,C, , 8 2 2 � 
n 7 7 4 , o 6 c  
2 1 9 4 4 , 3 9 9 0  
2 4 0 7 9 , ? 3 7 4 
2 4 1 8 2 . 6 7 5 5  
? 4 2 5 6 . 1 5 6 8  
2 4 3 0 4 , 7 3 6 1  
2 4 3 3 4 . 1 7 3 9  
2 4 1 5 1 . 1 9 8 4  
? 4 3 6 0 . 6 3 6 7  
2 4 3 6 7 . 8 0 ? 2  
2 4 � 7 3 , 9 0 c 4  
2 4 37 Q , ? 1 4 1  
2 � 3 6 3 . 9 0 2 7  
?. 4 3 8 7 . 9 1 8 6 
2 � 3 9 1 . 4 2 0 0  
2 4 3 9 <t . 3 o 5 1  
?. 4 3 9 6 . 8 2 2 1  
2 4 3 9 8 . 6 4 9 9  
2 4 3 9 9 . 8 6 8 4 
2 4 4 0 0 . 4 7 7 6 

- - z 4 4 o o··-·s c F"--r ux -GAS · PRODUCED 11'1 S : E N lR I O  ----



TABLE E - 3 ( l ) f 

E C O N U M 1 C  S U M M A R Y  

P R O f i T  I N D I C A T O R S  

D I S C O U N T E D  P R E S E N T  W O R T H  A f 1 5 . 0  P C T .  l M M $ )  6 1 2 . 6 42 1 1  
D C F R A T E  O F  k t T U R N  ( P E R C t N  ) 3 1 . 1 0 
P A Y O u T  T I M E  ( Y c A � S l 1 2 . 5 1 
P � O F l T  P E R  I NV E S T M E N T ( $ / $ )  · · - -- -- - -- - -- - 3 . 2 2 3  _ _ __ ___ _ _ 

M A X .  U N R E C O V E R E D  I N V E S T M E N T  ! M M $ )  3 0 4 . 9 0 8 7  
N E T  C A S H k cC OV E K Y  A F T E R  T A X  M M $ ) 2 7 5 9 2 , 0 1 4 0  
E X P L O R A T I O N  E X P E � D I T U R E  ( M M $ )  3 3 7 4 . 7 1 0 3  

- P R u D U C T l ON l N V E � T M E N T l M M i l  --- -- · · - ----------- 5 4 2 2 . 5 4 2 C. . - - - -- -· 

T O T A L  I N V E S T M E N T  ( M M $ ) 8 5 6 1 . 20 6 7  O P E R A T I N G  E X P E N S E  l MM $ ) 7 6 0 4 . 09 9 3  

E - 5 8 



l:lj 
I 

U1 \.0 

1 
2 
3 
4 
5 
b 
1 
6 
9 

I 1 0 -
1 1  
1 2  

' 1 3  , _ _ 1 4  
1 5  1 b  1 7  

:- 1 8  I 1 9 I 2 0  
' 2 1  
' - - 2 2  

2 3  
2. 4  
2 5  

I �� 
2 5  
2 9  
3 0  
3 1  
3 2  
3 3  3'. 
3 ;  
3o 
37 
38 
39 
40 ltl 

,-- - 4 2  
4 3  
't4 
4 5  

- - 4 b  
4 7  
4 &  

TABLE E-4 ( l ) a 

Standard Scenari o  at $ 3 . 50 and 1 5% 
Base and Advanced Techno l ogi es--Rocky Mounta i ns 

2 0  Y E A R  D E V E L O P M E N T  P R O G R A M  

Y e A R  O F  D E V E L J P M c N T  

L O C A T I ON O F  ? R U S P E C T S - -

1 2 3 4 5 6 7 6 9 1 0  1 1 1 2  13 1 4  1 5  1 b  1 7  1 8  1 9  20  

0 5 0 2 1 4 2  
O d 0 ! 1 4 2  
0 8 0 2 1 4 2  
0 6 0 3 1 4 2  
O ll 0 4 1 4 2  
O d 0 5 1 4 2  
O d v o 1 4 2 
0 6 0 7 1 4 2 
0 6 1 1 1 4 2 
J H 2 1 4 2  
0 � 1 3 1 4 2  
0 3 1 4 1 4 2  
O d 1 5 1 4 2  
0 6 1 6 1 4 2  
0 8 2 1 1 4 2  
O o 2 3 1 4 2  
C o 2 4 1 42 0 8 2 6 1 4 2  
0 8 2 7 1 4 2  
0 8 3 1 1 4 2  
O d 3 2 1 4 2  
O d 3 3 1 4 2  
J S 3 4 1 4 2  
0 !1 3 5 1 4 2  
O d <o ll. 4 2  
O H 2 1 4 2  
\l d 4 3 1 4 2 
0 8 5 1 1 4 2  
1 0 0 1 l 't 2  
1 0 0 2 1 4 2  
1 0 0 3 1 4 2 
1 00 4 H Z  
1 J 0 5 1 4 2  
1 J 0 6 1 4 2  
D 0 7 1 4 2  
l 1 0 ll. 4 2 
1 1 0 4 1 4 2  
1 1 C b 1 4 2  
1 1 0 7 1 4 2  
1 3 0 1 1 4 2 
1 3 0 2 1 4 2  
1 3 0 3 1 4 2  
1 3 0 4 1 4 2  
1 3 0 5 1 4 2  
l 3 C b 1 4 2 
l 3 0 7 l 't 2  
2 0 0 1 1 4 2  
0 5 0 2 2 <t 2  

D E N V E � , B 1 5 , 0 , 3 . 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
G G �  L o N 1 A L M G N D  A 1 5 . 0 , 3 , 5 0 1 · l - 1 1 1 1 1 0 0 0 0 0 0 
G G R , L c W  1 ,  E , R , S , d  1 5 . 0 , 3 , 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
G GR , L t W  1 ,  F T . UN i O N 1 5 . 0 , 3 . 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
G G R  L � N 1 A L  A + A L  8 1 5 . 0 , 3 , ; 0 5 5 5 5 5 5 5 3 2 2 1 0 J 
G GR L < N 1 A L  A + E , R , B 1 5 . 0 , 3 , 5 0 · 3 2 - 3 - - 2 3 · 1 0  --- 9 1 5 3 1 0 0 
G G R  L • N  1 A L  � + c , R , B  1 5 . 0 , 3 . 5 0 5 5 5 5 5 1 0  9 7 5 3 2 0 0 
G GR L � N  1 L A N C � + L E W S 1 5 . 0 , 3 . 5 0 5 5 5 5 5 1 0  9 1 5 3 1 0 0 
G GR , S I W S H ,  L E  7 0 0 0  1 5 . 0 , 3 , 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
G GR , S I W � H , L E  9 0 0 0 - 1 5 , 0 . 3 , !1 0 - -- 0 - - o - -- o -- o - 0 -- 0 - 0 0 - -- 0 - 0 0 0 0 
G GR , S i w S H ,  M V  9 0 0 0  1 5 . 0 , 3 , 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
G GR , S / W S H ,  MV 1 1 0 0 0 1 5 . 0 , 3 . 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
G GR , � I w S H , L 7C u O M 'f 0 0 0  1 5 . 0 . 3 . 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
G GR , S I Ii !> I� , M 9 0 t O , l l 0 0 0 1 � . 0 , � . � 0 o --- G -- 0 - - 0 - - o C 0 0 0 -- 0 - 0 0 0 
G GR L W N 2 + 3 ,  A L M O  A 1 5 . 0 , 3 . 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
G � R , L o w 2 + 3 E , K / S , B  1 } , 0 , 3 , 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
G G K , L c W 2 + 3 F T  UN 1 5 , 0 , 3 . 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
G G R L W N  2 + 3 A L B + E , R , B  1 5 . 0 , 3 . !1 (,  --- o ---- o - -- o - - o --- - o - - 0 0 ---- o -- 4 - - -z - 1 0 0 
G GR L � � 2 + 3 L N C E + L E W S  1 5 . 0 , 3 . 5 0 0 0 0 0 0 0 0 3 4 3 1 0 0 
G Gk W A ; H A � 1  A L MO N D  1 5 . 0 , 3 . 5 0  0 0 0 0 0 0 0 0 0 0 0 0 0 b GR , W Al K i E  L A N + L E W 1 5 . 0 , 3 . 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
G G K , ·� A S  t \l  t L , M , V -- 15 , 0 . 3  , 5 0  0 --- 0 -- - 0 - -- - 0 - 0 -- - 0 -- 0 0 0 0 0 - 0 0 
G G R � A � H A � l  L A , L E + A L  1 5 , 0 , 3 . 5 0 3 5 7 5 1 0  1 0  9 7 5 3 0 0 0 G GK , w A 3 K 1 E  A L + L M V 1 5 , 0 , 3 , 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
G C,k , E / 2 , L 4 � . V E R D E  1 5 . 0 , 3 , 5 0 0 0 C 0 0 0 0 0 0 0 0 0 0 G GK , E / 2 L 4 F T / U N l u N  1 � . 0 , 3 , 50 1 · - - 1 ! 1 -- 1 - 5 :i 3 - - 3 2 1 --- 0 0 
G G K , E 1 2 , L 4 F / U  +� . V 1 5 . Q , 3 , 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
G G K , B , L � , � I 2 L 4 , F T I U N  1 5 . 0 , 3 . 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 U I N l A ,  W A S A T C H 1 5 , J , 3 . 5 0  3 It b 8 6 B 7 b 4 2 0 0 0 
li  I tl T A ,  B A K R E N  - 1 5  , 0 d ,  5 0  ----- 3 - - 4 -- 7 - 1 0  -- 1 0 - 1 0  9 7 -- - -- 5 ' --- 3 -- - 0 - 0 0 
U l k T A , C O A L Y  1 5 , J, 3 . � 0  0 0 0 0 0 0 0 0 0 0 0 0 0 
U I N T A ,  C A S T L E G A T E  15 . 0 , 3 . 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
U / N l A ,  C O A L i + C T L E G A T  1 5 . 0 , 3 . 5 0 0 0 0 0 0 v 0 0 0 0 0 0 0 
U I Ill f A , W A S T  H + C C A L Y  1 5 , () , 3 , 50 - - .  3 --- - 5 -- - 1 - - 9 1 -- -- 5 - 3 . - ·- 1 - 0 - 0 0 - 0 0 U I N T A ,  � A S T H + � h k R E N  1 5 . 0 , 3 . � 0 5 ts 1 2 1 4  1 <t  1 3  1 0  7 4 1 0 0 0 
W I N v R I V E R ,  L F I UN I U N  l j , Q , 3 , 5 0 1 0  ! 2  2 0  25 2 5  19 1 8  1 4  1 0  b 2 0 0 
w . R l v t �  , M . V . 1 5 0 0 0  1 5 . 0 , 3 . 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
w i K  • L � 1 4 0 0 0 + M V 1 5 0 0 0  1 � . 0 , 3 , 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
w / R I V , F R N T K  + M U � O Y  1 5 . 0 , 3 . 5 0 3 3 5 b 5 4 3 2 0 0 0 0 0 
P I C t A N C E , C O R  C u Z E T  1 5 , 0 , 3 . � 0 2 2 2 2 2 1 1 0 0 0 0 0 0 
P l C E A ; � C t ,  F T  Ul'i l O N 1 5 . 0 , 3 , 5 0 2 2 2 2 2 1 1 0 0 0 0 0 0 
P I C E A NC e .  r-. v  8 ooo - - 1 s . o . 3 . 5 o -- -- 2 -- 2 --- - 2--- 2 ----2 - -1 - -- 1 -· - - o ·-- -o - -- o -- - o - o - - o 
P I C E A N C E , C U R C O Z + M , V  1 5 . 0 , 3 . 5 0 2 2 2 2 2 1 1 0 0 0 0 0 0 
P I C E A N C E ,  F / U N  +M I V  1 5 . 0 , 3 . 5 0  2 2 2 2 2 1 1 0 0 0 0 0 0 
P I C E A � C E ,  F / UN , C R C Z T  1 5 . 0, 3 . 50 2 2 2 2 2 1 1 0 0 0 0 0 0 

-- P I C E  A.�C E ,  L / C  K T + J U R A·--1 5 , Q, 3 . 5 0  - - --2:--- -2 - -2: -2 -2--- -1 -- - -�-- --- o --o - ---
0 

-- - o 
- 0 - - - - 0 

D E N V E R M U D D Y  J 15 . 0, 3 . 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
O EN V E � , B 1 5 . 0, 3 . 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

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

8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
o · 
0 
0 
0 
0 
0 
0 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 8 
0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 - -
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 - 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 - - 0 0 
0 0 0 
0 0 0 
0 0 0 

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

· o o 
0 0 
0 0 
0 0 
0 - - 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

8 8 
0 0 
0 0 

- 0 - - 0 

g--· g - g ---

0 0 
0 0 
0 0 
0 - - 0 
0 0 
0 0 0 0 0 

0 I) 
0 0 
0 
0 
0 
0 0 0 
0 
0 0 0 0 0 
0 0 
0 
I) 
0 0 0 
0 
0 
0 0 0 0 0 
0 0 
0 

g 0 0 0 0 0 
0 0 -0 0 
,. - - 6 0 0 

0 1 
0 0 4 3  48  

b 1  
b O  

0 
0 0 
0 
0 
0 
0 
0 
0 1 l l  
0 
0 
0 

b 4  
0 
0 

2 4  
0 
0 

5 b  
b8 0 

0 J 4 0  
8 8  

lb l 
0 
0 3 1  1 2  

1 2  1 2  12  1 2  1 2  
- - " 1 2  

0 
0 



TABLE E-4( 1 ) b 

49 0 6 0 1 2 4 2  G GR L c � I N I  A L M ON D A 1 5 . 0 , 3 . 5 0 0 0 0 0 0 0 0 i 1 1 1 1 1 1 1 1 1 1 i i 1 3  
5 0  O o G 2 2 4 2  G G K , L o w  ! ,  E , R , S o B  ! 5 . 0 o 3 . 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
51 O d 0 3 2 4 £ G G R 1 L c W  1 ,  F T . U N I O N 1 5 . 0 , 3 . 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
52 O tl 0 4 2 4 2  G u R  L c w i � I  A L  A + A L  B 1 5 . 0 , 3 . 5 0  0 0 0 0 0 0 0 2 3 3 4 5 5 5 5 5 5 5 5 4 5 6  
5 3  O d 0 5 2 4 2  G G K L c w l N l A L A + E , K , B  1 5 , J , j , 5 0 0 0 0 0 0 0 1 3 5 7 9 1 5  1 5  1 5  1 �  1 5  1 5  1 5  1 5  1 4  1 5 9  
� 4  0 6 0 6 2 4 2  G G K  L E W l N I A L  � + C , R , B  1 5 . 0 . 3 , 5 0 0 0 0 0 0 0 1 3 5 7 1 3  1 5  1 5  1 5  1 5  1 5  1 5  1 5  1 5  1 5  1 6 4  
5 �  U d u 7 2 4 2  G GR L t W ! N I L N C E + L E w S  1 5 . 0 , 3 , 5 0 0 0 0 0 0 0 1 3 5 7 9 1 0  1 0  1 0  1 0  1 0  1 0  1 0  1 0  1 0  1 1 5 
5o 0 8 1 1 2 4 2  G G K  S l w A S H  L E W S  7 0 0 0  1 5 , J , 3 , ; o 0 0 0 0 0 0 1 5 5 1 0  1 0 10 1 0  1 0  1 0  10 10 10 10 1 0  1 2 1  
5 7  O ij ! 2 2 4 2  G G M  S I � A S H L E w S 9 0 0 0  1 5 . 0 , 3 . 5 0 0 0 0 0 0 G 0 0 1 2 ' 5 5 5 5 5 5 5 5 5 5 3  
5 8  0 8 1 3 2 4 2  G G K , S i w � H , M V  4 0 0 0  1 5 . 0 , 3 . 5 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
59 G d l 4 2 4 2  G G R , � I W � H , MV 1 1 0 0 0  1 5 . 0 , 3 . � 0 0 0 0 0 0 ·o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
60 0 8 1 5 2 4 2  G G k  S l �  L t 7 0 0 0 + M V 9 0 0 0 1 5 . 0 , 3 . 5 0 0 0 0 0 0 0 0 0 1 1 4 5 5 5 5 5 5 5 5 5 5 1  
61 0 3 1 6 2 4 2  G G k , S i o � H o M 9 0 0 0 , 1 1 v 0 7 1 ' · 0 • 3 • 5 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
62 O d 2 1 2 4 2 G G k  L c w 2 + 3  A L M O  A l ; , Q , 3 , 5 0  0 0 0 0 0 0 0 0 2 2 5 1 0  1 0  1 0  1 0  10 1 0  1 0  10 1 0  9 9  
6 3  O ti 2 3 2 4 2  C GR , L c w 2 + 3 t i K I $ , �  1 ; . 0 , 3 , 5 0 0 v 0 0 U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 
64 0 8 2 4 2 4 2  G G R  L E w 2 + 3  F T  UN I O N  1 5 . 0 , 3 , 5 0  0 0 0 0 0 0 0 0 1 1 4 5 1 0  1 0  1 0  1 0  1 0  1 0  10 1 9 1  
6 5  O d 2 6 2 4 2  G G R  L t w 2 + 3 A L B + t , R , S  1 5 . 0 , 3 , 5 0 0 0 0 0 0 0 0 0 3 5 9 1 0  l O 1 0  1 0  1 0  1 0  1 0  1 0  1 0 1 0 7  
6 6  0 � 2 7 2 4 2  G G K  L t W 2 + 3 L N C t + L t W I S  1 5 . 0 , 3 , 5 0 0 0 0 0 · o 0 0 0 3 7 9 1 0  1 0  1 0  1 0  1 0  1 0  1 0  1 0  1 0  1 0 9  
6 7  O d 3 1 2 4 2 G G R  w A $ H A � A L M G N D  15 , 0 , 3 . 5 0 0 0 0 0 0 0 0 D 2 2 2 2 2 2 2 2 2 2 2 2 2 4 
68 0 � 3 2 2 4 2  G GK , k A S K l c  L A N + L E W  1 5 . 0 , 3 . 5 0  0 0 0 0 0 0 0 0 J 0 0 0 0 0 0 0 0 0 0 0 0 
69 O o 3 3 2 4 2  G G R , w � S K ! c  L . M . V  1 5 . 0 , 3 . 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
70 O d 3 4 2 4 2  G GN w � S H A K L N , L E + A L M D  1 5 , 0 o 3 . � 0 0 0 0 0 0 0 l 3 5 7 4 0 0 0 0 0 0 0 0 0 2 0  
7 1  0 9 3 5 2 4 2  G G R  W A S H AK A L M D + L M V D E  1 5 . 0 , 3 . � 0 0 0 0 0 U 0 0 0 0 0 3 7 1 0  1 0  1 0  1 0  1 0  1 0  1 0  1 0  9 0  
7 2  0 8 � 1 2 4 2 G G R , E I 2 , L 4 M . V t � � E  1 5 . 0 o 3 . 5 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
73 0 8 4 2 � 4 2  G GR t / 2 + L E A  F T  UN I O N  1 5 , 0 , 3 . � 0 0 0 0 0 0 0 0 2 2 3 9 1 0  0 1 0  1 0  1 0  1 0  1 0  1 0  1 0  9 6  
7 4  0 6 4 3 2 4 2  G GR , E / Z , L 4 F t u  + M . v  1 5 . 0 . 3 . 5 0 -- o -·· o -· - o ·- o o - · o - o -· o ··· o ·· o o o o o o o o o o o o 
75 0 8 � 1 2 4 2  G u k t B • L 5 , w i 2 L 4 , F T I U N  1 � . 0 , 3 , 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

� 76 1 0 0 1 2 4 2  U I N I A  • w A S A T C H  1 5 , 0 , 3 . 5 0 0 0 0 0 0 0 1 2 4 6 6 7 7 5 5 5 5 8 1 0  1 0  8 1  
77 1 0 0 2 2 4 2  U I N T A  , B A R R E N  1 5 . 0 , 3 , 5 0  0 0 0 0 0 0 1 3 5 7 5 5 5 5 5 5 5 5 5 5 6 6  I 7 8 1 0 0 3 2 4 2 U I N T A  , C 1j A L Y l 5  , 0 , 3 , � 0 0 --- 0 1 .. - 1 - 1 - - 2 - 2 .. 2 ·- 3 - .. 3 3 3 3 4 4 4 3 3 1 1 ·- 4 4 � 79 1 0 0 4 2 4 2  U I N T A  , C A S T L E G A T E t ; . o , 3 . 5 0 0 0 0 0 0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 0  

0 8 0  1 0 0 5 2 4 2  U / ld A  , C J A L Y + C T L E G T E  1 ; , 0 , 3 , 5 0 0 0 1 2 2 3 3 3 3 3 3 5 5 5 5 5 5 5 5 S 6 8  
8 1  1 J O b 2 4 2  U I N T A  , W A S l C H +  C O A L Y  1 5 . 0 , 3 , 5 0 0 0 0 1 · 3 5 7 9 1 0  1 0  1 0  1 0  1 0  1 0  1 0  1 0  1 0  7 5 3 1 3 0  
b 2 1 0 v 7 £  4 2 U I N T  A , li A S T C rl + B A R E N 1 5 • 0 ,  3 , 5 0 -· - 0 -- 0 - - 0 . . .. 0 --·· 0 . ·-·· 1 ···- 1 . -··· 4 .. 

7 1 0 9 7 7 7 7 7 7 7 7 7 - 9 5 
8 3  1 1 0 1 2 4 2  W l N O  R I V , L F I U N l O N  1 5 . v , 3 . 5 0 0 C 0 0 0 0 2 b 1 0  1 4  1 8  2 0  20 2 0  2 0  2 0  2 0  2 0  2 0  2 0  2 3 0 
6 4  1 1 0 4 2 4 2  � . R I V E R  , M , V , 1 5 0 0 0  1 5 . 0 o 3 , 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
65 1 1 0 6 2 4 2  W I R  , � A 1 4 0 0 0 + M V 1 � 0 0 0  1 5 . 0 , 3 , 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
66 1 1 0 7 2 4 2  w i R ! V , F K N T R  + M U O J Y  1 5 . 0 , 3 . 5 0 0 0 0 1 2 3 4 5 7 7 7 7 7 7 7 7 7 7 4 3 92 
87 1 3 v 1 2 4 2  Y ! C E A i C E ,  C J �  COZ 1 5 . 0 , 3 . 5 0 0 0 0 0 0 0 1 3 4 4 10 10 10 1 0  1 0  10 10 10 1 0  1 0  1 1 2 
8 6  1 3 0 2 2 4 2  P ! C t A � C f , F T  U N I J N  1 5 . 0 , 3 , 5 0 0 0 0 0 0 0 1 3 4 4 10 1 0  10 1 0  1 0  1 0  1 0  1 0  10 1 0  1 1 ?.  
8 9  1 3 G 3 2 4 2  P l C E A N C t ,  M . V  � 0 0 0  1 5 . 0 , 3 , 5 0 0 0 0 0 0 0 1 3 4 4 1 6  1 6  1 6  1 6  1 6  1 6  1 6  1 6  1 6  1 6  1 7 ?  
9 0  l 3 U 4 2 4 2  P 1 C E A � C E ,  C � C L T + M . V  1 5 . 0, 3 , 5 0 0 0 . 0 - 0 0 0 1 3 4 4 1 0  1 0  1 0  1 0  1 0  1 0  1 0  1 0  1 0  1 0  1 1 2  
9 1  1 3 0 5 2 4 2  P I C E A � C E , F L U N +  M . V  1 5 , 0 , 3 . 5 0 0 0 0 0 0 0 1 3 4 4 1 0  1 0  1 0  1 0  1 0  1 0  1 0  1 0  1 0  1 0  1 1 2 
92 1 3 C b 2 4 2  P I C E A N C E ,  F I UN + C R C Z T  1 5 . 0 , 3 , 5 0 0 0 0 0 0 0 1 3 4 4 4 4 4 4 4 4 4 4 4 4 5 2  
93 1 3 0 7 2 4 2  P I C � A � C E ,  L I C R E T + J U R  1 5 . 0 , 3 . � 0 0 0 0 0 0 0 1 3 4 4 1 0  1 0  1 0  1 0  1 0 · 1 0  1 0  1 0  1 0  1 0  1 1 2 
94 2 0 0 1 2 4 2  � E N V E �  M U D D Y  J 1 5 . 0 , 3 . � 0 0 · o 0 0 0 0 0 0 5 1 0 1 0  1 5  1 5  2 0  2 0  2 0 2 0  20 20 2 0  1 9 5  
9 5  2 4 2 2 1 4 2  � G k , L c N 2 + 3 ,  A L  B 1 5 , 0 , 3 , 5 0 0 � 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
96 2 4 2 5 1 � 2  u G R , L t N 2 + 3 , A L A + O  1 5 . 0 , 3 . � 0 0 l 1 2 2 3 3 2 1 0 0 0 0 0 0 0 0 0 0 0 1 5  
9 7  2 4 5 2 1 4 2 G G� , u . L � . � I 2 L 4 , L + M V  1 5 . 0 o 3 . ; 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D 
9 6  2 4 5 3 1 4 2  G GR , tl , L 5 , w / 2 L 4 ,  F K T R  1 5 , 0 , 3 , ; 0 -- 0 0 · ·-· 0 0 v 0 0 0 .. 0 0 0 0 D 0 0 0 0 0 0 0 0 
99 2 4 � 4 1 4 2  u G K , S , L 5 , W / 2 L 4 M V , L + F  1 5 . 0 , 3 . 5 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1 0 0 2 4 5 5 1 4 2  G G K , B o L 5 . � 1 2 L 4 F u , M V , L 1 5 , 0 , 3 . 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 1 2 � 0 2 1 � 2  � l N D  � .  L A N C t  9 0 0 0  1 5 . 0 , 3 , 5 0 0 0 0 0 0 1 1 3 3 2 l 0 0 0 0 0 0 0 0 0 1 1  
1 0 2 2 ;  0 3 1 4  2 W , k 1 V c K , L A N  1 4 0 0 U 1 !> , 0 . 3  , 5 0 . - 0 0 -- 0 0 - . 0 ·- 0 . . 0 -· 0 ···-· 0 0 0 0 0 0 0 0 0 0 0 0 - -- 0 
1 0 3  2 5 0 5 1 4 2  w i N D  � .  L f U  + L N 9 0 0 0  1 5 . 0 , 3 . !> 0 1 4 5 7 7 7 6 ; 4 3 2 0 0 0 0 0 0 0 0 0 5 1  
1 0 4 2 4 2 2 2 4 2  � G R , L E N 2 + 3 ,  A L  8 1 5 . 0 , 3 . 5 0 0 0 0 0 0 0 0 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2  
1 0 5 2 4 2 5 2 4 2  G G R , L o N 2 + 3 , A L  A + B  1 5 . 0 , 3 , 5 0 0 0 0 0 0 1 1 2 3 4 5 1 0  1 0  1 0  1 0  1 0  1 0  1 0  1 0  1 0  1 0 6  
1 0 6  2 4 5 2 2 4 2  G G M , U , L !l , W / 2 L 4 , L + M V  1 5 , 0 , 3 , 5 0  0 0 0 - 0 · o - 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0 0 ·- · · · 0 
1 0 7  2 4 � 3 2 4 2  G G K , W I 2 L 4 , � , L 5 , F R N T R  1 5 . 0 , 3 . 5 G  0 0 0 0 0 0 1 1 3 5 5 7 7 9 9 9 1 1  1 1  1 1  1 1  1 0 0 
1 0 8  2 4 5 4 2 4 2  G GR , " / 2 L 4 , B , L 5 , M v L + F  1 5 . 0 , 3 . 5 0 0 u 0 0 0 u 1 2 2 2 2 2 2 2 2 2 2 2 2 ?. 2 7  
1 09 2 4 � 5 2 4 2  G � � , w i ? L 4 o B , L 5 , T , M V 1 !> . 0 , 3 , , 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 
1 1 0 2 � Q 2 Z 4 2  � l N D  � .  L A N C E  � U O O  1 , , 0 , 3 , 5 0 0 0 0 0 0 0 0 1 2 3 4 5 5 5 5 5 5 5 5 5 5 5  
1 1 1  2 ' 0 3 2 4 2  w . R l V c R , L A� 1 4 0 0 0  1 � . 0 , 3 , 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 1 2 2 5 0 5 2 4 2 " I N U  � .  L F U  + L N 9 0 0 0  1 j , 0 , 3 , 5 0  0 0 0 0 0 0 1 2 3 4 ; 7 7 7 7 7 7 7 7 7 7 8  
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1 
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4 I 5 
b 
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8 
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1 0  
l l  
1 2  
1 3  

; 1 4  -- 1 5  
lb  
1 7  
1 6  

:- 1 9  
2 0  
2 1  

' 2 2  ··- 2 3  
2 4  
2 5  
2 b  
27 
2 6  
2 9  

. 30 
�- 3 1  

3 2  
3 3  
3 4  
3 5  
3b 
3 7  
3 8  
39 
40 
4 1  
42 
4 3  
4 4  
4 5  
4 6  

- 47 
48 
49 
5 0  

C A S E  

05 0 2 1 4 2  
u 8 v 1 1 4 2 
08 0 2 1 4 2 
0 8 0 3 1 4 2  
() 8 0 4 1 4 2  
0 6 0 5 1 4 2  
O i! O b 1 4 2  
O tl v  7 1 4 2  
O d 1 l l 4 2  
0 6 1 2 1 4 2  
0 8 1 3 1 4 2  
O tl l 4 1 4 2  
0 9 1 5 1 4 2  
0 9 1 6 1 4 2  
0 8 2 1 1 4 2  
0 d 2 3 1 4 2  
\l d 2 4 l 4 2 
06 2 6 1 4 2  
0 3 2  7 1 4 2  
0 8 3 1 1 4 2  
0 8 3 2 1 4 2  
0 8 3 3 1 4 2  
0 9 3 4 1 4 2  
0 9 3 5 1 4 2  
0 8 4 1 H 2  
0 3 4 2 1 4 2  
O d 4 3 1 4 2  
O tl , l l 4 2  
1 0 0 1 1 4 2  
1 0 0 2 1 '• 2  
1 0 0 3 1 4 <!:  
1 0 0 4 1 4 2  
10 0 5 1 4 2  
1 :> 0 6 1 4 2  
1 0 0 7 1 4 2  
1 1 0 1 1 4 2  
l l C 4 1 4 2  
1 1 0 6 1 4 2  
1 1 0 7 1 4 2  
1 3 0 1 1 4 2  
l 3 C 2 1 4 2  
1 3 0 3 1 4 2  
1 3 0 4 1 4 2  
1 3 0 5 1 4 2  
l 3 iJ b 1 4 2  
1 3 0 7 1 4 2  
2 0 0 1 1 4 2  
0 5 0 2 2 4 2  
0 6 0 1 2 4 2  
0 8 0 2 2 4 2  

L OC AT i u N  O F  P R O S P E C T 

TABLE E-4 ( l ) c  

S UMMA�Y  O F  �E l l  k E Q U I R E M E N T S  

NO . P R JS P .  ------W I L D C AT WE L L S -----
PROD . D R Y  T O T A L  

O E N V E R , B 1 5 , 0 , 3 . 5 0 0 0 0 0 
& G R  l w N  1 A L M O N D  A 1 � . 0 , 3 , 5 0 7 4 2 b 
& GR , L E W  1 •  E , R , $ , 6 1 5 . 0 , 3 , 5 0  ------ · 0 - --- - -- -· 0 --

0 
- - -- --- --· - ·  

0 
& GK , L E w  1 ,  F T . UN l O N 1 5 . 0 , 3 . � 0  0 0 0 0 
G G R  L � N 1 AL A + A L  B 1 5 , 0 , 3 . 5 0 4 3  3 2  1 0  4 2  
& G R  L W N 1 A L  A + E , R , B  1 5 , 0 , 3 . 5 0 4 6  2 0  2 7  4 7  
G G R  L � N  l A L  ll + E . R , B  1 5 . 0 , 3 . 5 0 - --- 6 1 -- 2 0  -- - - - 4o · ---- - - b 0  
& G R  L � N 1 L A N C E + L E W S  1 5 . 0 , 3 . 5 0 b O  1 2  4 7  5 9  
G GR , S i w � H ,  L E  7 0 0 0  1 5 , 0 , 3 . 5 0 0 0 - 0 0 
G G R , S i w S H , L t  9 0 0 0  1 5 . 0 , 3 . 5 0 0 0 0 0 
& G k , S I W S H ,  IIV 9 0 0 0  1 5 . 0 . 3 , 5 0 ---- o - --- -- - o ---- --- -- 0 -- - --- -

- - 0 
G G R , 5 1 W S H , M V  1 1 0 0 0  1 5 . 0 , 3 . 5 0 0 0 0 0 
G G R , S i w $ H , L 7 0 0 C M 9 0 0 0  1 5 . 0 , 3 . 5 0 0 0 0 0 
& G R , S I W S rl , M 9 0 0 0 , l 1 0 0 0 1 5 , 0 , 3 , 5 0 0 0 0 0 
G G K L W 'I  2 + 3 ,  A L M O  A 1 5 . 0 , 3 . 5 0 ___ o - - o

- -- - --- · o ·-- -- ·  · o 
G G R , L E W 2 + 3  E , R I S , B  1 5 , 0 , 3 , 5 0 0 0 0 0 
G G R , L c w 2 + 3 F T  UN 1 5 . 0 , 3 . 5 0 0 0 0 0 

W / C  
S UC C E S S  

RAT I O  

I 
. 6 0 

I 
I 

. 7 6 

. 4 3  

. 3 3 

. 2 1  
I 
I 
I 
I 
I 
I 

G G R L w N  2 + 3 A l  S + E , R , 8  1 5 . 0 , 3 . 5 0  7 2 4 b 
G G R L �>; II  2 + 3  L � C E + L E w S - l :i , O r 3 , 5 0 --- 1 1 --------- z ·--- ---

6 -- - -- - -- 1 0 - ---- - -
& G R � A 5 H A K 1  A L M O N D  1 5 , 0 , 3 , 5 0 0 0 0 0 

- . 3 8  
I 
I 

. 4 0  
• 2 1  -

, 3 6 
& G K , W A S K I E  L A N + L E �  1 5 . 0 , 3 . 5 0 0 0 0 0 G G R , W A S K ! E  L . M , V  1 5 , 0 , 3 , 5 0 0 0 0 0 
G GR 'O A S H A t( 1  L A , L E + A L· - 1 5 . 0 , 3 . 5 0 --

-- 6 4  3 7  ----- --- 2 7  -- - - 6 4 -
G GR , W A S K I E  A L + L M V  1 5 . 0 , 3 , 5 0 0 0 0 0 
G G R , E 1 2 , L 4 M . V t R O E  1 5 . 0 , 3 , 5 0 0 0 0 0 
u G R , E / 2  L 4 F T I U � I O N  1 5 , 0 , 3 . 5 0 2 4  0 0 0 
b G i< , E / 2 , L 4  F l U  + M , V  1 5 , 0 , 3 , 5 0 --- 0 0 --- --- -- 0 - - --- -- 0 --- -
& G R , o , L 5 , � 1 2 L 4 , F T I U N  1 5 . 0 , 3 . 5 0  0 0 u 0 
U I N T A ,  � A � A f C H  1 5 . 0 , 3 . � 0  � b  2 3  3 2  5 5  
U I N f A ,  tl A � R E N  1 5 . 0 , 3 , 5 0 6 6  2 6  3 8  b b  
U I N T A ,  C O A L Y  l 5 , ;) , 3 , 5 0 - -

- 0 
- 0 · - - - -- - 0 · - · - -· 

0
-- --

U I N T A , C A S T L t G A T t  1 5 . 0 , 3 . 5 0 0 0 0 0 
u i N T A ,  C O A L Y + C T L E G A T  1 5 . 0 , 3 , 5 0  0 0 0 0 
U I N T A ,  W A S T � + C G A L Y  1 5 , 0 , 3 . 5 0 ' 0  2 1  1 8  3 9  

I 
I 

. 5 7 
l 
I 
I 
l 
l 

. 4 2  

. 4 3 - , li B  
o 2 b 
. 4 5  
. 5 5  

U I N J A , W A S T H + � A f< R E N  1 5 . 0 .· 3 , 5 0 ---- s 8 -- 3 7  --------- 4 7 - --- 8 4  ·- -· ---
W l N O R l � E R ,  L F I U N l O N  1 5 , 0 , 3 , 5 0 1 6 1  94 b b  1 6 0  

. 4 4 
, 5 9 

W . R l V c R  • M , V , 1 5 0 U O  1 , , 0 , 3 , 5 0 0 0 0 0 � l k  , L A 1 4 0 0 J + r V 1 5 0 0 0  1 5 . 0 , 3 , 5 0 0 0 0 0 
1 1/ K I  V •  F t< � T R  + M U IJ D Y  1 ; , 0 , 3 ,  5 0 ---- 3 1  - - - -- -· 9 ·- --- - - 2 1  

· -- -·- . .  3 0 ' 
P l C E A � C t ,  C J R  C O Z c T  1 5 . 0 , 3 . 5 0 1 2  4 7 1 1  
P I C t A � C E , F T  U N I O N  1 5 , 0 , 3 , 5 0 1 2  3 8 1 1  
P I C E A � C E ,  M V  8 0 0 0  1 5 , 0 , 3 , 5 0 1 2  3 8 1 1  
P I C E A � C E .  C U R C O Z + M , V 1 5 . 0 , 3 . 5 0 -- --- 1 2  -- -- ---- -- - - - b - - - - - - - s - - -- - - -·-· l l  
P l C t A H C E ,  F / U N + M I V  1 5 . 0 , 3 . 5 0 1 2  5 b 1 1  
P l C E A � C E ,  F / U N , C � C Z T  1 5 . 0 , 3 . 5 0 1 2  b 5 1 1  
P I C � A � C E ,  L I C R T + J U R A 1 5 . 0 , 3 . 5 0 1 2  1 1 0  1 1  
D E N V E R  M U ll O Y  J - - 1 5 . 0 , 3 . 5 0 ·-·--· o-- -- ------- - o -- -- - o · - - --- · 0 
O E N V E R , B  1 5 , 0 , 3 . 5 0  0 0 0 0 
G G R  L E W l N I A L MOND A 1 5 . 0 , 3 . 5 0  1 3  9 3 1 2  
G GR , L E W  1 ,  e , R , S , B  1 5 , 0 , 3 . 5 0 0 0 Q Q 
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I 

. 3 2 

. 4 1 

. 3 1 

. 3 3 

. 5 6 
, 4 7 
. 5 2  
. 1 7 

I 
I 

. 7 1  
I 

---D E V E L O P ME NT WE L L S----
P ROD . D R Y  _ TOTAL 

0 
2 9  

0 
0 

1 0 1  
3 1  
5 5  

1 1 8  
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 

2 9 . 

8 
0 

b 6  
0 
0 
0 
0 
0 

1 3 5  
1 4 0  

0 
0 
0 

4 3  
1 1 7  
6 5 2  

0 
0 

1 6 3  
29 
4 4  
5 9  
2 3  
1 1>  
2 4  
3 8  

0 
0 

2 7  
0 

0 
7 
0 
0 

2 5  
7 

1 3  
2 9  

0 
0 

0 
3 6  

0 
0 

1 � 6  
3 8  
1, 8  

1 4 7  
0 

·- - --- - · -- -
0

- -- - - -- - 0 
0 0 0 

0 
0 
0 
0 
0 
2 
7 

8 
0 - - - " 1 7  
0 
0 
0 --
0 
0 

3 3  
3 5  

0 I') 
0 
0 
0 

1 0  
- ·--- ---

-
--

-
- 3 h  

8 
0 

8 5  
0 
0 
0 
0 
0 

0 - -

1 1) 8 
1 7 ')  

0 
0 
0 

0 
0 

1 0  
- 2 9  
2 1 3  

0 
0 · -

- - ·- 4 0  
7 

1 1  
l't 

5 
4 
b 
9 ---- - - - - 0 
0 
b 0 

5 3  
- - - 1 4 6  

1 0 6 5  
, 
0 � 0 3  

3 6  
5 5  
7 3  ?. R  2 )  
3 1')  
4 7  

0 
0 

3 3 0 

TOT A L  
Al l 

WEL L S  

0 
4 2  

0 
0 

1 b 8  
6 5  

1 2 6 
2 0 6  

0 
0 0 
0 
0 
0 
0 
0 
0 

1 b  
4 6  

0 
0 
0 

1 4 9  
0 
0 
0 
0 
0 

2 2 3  
2 4 1  

0 
0 
0 

9 2  
2 3 0 

1 2 2 5  
0 
0 

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

0 0 
4 5  0 



5 i  6 8 6 3 2 4 2  
5 2  0 1!0 4 24 2  
5 3  0 8 0 5 24 2 
5 4 0 8 0 6 2 4 2  
5 5 . 0 8 0 7 2 4 2  
56 0 0 1 1 2 4 2  
57 0 8 1 2 2 4 2  
5 8  0 B r 3 2 4 2  
5 9  0 8 1 4 2 4 2  
b O  0 8 1 5 2 4 2  
6 1  0 8 ! 6 2 4 2  b2 O d 2 1 2 4 2 
6 3  () 8 2 3 2 4 2 
6 4  0 8 2 4 2 4 2  
65 0 8 2 6 2 4 2  
66 J tl 2 7 2 4 2  
67 0 6 3 1 2 4 2  
6 8  0 8 3 2 2 4 2  
6 9  O d 3 3 2 4 2  
70 C B 3't 2 4 2  
7 l 0 8 3 5 2 4 2  
72 O U 4 1 2 4 2  
7 3  O t1 4 2 2 4 2  
74 0 8 4 3 2 4 2  
75 0 1! 5 1 2 4 2  

tt:l 7b 1 0 0 1 2 't 2 
I 7 7  l J C 2 2 4 2  

78 1 0 0 3 2 4 2  � 79 1 0 0 4 2 4 2  tv 8 0  1 0 0 5 2 4 2  
ti l  1 0 0 6 2 4 2  
8 2  1 J 0 7 Z 4 2  
8 3  1 1 0 1 2 4 2 
8 4  1 1 0 4 2 4 2  
8 5  l l 0 fl 2 4 2  
86 1 1 0 7 2 4 2  
8 7  1 3 0 1 2 � 2  
B tl  1 3 0 2 2 4 2 
8 9  1 3 0 3 2 4 2  
90 1 3 0 4 2 4 2  

�� H 0 5 2 4 2  
1 3 0 6 2 4 2  

9 3  1 3 0 7 2 4 2 
94 2 0 0 1 2 4 2  
9 5  2 't 2 2 l 4 2  
96 2 4 2 ::. 1 4 2  
9 7  2 4 5 2 1 4 2  
9 8  2 4 5 3 1 4 2  
9 9  2 4 5 4 1 4 2  

1 0 0 2 4 � 5 1 4 2  
1 0 1  2 5 0 2 1 4 2  
1 0 2  2 50 3 1 4 2  
1 0 3  2 5 0 5 H Z  
1 0 4 2 4 2 2 2 4 2  
1 05 2 4 2 5 2 4 2  
1 06 2 4 5 2 2 4 2  
1 0 7 2 4 5 3 2 4 2  
1 0 8  2 4 5 't 2 4 2  
1 09 2 � � � 2 ·1 2  1 l 0 ?. � u n 4 7  
l l l Z � U J £ 4 2 
1 1 2 2 ? 0 5 2 4 2  

GGR , L E \1  1 ,  F T  . UN I ON 1 5 . 0, 3 . 5 0 - -a-· -
GGR L t li i N I  A L  A + A L  B 1 5 . 0 , 3 . 5 0 5 1>  

TABLE E-4 ( l ) d 

·o· - ·.-· ----o 
4 3 1 3  

- - . 
0 

5 6  
G GR L t ll l N I A l  A + E , R , B  1 5 . 0 , 3 . 5 0 1 5 9  9 6  b Z  1 5 8  
G GR L E W I N I A L  B + C , R , B  1 5 . 0 , 3 . 5 0 1 6 4  5 3  1 1 0  1 6 3  G GK L E W l N I L NC c + L E W S  1 5 . 0 , 3 . 5 0 -·· --·· 1 1 5  --- -· 2 2 ---- --- 9 2 - - - --

1 1 4 _ __ _ 

G G k  S l w A S rl  L E w S  7 0 0 0  1 5 . 0 , 3 . 5 0 1 2 1  
G G k  S I W A � H  L E W S  9 0 0 0  1 5 . 0 , 3 . � 0  5 3  
G G R , S / w S H ,  M V  9 0 0 0  15 . 0 , 3 . 5 0 0 
G GR , S I W S H ,  M V  1 1 0 0 0  1 5 . 0 , 3 . 5 o · · · · - - ·. 0 
GGR S I W  L E 7 0 0 0 + M V 9 0 0 0 1 j , 0 , 3 , 5 0 5 1  
6 6R , S i w j H , M 4 0 0 0 , l 1 0 0 7 1 5 , 0 r 3 . 5 0 0 
6 G R  L C: \1 2 + 3  A Ul D  A 1 :i . 0 , 3 . 5 C 9 9  

-- -- -- . 

5 3  
2 1  

0 
[) 

1 7  
0 

6 8  

6 7  
3 l  

0 - -- - -- 0 
3 3  

0 
3 8  

G G R ,  u : w 2 + 3  E , I U S , B 1 5 . 0 . 3 . 5 0 - - ··--
0 - ---- () , __ ___ 0 

& GR L c w 2 + 3  F T  UN I J N  1 5 . 0 , 3 . 5 0 9 1  3 0  
& G R  L t W Z + 3 A L S + t r R , 8  1 5 . 0 > 3 . 5 0 1 0 7  4 2  
G G R  L c li 2 + 3 L N C E + L c w l S  1 5 , 0 , 3 . 5 0  1 0 �  2 1  
6 G K  � AS H Ar< A L M u N O  1 5 . 0 . 3 . 5 0 ---- 2 4  - --·--- - . . . 1 6  
G GR r w A S r< I E  L A N + L E W  1 5 . 0 .  3 .  !:1 0  0 0 C, GI{ , w .\ S K ! t  L . I'I . V  1 5 . 0 , 3 . 5 0 0 u 
u 6 R  � A S H AK L N o L E + A L MD 1 5 , J r 3 . 5 0 2 0  1 3  
G G R w " S H A K A L o" O + L I'I V O E 1 5 , 0 , 3 ,  5 0 -- . . 9 0  · --·

-
-·- · 

4 1 . 
6 G R o E / 2 , L 4  M . V t K D �  1 5 . 0 , 3 . 5 0 0 0 
G G k  E I 2 + L E A  F r  U N I O N  1 5 . 0 o 3 . 5 C  9 6  2 3 
& GR , E 1 2 , L 4  F l U  + M , V  1 5 . 0 , 3 . 5 0 0 0 

. -· - .•. 

6 0  
6 4  
8 7  

7 
0 
0 
b ____ , 4 1  
0 

7 1  
0 

1 2 0  
5 2  

0 
- -- --· 0 

5 0  
0 

1 0 6  
- --- 0 

9 0  
l O b  
1 0 8  -

- - 2 3 
0 
0 

1 9  
- -- - 8 2  

0 
9 4  

0 
6 &� r b r L 5 r '. U 2 L 4 , f T / U N 1 5 , 0, 3 . 5 0 · --· 
U / � T A  , w A S A T C H  

0 0 
· -- -

- -- 0 ·-· --- . 
0 

1 5 . 0 , 3 , 5 0 6 1 3 4  4 6 8 0  
U I N T A  , tl A M R t N  1 5 . 0 , 3 . 5 0 6 6  2 &  3 7  6 5  
U I N T A  , C O A L Y  1 5 . 0 . 3 . 5 0  4 4  2 3  2 0  4 3  

---- . 

- -
--

---·· -· 
--·· 

1 
. 76 . b l  
. 3 3  
. 2 0 .. ··

-
-

. 4 4 

. 4 1  I I 

. 3 5 
I 

. 6 4  
I 

. 3 3  

. 4 0 

. 2 0  

. 6 8 r I 
o 6 6 
. 5 0 

I 
. 2 5  I 

I 

·

-

. 4 2 
• 4 3  
. 5 4 

U / N J A  , t; A S T L E G A T E  1 5 .  J , 3 ,  5 0 --- 3 0  ---- 1 1  ___ -· lt:! ---- - 2 9  -
-

--- . . , 3 9  -· . -
U I " T A  o C 0 A L Y + C T L E G T E  1 5 . 0 , 3 . � 0 6 8  30 3 7  67 . 4 5  
U I N T A  • w A � T � H +  C O A L Y  1 5 , 0 , 3 , 5 0 1 3 0  7 1  5 8  1 2 '1  
U I N T A  , � A S T C H +  tlA R t N  1 5 . 0 , 3 . 5 0 9 5  4 0  5 4  9 4  -

-
-W I N D  U V ,  L F / U N I Q N 1 5 . 0 o 3 . 5 0  -- 2 3 o -··· --- - u s - -- - '1 4  _ ... . . ' 2 2 9  

W . I U \, c R  , � . V . 1 5 000 1 5 . 0 , 3 , 5 0 0 w i R  , L A 1 4 0 0 0 + M V 1 5 0 0 0  1 5 . 0, 3 , 5 0 0 
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V A L  V t K D E  O Z O N A  1 5  • •  3 , 5 0 0 0 0 0 c 1 1 2 2 2 
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-
- -1. 8 8  ---·- 4 7 ---- 2 3 5 

12 2 3 0 1 2 4 2 V A L  V E R DE O Z ON A  1 5 . ,  3 , 5 0  2 7  9 30 39 . 2 4  69 1 7  6 6  
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Y E A R  I NV E S T M E N T  ( MI1 S )  

1 5 5 . 0  z B 4 . a  
3 1 2 7 . 8  

G A S  R E S E ti. V E S  
A D D E O  1 6 C F l  C U M U L A T I V E  G A S  R E S E R V E S 

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

t, ---- --· 1 7  t, • 8 - - . .. - --- �t 4 2 . a - ------ --- · · 1 1 0 2 . 9  5 2 2 1 . 8 
b 3 3 't .  4 
7 3 b 1 . 2  8 ·-- --- " l l  • 3 
9 39 0 . 1  

1 0  'o 0 5 . 1  
l l  4 2 6 . 5  
1 2  - -- -- 't 7 l . 1  
1 3  4 9 2 . 5  
1 4  5 5 & . 4 
1 5  5 3 � . 3  - l b __ _ 5 3 5 . 3  __ _ 1 1  5 3 5 . 3  1 8  5 3 5 . 3  1 9  5 llt . 9  

5 9 3 . 2  1 6 9 6 . 1  
9 1 1t . 9  2 6 ! 1 . 0  
9 9 3 . 8  3 6 0 4 . 8  

1 1 1  0 .  5 - -----··--·-- - . 4 7 1  5 .  3 · -- -- . 1 0 5 2 . 4  5 7 6 7 . 7 
1 D 6 ] . 2  6 � 3 2 . 9  
1 D 9 2 . 6  7 9 2 5 . 5  
1 1 1:!  8 .  2 ·- 9 1 1 3 .  8 ·--
1 2 1 5 . 7  l v 3 2 9 . 4  
1 3 3 8 . 7  1 1 6 6 6 . 1  
1 2 70 . 5  1 2 9 3 b , 6  

·- - ·· -- 1 2 7 0 . 5 -· 1 4 2 09 . 1 ___ _ 
1 2 7 0 . 5  1 5 4 7 9 . 6  
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C A SH F L O W  AND P R J D U C T 1 0 N  S U MM A R Y  

C UM U L . 
C A S-H F L :J W  

( M M l l 

AN N U A L  
N GL P t< O O N  

I M M tl l  

C UM U L , 
N G L  P kiJON 

I M M B I  
-- - - - ----- ---------- - - - - - ---------- - ----

ANNU A L  
G A S  P K O O N  

l il C F I 

C UMU L . 
G A S  P R U D N  

I B C F I  

A N N U A L  
G A !>  P RO D N  
I B C F  E Q I I 

- 1 . 0 9 3 0  o . o o o o  o . v o u o  o . o o o o  o . o o u o  o . o o o o  
- 5 . 2 1 2 2  o . u o o o  c . o o o o  o . o o o o  o . o o o o  o . o o o o  

-- 4 · - 2 2 . 9 5 5 3  ----
- 1 9 , 3 4 2 5  O , O O OJ 0 . 0 0 0 0  0 . 0 0 0 0  O , O J O O  0 , 0 0 0 0  
- 4 2 . 2 9 7 8 ··----- . 0 6 6 1 ··----- . 0 6 6 1 - --- 3 . 1 8 8 5 - -- . 3 . 1 8 6 5  ----- - 3 . 5 7 2 1  5 - 2 8 . 7 5 1 4  

6 - 3 3 . 4 2 9 1  1 -2 6 . 3 v 7 s  
a ··---- - 1 9 . 1 5 0 1  
Q 3 0 . 3 5 5 0  

1 0  8 7 . 5 2 4 6  
1 1  1 6 � . 1 4 9 4  

- 7 1 . 0 4 9 3  . 2 1 8 7 . 2 8 4 8  1 0 . 4 8 6 8 1 3 . 1> 7 5 3  1 1 . 7 5 5 2  
- 1 0 4 . 4 7 o 4  . 4 6 b i!  • 7 ' 3 6  2 2 . 2 9 9 1  3 5 . '1 H 4  2 5 . 0 1 7 9 
- 1 3 0 , 7 d 6 1  , 8 6 9 6  1 . 6 2 3 2  � O . d 2 3 9 7 6 . 7 9 6 2  4 5 . 8 6 7 7 

- -- -· - 1 4 9 . 9 3 6 2  - 1 . 4 6 36 -- 3 . 0 d b d  · · -· · ---· 6 6 . 7 d 0 1  · ·- ·- -·· 1 4 3 . 5 7 8 3 ------ 7 5 . 2 6 8 8 
- 1 1 9 . 5 8 1 3  2 . 3 1 9 1  5 . 4 0 �9 1 1 2 . 0 2 4 6  2 5 5 . 6 0 2 9  1 2 5 . 4 7 5 5  

- 3 2 . 0 5 6 7  3 . 2 9 5 2  6 , 7 0 1 1  1 6 2 , 2 6 4 5  4 l 7 . 8 B 7 4 1 8 1 , 3 '1 6 6  

--· - 1 2  --· - 2 3 7 .  6 1 0 5 -----
1 3 2 . 0 9 2 7  4 . 3 1 1 9  1 3 . 0 1 3 0  2 1 7 . 1 1 6 1  6 3 5 . 0 0 3 5  2 4 2 . 1 2 5 3 
3 6 9 . 7 0 3 2 - 5 . 2 5 2 2  ---- 1 t! . 2 6 5 l  -· - - 0 2 6 9 . 9 3 3 2  ··· ··-- 9 0 4 . 9 3 6 6 - - -- -- 3 0 0 . 3 9 5 7  

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

6 6 9 . 0 5 9 6  6 . 0 9 6 0  2 4 . 3 6 1 2  3 2 0 . 9 9 5 4  1 2 2 j , Q 3 2 0  3 5 6 . 3 5 2 4  
1 0 2 9 . 6 7 3 3  6 . 8 5 2 0  3 1 . 2 1 3 2  3 7 4 , , 7 3 4  1 6 0 0 , 5 0 � 4  4 1 4 . 3 1 5 0  

1 6  - ---··- � 6 7 . 2 9 2 1  -------
1 4 , 7 . 2 9 9 2  7 . :l 6 0 9  3 8 . 7 7 4 2  4 3 0 . '1 0 0 4  2 0 3 1 . 4 0 ? !l 4 7 4 . 7 5 3 8  
1 9 4 4 . 5 9 1 3  ·- 8 . 2 1 6 0  ----- - 4 6 , 9 9 0 1  . ··- - · 4 9 0 . 7 B B 7  -· · ·-· 2 5 2 2 , 1 9 4 5  --- - 5 3 8 , 4 4 1 2  

1 7  5 8 3 . 6 9 9 5  
1 6  b b b . 6 1 8 1  
1 �  7 4 2 . 6 7 0 8  

2 5 2 8 . 2 9 0 8  e .  7 5 4 0  5 5 . 7 4 4 2  5 5 6 . 9 1 7 4  3 0 7 9 . 1 1 1 9  6 0 7 . 6 9 0 8  
3 1 9 4 . 9 0 9 0  Q . l 4 0 ;i  b 4 . tl & 4 Q  6 1 3 . 1 3 1 8  3 6 9 2 . 2 4 3 6  6 6 6 . 1 4 8 2  

-- - z o ---- - 8 1 2 . 4 8 � 8  --
3 9 3 7 . 5 7 9 8  9 . 4 6 2 3  74 . 3 4 7 3  6 6 3 . 3 5 5 4  4 3 5 5 . ? 9 '1 0  7 1 6 . 2 3 6 9  
� 7 s o . o o 4 o - 9 . 7 4 o o ·---- 6 4 . 0 9 3 2  -- - 7 0 8 , 9 3 6 6  -·-. - 5 0 6 4 , , 3 7 6  7 6 5 . 4 6 5 4 -

2 1  8 6 0 . 9 7 2 2  
2 2  9 5 6 . 6 7 3 �  
2 3  1 1 4 9 , 3 5 9 1  
2 4 · -- - l l 4 l . d 3 6 tl 
2 5  l l 0 4 , d 4 0 tl  
2 6  1 0 � 5 . 3 2 9 5 
2 7  9 9 9 , 3 4 7 1  

- 2 8 ---- 9 4 7 . 6 6 tl 7  
2 9  90 1 , o 3 6 0  
3 0  & � 7 . 9 4 0 2  
3 1  8 1 6 , 9 1 5 2  
3 2 - --·- 7 7 9 . 4 8 7 6 
3 3  7 4 4 . 3 9 9 1  
3 4  7 1 1 . 7 2 6 9  
3 5  68 0 , 8 1 6 1  
3 � -- -- - - 6 � 1 . 1 3 6 7  
3 7  6 2 1 . 9 9 4 9  
3 3  5 9 2 . 4 4 2 3  
3 9  5 6 1 , o C 9 6  
4 0  - · -- - 5 3 0 . 2 2 6 0  
4 1  �9 7 . v b 6 0  
4 2  4 6 2 . 1 0 3 3  
� 3  4 2 5 . 4 7 0 1  
� �  -- 3 o !l . 2 3 3 1  
4 5  3 !> 1 . 4 3 6 0  
� 6  3 ! 5 . 2 3 � 8  
� 7  2 8 0 , , 4 9 9  
4 8  2 � 7 . 4 ; , 1  
4 9  2 1 6 . 6 2 0 2  
5 0  1 & 7 . 5 7 1 5  
5 1  1 5 9 . 2 0 1 4  
5 2  1 3 2 . 3 1 4 7  
5 3  1 0 6 , 4 8 6 2  
5 4  b 2 . 2 9 4 7  
5 5  6 0 . 70 9 4  
5 6  . .  � 

-

- � 3 . 8 9 6 2  
5 1  3 1 . 3 d ti 3  
5 8  2 3 . 6 3 1 7  
5 9  1 B , 6 2 B 3  
6 0  1 5 . 5 9 4 1  
6 1  1 3 , 4 4 9 7  
6 2  1 1 . 7 3 3 8  
6 3  1 0 . 1 tl 3 9  
b �  -- - 6 , 4 4 0 9  
6 5  6 . tl 6 '1 0 
6 6  5 , 3 3 � 7  
6 7  3 . 9 3 3 1  
6 8  2 . 5 8 7 7  69 1 . 2 8 95 

5 6 3 1 . 0 3 & 6  1 o . o o 3 3  9 4 . 0 � o 6  7 5 0 . 8 3 3 0  s a t 5 . 3 70 6  s o s . 6 5 2 4  
6 5 8 7 . 7 1 0 6  1 0 . 2 4 1 9 1 0 4 , 3 3 b 5  7 :! 9 . 5 4 4 1  6 -'. 0 4 . 9 1 4 9  8 4 8 , 9 4 7 1  
7 7 3 7 . 0 6 9 7  1 0 . 4 6 3 3  1 1 4 . b O l 7  8 2 5 . 4 8 0 3  7 4 3 0 . 3 9 5 2  6 c o . l o 7 2  
8 8 7 a . 9 0 6 5 ----- 1 0 . 1 7 7b ---··- 1 2 4 , 9 7 9 3  · ·· ···- - 7 8 4 , 3 , 5 7  · - d 2 1 4 , 7 5 U 6 · - --- 8 4 3 . 3 8 � 5  
9 9 8 3 . 7 4 7 1  9 . 7 7 1 2  1 3 4 , 7 5 0 5  7 3 8 , 9 2 2 6  8 9 � 3 . 6 7 3 7  7 9 5 . 5 9 5 7  

1 1 0 3 9 . 0 7 6 6  Q , 3 :j fl ij  1 4 4 . 1 09 3  6 9 5 , 9 5 7 3  9 6 4 9 . 6 3 1 0  7 5 0 . 2 3 8 5  
1 2 0 3 8 . 4 2 3 7  8 . 9 2 2 3  1 5 3 , 0 3 1 6  6 5 4 , 9 2 9 2  1 0 3 0 4 . 5 6 0 2  7 0 6 . 6 7 8 8  

·-- 1 2 9 B 6  , 0 9 2 4  - !l , 5 2 9 3  --------- 1 6 1 .  5 6 1 0  - -- -· 6 1 9 . 4 6 3 2  · -- -- 1 0 9 2 � . 0 2 3 4  6 6 8 . 9 3 3 4  
1 3 6 6 7 . 7 2 & 4  e . 1 5 9 7  l o 9 . 7 2 v 7  5 a 7 . 7 0 7 4  1 1 5 1 1 . 7 3 0 6  6 3 5 . 0 3 3 9  
1 4 7 4 5 . 6 6 6 6  7 . 6 0 5 4  1 7 7 . 5 2 6 1  5 5 8 . 2 0 0 3  1 2 0 6 9 . 9 3 1 1  6 0 3 , 4 7 1 6  
1 5 5 6 2 . 5 6 3 7  7 . 4 7 0 5  1 6 4 . 9 9 6 7  5 3 1 . 2 6 5 5  1 2 6 0 1 . 2 1 6 7 5 7 4 , 6 1 4 tl  
1 6 3 4 2 . J 7 1 3  - -----· 7 . 1 5 9 4  1 9 2 . 1 5 6 1  -- ·- - . 5 0 7 . 5 4 6 3  -----·-· 1 3 1 0 8 . 7 6 4 9  -· ---- - 5 4 9 . 0 7 2 7  
1 7 0 8 6 , 4 7 0 4  o . b 7 1 d  1 9 9 . 0 2 79 4 6 5 , o 9 Cl 2  3 5 9 4 , 6 6 3 1  5 2 5 . 7 5 4 9  
! 7 7 9 8 . 1 9 7 4  6 . 60 � b  2 0 5 . 6 3 3 6  4 6 5 . � 3 6 1  1 4 0 6 0 . 5 0 1 2  5 0 4 . 1 5 0 9  
1 8 4 7 9 . 0 1 3 5  6 . 3 5 3 7  2 1 1 . 9 8 7 2  4 4 6 . 8 4 2 6  1 4 5 0 7 . 3 4 3 6  4 & 3 . 6 9 3 8  
1 9 1 3 0 . 1 5 2 2  -----·· 6 . 1 0 7 7  --- -· 2 1 8 . 0 9 4 9  -·· --·-- 4 2 8 . 5 , 4 2  - - - 1 4 9 3 5 . 8 9 8 0  ----- 4 6 3 . 9 7 8 7  
1 9 7 5 2 . 1 4 7 1  5 , ij 5 4 4  2 2 3 . 9 4 9 3  4 1 0 , 4 6 60 1 5 3 4 6 . 3 5 4 0  4 4 4 . 4 2 1 6  
2 0 3 4 4 . 5 d 9 9  5 . 5 b 5 9 2 2 9 . 5 3 5 2  3 9 1 . 9 9 9 3  1 5 7 3 d . 3 b 3 3  4 2 4 . 3 9 7 3  
2 0 '� 0 6 . 1 9 9 6  5 . 2 9 7 J 2 3 4 . 6 3 2 1  3 7 2 . 5 86 9  1 6 1 1 0 . 9 5 0 2  4 0 3 . 3 0 9 3  
2 1 4 3 6 . 4 2 5 5  · - · -- -·-·· 4 . 9 6 6 2  - - - - 2 3 9 . tl 2 0 4  3 5 2 . 2 8 1 0 1 6 4 6 3 . 2 3 1 3  - - -- 3 8 1 . 2 1 2 8  
2 1 9 3 3 . 5 1 1 5  4 , 6 5 4 6 2 4 4 , 4 7 5 2  3 3 0 . 7 b 2 0  1 6 7 9 4 , 0 1 3 2 3 5 7 . 7 7 9 9  
2 2 3 9 5 . b 1 4 tl  4 . 2 9 7 4 2 4 8 . 7 7 2 6  3 0 8 . 0 3 8 1  1 7 1 02 . 0 5 1 3  3 3 2 . 9 62 8 
2 2 82 1 . v 8 4 9  3 . 9 1o 7  2 5 2 . 6 9 1 2  2 3 4 . 1 78 6  1 7 3 B o . 2 2 9 9  3 0 o . 9 0 6 �  
2 3 2 0 9 , 'i3 l tl 8 -- -- .. 3 . 5 3 29 - -- 2 5 6 , 2 2 4 2  - 2 5 9 , B 7 1 6  1 7 6 't b , J. O l 5  · ·-· 2 6 0 , 3 6 2 6  
2 3 , 6 0 ,  5 4  3 . 1 5 2 1  2 5 9 . 3 7 6 2  2 3 5 . 7 9 1 2  1 7 � 8 1 . 6 9 2 7  2 5 4 . 0 7 3 1  
2 3 8 7 � . 9 8 8 tl  2 . 7 o 7 1 2 6 2 . 1 6 3 3  2 1 1 . 9 8 7 6  1 8 0 9 3 , 6 8 0 5  2 2 8 . 1 5 2 9  
2 4 1 5 6 . 5 3 8 7  2 . 4 4 79 2 6 4 . 6 1 1 2  1 6 9 , 0 6 4 5  1 8 2 8 2 . 9 4 5 1  2 0 3 . 2 6 2 3  
2 't 4 0 3 , 9 9 3 il ··- - 2 . 1 3 2 3  2 b 6 . 7 1 d 5  1 6 7 . 1 1 6 6  1 b 4 5 0 . 0 6 3 7  -- · ·  1 7 9 , 4 8 6 ')  
2 4 6 2 0 . 6 1 4 0  1 . � 3 9 9  2 6 d . 5 b 3 4  1 4 6 . 6 0 4 9  1 8 5 Q 6 , 6 b u 6  1 5 7 . 2 7 6 3  
2 4 8 0 8 . 1 8 5 5  1 . 5 7 3 5 2 7 0 . 1 5 o 9 1 2 7 . 1 9 3 3  1 8 7 2 3 . 8 6 1 9  1 3 6 . 3 1 9 9 
2 4 9 6 7 . 3 tl b 9  1 . .3 1 7 6 2 7 1 . 4 7 46 1 v 8 . 1 3 0 9  l ti 6 3 1 , 9 9 Z Q  1 1 5 . 7 7 3 3  
2 5 0 9 9 . 7 0 1 7 1 . 0 7 92 2 7 2 . ! 5 3 1  l) Q , 4 8 2 �  1 b 9 2 J. , 9 7 , 2  9 6 . 2 4 1 4  
2 , 2 0 6 . 1 8 7 8  , 8 4 6 1  2 7 3 , 4 0 1 9  7 2 . 4 Ci 1 2  1 :! 9 9 4 . 4 6 8 4  7 7 . 4 1 2 2  
2 5 2 B b , 4 tl 2 5  , 6 3 1 1 2 "7 4 , 0 3 2 9  5 6 , 0 8 2 0 1 9 0 5 0 , 5 5 0 4  5 9 , 1 4 2 4  
2 5 3 4 9 , 1 9 1 9  . 4 3 3 2 2 7 <, , 4 6 6 1  4 1 , 4 3 8 !.>  1 9 0 9 1 , Q S CI Q  4 3 . 9 5 0 9  
2 5 3 9 3 . 0 d tl 1  - ·------ . 2 6 9 0  --·- - · 2 7 � . 7 3 5 1 ·-- - ·· 3 0 . 0 6 1 6  1 9 1 2 2 . 0 5 0 7  ·----- 3 1 . 6 2 2 2  
2 5 4 2 4 .  4 7 b 4 • 15 � 0 2 7" • " b  9 2 2 l .  , 7 3  2 l Q  1 4  3 .  b 2 4 0 2 2  • 4 6 6 5 
2 5 4 4 6 . 1 0 8 1  , 0 9 1 4  2 7 4 , 9 6 0 5  1 6 . 2 6 2 7  1 9 1 , � . b 6 b 7  1 6 . 7 9 2 �  
2 !> 4 6 6 . 73 6 4  . 0 5 7 1 2 7 5 . 0 3 7 6 1 2 . 8 1 0 0 1 9 1 7 2 . 6 9 6 6  1 3 . 1 4 1 1  
2 5 4 t! 2 . 3 3 0 4  --- - - - . 0 4 2 2  2 7 5 . Ci 7 9 8  1 0 . 7 1 3 6  1 9 1 8 3 . 4 1 0 5  -·--- -·- 1 0 . 9 5 8 6  
2 5 4 9 5 . 7 8 0 2  , 1) 3 2 6  2 7 5 . ! 1 .< 4  9 . 2 4 3 5  1 9 1 � 2 . 6 5 3 9  9 . 4 3 2 7  
2 5 5 0 7 . 5 1 4 0  . o 2 o 1  2 7 5 . 1 3 8 5  s . o o 4 9  1 92 0 0 . 7 1 8 9  s . 2 1 o 1  
2 5 5 1 7 . 6 7 7 9 . ll 2 1 b  2 7 5 . 1 60 1  6 . 9 8 7 2  1 9 2 0 7 . 7 0 6 1  7 . 1 1 2 5  
2 5 5 2 6 . 1 1 8 6 -- -·- . 0 1 7 :}  .. - ·· · · . 2 7 5 . 1 7 7 6  5 . 6 0 2 9  1 9 2 1 3 . 5 0 9 0  · ·- - -·- 5 . 9 0 4 5 
2 5 5 3 2 . 9 !l 7 Q . 0 1 4 2  2 7 5 . 1 9 1 6  4 . 7 2 1 9 1 9 2 1 11 . 2 3 09 4 . 6 0 4 1  
2 5 5 3 8 . 3 2 2 6  . 0 1 1 1  2 7 5 , 2 0 2 6  3 , 6 6 7 2 1 9 2 2 1 . 8 9 8 1  3 . 7 3 1 4  
2 5 5 4 2 . 2 5 5 7  . 00 8 3  2 7 5 . 2 1 1 1  2 . 7 0 3 5 1 9 2 2 4 . 6 0 1 6  2 . 7 5 1 6  
2 5 .5 4 4 .  lj 4 3lt --·- . -- • 0 0 !1 5  2 7 5 • 2 1  6 7 l • 7 7 6 7 1 9 2 2 6 • 3 8 0 3 

-
1 .  8 1 0  8 2 5 5 4 6 . 1 3 30 . oc z e  2 7 5 . 2 l r  · , 8 86 4  1 9 2 2 7 . 2 6 6 7 . 9 0 2 5  

C U �U L ,  
G A S  P R O D N  
I 8 C  F E Q I I  

o . o o o o  
o . o o o o  
o . o o o o 
3 . 5 7 2 1  

1 5 . 3 2 7 3  
4 0 .  3 't 5 2  
8 6 . 2 1 2 9  

1 6 1 . 4 8 1 7  
? 8 6 . 9 5 72 
46 8 . 3 5 3 8  
7 1 0 , 4 7 9 1  

1 0 1 0 . 8  7't 9  
1 3 � 7 . 2 2 7 2  
1 7 8 1 . 5 4 2 2  ? ? 5 � .  2 9 6 1  
? 79 4 .  7 3 7 3  
3 4 0 2 . 4 2 8 1  
4 0 6 8 . 5 7 6 3  
� 7 8  b .  8 1 3 2  
5 5 5 2 . 2 7 6 6  
� 3 6 1 . 1 3 1 0  
7 2-1 0 . 0 7 8 2  s 09 , .  2 4 5 3  
S Q H , 6 3 0 8  
9 7 3 5 . 2 2 6 5  

1 :> 4 8 5 .  4 6 4 9  
1 1 1 9 2 . 1 4 3 7  
1 1 8 6 1 . 0 7 7 1  H � Q 6 , l l l 0  
1 3 09 9 . 5 8 2 8  
l 3 f) 7 4 . 1 9 7 4  
1 4 2? 3 . 2 7 0 2  
1 4 74 9 . 0 2 5 1  
1 5 2 5 3 . 1 7 5 9  
1 5 7 3 6 . 8 6 9 8  
1 � 2 0 0 . 8 4 6 � 
1 � M 5 . 2 7 0 1  
1 7  0 6  q .  b 6 7tt 
1 7 4 7?. . 9 7 6 7 
1 7  65 4 .J. 6 9 5 
1 3 2 1 1 . 9 6 9 4  
1 6 5 4 4 . 9 3 2 3  
1 3 6 5 1 . 8 3 9 1 
l ' H 3 2 . 2 0 1 7  
1 1 3 8 6 , 2 7 4 9  
U 5 1 4 . 4 2 7 7  
1 9 8 1 7 . 6 9 0 0  
1 9 9 9 7 , 1 7 6 1  
2 ) \ 5 4 , 4 5 2 3  
?. 0 ?. 9 0 .  7 7 2 2  
? J 4 :l 6 . 5 4 5 5  
2 :> s n .  7 tl o 9 
2 ) 5 8 0 . 1 9 9 1  
2 � 61 9 . 9 4 1 5  
2 ::> 6 8 3 . 8 9 2 4  
2 )  7 1 5 .  5 f 46 
Z H 3 7 , 9 u l l  
2 ) 75 4 .  7 7 3 7  
? ::> 76 7 . 9 1 4 8  
: D 7 7 8 . 8 7 3 lt  
2 0 78 6 . 3 0 6 1  
2 ) 7 9 6 . 5 2 2 1  
2 ::> 8 0 3 . 6 3 4 7  
2 ') 8 0 9 . 5 3 9 1  
2 :> A 1 4 .  3 4 3 2  
2 0 8 1 8 . 0 7 4 6 
2 0 8 2 0 . 8 2 6 2  
? () 8 2 2 . 6 3 7 0  

82 3 . 5 3 9 1t 

1 9 2 2 7 ,  BC F - - H A X  GAS P R O D U C E D  I N  f' \I A R I O  
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E C O NO M I C  S U M M A R Y  

P R O F I T  I N D I C A T O R S  

D I S C O U N T E D  P R E S E N T  W O R TH A T  1 5 . 0 P C T . ( M M $ )  8 6 2 . 1 5 0 0 6 O C F  R A T E  J F  R E T U R N  ( P E R C E N T ) 4 2 . 7 0 
P A Y O U T  T I M E  I Y E A � S ) 9 . 2 0  

- · - P R O F I T  P E R  I N V E S T M E N T ( $ / $ ) · ·· - ·· - · ------·-··------· · 3
.

3 3 2 ·- --- -- --

M A X .  U N R E C O V E R E D  I N V E S T M E N T  I M M $ ) 1 � 9 . 9 3 6 2  
N E T  C A S H  R E C O V E R Y  A F T E R T A X  ( M M $ 1  2 5 5 4 6 . 1 3 3 0 
E X P L O R A T I O N E X P E N D I T U R E  I M M $ ) 3 4 7 0 . 6 0 1 6  

· -·- P RJ D U C T  l iJN l N V  E S T  M E  N T  ( M M $  l · -- - - -----· 4 4 6 6 . � 8 9 2  
T O T A L  I N V E S T M E N T  ( M M $ ) 7 6 6 7 . 6 6 5 2  
O P E R A T I N G  E X P E N S E  ( MM $ )  2 3 3 5 . 5 o 4 B  
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5 
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Y E A R  OF D E V E L C P M E N T  

LO C � T I � N O F  P R O S P E C T � --

l 6 C l 1 4 2  N E W  f' E � - W  T E: X  
1 A·0 1 1 4 2  C E I'< T R A L  T E X � S  
1 6 0 1 2 4 2  N E �  I'! F- Y - Ii  T E X 
1 8 0 1 2 4 2  C E � T P. A l  l D � S  
2 1 0 1 1 4 2  E A S T  T E X - L �  
2 2 lJ 1 1 4 2  T E X A S  G U L F S O U T H  

J. 5 . ,  
1 5  • •  
1 5 . ,  
1 5 . , 
1 5 . ,  
1 5  • •  

TABLE E -4 ( 4 ) a  

Standard Scenari o a t  $ 3 . 50 and 1 5% 
Base and  Advanced Techno l ogi es--Other Southwest 

2 0  Y E A R  O E V F L O P M E N T  P R O G R A M  

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

3 . 5 0  2 2 3 3 3 3 2 0 0 0 0 0 0 0 0 0 0 0 0 0 1 8  
3 . 5 0 0 0 0 0 0 0 0 0 0 0 c 0 0 0 0 0 0 0 0 0 0 
3 .  so -· ·- ·o ·· -· o - · o-·- - 1 -- - 2 .. 7 1 A  3 0  4 5  4 5  "4 5 .. 4 5 --4 5 - 4 5 -· ·  t, 5 . . 4 5 . .  4 � . 4 5 4 5  . 4 5 5 9 8 
3 . 5 0 0 0 0 0 0 5 1 0  1 5 1 5  2 5 2 5 2 5 2 5  2 5  2 5  2 5  2 5  2 5  2 5 1 0  3 0 5  
3 . 5 0 2 4 5 6 5 5 5 0 0 0 0 0 0 0 0 0 0 (J 0 0 3 2  
3 .  � 0 1 0  1 0 9 7 5 6 3 0 0 0 0 5 0 

-·- 7 2 2 0 2 1 4 2  T F X A S G U L F C E I': T R A L- 1 5 , , - 3 , 5 0 -- o - o---u -··r-o -·- 1 ... 0 . 1 ·- g - . g . --8 - - 8--8--� 8--g-- 8- g - o · ·  0 o - -- 3 8 2 3 0 1 1 4 2  
9 2 1 0 1 2 4 2  

1 0  2 2 0 1 2 4 2  
1 1  2 2 0 2 2 4 2 
1 2  2 3 0 1 2 4 2  

--- ---

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1 

- 1 2  

C A S E  

l t> C l l 4 2  
1 8 0 1 1 4 2  
1 1:: 0 1 2 4 2  1 6 0 1 2 4 2 
2 1 0 1 1 4 2  
2 2 0 1 1 4 2  
2 2 0 2 1 4 2  
2 3 0 1 1 4 2  
2 1 C 1 2 4 2  
2 2 0 1 2 4 2  
2 2 0 2 2 4 2  
2 3 0 1 2 4 2  

G �- l. A f; :1 '1 A  1 5 . ,  3 . 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 {J 0 0 0 0 0 0 
F A S T  T O - L A  1 5 . , 3 . 5 0 
T F ) A S G l L F  S D U T H  1 5 . ,  

0 c l 2 5 1 0 2 0 3 0  3 5  5 ')  7 5  1 0 0 1 0 0 1 0 0  1 0 0  1 0 0  1 0 0  1 C O  1 0 0  1 :J O  3 . 5 0 0 0 1 3 5 1 4  2 7  5 0  1 0 0  1 5 0 1 7 0  1 7 0 1 7 0 1 7 C l 7 C  1 7 0  1 7 0 1 7 0  1 7 0 1 7 0  
T D A S  G IJ L F C E N T R A L . .  1 5 , ,  3 . s o -·- o - -- c --· o -- o - o - ·  o - 0 0 0 1 0  . 2 0 . 30 .. 4 0  s o·-··c o - f O  · n o  6 0  6 0  6 0  U K  L A H O M A  1 5 . , 3 . � 0 0 0 0 0 0 4 
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I.J/C � U C C E S S  

R A T l C  
- - - D E V � LOPM E � T � E L L S - ---

P P. O O ,  D R Y  T O T A L  P R O D ,  D R Y  T O T A L  

N E ioi M E X - ;,  l D  1 5 , ,  3 , 5 0  lE' 3 1 7  
C E I\ l R A L  l E � A S  1 5 , , 3 . 5 0 0 0 0 
� E ioi  � E x - w  T t X  1 5 , , 3 , 5 0 5 9 8  3 3 7 3 5 7  
C E � T P A L  l D A �  1 5 . , 3 . 5 0 _____ 3 0 5 ··-- -- -· u e  ·-· . 2 9 4  
f i. S T  T F � - L A  1 5 , ,  3 . 5 0 3 2  6 2 �  
TF. X A S G L L F  � C U T H  1 5 , ,  3 , 5 0 5 0  1 e  5 3  
T E X A 5  G u L f C. E N T R A L  1 5 . , 3 , 5 0 3 1 3 
O r. L A H 0 '1 A  1 5 , , · 3 . 5 0 - --- - . o--- - - 0 - - --- 0 
E A S T  T E X - L A  1 5 . , 3 . 5 0 l l i? P  3 e 4  90 1 
T D A S  f> L1 L F  SOl :TH 1 5 . � 3 , 5 0 2 0 5 0  l l 7 C  1 7 7 5  
H X A S  G U L F C E: N T R A L  1 5 , ,  3 , 5 0  5 1 C  6 9  4 1> 8  
O t< L A H O M A  ---1 5  u - 3 ,  s-o- - --- - 1 0 6 . - -·- · 3 9  .. - - - - · 1 2 3 

2 0  o l 5  1 C: 2  2 5  
0 I 0 0 � i � . -- --· ··· : � �----���� ---J&�g 

3 6  . ? 3 1 0 0  2 5  
7 1  . 2 1>  6 2  1 5  6 .

. 
- -- • 2 �- - - -- 6 ------ g 

1 2 � ;  , 3 0 1 8 3 4  lo 5 8  
2 9 4 5  , 4 (, 2 4 1 8  b 0 4  

- - -- ---u� - - - - - : ��- - -���- ---zg 

1 2 7  
0 

6 1 5 0  
4 9 '> 8  

1 2  5 
7 7  

3 
0 

2 2 9 2  
3 0 2 2  

4 5 0  
3 4 5  

4 

0 
1 1 2 8  
2 o � v  

--- 5 1 0 
1 0 8 

--- - -

T O T A L  A L L  
w E L L S  

1 4 7  
0 

6 8 4 4  
5 3 6 0  

1 6 1  
1 4 8  

7 
0 

3 5 7 7 
5 9 t. 7  
1 0 0 7  

5 0 7 
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TABLE E-4 ( 4 ) c  

A N N U A L  D R I L L I N G  S C H E D U L E  

P R O S P EC T  -·· ·· --- ---- ·-- - -- - · Y f A R- - - 1 · -- 2 - --· 3 . -·- 4" . 5 6 . 7 8 9 - 1 0  - " 1 1 - - l � - !3 ·- ·-·· p, ·- -1 5  - 1 6  1 7  1 8 " 1 9 2 0  

1 t• E io  M E X - •  T E X  1 5 . ,  3 .  50 16 1 6  2 4  2 4  2 4  2 4  1 6  0 0 0 0 0 (I 0 0 0 0 0 0 0 2 C � t. T R A L  T E X A S  1 � . ,  3 .  50 0 0 0 0 0 0 0 0 0 0 0 0 0 l) (; 0 0 0 c 0 --- 3 N E W  M f X-Ii T F  X --·-- · · 1 5 . ,  3 .  50 -- · o -- o-·· o --11 · -· 2 2  - - R O - 2 0 6  3 4 3  '5 1  5 -- 5 1  s - 5 1  s· 5T5---s l 5 � 1 5  ---s r s  · · 5 1 5  5 1 5  5 1 5 5 1 5  5 1 5 -
4 C E N l R A l  T E X A S  1 5 . ,  3 . 50 0 0 0 0 0 R P  1 7 6  2 6 4  2 6 4  4 4 1  4 4 1  4 4 1  4 4 1  4 4 1  4 4 1  4 4 1  4 4 1  4 lt  1 4 1t l 1 7 6 
5 E A S T  H X - L A  1 !) . ,  3 .  5 0  1 0  2 0  2 5  3 C  2 5 2 !>  2 5  0 :J 0 0 0 0 0 0 0 0 0 0 0 
6 T E �A S  G U L F ! O U T H  1 5 . , 3 .  50 29 2 9  2 6  2 0  1 4 1 7  A 0 0 0 0 0 0 0 0 0 0 0 0 0 
7 T E H S  G U L F  C E N T R A l - 1 5 . ,  3 . 5 0 - -- 0 --- c --

0 2 . .... . 0 - - 2 0 2 0 .. . 0 o - - o -·- -· o- -· - o -- c. 
0 0 0 0 - 0 

8 · o n A I-' O M A  1 5 . ,  3 . 5 0 (; 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
q f A S T  T E X - L A  1 !> . ,  3 .  50 c 0 3 6 1 5 3 1  6 3  'l 5  1 1 1  1 5 8  2 3 7  3 1 7  3 1 7  3 1 7  3 1 7  3 1 7  3 1 7  3 1 7  3 1 7  3 1 7  

1 0  1 E  X A S  G U L F  S O U T H 1 � . ,  3 .  50 0 0 2 B 1 4  4 0  7 R  1 4 5  2 ' H  4 3 7  4 9 5  4 t; !:>  4 9 5  4 9 5  4 9 5 4 9 5 4 9 5  4 9 5  4 9 5  4 9 5  
- -- 1 1  T E X A S  G U L F C E N T R A [·- 1 5  . , 3 . 5o ·-- ·-o-- o --· c - - o -- o · -- o - - 0 0 - . 0 - . 2 3  - 4 6 - · ·" q- ·q2--u 5 · - u a  -J. 3 8  - - 1 3 8  1 3 8  l 3 8  .. 1 3 8  

1 2  l K l /. H O f'I A  1 !> . ,  3 . 5 0 0 0 0 0 0 5 7  5 7  1 1 4  1 1 1t 1 1 4  1 1 4  1 1 4  1 1 4  1 1 4  1 1 4  1 1 4  1 1 4  1 1 4  l l lt  5 7  

1 L.H t  W E L L S  l tl E A C H  Y F A R  · ·--- - , 5  ·-·· · 6 5 . --- 8 0 - " 1 0  1 - 1 1 4  .. 3 6 4  6 2 9  9 6 3  1 2 9 5  1 6 0 8  1 8 4 f  . 1. 9 5 1  " 1. 9 7 4 -1"9 9 7 "" 2 0 2 0 -- 2 0 2 0  2 0 2 0  2 0 2 0  2 0 2 0  1 6 9 6  

TABLE E-4 ( 4 ) d  

l N V E S T f'I E N T  R E O U I R t M E � T S A N D  R t S E R V <  A D D l l l QN S  

Y E A  I! I NV E S H! E NT ( M M S )  

1 5 3 . '>  2 6 2 . 4  
3 7 6 . 2  4 1 0 ? . 9  
5 1 1 5 . 9  6 3 1 7 . 7 
7 5 4 7 . 3 
8 6 5 5 . 7  
9 1 2 4 7 . 9  

1 0  1 7 6 5 . 1  
1 1  2 0 7 2 . 4  
1 2  2 2 7 7 . 0  
1 3 __ _ __ 

2 3 6 6 . 0  
1 4  2 4 5 5 . 0  
1 5  2 ? 4 4 . 1  
1 6  2 � 4 4 . 1  
1 7 " 2 5 4 4 . 1  1 8  2 5 4 4 . 1  
1 9  2 5 4 4 . 1  

- · -- - �--- - ? 3 6 0 . 3  

G A S  R E S F I' V f S  
A D D E D  I P C F I  

C U I'I i" v l  A T I V F  
G A S  R F. S E R V E S  

1 3 3 . 6  1 3 3 . 6  
1 5 5 . 0  2 A A . 6  
1 9 C . e  4 7 9 . 4  
2 5 2 . 3  7 3 1 . 7  
3 0 1 • t ---- --·---- 1 c 3 3 • 3 - ·-· 
7 7 � . 1  1 � 0 9 . 5  1 3 � 1 . 5  3 1 7 1 . 0  

2 1 3 7 . 7 � 3 0 8 . 7  
3 2 4 4 . 1  __ _____ ___ c 5 5 2 . 8 - --
4 h 5 � . 3  1 3 2 1 1 . 1  
5 5 1 2 . 2  1 � 7 ?. 3 . 3  
6(; 4 4 . 2  2 4 7 f 7 . 5 
6 2  3 5 . 4 - --·-- ---- "3 1  0 0 2 . g ·- ··- -
6 4 2 6 . 5 3 7 4 2 9 . 4  
6f: 1 7 . 7  4 4 0 4 7 . 1  
66 1 7 . 7  5 0 � 6 4 . 8  
6 1- 1 1 • 1 ·-· ··- ·-··- ·- ·- - 5 7  2 e 2 • 5 
66 1 7 . 7  t 3 � o c . 2  
6 6 1 7 . 7 7 0 5 1 7 . 9  
6 2_4 2 . _4 _______ "?_6?6 0 . 2 

----------· T O T A L  
--·-·--�-9�� 5 .!.

9 
_ ___ H< V E S TM E NT 



TABLE E-4( 4 ) e  

C A � H  F L O �  A N D  F R O D �C T I O N S U M M A R f 

A tHI U A L  C l "' U L . At \ t; I; H C U '1 l 1 l , A I'< '>; IJ A L C l W l.J L , H I � U H  C U "' U L .  
C A S H  rL OW C A� H  F L L \i N G L  f f' , • D N  11/ G L  P i< J D N  G A �  � � n ON G A S  H' 1J J f\l  G A S  P R C U )j  G A S  � t< O D N  

Y E A R  ( M I1 0  ( M 'H ) I I' "� B l  ( 11 •1 B l  ( '3 C F I I B C f l I P. C F  F. C l l  I � C F  E IJ l l 
-- ---------- ---- - - - --- ------ ---- -------- -- ---- - - -- -- --- -- - - - -- ---- -- --- - ---- --- ---

1 - . 4 5 7 4  - . 4 5 7 4 C . O f' O O  0 . 0 0 0 0  •J , O O O G  C . (, O J C· --- -·- C . G C O O 0 . 0 0 0 0  
2 - 3 . 1 2 '1 9  - 3 . 5 t 7 3 O . ( C C O  o . c;v oo o . u c u o u . 0 v ::l C  o . O (HlO o . o o oo 
3 - 1 5 . 7 5 1 4 - 1 9 . 3 3 P 7  o . o o o o  o . oo o o  o . o o o u · o . o o o o  o . o o o o  0 . 0 0 0 0  
• - l f . 5 3 4 9  - 3 5 . 8 7 3 �  . C 2 4 7 . 0 2 4 7  4 . 6 5 5 3  4 , 1 5 5 3  . 4 , 7 9 8 6  4 . 7 9 & 6 
5 - · · · - 1 4 . <1 5 3 0  · ·· - 5 0 . 8 2 o - - - ·-· -- ·· . G 7 4 4 ·- -·- · · ·- . 0 9 9 7.  1 1 . 2 A 6 7  . ...... ____ l 5 . 9 4 1 9 � --- ·-·· · u . 7 1 & 4  1 6 . 5 1 7 0 
6 - 1 2 . 7 ) 5 1  -� 3 . 5 3 1 6  . 1 6 1 6  . z � u B  2 0 . 4 7 4 P  3 � . 4 1 o 7  2 1 , 4 1 2 1  3 7 . 9 2 9 1  
7 - 7 , 1 4 4 f  -7 0 , 8 7f - 2 , 2 P 7 0 , � 4 d 7  3 2 , ;;> 9 q 1  6 <; , 4 1 4 '1 3 4 o b f- 8 1 72 , 5 9 7 3  
8 - 2 5 . 0 9 P f  - 9 5 , 9 7 4 �  , 4 6 7 4  1 , 0 1 !> 1  4 H , 4 4 3 0 1 1 7 . & � 7 9 5 1 . 1 5 3 7  1 2 3 . 7 5 1 0 
c; - 4 2 . 3 H I' - B b . 3 1 2t- · · ···-·-· -··· . 7 9 f 7  -·-- ·  1 . b 0 '.6  t� 1 . 1 9 B l  ... .. 1 C. 9 , <. 5 6 C  -·-··- - 8 5 , 7(; 4 4 2 0 9 . 5 3 '4 

1 0  - t 3 , 7 9 2 2  - 2 U 2 . 1 0 4 t  1 . 3 7 1 4 3 . 1 7 A 2  1 4 0 , 7 C h P  3 3 9 . 7 � 2 8· l 4 8 . 6 t 0 7  3 � 8 . 1 9 6 1  1 1  - e o . s o q �  - z e 2 . 9 J 4 � 2 . 2 4 7 1  5 . 4 2 � 2  2 ' 1 . 0 0 5 7  � e o . e ; � 5  2 � 4 . 1 2 8 6  6 1 2 . 3 2 4 7  
1 2  - 4 1 , 0 9 5 1  - 3 ? 4 , 0 0 G h  3 . 5 7 2 7  P , 9'l f! O 4 � 0 . 0 2 � 7  l (; l• 1 , 7 t' 4 1  � 4 1 , h 4 7 � 1 0 : d d 7 2 3  1 3  1 6 0 ,  3 5 h 2  - 1 (. 3 ,  6 � 3 �  - - -· ·· 5 ,  � 5 7 5  1 4 , 4 5 5 5 6 -} 1 . 1 1 7 9  l (, o 2 . 9 C 2 G  7 ? 2 .  7 7 1 5  1 7 7 6 , 7 4 3 8  
1 4  4 6 4 . 7 9 0 0 3 ? 1 . 1 3 7 4  7 . 9 ?. P l  2 2 . 3 � 3 5 1 0 1 0 . 0 7 7 '  2 7 0 2 , 9 7 � 4  1 0 5 6 . 0 6 0 1  2 8 3 2 . & 0 3 8  
1 5  8 7 4 , 1 9 P 5  1 1 � 5 . 3 3 5 �  1 0 , 7 7 4 4  3 3 . 1 ? e 0 1 3 l B . 0 2 5 6 4 0 4 1 , G 0 4 9  1 4 0 0 . � 1 7 3  4 2 3 3 . 3 2 1 1  
1 6  1 3 0 7 . 1 3 6 9  2 50 2 . 6 7 4 7  1 3 . ! 9 7 2  4 7 . C � 5 2 1 6 7 5 . 1 6 Q 4  5 7 l t . 1 7 4 3  1 7 ? 5 . 7 7 3 2  5 9 � � . 0 9 4 3  

· - 1 7  1 7 3 3 . 5 F. C 1  4 2 3 t . 2 5 4 f.' -- ----- ·- - 1 6 . f 7 9 1  6 3 , 9 1 4 3  1 9 0 '1 , 3 13 3 0 7 7 1 5 . � � 7 3  --··- 2 0 9 7 , 2 c 1 'l  8 -J e 6 . 3 7 6 3  
1 8  2 1 8 h . 1 � C O  h 4 2 2 , 4 3 4 7  1 Q , 7 t 3 Z  A 3 , � � 7 5  2 3 1 5 . 2 5 3 h l C 0 3 � . t 1 0 9  2 4 2 9 , 8 � 0 3  1 0 5 1 6 . 2 5 6 6 
1 9  2 6 1 � , R 0 � 5  9 0 3 9 . 3 ? L 2  2 2 . ? 0 4 1  1 0 6 , 2 0 1 7  2 6 J 8 , 6 5 1 � 1 ? b 3 9 , 4 t 2 � 2 7 3 9 , 1 7 5 5  1 3 2 j 5 , 4 3 2 1  
2 0  3 0 7 5 . 3 9 8 1  1 2 0 6 4 . 7 2 � �  2 5 , 1 1 1 1  1 3 1 , 3 1 2 8 2 8 S 2 . 0 1 6 5 1 5 5 2 1 . 4 7 9 C  3 0 ? 7 . 6 � 1 2  1 6 2 � 3 . 0 9 3 2  
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2 1 6 � 5 . 3 2 � 5  
2 1 tl 7 4 , 'o 6 3 9  
2 1 8 d 6 , t 6 2 u  
2 l B 9 1 , 6 2 4 b  
2 1 6 9 o . 1 ; 1 1  
2 1 3 � 9 . 13 6 6 5  
2 1 9 0 2 . 8 � 2 3 
2 1 9 0 5 . 1 b 1 2  
2 1 9 0 6 . '-1 3 1 7  
2 1 9 0 8 , 2 0 2 4  
2 1 9 0 9 , 0 5 1 7  
2 1 9 0 9 . 5 3 0 6  
2 1 9 0 9 . 1 4 7 5  

A N N U A L  
G A S  � R O D N  ( 8C F  F O i l 

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

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

1 2 7 . 1 4 2 2  
1 9 2 . 2 4 8 3  
2 6 6 . 3 2 0 5  
3 4 9 . 2 1> 5 4  
4 3 0 , 6 7 0 7  
5 1 6 . 7 6 5 5  
5 9 0 . 4 2 2 2  
6 3 6 . b 5 7 6  
6 5 4 , 8 4 7 7  
6 7 5 . 7 7 5 7  
7 0 0 , 4 0 0 5  
7 2 8 . 0 9 3 0  
7 5 8 . 3 8 5 9  
7 8 9 , 8 4 0 3  
8 2 1 . 2 3 7 9  
8 5 2 . 5 9 6 1 
8 5 1 . 3 2 7 9  
o 2 tl . 9 8 4 ? 
7 6 7 , 1 4 8 2  
7 4 5 , o 2 o a  
7 0 7 . 4 4 3 5  
6 7 4 . 3 5 5 1  
6 4 4 . 0 9 7 1  
6 1 5 . 8 9 0 0  
5 6 9 . 8 9 1 8  
5 6 6 . 1 3 4 6  
5 4 4 . 2 4 3 0  
5 2 3 . 8 6 0 3 
5 0 4 . 1 5 4 7  
4 b 4 . 6 1 5 2  
4 6 4 , 4 4 5 5  
4 4 2 . 9 5 6 2  
4 2 0 . 2 2 1 0  
3 9 6 .  3 9 9 '� 
3 7 1 , 3 7 1 9 3 4 5 , 3 6 8 �  
3 1 8 . 9 3 6 4  
2 9 3 . 1 1 4 7  
2 6 8 . 6 5 2 2  
2 4 5 . 0 5 6 9  
2 2 1 . 2 1 9 2  
1 9 7 . 8 0 7 0  
1 7 4 . 8 1 4 0  
1 5 1 . 1 8 3 9  
1 2 8 . 2 2 8 7  
1 0 !> . 6 3 5 4  

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

6 , 0 3 2 5  
5 , 0 1 1 4  
4 . 1 1 8 6  
3 . 3 1 3 6  
2 . 5 8 5 2  
1 . 9 4 4 4  
1 . 4 1 1 9  

. 9 4 3 6  
, 5 3 2 5  
. 2 4 1 1  

C U 'I U L ,  :;AS P R OON ( B C F  E 11 I l  

o . o o o o  
o . o o o o  
0 .  0 0 0 0  
3 . 8 2 4 0  

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

1 3 9 , 4 8 9 6  
2 6 6 . 6 3 lil  
4 5 8 , 8 8 0 0  
7 2 7 . 2 0 0 5  

1 0 7 � . 4 6 5 9  
1 5 0 7 , 1 3 6 6 " 
2 0 2 1 . 9 0 2 1  � '> 1 4 . 3 2 4 3  
3 2 5 1 . l ti 1 9 
H::l 6 , 0 2 9 6 
4 5 8 1 . 3 0 5 3  
5 2 8 2 , 2 0 5 8  
� 0 1 0 . 2 9 8 8 
� 7 6 8 . 6 d 4 7  
7 5 5 8 , 5 2 5 0 
9 3 7 9 . 7  6 2 9  
� 2 3 2 , 3 5 9 0  

1 ::l 0 8 3 , 6 d 6 8 
1 ) 9 1 2 . 6  7 1 4 
1 1 6 9 9 , 8 1 9 6 
1 ' 4 4 4 , 8 4 0 4  
1 3 1 5 .2 . 2 ti 3 9  
B R 2 6 , 6 3 8 9  
1 4 4 7 0 . 7 3 6 0  
1 5 0 8 6 . 6 2 6 0 
1 S 6 7 6 , 5 ! 7 8 
1 � 2 4 2 .  6 5 2 4  
1 � 78 6 , 8 9 5 4  
1 1 3 1 0 , 7 5 5 7  
1 7 8 1 4 . 9 1 0 4  
1 9 2 9 9 , 5 2 5 6 
1 3 7 1-- 3 . 9 7 1 1  
U 2 0 6 . � 2 7 2 
1 � 62 7 .  1 4  6 2 
2 :) 02 3 . 5 4 6 1  
2 :> 3 9 4 . 9 2 0 1  
2 :>7 4 0 . 2 8 90 
2 1 0 5 9 . 2 2 5 4 
2 1 1 5 2 , 3 4 0 1  
7. l 6 2 0 , H 2 3  
2 1 86 6 . � 4 9 2 
2 � 0 8 7 , 2 6 8 4  
� 2 ?. 8 5 . 0 7 5 4  
2 � 4 5 9 . 9 8 9 4  
n �> l t . 0 7 3 4  
2 n 3 9 . 3 o 2 1  
2 2 R 4 5 , l 3 7 4  
2 � 9 2 8 . 7 3 2 3  
2 � 9 9 1 , 5 3 5 6  
B 0 3 6 , 4 2 7 0  
2 3 0 6 7 . 5 1 6 0  
2 3 � 8 8 . 2 5 4 9  
23 1 0 0 , 9 9 7 0  
2 3 1 0 7 . 0 2 9 4 
2 3 1 1 2 . 0 4 0 8  
2 3 1 1 6 . 1 5 9 4  
2 3 1 1 9 . 4 7 3 0  
2 3 1 2 2 . 0 5 8 2  
2 H 2 4 , 0 0 2 5  
2 3 1 2 5 . 4 1 4 4  
� 3 12 6 .  3 5 8 0 

3 1 2 6 , 8 90 5  
l 3 1 Z 7 , l 3 1 5  

2 1 9 1 0 .  R C F --MAlt t:A<:;  P R n O I J r. J: I'I  T N  C: !' J: N l O T O  



TABLE E-4 { 5 ) f  

E C O NO M I C  S U MMAR Y 
·· · ········--·-···----·--- --· -- -· ----

P R O F I T  I N D I C A T OR S  

D I S C O U N T E D  P R e S E N T WO R T H A T  1 5 , 0  P C T , ( M M $ )  
O C F  R A T E  O F  R E T U R N  ( P E R C E N T )  
P A Y O U T  T I M E  I Y E A R S I 

-·P R :J F L T  ·P E R · t N V E S f M E N T · ( $ / $ ) --· 
M A X ,  U N R E C u v t R E D  I N V F. S T M E N T I M M I ) 
NE T C A S H  R E C O V E R Y  A F T E R T A X I M M I )  
E X P L O K A T I O N  E X P E � D I T U R E I M M $ ) - P ihW U c-T l (J� · Il'� V E S T  M E  r H  · I M M  $ )---------T O T A L  I N V E S T M E N T 1 � 1 $ ) 
O P E � A T l N G  E X P E N S E  I M M $ )  

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

----- -- z . 
4 (.J4

·--·--

4 2 6 . 3 4 6 o  
2 5 3 1 C. . l 0 1 3  

3 2 7 6 . 9 4 1 7  
7 tt 7 b . !:i 0 3 Q ---

1 0 � 3 2 . 2 5 1 0 
6 4 3 5 . 7 6 9 4  

···-------·---

E - 8 3  
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TABLE E -4 ( 6 ) a  

Standard S cenari o at  $ 3 . 50 a n d  1 5% 
Base and Advanced Technol ogi es--Mi d-Cont i nent  U . S .  

2 0  Y E A R  DE V E L O P M E N T  P R O GR A M  

Y E A R O F  D E � E L J P M E � T  

L u C A T I �N u F  ? R U S P E C T S - -
1 2 3 4 5 b 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1b 1 7  1 8  19 2 0  

1 1 � 0 2 1 4 Z M I D C O N  S H A L L O �  F M N  A 1 5 . 0 , 3 , 5 0  £ -- - £ -- � - � 3 3 4 4 4 2 0 0 
2 - 1 2 l 7 1 4 2  M l U C O N  S H A L L O W  f M N  B 1 5 , 0 , 3 , � 0 - 4 5 5 " 6 6 - 8 0 0 
3 1 2 1 8 1 4 2 M l u C O �  S H A L L J �  F M N  C 1 5 . 0 o 3 . 5 0 0 0 1 3 3 3 4 4 4 2 0 0 
4 1 2 l 0 1 4 2  M I U C U� S H A L L u �  F M N  D 1 5 , 0 , 3 . � 0 0 2 2 2 2 4 4 4 3 3 0 0 
5 b v 1 1 4 2  M i O ( CJ  � D E E P  1 5 , 0 . 3 . 5 0 1 2 3 3 3 3 3 3 3 2 0 0 
6 1 3 0 1 H Z  M i U C U �  1 H T E KM � O I A T E  1 5 . 0 , 3 , 5 0  ·-· 1 - t - - · z - - 2 - · 2 -· -z - z · - 2 ··- .. 3 . .. 3 'J 0 1 1 2 0 2 2 4 2 M I D C �� S H A L L J � F M N  A 1 5 , 0 , 3 , 5 0 0 0 0 0 0 0 0 0 1 3 4 4 
8 1 2 1 7 2 4 2  M I D C O �  S H A L L u W F M �  B 1 5 . 0 , 3 . 5 0 0 0 0 0 0 0 0 0 1 2 3 , 
9 1 2 1 8 2 4 2 M l D C O� S H A L L J �  F M N  C 1 5 . J , 3 , 5 0 0 0 0 0 0 0 0 0 0 0 4 4 - 1 o - 1 2 2 o 2 4 2 - M I D C O fi S H A L L U W  F M w· 0- 1 5 , 0 , 3 , 5 0-o· � - o-- o - - o --o · - o - · - - o - · - o - - o - - o--- 4 4 

1 1  1 6 0 1 2 4 2  M ll> C U :� u E E P  1 5 . 0 , 3 , 5 0 0 0 0 0 0 0 0 0 2 2 2 3 
1 2  1 0 0 1 2 4 2  M I D C O �  I N T E R M E D I A T E  1 5 . 0 , 3 , 5 0 0 0 0 0 0 0 0 0 1 1 1 1 

- ------ -- -··· --- -- - �---- ---- · -- --- -- -·- -- - -

C A S E  

1 2 0 2 1 4 2  
1 2 1 7 1 4 2  
l 2 i tl l 4 2  
1 .2 2 0 1 4 2  
1 � 0 1 1 4 2  
1 3 0 1 1 4 2  
l 2 ll 2 2 4 2  
1 2 1 7 2 4 2  
1 2 l tl 2 4 2  1 2 2 C 2 4 2  
1 !> 0 1 2 4 2  
1 8 0 1 2 4 2  

L O C A T I O N  Q F  P R O S P E C T  

M I D C O N S H A L L O W  F M N  A 1 5 , 0 , 3 . 5 0 M I D C O �  S H A L L J W  F M N  8 1 5 . 0 , 3 . 5 0 

TABLE E -4 ( 6 ) b  

S U M M A R Y  O F  � E L L  R E QU I R E M E N T S  

NO . P R O S P .  ------ W I L D C A T  w E L L S ------

2 4  
4 0  

P R O D .  D R Y  T O T A L  

7 3 8  4 5  1 7 0  7 7  
M 1 D C  U .� � H A l  l 0 W F M :"ol C 1 5  , 0 , 3 • 5 0 --- -··-· 2 4 -· --- - - --· 7 3 8  4 5  M l P C u �  S H A L L O W  F M N  D 1 5 , 0 , 3 . 5 0 2 b  7 4 1  4 8  
M l t> C O �  P E t: i'  1 7 . 0 . 3 . 5 0 2 b  4 2 5  2 9  M I U C U� i N T E R M E D I A T E  1 5 . 0 . 3 , 5 0 2 0  0 0 0 

W / C  
S U C C E S S  

R A T I O  

- - ·  

. 1 6 
o l O 
o 1 6 
o 1 b 
. 1 5  

I 
M l D C (J :; � H A L L O W F M N  A l 5 , 0, 3 , 5 0 --- 4 4  . .  1 4 --··· ---- · 7 0  ---- 8 4  __ _ _ . 

. 1 7  M l U C UN S H A L L � W  F H N  B 1 5 . 0 , 3 . 5 0 7 7  1 4  1 3 5  1 4 9 . 1 0 M I P C O �  S rl A L L J W  F M N C 1 5 . 0 , 3 . 5 0  4 0  1 2  6 3  7 5  • 1 6  M l D C O N  S rl A L L J W F M N  D 1 5 , 0 , 3 . 5 0 4 0  1 6  5 9  7 5  . 2 1  M W C iJ -;  D c t l'  1 5 . 0 , 3 . 5 0 · -- - 3 2 -----·· 1 8  --·- - -- - 1 9  - - --· . 3 7 -·- . . 4 9 M l u C U �  i � T E � M E D 1 A T E  1 5 . 0 , 3 . 5 0 1 1  4 1 0  1 4  . 2 9 

· - ---- · - · 
· - ·--- - -· 

- - ----

0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 c 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
4 4 4 4 4 4 4 
7 8 8 8 6 8 9 
4 4 4 4 4 4 4 
4 4 4 4 - 4 - 4 ·- 4 3 3 3 3 3 3 3 
1 1 1 1 1 1 1 - .. -- -- ----- - -

--- D E V E L O P M E N T  W E L L S----
P R O D . D R Y  T O T A L  

1 5 9  3 9  1 9 8  
B O  2 0  ::. o o  

1 3 9  3 4  1 7 3 
7 7  1 9  9 b  

1 4 8  3 7  1 8 5  
0 0 I) 

0 2 4  
0 ·- 40 
0 2 4  0 2 b  
0 2 6  0 2 0  
4 4 4  

1 0  7 7  
4 4 0  4 - -- - . 4 0  
2 
0 

·-

3 2  
1 1  

T O T A L  
A L L 

W E L L S 

2 4 3  
1 7 7 
2 1 8  
1 4 4  
2 1 4 

0 
1 5 7  - -- 3 9  ·-- ·-·- l 9 b  -- -· - 2 8 0  

7 7  1 9  9 b  2 4 5  
1 3 3  3 3  l '> l> 2 4 1  
1 3 1:1  3 4  1 7 2  2 4 7  
2 b 3  - 6 '}  - � 2 8 - -·- - -- 3 b 5 
1 4 3  3 5  1 7 8  1 9 2  
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P R O S P E C T 
M I J C J N  S H A L L O �  F M N  A 
M I J C O N  S H A L L U W  F M N  8 
M l J C u N  S H A L L O W  F M N  C M l u C J N  S H A L L U �  ��N D M I D C O t.  D E E P  
M l J C � N  i N T E R M E D i A T E  M I J � J N  S H A L L U W  F M N  A 
M I J C O N  S H A L L U W  F M N  8 
M 1 � C U r. S H A L L U W  F M N  C 
M I D C O N  S H A L L O •  F M N  D 
M I :> C U N D E E P  
M I J C O N  I N T E R M E D I A T E  

TABLE E-4 ( 6 ) c  

A N N U A L  O K I L L I N G S C H E U U L E  

Y E A R ?. 3 4 5 6 

1 5 . 0 , 3 , , 0 0 0 1 0  3 0 3 0  3 0  

g: 8: � : 58 -- -r ·-- r · ·  r- 2 �  n H 
1 5 . u , 3 . ; o o 1 1  1 1  1 1  1 1  l 2  
1 , . o , 3 , , o  6 1 2  1 8  1 e  1 &  1 8  
1 5 , o , 3 , ; o  -·-- o--- -· o - ·-- · o -·- o -- - o · ·  o 
1 5 . 0 , 3 . 5 0 0 0 0 v 0 0 
1 5 , 0, 3 , 5 0 0 0 0 0 0 0 

9 

4 0  4 0  4 0  
2 2 2 6 2 6  
3 6  3 o  3 6  
a z z  l o  
1 8  l b  1 8  

7 b 

. .  0 . 0 0 
0 0 b 
0 0 3 

1 5 . 0 , 3 . 5 0 0 0 0 0 0 0 
15 . o, 3 .- 5 o  -- -o --o · - o ---o --- o-- - - o ----

0 0 0 
0 -· · .. 0 - - 0 -· 

1 5 . 0, 3 . 5 0 0 D 0 0 0 0 
1 5 . 0 , 3 . 5 0 0 0 0 0 0 0 

0 0 2 2  
0 0 1 7 

1 0  1 1  

2 0  0 
3 5  0 
1 8  0 
l b  0 
1 2  0 

0 0 
1 9 2 5 

6 9 
0 2 4  

· o·· - · 2 4  
2 2  2 2  
1 7  1 7 

1 2  

0 
0 (J 
0 
0 
0 

2 5 
1 6  
2 4  
2 4  
3 4 
1 7 

1 3  

0 
0 0 
0 
0 
0 

2 5  
2 2  
2't 
Zit 
3ft 
1 7  

lit 
0 
0 
0 0 
0 
0 

2 5  
2 5  
2 4  
2 4  3ft 
1 7  

1 5  

0 
0 
0 
0 
0 
0 

2 5  
2 5  
2 4  
2 4  3ft 
1 7  

1 6  1 7  

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

2 5  2 5  
2 5  2 5  
2 4  2 4  
2 4  - lit 
3 4  3 4  
1 7  1 7  

1 8 

0 
0 
0 
0 
0 
0 2 5  

2 5  � 4  
2 4  3 4  
1 7  

1 9  

0 

8 
0 
0 
0 2 5  

28 
24 
Z it  34 
1 7  

z o  

0 
0 
0 
0 
0 

2g 
3 2  
2 4  
2 4  
2 2  

0 

i T O T A L  W E L L S  I N  E A C H  Y E AP. 1 0  2 7  5 6  9 4  1 0 3  1 1 9  1 3 8  1 4 2 1 8 4 1 6 5  1 2 1  1 4 0  1 4 6  1 4 9  1 4 9  1 4 9  1 4 9  1 4 9  1 5 2 1 2 7  
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TABLE E-4 ( 6 ) d  

I N V E S T M E N T  R E Q U I R E M E N T S  A N D  R E S E R V E  A D D i l i O N S  

Y c  A R  I N V E S T M E N T  ( M o'I S  I G A S  R E S E R V e S  
A D D E D  I B C F  I C U M M U L A T I V E  

G A S  I<E S E R IJ E S  

1 8 . 1  1 5 . 4  1 5 . 4  
2 1 4 . 6  3 2 . 4  4 7 . 8  
3 2 7 . 7  6 0 , 2 1 0 8 . 0 
4 -· ·----- - . 3 7 .  6 ------ ---- 8 4 • 8 ---·-· -·---- - 19 2 .  8 5 4 0 . 2 9 3 . 2  2 8 6 . 0  
6 44 . 6  1 0 8 . 9  3 9 4 . 9  
7 4 9 . 6  1 2 1 . 2  � 1 6 . 0  

- - -- a --- - · s o . 9  1 2 , , 4  6 4 1 . 4 ----
9 8 2 . 7  1 9 0 . 3  B 3 1 . a 

1 0  7 b . 3  1 8 6 . 8  1 0 1 � . 6  
1 1  6 3 . 0  1 5 2 . 2  1 1 7 0 . &  - -- l 2 - ---- 7 3 • 6 - 1 7 7 .  0 l 3 4 7 • 7 -··--

1 3  7 6 , 3  1 8 5 . 6  1 5 3 3 . 3  
1 4  7 7 . 6  1 � 9 . 9  1 7 2 3 . 2  
1 5  7 7 . 6  1 8 9 . 9  1 9 1 3 . 1 --- 1 6 - ---- - 7 7 . 6  ----- 1 8 9 . 9  2 1 0 3 . o --· 
1 7  7 7 . 6  1 8 9 , 9  2 2 9 2 . 8  
1 8  7 7 . 6  1 6 9 . 9 2 4 8 2 . 7  
1 9  7 8 . 9  1 9 4 . 2  2 6 7 6 . 9  

-- 2 0 ----- 6 2 . 1  · 1 o l . o -------- 2 & 3 7 . u ·--- -

- · --- 1 1 7 6 . 2 T O T A L  
l N V � :i T M E N T 
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TABLE E-4 { 6 ) e  

C A S H  F L O� ANO P R O D U C T l �N S U M M A � Y  

ANt;UAL C U MuL , Ao�NUAL C UMUL , ANNU AL  
C A S H  F l UW C ASH F L O w  N Gl P kllU.i NG� P r< L O N  G A S  P R O O N' YE A R  I M I U I I MoH I ( 11 11 U I M :1 1l l - ---- --- - - ----- --- - -- - - - - - - --- - --- - ---- --- - -- ( 8 C  F I 

- - - - - - - - - - --- -- - - - - -
l - , U :> 6 1t  z - . 9 5 & 6  
3 -2 . lt7 b 7  
4 · ·- - · ·· . . . - 5 o l tl l l  
:. - 1 . o 2 '1 lt  
b - <t . 9 0 7 2  
7 -1 0 . 3 0 0 7  

·- . 

- . O � b lt  o . o o o o  
- 1 . J 1 !) 1  0 , 0 0 0 0  
- 3 . � 9 1 d  o . o o o o  
- 6 . 1> 7 2 9  . O O O :i  

- 1 6 .  , 0 2  3 , U U 2 Z  
- l b o lt 0 '-1 5  , O U :> 4  
- 3 6 . 1 1 0 2  , 0 1 b S  9 ---- - -1 0 .  � 1 7 8  -- ·--- · - 4 7 . 1 2 1l 0 -------· -···· . 0 2 6 4 · ·-- - · · 

9 - 7  • .1. C i:: O - � 4 . 2 3 0 0  . O it 2 4  
1 1)  - 3 . 5 1 7 1 - 5 7 . 7 4 7 1  . o � ; 7 
1 1  . l tl !) B  

o . o o u o  
o . v u v o  
o . o o o o  

. 0 0 0 5  
, () () 2 7  
. v vc H 
. 0 2 4 9  
• 0 5 1 3  
. 0 9 3 7  
. 1 4 9 4  

- · ·- -

o . o c. o o  
o . o o o o  
o . o o o o  

• 1 4 'i 6  
o b u 7 7  

1 .  � 7 5 4  
lt , 3 3 0 3  
7 . 6 3 5 5  

1 2 . ? 4 3 9 
1 7 . 1 9 3 9  

- 5 7 . 4 6 1 3  . o o 7 7 . 2 .1. 7 .1.  2 2 . 4 1:> 5 4  �--- 1 2 --- -- 6 . 1 7 4 8  - ---- - ; 1 , 2 8 6 5  -- -- - , 0 8 2 7  - -----· · • 2 9 9 8 - - -- -- - 2 8 . 7 6 1 1  
' 1 3  1 2 . 2 7 2 1  - 19 . 0 1 4 4  . 0 '1 9t . � 9 � 1t  3 5 . 7 1 3 1  , .1.4 2 1 , Z 2 4 b  - 7 . B 9 o  , 1 1 5  , 5 1 4 5  4 2 . 4 4 9 3  [ .1. �  3 3  • .1. 0 4 4 l 5 . 3 l 4 lJ  o .l. o 4 7  . 6 HZ 5 .1. . 1 � 6 1  - -- · - 1 6  -· -----··  · 4 4  . 1 u :l 7  · - -- 5 9 . 4 9 8 5  - . 2 0 5 5  --------·· • b o 4 7  · ·  ·- -- ·- 5 9 .  z 5 3 0  1 7  5 2 . o 4 2 9  .1. .1. 2 . 1 4 1 4  , 2 2 .1. 8  1 , .1. 0 6 5  6 6 , 0 2 7 5  

1 8  6 1 . !) � 7 2  1 7 3 , 7 0 b o  . 2 4 2 6  1 .  .:. 4 9 3  7 3 . 2 0 5 0  
1 9  70 . 7 4 3 0  2 4 4 . 4 5 1 1:>  . 2 6 4 7  1 . 6 .1. H  8 0 , 3 5 6 1  l J  ·--- - - 7 9 . j 5 tl 2 -·-·--- 3 2 4 . 00 9 & -------· , 2 b 6 2 - - ----·· 1 . 9 0 0 1 - - ----- 8 7 . 2 5 1 0  
2 1  ll 9 . 3 9 4 7  4 1 3 . 4 0 4 5  . 3 0 6 5  2 . 2 0 6 7  9 3  , b 3 5 2 
2 2  1 u 3 , a 2 2 1  5 1 7 . 2 2 6 6  . 3 2 :> 7  2 . !> 3 2 3  .1. 0 0 . 2 3 (1 8  
2 3  1 2 � . 7 9 3 1  6 3 9 . 0 1 9 7  . 3 4 B  2 . 8 7 4 3  1 0 6 . 1 1 8 6  -- 2 4  - ---· 1 2 '1 . 4 '1 3 0  --- - · 7 6 8 , 5 1 2 8  ------- . 3 !> 1 d · · - · · · · ·- 3 , 2 2 o 1  1 0 9 , 2 7 2 8 
2 5  1 3 9  d 9 0 9  9 0 8 , !> J 3 7  • 3 5 7 4  3 , 5 6 3 :i  1 0 9 , 7 4 2 0  
2 6  U 9 , 5 9 u 1  1 0 4 d , .l. 0 1 8  • 3 31t5 3 o 9 1 d 0 1 0 5 . 3 4 2 0  
2 7  1 3 5 . :> 7 1:> 7  1 1 8 3 . 6 8 0 5  . 3 1 b l>  4 , 2 3 60 1 0 0 , 5 7 0 7  
2 3  ·· ·· ···- · · 1 3 0 . 1 9 2 9 · - - - -· u u . tl 7 3 4  _______ _ . 3 o J l _ __ __ 4 . 5 3 9 2  -- ·· - ··- - 9 6 . 2 42 1  
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TABLE E-4 ( 6 ) f  

E C O N O M I C  S U M M A R Y  

P R O F I T I N D I C A T OR S  

D I S C O U N T E D  P R E S E N T  wO R T H A T  1 5 . 0  P C T .  ( M M $ )  
D C F  k A T E  O F  R E T UR N  ( P E A C E N f )  

6 0 . 7 7 5 'j Q  2 4 . 7 0 
P A Y 8 U r T I � E  < Y E A � $ )  

- - PR O F I T  P E R  l N V E S f M E N T ( $ / $ t · · · · - ---· ·---------- - - -- · 
1 3  0 '4 
2 . 7 3 8 . . 

M A X .  U N R E C O V E R E D  I N V E S T M E N T  l M M $ )  
N E T C A S � R EC O V E R Y  A F T E R  T A X ( M MS l 
E X P L U R A f i J N  E X P E N D I T U R E  ( M M $ ) 

--· P R OD U C T I O N  I N V E S T M E N T · ( M M S l  __ _ 
T O T A L  I N V E S T M E N T  ( M M S ) 
O P E � A T I N G  E X P E N S E  ( MM $ ) 

E - 8 7  

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

3 5 1 . 7 7 2 0  
------ e 4 o  • 6 1 o 5 ---

1 1 7 6 . 2 1 6 9  
8 7 4 . 2 1 1 7  



TABLE E-5 

S tandard S cenario 

Year 1 9 8 1  ( $ 2 . 50 @ 1 5% )  

Percent 

Pro- Produc tion No . Pr o- Re serves Re serves Pe rcent 500 TCF 
duct ion Cumulat ive Investment spects No . Wells Added Curnula- 500 TCF Added to 

(TCF/Yr . )  (TCF ) ( $  B illion ) /Yr .  /Yr .  (TCF /Yr . )  tive (TCF ) Produced Reserve 

No . Great Plains/Wi l l iston . 0 57 30 200 • 1 9 1  • 1 9 1  

Eastern . 0 58 26 1 1 7 . 1 44 . 1 44 

We stern . 0 90 29 1 44 . 1 69 . 1 69 
t:Ij 
I Mid-Continent . 0 0 1  1 3 . 004 . 004 co 

co 
Gr • So uthwe st . 0 2 1  6 1 8  . 0 54 . 0 54 

Southwe st . 0 50 1 5  49 . 1 28 . 1 28 

Ro cky Mt s .  . 1 75 45 1 89 . 366 .366 

To tal . 452 1 52 720 1 . 056 1 .  056 



l:I:I 
I 

co 
1.0 

Year 1 985 

No . Gr eat Plains/Wi l l iston 

Eastern 

Western 

Mid-Continent 

Gr . Southwe st 

So uthwe st 

Ro cky Mt s .  

Total 

Pro- Produc tion 
duct ion Cumulat ive 

( TCF/Yr . )  ( TCF ) 

. 0 06 . 0 07 

. 00 9  . 0 1 1  

. 0 1 4  . 0 1 9 

0 0 

. 005 . 007 

. 0 1 2  . 0 1 5  

. 060 . o 8o 

. 1 06 . 1 39 

TABLE E-5 (Continued) 

S tandard S cenario 

( $2 . 50 @ 1 5% )  

Percent 
No . Pr o- Re serves Re serves Pe rcent sao  TCF 

Investment spects No . Wells Added Cumul a- 500 TCF Added to 
( $  B illion ) /Yr .  /Yr .  (TCF/Yr . )  tive (TCF ) Produced Reserve 

. 1 81  97  6 1 9  . 640 2. 000 

. 329 1 1 8 564 . 758 1. 8 7 1  

. 200 60 3 1 4 . 377 1 .  2 1 4  

. 0 1 9  1 2  69 . 057 . 1 56 

. 2 1 0 42 2 1 1  . 491  1 .  1 6 1  

. 2 1 1  54 2 1 9 . 506 1 . 483 

. 544 1 34 567 1 . 207 4 . 1 69 

1 .  694 5 1 7  2 , 563 4. 036 1 2 . 054 



Year 1 990 

No . � eat Plains/Williston 

Eastern 

Western 
� 
I Mid-Continent � 

C) Gr .  Southwe st 

Southwest 

Rocky Mts . 

Total 

Pro- Production 
duct ion Cumulative 

(TCF/Yr . )  (TCF ) 

. 1 2 0  . 32 1  

. 1 56 . 408 

. 1 27 . 382 

. 0 1 0  . 023 

. 1 29 . 3 1 3  

. 1 3 1  . 355 

.467 1 .578 

1 . 1 4 0  3 . 380 

TABLE E-5 (Continued) 

Standard S cenario 

( $2 . 50 @ 1 5% )  

Percent 
No . Pr o- Re serves Re serves Pe rcent 500 TCF 

Investment spects No . Wells Added Cumula- 5 0 0  TCF Added to 
( $ _ B ijJ.ion J /Yr .  /Yr .  (TCF/Yr . )  tive (TCF ) Produced Reserve 

. 3 1 2  144 743 1.  0 1 8  6. 454 

. 47 0  1 46 798 1. 1 5 1  6. 9 1 0  

. 275 83 386 . 553 3 . 789 

. 06 7  24 1 55 . 1 73 . 72 3  

1 .  065 1 78 1 , 098 2 . 759 9. 684 

. 459 83 3 5 1  1 . 1 62 6 . 243 

.660 1 63 5 1 0  1 .467 1 0 .733 

3. 308 746 4 , 04 1 8. 283 44. 536 



1:7:1 
I \.0 

...... 

Year 1 995 

No . Gr eat Pl ains/Wi l l iston 

Eastern 

We stern 

Mid-Continent 

Gr . Southwe st 

So uthwest 

Ro cky Mts . 

Total 

Pro- Pr oduction 
duct ion Cmnulat ive 

(TCF/Yr . )  (TCF ) 

. 326 1 .  527 

. 40 1  1 .  934 

. 26 1  1 . 466 

. 040 . 1 46 

. 900 2 . 9 1 6  

. 4 5 1  1 .  92 5 

. 809 4 .993 

3 . 1 88 1 4 . 907 

TABLE E-5 (ContiJluad) 

S tandard S cenario 

( $ 2 . 50 @ 1 5% )  

Percent 
No . Pr o- Re serves Re serves Pe rcent 500 TCF 

Investment spects No . Wells Added Cmnula- 5 0 0  TCF Added to 
( $  B illion ) /Y r .  /Y r .  (TCF /Yr . )  tive (TCF ) Produced Reserve 

. 359 1 62 789 1 . 1 56 1 1 . 998 

. 448 1 52 7 0 3  1 . 1 97 1 2 . 69 1  

. 1 36 43 1 83 . 286 5 . 652 

. 1 1 8  29 2 1 4  . 276 1 .  94 5 

2. 7 1 1 470 2, 2 1 0  7 .  284 3 7.  1 81 

. 590 88 397 1 . 43 1  1 3 . 550 

• 755 1 78 534 1 .594 1 8 .475 

5 . 1 1 7  1 , 1 2 2 · 5 , 030  1 3 . 224 1 0 1 . 492 



TABLE E-5 ( Continued) 

S tandard S cenario 

Year 2000 ( $ 2 . 50 @ 1 5% )  

Percent 

Pro- Produc tion No . Pr o- Reserves Reserves Percent 500 TCF 

duct ion Cumulative Investment spects No . wells Added Cumula- 500 TCF Added to 
(TCF /_Yr . )  (TCF ) ( $  B i llion ) /Y r .  /Yr .  (TCF /Y r. ) tive (TCF ) P roduced Reserve 

No . Great Pl ains/Williston . 54 1  3 . 80 3  . 4 1 3  193 936 1 . 335 1 8. 556 

trl 
. 6 1 6  4 . 6 1 7 . 280 1 04 492 • 749 1 7. 469 I Eastern 

1.0 
N Western . 269 2. 824 . 057 20 82 . 1 26 6. 571  

Mid-Continent . 094 , 507 . 076 26 1 5 1  . 1 93 3. 1 1 6  

Gr . So uthwest 2. 595 1 2 . 527 1. 606 284 1 1 554 4. 324 66 . 79 1  

Southwest . 688 5. 044 . 273 4 1  249 . 662 1 8 . 0 1 5  

Rocky Mt s .  1 . 045 9 . 800 .597 146 455 1 . 255 25 .524 

Total 5 . 848 39. 1 22 3 . 302 8 1 4  3 , 91 9  8. 644 1 56 . 042 



t:>:! 
I 

1.0 
w 

Year 1 9 8 1  

No . Gr eat Plains/Wi l l iston 

Eastern 

Western 

Mid-Continent 

Gr .  So uthwe st 

Southwest 

Ro cky Mt s .  

Total 

Pro- Pr oduc tion 
duct ion Cumulative Inves tment 

( TCF/Yr . )  (TCF ) ( $  B illion ) 

. 02 1 

. 2 1 1 

. 2 34 

. 0 1 7  

. 088 

. 069 

.290 

. 93 0  

TABLE E··6 

S tandard S cenario 

( $ 3 . 50 @ 1 0 % )  

Percent 
No . Pr o- Re serves Re serves Pe rcent 5 0 0  TCF 
spects No . wells Added Cumula- 500 TCF Added to 
/Yr .  /Yr .  (TCF/Yr . )  tive (TCF ) Produced Reserve 

1 0  67 . 077 . 07 7  

42 385 . 309 . 309 

52 3 98 . 353 . 353 

3 44 . 026 . 0 26 

14  1 2 7  . 1 85 • 1 85 

1 4  9 7  • 1 53 . 1 53 

65 304 . 5 1 6  . 5 1 6  



t:>:l 
I 

\0 
""' 

Year 1 985 

No . � eat Plains/Williston 

Eastern 

Western 

Mid-Continent 

Gr . South- st 

South- st 

Rocky Mts . 

Total 

Pro- Produc tion 
duct ion Cumulat ive 

(TCF/Yr . )  (TCF ) 

. 003  . 004 

. 0 2 1  . 026 

. 027 . 035 

. 00 1  . 00 2  

. 0 1 4 . 020 

. 0 1 2 . 0 1 5  

. 0 75 • 1 0  1 

. 1 53 

TABLE E-6 (Continued) 

S tandard S cenario 

( $ 3 . 50 @ 1 0 % )  

Percent 
No . Pr o- Reserves Reserves Pe rcent 500 TCF 

Investment spects No . Wells Added Cumula- 500 TCF Added to 
( $  B il lion ) /Yr .  /Yr .  (TCF /Yr . )  tive ( TCF ) Produced Reserve 

. 236 93 66 1 . 720 1.  74 1 

. 93 7  1 87 1 , 759 1 .  484 4. 1 2 5  

. 395 93 643 . 626 2.  1 1 6  

. 069 1 7  204 . 1 27 . 422 

. 1 84 25 255 . 390 1 . 368 

. 30 5  5 1  335 . 70 5  1 . 964 

.588 140 6 1 3  1 .  1 3 3  4. 253 

2 .  71 4 

'I 



t:x:l 
I 1.0 

Ul 

Year 1 990 

No . Great Pl ains/Wi l liston 

Eastern 

Western 

Mid-Continent 

Gr . Southwest 

So uthwest 

Rocky Mts .  

To tal 

Pro- Produc tion 
duct ion Cumulat ive 

(TCF/Y r . ) (TCF ) 

. 1 23  . 284 

. 344 . 9 3 3  

. 2 1 5  . 667 

. 025 . 07 0  

. 1 68 . 4 1 1 

. 1 86 . 474 

. s o 1 1 . 733 

1.  562 

TABLE E-6 (Continued) 

S tandard S cenario 

( $ 3 . 50 @ 1 0% )  

No . Pr o-
Investment spects No . Wells 
(_$ Bi.JliQn ) /Yr .  /Yr .  

. 5 1 6  1 67 993 

1 .  505 3 0 1  2 , 6 1 1 

. 72 2  1 5 1  1 , 0 3 3  

• 1 1 8 28 278 

2 . 443 1 88 2 , 62 1  

. 6 1 9  70 652 

1 . 2 0 7  2 5 3  9 3 7  

7 .  1 3 0  

Re serves 
Added 

(TCF/Yr. ) 

1 . 385 

2 . 4 1 5  

1 .  062 

. 23 2  

5 . 4 1 8  

1 .  3 1 7  

1 .  965 

Re serves 
Cumula-
tive (TCF ) 

8. 253 

1 4 . 444 

6. 999 

1 .  365 

1 5 . 93 8  

8 .  288 

1 2 . 1 3 9  

Percent 
Percent 5 0 0  TCF 
500 TCF Added to 
Produced Reserve 



� 

Year 1 995 

I No . Gr eat Pl ains/Wi l liston � 
� 

Eastern 

We stern 

Mid-Continent 

Gr . Southwe st 

So uthwe st 

Rocky Mt s .  

Total 

Pro- Pr oduc tion 
duct ion Cumulative 

(TCF /Yr . )  ( TCF ) 

. 440 1.  84 8 

. 8 1 8  4 .  180 

. 457 2. 589 

. 067 . 3 1 4  

1 .  5 1 4  4. 632 

. 5 1 2  2 . 377 

1 . 044 5 . 744 

4. 852 

TABLE E-6 (Continued) 

S tandard S cenario 

( $ 3 . 5 0  @ 1 0 % )  

Percent 
No . Pr o- Re serves Re serves Pe rcent 500  TCF 

Investment spects No . Wells Added Cumula- 500 TCF Added to 
( $  B illion ) /Yr .  /Yr .  (TCF/Yr . )  tive (TCF ) Produced Reserve 

. 6 1 2  2 1 2  1 ,  1 87 1 .  662 1 6. 464 

. 72 1  1 55 1 ,  083 1 .  404 2 1 .  243 

. 445 74 485 . 60 0  9. 884 

• 1 1 1  24 1 97 . 226 2. 435 

3 . 475 408 3, 1 94 7. 693 5 1 . 788 

. 745 7 5  572 1 .  5 1 9  1 5 . 674 

1 . 8 1 6  344 1 , 368 2 . 842 2 5 . 82 1 

7 . 925 



t:Ij 
I 1.0 

-...J 

Year 2 0 0 0  

No .  � eat Plains/Williston 

Eastern 

Western 

Mid-Co ntinent 

Gr . Southwe st 

So uthwe st 

Rocky Mt s .  

To tal 

Pro- Produc tion 

duct ion Cumulative 
(TCF/Yr . )  (_T�_ 

. 765 5. 0 29 

. 956 8. 652 

. 479 4. 9 1 1 

. 1 1 0  . 78 1  

3 . 304 1 7 . 733 

. 845 5 . 990 

1 . 64 1  1 2. 842 

a. 1 0 0 

TABLE E-6 (Continued) 

S tandard S cenario 

( $ 3 . 50 @ 1 0 % )  

Percent 
l'b .  Pro- Re serves Re serves Percent 500 TCF 

Investment spects l'b . wells Added Cumula- 500 TCF Added to 
( $  B illion ) /Yr .  /Yr .  (TCF/Yr . )  tive (TCF ) Produced Reserve 

. 632 223 1 ,  2 1 6  1 .  73 1 25. 1 2 0  

. 78 1  1 63 1 ,  1 58 1 . 523 28. 634 

. 445 74 485 . 600 1 2 . 887 

. 082 24 1 57 • 1 82 3. 526 

3. 1 53 389 2 , 696 7. 1 5 6  89. 7 1 5  

. 678 7 1  467 1 .  407 23. 096 

1 . 769 333 1 , 339 2 . 705 39. 793 

7 . 540 



f:lj 
I 1.0 

00 

Ye ar 1 9 8 1  

No .  Gr eat Plains/Williston 

Eastern 

Western 

Mid-Continent 

Gr • Southwe st 

So uthwe st 

Ro cky Mt s .  

Total 

Pro- Pr oduc tion 
duction Cumulative Investment 

(TCF/Yr . ) (TCF ) ( $  B i llion ) 

. 0 2 1  

. 1 29 

• 1 73 

. 008 

. 054 

. 0 55 

. 256 

TABLE E-7 

S tandard S cenario 

( $ 3 . 50 @ 1 5% )  

Percent 
No . Pro- Reserves Reserves Pe rcent 500 TCF 
spects No . Wells Added Cumula- 500 TCF Added to 
/Yr .  /Yr .  ( TCF/Y r . )  tive (TCF ) Produced Reserve 

1 0  67 . 076 . 076 

42 220 . 208 . 20 8  

5 2  3 1 4 . 276 . 2 76 

3 1 0  . 0 1 5  . 0 1 5  

1 4  5 5  . 1 34 . 1 34 

1 4  63 . 1 33 . 1 3 3  

6 5  267 . 468 . 468 



TABLE E-7 (Continued) 

S tandard S cenario 

Year 1 985 ( $ 3 . 50 @ 1 5% )  

Percent 

Pro-
Pr oduction No . Pr o- Re serves Re serves Pe rcent 500 TCF 

duct ion Cumulative Investment spects No . Wells Added Cumula- 500 TCF Added to 
(TCF/Yr . )  (TCF ) ( $  B illion ) /Yr . /Yr. (TCF/Yr . )  tive (TCF ) Produced Reserve 

No . � eat Plains/Wi lliston . 00 3  . 004 . 225 93 637 . 70 5  1 .  7 1 1 

t'1j Eastern . 0 1 6  . 0 1 9  . 578 1 87 1 , 043 1 . 044 2 . 829 
I \.0 Western \.0 . 02 3  . 03 0  • 30 1 93 464 . 456 1. 626 

Mid-Continent . o  • 00 1 . 040 1 7  1 0 3  . 093 . 286 

Gr .  So uthwest . 0 1 1  . 0 1 6 . 1 1 6 25 1 1 4 . 30 2  1 . 03 3  

So uthwest . 0 1 0  . 0 1 4  . 222 5 1  2 0 1  . 593 1.  696 

Ro cky Mts . . 07 1  . 096 . 5 1 9  1 3 0  545 1 . 048 3 . 956 

Total 



TABLE E-7 (Continued) 

Standard S cenario 

Year 1 990 ( $ 3 . 5 0 @ 1 5% )  

Percent 

Pro- Production No . Pr o- Re serves Re serves Pe rcent 500 TCF 
duct ion Ctnnulative Investment spects No . Wells Added Ctnnula- 500 TCF Added to 

( TCF /Yr . ) (TCF ) ( $  B illion ) � /Yr .  (TCF /Yr . )  tive (TCF ) Produced Reserve 

No . Great Plains/Wi l l iston . 1 2 1  . 280 . 485 1 67 94 2 1 .  345 8 . 046 

Eastern . 252 . 680 . 947 30 1 1 , 592 1 .  739 1 0 . 1 35 

l:lj We stern . 1 70 . 540 I . 608 1 5 1  737 . 826 5. 42 1  
� 
0 Mid-Continent . 0 1 7  . 044 . 0 78 28 1 65 . 1 87 1 . 0 1 8 0 

Gr . Southwe st • 1 4 1  . 340 1.  765 1 88 688 4 . 658 1 3 . 2 1 1  

So uthwest . 1 62 . 4 1 8  . 405 70 356 1 . 065 6. 833 

Rocky Mt s .  . 473 1. 648 . 986 222 750 1 . 750 1 1 . 0 1 0  

Total 



TABLE E-7 ( Continued) 

S tandard S cenario 

Year 1 995 ( $ 3 . 50 @ 1 5% )  

Percent 

Pro- Produc tion No . Pro- Re serves Re serv�s Pe rcent 500 TCF 
duction Cumulative Investment spects No . Wells Added Cumula- 500 TCF Added to 

(TCF/Yr . )  (TCF ) ( $ ' B illion ) /Yr .  /Yr .  (TCF/Yr . )  tive (TCF ) Produced Reserve 

No . Great Plains/Will iston . 429 1. 807 . 578 2 1 2  1 ,  1 30 1 .  6 1 8  1 6. 030 

ti:1 Eastern . 599 3. 055 . 482 1 55 734 1 . 1 22 1 5 . 55 1  
I 

I-' Western . 357 2 . 059 0 . 320 74 238 . 369 7. 205 

I-' 
Mid-Continent . 05 1  . 225 . 0 78 24 1 4 9  . 1 90 1 .  9 1 3  

Gr . Southwest 1 . 338 4 . 04 1  2 . 544 408 2 , 020 6 . 6 1 8  44. 047 

Southwe st . 43 1  2 . 0 3 1  . 535 75 35 1 1 .  270 1 2 . 939 

Rocky Mt s .  . 962 5 . 370 1 . 552 3 1 8  1 ,  1 0 9  2 . 585 2 3 . 425 

Total 



TABLE E-7 (Continued) 

S tandard S c enario 

Year 2000 ( $ 3 . 50 @ 1 5% )  

Percent 

Pro- Pr oduc tion No . Pr o- Re serves Reserves Percent 500 TCF 
duction Cumulat ive Inve stment spects No . wells Added Cumul a- 500 TCF Added to 

(TCF/Yr . )  (TCF ) ( $  B illion ) /Yr .  /Yr .  (TCF/Yr . )  tive (TCF ) Produced Reserve 
l:lj 
I 

No .  Gr eat Pl ains/Will iston . 746 4. 906 . 594 223 1 '  1 55 1 .  68 1 24. 437 
I-' 
0 
N Eastern • 7 1 7  6. 378 . 5 1 2  1 63 762 1. 20 1 2 1 . 432 

We stern . 34 1  3. 766 . 320 74 238 . 369 9. 048 

Mid-Co ntinent . 087 . 591  . 062 24 1 2 7  . 1 6 1  2. 838 

Gr . Southwest 2 . 882 1 5. 5 2 1  2. 360 389 1 '  698 6. 242 76. 760 

So uthwest . 709 5 . 064 . 497 7 1  284 1 .  1 93 1 9. 1 7 1  

Rocky Mt s .  1 . 50 1  1 1 . 878 1 .  53 1 309 1 , 085 2. 466 36. 1 74 

To tal 



t:r:l 
I 

...... 
0 
w 

Year 1 9 8 1  

No •. Gr eat Plains/Williston 

Eastern 

Western 

Mid-Continent 

Gr . So uthwe st 

Southwest 

Ro cky Mt s .  

To tal 

Pro-
duct ion 

(TCF/Yr . )  

Pr oduction 
Cumulative Investment 

(TCF ) ( $  B illion ) 

. 022 

. 230  

. 255 

. 02 1  

. 1 86 

. 049 

. 2 7 1  

1 . 034 

TABLE E-8 

S tandard S cenario 

( $ 5 .  00 @ 1 0% )  

Percent 
No . Pro- Re serves Re serves Percent 5 0 0  TCF 
spects No . Wells Added Cumula- 500 TCF Added to 
/Yr . /Yr . (TCF/Yr . )  tive (TCF ) Produced Reserve 

1 0  68 . 077 . 0 77 

42 4 1 4  . 326 . 326 

52  44 1 . 373 . 373 

3 5 5  . 0 3 1  . 03 1  

29 2 1 3 . 362 . 362 

7 72 . 088 . 088 

53 279 .499 .499 

1 96 1 , 542 1 . 75 6  1 .  756 



TABLE E-8 ( Continued) 

Standard S cenario 

Year 1 985 ( $ 5 .  00 @ 1 0 % )  

Percent 

Pro- Pr oduction No . Pr o- Re serves Re serves Pe rcent 5 0 0  TCF 
duct ion Cumulative Investment spects No . Wells Added Cumula- 500 TCF Added to 

(TCF/Yr . )  ( TCF ) ( $  B illion ) /Yr .  /Yr .  (TCF /Yr . )  tive ( TCF ) Produced Reserve 

No . Gr eat Plains/Will iston . 00 3  . 004 . 255 89 7 1 1 . 735 1 . 789 

l:Ij Eastern . 02 2  . 028 1 .  0 1 3  1 87 1 , 864 1 .  554 4 . 306 
I 

...... We stern . 029 . 03 7  . 438 93 7 1 3  . 662 2 . 249 0 
,j:>. 

Mid-Continent . 002 . 002  . o8o 1 7  238 . 1 40 . 468 

Gr . South-we st . 025 . 036 . 428 55 430 . 790 2 . 782 

South-west . 008 . 0 1 0  . 502 4 9  339 . 76 1  1 .  738 

Ro cky Mt s .  .076 . 1 03  . 84 9  1 8 1  84 1 1 . 569 5 .4 1 7  

Total . 1 65 . 22 3 . 565 6 7 1  5 , 1 36 6 . 238 1 8. 749 



TABLE E-8 (Continued) 

Standard S cenario 

Ye ar 1 990 ( $ 5 .  00 @ 1 0% )  

Percent 

Pro- Produc tion No . Pr o- Reserves Reserves Pe rcent 500 TCF 

duction Cumulative Investment spects No . Wells Added Cumula- 5 0 0  TCF Added to 
(TCF./Yr . )  (TCF ) (j_ I!_ilJ�O!l) C!.E..:._ /Yr .  (TCF /Yr . )  tive (TCF ) P roduced Reserve 

No . Great Plains/Wi l l iston . 1 27  . 293 . 529 1 68 1 1 0 1 9  1 .  398 8 . 381  

tr:l 
I Eastern . 362 . 980 1 .  737 30 1 2 1 829 2 . 6 1 9  1 5 . 355 

f-' 0 Western . 23 1  . 7 1 1 . 878 1 5 1  1 1 200 1 .  1 88 7 . 662 U1 
Mid-Continent . 0 27 . 074 . 1 3 2  28 3 1 8  . 249 1 . 487 

Gr . Southwest . 268 . 739 2 . 909 288 2 1 680 5 . 555 1 8. 628 

So uthwest . 229 . 528 . 974 78 630 1 . 486 8. 883 

Ro cky Mt s .  . 599 1 . 974 1 .5 82 260 1 1 1 60 2 . 3 7 1  1 5 . 7 1 4  

Total 1 .  843 5 . 299 a. 74 1 1 1 2 14 9 1 836 1 4 . 866 76. 1 1  



ti:l 
I 

...... 
0 
0"\ 

Year 1 995 

No . Gr eat Plains/Williston 

Eastern 

Western 

Mid-Continent 

Gr . South�Nest 

South�Ne st 

Rocky Mt s .  

Total 

Pro-
duction 

( TCF/Yr . ) 

0 . 448 

. 877 

. 5 1 0  

. 07 1  

1 .  727 

. 645 

1 . 227 

5 . 505 

Produc tion 
Cumulative 

(TCF ) 

1 .  888 

4 . 436 

2 . 82 5  

. 335 

5 . 79 1  

2 . 973 

6 . 828 

2 5 . 076 

TABLE E-8 (Continued) 

S tandard S cenario 

( $ 5 . 0 0 @ 1 0% )  

Percent 
No . Pro- Re serves Re serves Percent 500 TCF 

Investment spects No . Wells Added Cumula- 500 TCF Added to 
( $  B illion ) /Yr .  /Yr .  (TCF/Yr . )  tive (TCF ) Produced Reserve 

. 703 228 1 ,  407 1 .  802 1 6. 855 

. 939 1 55 1 ,  1 74 1 .  596 2 3 . 083 

. 637 74 629 . 76 1  1 1 . 333 

. 1 1 2 24 1 98 . 227 2. 564 

4 . 295 408 3 , 262 7 . 845 55. 239 

. 688 58 480 1 .  1 4 2  1 5 . 369 

2 .427 325 1 , 669 3 . 1 64 30 . 3 1 6  

9 . 80 1  1 ,  272 8, 8 1 9  1 6. 537 1 57 . 76 



TABLE E-8 (Continued ) 

Standard S cenario 

Year 2 0 0 0  ( $ 5 . 00 @ 1 0% )  

Percent 

Pro- Produc tion No . Pro- Re serves Re serves Pe rcent 5 0 0  TCF 

duct ion Cumulat ive Investment spects No . Wells Added Cumula- 500 TCF Added to 
(TCF/Yr . )  ( TCF ) ( $  B illion ) � /Yr .  (TCF/Yr . )  tive (TCF ) Produced Re_serve 

No . Gr eat Pl ains/Wi lliston . 787 5 . 1 3 6  . 690 2 3 1  1 , 352 1 . 793 25. 869 

Eastern 1 . 049 9 . 305 1 .  007 1 57 1 ,  1 9 7  1 . 695 3 1 .  494 
tr:l 
I 

I-' Western . 56 1  5 . 502 . 6 1 2  64 5 7 1  . 70 1  1 5 . 078 
0 
-....] Mid-Continent . 1 1 4  . 824 • 083 24 1 58 . 1 83 3 . 662 

Gr . Southwe st 3. 664 20 . 4 1 3  4 . 420 404 3, 1 64 7 . 763 94 . 383 

Southwest . 868 6 . 945 . 674 5 7  455 1 . 1 2 2  20. 93 7 

Rocky Mt s .  1 . 849 14 .90 1 2 . 347 3 1 5 1 , 709 2 . 878 45 .5.92 

To tal 8 . 892 63. 026 9 . 833 1 ,  252 8 , 606 1 6 . 1 35 237. 05 1 2 . 60 47. 4 1  



TABLE E-9 

Standard S cenario 

Year 1 9 8 1  ( $ 5 . 00 @ 2 0 % ) 

Percent 

Pro- Production No . Pr o- Re serves Re serves Pe rcent 500 TCF 

duct ion Cumulat ive Investment spects No . Wells Added Cumula- 500 TCF Added to 
(TCF/Yr . )  (TCF ) ( $  B illion ) /Yr .  /Yr .  (TCF /Yr . )  tive (TCF ) Produced Reserve 

No .  Gr eat Plains/Wi l l iston . 0 2 1  1 0  67 . 076 . 0 76 

Eastern . 2 1 3  42 388 . 3 1 0  . 3 1 0  
trJ 
I 

...... Western . 236 52  4 0 1  . 354 . 354 
0 
00 Mid-Continent . 0 1 7  3 44 . 0 26 . 0 26 

Gr . Southllie st • 1 7 1  2 9  1 82 . 342 . 342 

Southlliest . 044 7 60 . 082 . 082 

Rocky Mts .  .265 59 269 .494 .494 

To tal . 967 202 1 ,  4 1 1  1 .  684 1 .  684 



TABLE E-9 (Continued) 

S tandard S cenario 

Year 1 985 ( $ 5 . 00 @ 2 0 % )  

Percent 

Pro- Pr oduction No . Pro- Re serves Reserves Pe rcent 500 TCF 
duct ion Cumulative Investment spects No . Wells Added Cumula- 500 TCF Added to 

(TCF/Yr . } (TCF ) ( $  B illion ) /Yr .  /Yr. (TCF/Yr . )  tive ( TCF ) Produced Reserve 

No . Great Plains/Williston . 003 . 004 . 234 93 664 . 7 1 7  1 .  753 

tij Eastern . 022 . 02 7  . 9 1 6 1 87 1 , 70 0  1 .  423 4. 058 
I 

...... Western . 02 7  . 035 . 548 93 799 . 766 2.  277 0 
\0 

Mid-Continent . 0 0 1  . 00 2  . 069 1 7  204 . 1 28 . 422 

Gr . Southwe st . 024 . 0 35 . 348 55 364 . 746 2. 623 

Southwe st . 00 7  . 00 9  . 342 48 288 . 697 1. 59 1 

Ro cky Mt s .  . 075 . 1  0 1 • 790 1 76 795 1 . 546 5 . 308 

Total . 1 59 . 2 1 3  3 . 247 669 4 , 8 1 4  6 . 023 1 8. 032 



TABLE E-9 (Continued) 

Standard S cenario 

Ye ar 1 990 ( $ 5 . 00 @ 2 0% )  

Percent 

Pro- Pr oduction No . Pro- Re serves Re serves Pe rcent 5 0 0  TCF 
duct ion Cumulative Investment spects No . Wells Added Cumula- 5 0 0  TCF Added to 

(TCF/Yr . )  (TCF ) ( $  B illion ) /Yr . /Yr. (TCF/Yr . )  tive (TCF ) Produced Reserve 

No . Gr eat Plains/Williston . 1 24 • 28ti.. . 50 2  1 67 9 7 1  1 .  366 8. 1 95 

tr:l 
I Ea stern . 342 . 934 1 . 439 3 0 1  2 , 809 2 . 634 1 4 . 730 

I-' 
I-' Western . 230 . 694 . 963 1 5 1  1 , 1 76 1 . 250 8 . 083 0 

Mid-Continent . 025 . 070 . 1 06 28 244 . 1 96 1 .  294 

Gr . So uthwest . 245 . 692 2. 1 72 288 3 , 078 5. 545 1 8. 350 

So uthwest . 1 98 . 469 . 658 78 625 1. 460 8 . 527 

Rocky Mt s .  . 5 84 1 .938 1 . 2 82 253 989 2 . 1 43 14  . 823 

To tal 1. 748 5 . 083 7 . 1 2 2  1 , 266 9 , 892 1 4 . 594 74. 0 0 2  



.TABLE E-9 ( Continued) 

S tandard S cenario 

Year 1 995 ( $ 5 .  00 @ 2 0 % )  

Percent 

Pro- Pr oduction No . Pr o- Re serves Re serves Pe rcent 5 0 0  TCF 
duct ion Cumulative Investment spects No . Wells Added Ctmlula- 5 0 0  TCF Added to 

(TCF/Yr . )  (TCF ) ( $  B illion ) /Yr .  /Yr . (TCF/Yr . )  tive (TCF ) Produced Reserve 

No .  Great Plains/Wi l l iston . 436 1 .  84 1 . 62 1  2 1 9  1 , 225 . 1 .  709 16. 357 

tlj Eastern . 796 4. 1 1 7  . 483 1 3 5  1 , 096 1 . 275 22. 259 
I 

I-' Western 
I-' 

. 522 2 . 866 . 5 1 7  74 465 . 590 1 0 . 995 

I-' 
Mid-Continent . 064 . 308 . 085 24 148 . 1 68 2 . 086 

Gr . So uthwest 1 . 529 5.  1 86 3 . 204 408 3 , 5 1 4  7 . 786 54 . 695 

Southwe st . 538 2 . 5 1 4  . 507 58 475 1 .  1 1 6  1 4 . 879 

Rocky Mt s .  1 . 1 36 6 . 526 1 . 735 3 1 1  1 , 253 2 .608 27 . 1 2 7  

Total 5 . 0 2 1  2 3 . 354 7 . 1 52 1 , 229 8 , 1 76 1 5. 252 148. 397 



TABLE E-9 (Continued) 

S tandard S cenario 

Ye ar 2000 ( $ 5 .  00 @ 2 0 % ) 

Percent 

Pro- Produc tion No . Pro- Re serves Re serves Percent 500 TCF 
duct ion Cumulative Investment spects No . Wells Added Cumula- 500 TCF Added to 

(TCF/Yr .)_ (TCF ) ( $  B illion ) /Yr . /Yr .  (TCF/Yr . )  t;ive (TCF ) Produced Reserve 

No . Great Plains/Williston . 762 4. 997 . 6 1 1 223 1 , 1 84 1 .  7 0 1  24 . 926 

Eastern . 862 8. 3 1 4  . 505 1 3 8 1 ,  1 2 0  1 .  3 1 6  28. 705 

trj Western . 522 5. 450 . 5 1 7  74 465 . 590 1 3 . 944 
I 

1-' Mid-Continent . 1 00 . 739 
1-' 

. 062 24 1 29 . 1 45 2 . 90 6  

N 
Gr . South....e st 3.  23 1 1 8. 084 2. 881 389 3 , 0 1 6  7 . 249 93 . 089 

So uth....e st . 736 5 . 856 . 507 58 475 1. 1 1 5 20. 457 

Rocky Mt s .  1 . 6 1 7  1 3 .729 1 . 593 282 1 , 2 1 6 2 . 262 39 .355 

Total 7 . 830 5 7 . 1 69 6 . 676 1 ,  1 88 7 , 605 1 4 . 378 222. 382 



TABLE E-10 

Standard Scenario 

Year 1 98 1  ( $ 9 . 00 @ 1 5% )  

Percent 

Pro-
Pr oduction No . Pr o- Re serves Re serves Pe rcent 5 0 0  TCF 

duct ion Cumulative Investment spects No . Wells Added Cumula- 5 0 0  TCF Added to 
(TCF/Yr . )  (TCF ) ( $  B illion ) /Yr .  /Yr. (TCF/Yr . )  tive ( TCF ) Produced Reserve 

No . Great Plains/Williston . 0 22 1 0  68 . 077 . 077 

tr:l Eastern . 293 53 579 . 429 . 429 
I 

I-' Western . 200 3 2  272 . 273  . 273 
I-' 
w 

Mid-Continent . 044 9 1 28 . 075 . 07 5  

Gr . Southwe st . 2 1 6  26 285 . 355 . 355 

Southwest . 1 1 7  1 2  1 54 . 1 82 . 1 82 

Rocky Mt s .  .64 1 1 1 5 567 . 924 .924 

Total 1 .  533 257 2 , 053 2 . 3 1 5  2. 3 1 5  



TABLE E-10 (Continued) 

Standard S cenario 

Year 1985 ( $ 9 . 00 @ 1 5% )  

Percent 

Pro- Pr oduc tion No . Pro- Re serves Re serves Pe rcent 5 0 0  TCF 
duction Cumulative Investment spects No . Wells Added Cumula- 500 TCF Added to 

(TCF/Yr . )  (TCF ) ii_Bil],ion )  /Yr .  /Yr . (TCF/Y r . ) tive (TCF ) Produced Reserve 

No . Gr eat Plains/Williston . 0 03 . 004 . 298 106 8 1 7  . 837 1 .  952 

Eastern . 0 27 . 0 33 1 . 257 1 86 2 , 208 1.  776 4 . 970 
t:I:I 
I Western . 024 . 0 32 . 564 99 82 0 . 769 2 . 227 I-' 

I-' 
Mid-Continent ,j:>. . 00 3  . 004 . 1 0 7  22 3 1 2  . 1 79 . 70 1  

Gr . Southwe st . 0 27 . 037 1 .  271  1 23 1 , 559 2 . 1 26 5. 402 

So uthwe st . 0 1 7  . 02 2  . 705 64 6 1 9  1 . 1 34 2 .  77 1 

Rocky Mt s .  . 1 23 . 1 69 1 . 604 295 1 , 45 1 2 . 23 2  8 . 003 

Total . 224 . 30 1  5 . 809 895 7 , 786 9 . 053 26. 026 



TABLE E-10 (Continued) 

S tandard S cenario 

Year 1 990 ( $ 9. 0 0  @ 1 5% )  

Percent 

Pro- Pr oduc tion No . Pro- Re serves Re serves Pe rcent 500 TCF 
duct ion Cum�ative Investment spects No . Wells Added Cumula- 5 0 0  TCF Added to 

(TCF/Yr . )  (TCF ) ( $  B il lion ) /Yr. /Yr. (TCF /Yr . )  tive (TCF ) Produced Reserve 

No .  Gr eat Plains/Will iston . 1 43 . 3 1 9  . 864 2 76 1 , 700 2 . 242 1 0 . 976 

Eastern . 39 1  1 .  0 93 1 .  5 1 9  2 1 2  2 , 076 2. 282 1 5 . 986 

tlj Western . 236 . 686 1 . 004 1 24 1 , 056 1. 1 97 7. 776 
I 

1-' Mid-Continent ...... . 04 1  . 1 2 1  . 1 69 24 2 7 1  . 2 76 2 . 038 
U1 

Gr . So uthwe st . 526 1 . 333 3 . 500 279 3 , 36 1  6 . 0 0 5  28. 537 

So uthwest . 232 . 6 1 6  1 .  083 86 8 0 1  1 .  838 1 0 . 948 

Ro cky Mt s .  .936 2 . 95 1 3 . 1 73 40 1 � 3 . 540 25 . 5 1 9  

To tal 2. 507 7 .  1 1 9 1 1 . 3 1 2  1 ,  402 1 1 , 456 1 7 .  380 1 0 1 . 78 



TABLE E-10 ( Continued) 

S tandard Scenario 

Year 1 995 ( $ 9 .  00 @ 1 5% )  

Percent 

Pro- Produc tion No . Pro- Re serves Re serves Pe rcent 500 TCF 

duct ion Cumulative Investment spects No . Wells Added Cumula- 5 0 0  TCF Added to 
(TCF/Y8 ( TCF ) ( $  Billion ) /Yr . /Yr .  (TCF/Yr . )  tive (TCF ) Produced Reserve 

No . Great Plains/Williston . 62 1  2 . 376 1. 581  499 3 , 1 2 0  4. 005 27. 583 

t:r::l Eastern . 9 1 9  4. 708 1.  205 1 68 1 , 429 1 .  800 25. 955 

I 
1-' Western . 55 1  2 . 880 . 744 83 7 1 7  . 853 1 2 . 592 
1-' 
� . 097 . 498 • 1 3 1  2 0  2 1 3  . 22 1  3. 298 Mid-Continent 

Gr . Southwest 2. 1 1 9 8. 275 4. 297 396 3, 523 7 . 824 68. 767 

So uthwe st . 673 3 . 1 08 . 75 1  55 493 1 . 265 1 8. 888 

Rocky Mt s .  1 . 823 1 0 .503 3 . 526 405 2 , 34 1 3 . 5 1 5  42 .595 

Total 6. 803 3 2 . 348 1 2 . 235 1 , 626 1 1 , 836 1 9 . 483 1 99. 678 



TABLE E-10 ( Continued) 

S tandard S cenario 

Year 2 0 0 0  ( $ 9 . 00 @ 1 5% )  

Percent 

Pro- Production No . Pro- Re serves Re serves Pe rcent 500 TCF 

duct ion Cumulat ive Investment spects No . Wells Added Cumula- 5 0 0  TCF Added to 
(TCF/Yr . )  (TCF) ( $  Billion ) /Yr .  /Yr . (TCF /Yr . )  tive (TCF ) Produced Reserve 

No . �eat Plains/Wi l l iston 1 . 387 3 . 665 1 .  867 595 3 , 657 4 . 80 0  5 0 . 398 

Eastern 1 . 2 1 4  1 0 . 293 1. 064 1 50 1 , 287 1 .  587 34. 009 
t:J:j 
I 

..... Western . 64 1  5 . 976 . 640 72 64 1 . 75 1  1 6. 462 

..... 
-.....! Mid-Continent . 1 4 1  1 ;  1 3 2  . 1 0 2  1 5  1 62 . 1 68 4. 225 

Gr . So uthwest 3 . 855 24. 597 2 . 93 2  256 2 , 070 5 . 4 1 8  1 0 0 . 5 1 7  

So uthwe st . 8 8 1  7 . 1 95 . 444 32 284 . 74 0  2 3 . 64 1  

Ro cky Mt s .  2 .406 2 1 .394 3 .999 423 2 , 567 3 . 789 6 1  . 1 69 

To tal 1 0 . 52 5  78. 252 1 1 . 048 1 , 543 1 0 , 668 1 7 . 253 290 . 42 



1 0  Percent 

TAB LE E- 1 1  

U . S .  Gas Resour ces Recover a b l e  a t  Techno l og y  a n d  P r i ce ,  
by Bas i n  S u b ba s i n , a n d  Forma t i on ,  BCF 

Base Advanced 
Bas i n  S u b bas i n  Format i on $ 2 . 50 $ 5 . 00 $ 9 .00 $ 2 . 50 $ 5 .00 $ 9 . 00 

Northern G reat Mow ry 0 937 1 1 0 5  0 1 1 32 1 298 
P l a i n s/ Mow r y ,  Greenhorn 1 9 57 202 1 2022 2 2 1 4  222 1 222 1 
W i  I I i ston Mow ry , Ca r l i l e 27 5 5  3037 3037 3522 3 52 2  3 5 2 2  

Mowry ,  Gree n horn , Ca r l i l e 904 1 9062 9062 1 0 255 1 033 1 1 033 1 
Mow r y ,  G r eenho rn , Ca r l i l e , E a g l e  1 009 1 1 0 1 27 1 0 1 27 1 2032 1 2 1 6 5  1 2 1 6 5  
Mow r y ,  Gree n horn , E ag l e  3278 4 1 80 41 92 4023 5327 5 386 

f:Ij Mow r y ,  J u d i th R i ver 36 1 8  4082 409 7 4782 4836 4836 
I Mowr y ,  Ca r l i l e ,  E ag l e  52 1 5  5933 5933 5580 7 39 1  739 1 1-' Mowry , C a r l i l e , Eag l e , J u d i th R i v . 7843 9038 9067 1 1 8 4 2  1 1 966 1 1 966 1-' 00 Mowr y ,  Ca r l i l e , J u d i th R i ver 33 1 3  3694 3694 4466 4 5 1 4  4 5 1 4  

Greenhorn 1 1 43 1 9 06 1 9 69 1 1 43 204 1 2248 
Green hor n ,  Ca r l i l e 92 1 998 1 000 1 1 79 1 1 88 1 1 88 
Greenhor n ,  Eag l e  2747 3 1 4 3 3 1 5 5 39 84 4036 4036 
Gree n hor n , Ca r l i l e , E ag l e  2397 2695 2708 2596 3353 3353 
Car I i l e  0 2862 3 1 1 6 2 266 3805 3945 
N i obrara 6 7 56 684 3 684 3 709 1 709 1 709 1 
Ca r l i l e ,  E a g l e  1 4 1 1 1 6 23 1 629 1 589 2 1 56 2 1 86 
J u d i th R i ver 0 0 1 9 27 0 1 480 30 5 1  
Mowry , Gr n h . , Ca r . , Eag l e , J u d . R i v .  3392 368 1 368 1 58 72 5934 5934 
Ca r l i l e , N i o bra ra 2260 25 1 8  2525 3434 348 1 348 1 

Bas i n  Tot a l 68 , 1 38 78 , 380 80 , 889 8 7 , 8 70 9 7 , 9 7 0  1 00 , 1 4 3 



1 0% 

TAB LE E- l l  ( Cont i n ued ) 

Base Advanced 
Bas i n  S u bbas i n  Format i on $ 2 . 50 $ 5 .00 $9 .00 $ 2 . 50 $ 5 . 00 $9 . 00 

Greater Green L ew i n  Area 1 A l mond A 225 28 6 294 307 307 307 
R i ver E r i cson , Rock S p rg s . ,  B l a i r  0 1 202 1 332 0 2090 2542 

Fort U n i o n  0 729 783 0 1 4 7 5  1 6 7 0  
A l mo n d  A +  A l mond B 1 092 1 092 1 092 1 1 56 1 1 56 1 1 56 
A l mond A +  E r i cson , R/S , B l a i r  1 049 1 204 1 204 1 8 54 1 8 54 1 8 54 
A l mo n d  B + E r i cson , R/S , B l a i r  1 6 26 1 964 2090 1 8 72 3 1 48 3839 
L a n ce , Lew i s  0 1 1 02 1 1 39 82 2 1 6 5 1  1 7 8 7  

S u b bas i n  Tota l 3 , 9 92 7 , 579 7 , 9 34 6 , 0 1 1 1 1  , 68 1  1 3 , 1 5 5 

Lew i n  Area 2 & 3 A l mond A 0 1 1 0 1  1 23 1  1 326 1 4 6 5  1 46 5  
t:r.l A l mond B 0 7 7 0  838 0 9 7 5  1 1 56 
I E r i cson , R/S , B l a i r  0 5046 5493 0 9 1 64 1 0 747 I-' 

....... Fort U n i on 0 540 578 0 1 0 78 1 207 
\0 

A l mond A +  A l mond B 1 549 1 6 60 1 6 60 1 6 8 7  1 68 7  1 6 8 7  
A l mond B + E r i cson , R/S , B l a i r  0 3 522 3740 3757 5952 72 1 4  
Lance,  Lew i s  1 74 2  2998 3256 2 1 9 5  4404 47 1 7  

S u b bas i n  Tot a l 3 , 29 1  1 5 , 6 37 1 6 , 796 • 8 , 965 2 4 , 72 5  28 , 1 93 

Wa s hak i e  A l mo n d  9 2  1 39 1 54 1 59 1 59 1 59 
La n ce ,  Lew i s  0 7 62 8 1 5  0 7 68 1 532 
Lower Mes averde 0 0 1 7 37 0 0 3 1 7 6  
L a n ce ,  Lew i s + A l mond 602 6 5 1  6 5 1  735 735 7 3 5  
Lower Mesaverde + A l mo n d  0 1 369 1 369 1 496 1 6 08 1 6 08 

S u b bas i n Tot a I 694 2 , 92 1 4 , 7 26 2 , 390 3 , 270 7 , 2 1 0  

E/2 Lew i n  Area 4 Mesaverde 0 1 439 1 8 3 2  0 267 0  3942 
Fort U n i on ,: 0 886 906 0 2070 2070 
Fort U n i on + Mesaverde 0 38 5  38 5  0 8 5 8  9 1 7  

S u b bas i n  Tota I 0 2 , 7 1 0  3 , 1 23 0 5 , 598 6 , 929 



1 0% 

TABLE E- 1 1 ( Cont i n ued ) 
Base Advan ced 

Bas i n  S u bbas i n  Format i on $ 2 . 50 $ 5 . 00 $9 .00 $2 . 50 $ 5 .00 $9 .00 

W/2 L ew i n  4 ,  
Br i d ge r  Fort U n i on 0 780 978 0 1 6 9 5  248 9 
Lew i n  5 Mesaverde L a n ce 0 0 34 25 0 0 6468 

Front i er 0 3439 4349 4349 4737 49 2 1  
Mesave r d e ,  L a n ce + Front i er 0 1 5 29 1 6 6 1 1 57 7  1 730 1 8 09 
Ft . U n i o n + Mesaverde , L a n ce 0 876 967 0 1 8 7 1 2 1 7 7  

S u b bas i n  Tota l 0 6 , 624 1 1 , 380 5 , 9 26 1 0 , 033 1 7 , 8 64 

Greater Green S a n d w a s h  Lew i s  7 000 0 7 52 7 52 925 925 925 
R i ver L ew i s  9000 0 72 1 900 1 1 47 1 304 1 304 

Mes averde 9000 0 505 5 54 0 630 1 03 1  
Mesaverde 1 1 000 0 0 670 0 0 1 092 
Lew i s  7000 + Mesaverde 9000 0 2 1 3  225 303 344 344 
Mesaverde 9000 + Mesaverde 1 1 000 0 1 48 1 62 0 3 1 1 34 5 

t7j S u b ba s i n  Tota l 0 2 , 339 3 , 263 2 , 37 5 3 , 5 1 4  5 , 04 1  
I 

...... Bas i n  Tota l 7 , 977 37 , 8 1 0 47 , 222 2 5 , 6 6 7  58 , 82 1  78 , 392 N 
0 

W i nd R i ver Lower Fort U n i o n 3355 3709 37 09 4563 5 1 1 5  5 1 1 5  
L a n ce 9000 0 860 9 1 8 0 1 4 39 1 6 94 
L a n ce 1 4000 0 1 5 33 1 7 36 0 2479 3306 
Mesaverde 1 5000 0 0 0 0 0 0 
Lower Ft . U n i on + L a n ce 9000 2789 29 7 1  297 1 4324 4800 48 00 
L a n ce 1 4000 + Mesaverde 1 5000 0 557 1 546 0 0 3 1 7 9 
Front i er/M u d dy 1 1 1 1  1 1 63 1 1 63 1 37 7  1 5 47 1 547 

Bas i n  Tota l 7 , 2 55 1 0 , 7 93 1 2 , 043 1 0 , 264 1 5 , 380 1 9 , 64 1 

U i nta Coa l y  1 06 1  1 0 79 1 0 79 1 1 5 5  1 1 5 5  1 1 5 5  
Cast l egate 835 979 979 1 060 1 1 3 1  1 1 3 1  
Coa l y  + C a st l egate 1 3 59 1 3 59 1 3 59 1 3 59 1 3 59 1 3 59 
Wasatch + Coa l y  2067 2067 2067 2 1 99 2 1 99 2 1 99 
Wasatch + Ba rren 1 9 86 1 9 86 1 9 86 2099 2099 209 9 
Wasatch 4 1 0 5 4 1 05 4 1 05 4833 50 1 7  50 1 7  
Barren 1 8 05 1 8 0 5  1 8 05 2054 2309 2309 

Bas i n  Tota l 1 3 , 2 1 8 1 3 , 380 1 3 , 380 1 4 , 7 59 1 5 , 269 1 5 , 269 



1 0% 

TAB LE E- 1 1  ( Cont i n ued ) 

Base Adva n ced 
Bas i n  S u bbas i n  Format i on $ 2 . 50 $ 5 .00 $9 .00 $ 2 . 50 $ 5 . 00 $9 . 00 

P i ceance Corcora n Cozette 1 7 63 1 8 6 5  1 8 84 22 1 6  2294 2294 
Fort U n i on 0 1 07 7  1 1 30 0 1 867 2 09 7  
Mes averde 8000 8047 985 1 1 0467 1 09 5 6  1 5 079 1 7 4 1 3  
Cor coran Cozette , +  Mesa verde 2 526 2665 2665 3509 3 5 09 3 5 09 
Fort U n i on , +  Mesa verde 947 1 029 1 0 72 1 2 1 4  1 8 74 2304 
Fort U n i on , +  Corcoran Cozette 4 7 5  482 482 596 596 596 
Lower Cretaceou s ,  J u ras i c  0 1 7 1 1 1 7 7 5  0 2 1 28 2288 

tij Bas i n  Tota l 1 3 , 7 58 1 8 , 680 1 9 , 4 7 5  1 8 , 49 1  27 , 347 30 •. 50 1 
I 1-' 

N 
1-' Denver Area A M u d d y  J 0 0 1 039 0 4 5 1 8  5 539 

Area B M u d d y  J 0 0 297 0 1 507 2057 

Bas i n  Tot a l 0 0 1 , 336 0 6 , 02 5  7 , 59 6  

S a n  J uan D a kota 463 1 494 1 8 1 2  1 494 2020 22 1 3  

V a  I V erde Ozona Can yon 0 1 5 6 1 8 2  37 0 532 604 

V a l V e rde S on ora Can yon 0 633 7 1 5  1 267 1 6 1 3  1 8 79 

Edwards L i me Southwest 2 1 4 2  23 1 9  2423 3098 3 1 7 1  3 1 7 1  
Centr a l 0 3820 4375 4056 5353 5477 

Bas i n  Tot a l 2 , 1 4 2 6 , 1 39 6 , 798 7 , 1 54 8 , 524 8 , 648 



1 0% 

TAB LE E- 1 1  ( Cont i n ued ) 

Base Advan ced 
Bas i n  S u b ba s i n  Format i on $ 2 . 50 $ 5 . 00 $ 9 .00 $ 2 . 50 $ 5 .00 $ 9 .00 

Cotton Va I l ey 6520 6976 762 4  83 52 1 27 3 5  1 27 3 5  

SUMMARY BY BAS I NS 

Denver 0 0 1 336 0 6025 7596 

P i cean ce 1 37 58 1 8 , 6 80 1 94 7 5  1 849 1 27347 30503 

Edwards L i me 2 1 4 2 6 1 39 6798 7 1 54 8 524 8648 

� San J ua n  463 1 4 94 1 8 1 2  1 494 2020 22 1 3  
I 

I-' 
Greater Green R i ver 7977 378 1 0  47222 2 5 , 66 7  58 , 82 1  78392 IV 

IV 
Va l Verde - Sonora 0 633 7 1 5  1 267 1 6 1 3  1 87 9  

U i nta 1 32 1 8  1 3380 1 3380 1 4 7 59 1 5 269 1 5269 

V a l Verde - Ozona 0 1 56 1 82 370 532 604 

Nort hern Great P l a i ns/W i I I i sto n  68 1 38 78380 80889 87870 97970 1 00 1 43 

W i n d R i ver 7255 1 07 93 1 2043 1 0264 1 5380 1 964 1 

Cotton V a  I l ey 6 520 6976 7624 83 52 1 27 3 5  1 27 3 5  

TOTAL 1 1 9 , 4 7 1 1 7 4 , 44 1 1 9 1 , 4 76 1 7 5 , 688 2 46 , 2 36 2 7 7 , 62 1  



20 Percent 

TAB LE E- 1 2  

U . S . Gas Resou r ces Recover a b l e  at Tech n o l ogy a n d  P r i ce ,  
by Ba s i n  S u bbas i n, a n d  Format i on ,  BCF 

Base A d v a n ced 
Bas i n  S u b bas i n  Format i on $ 2 . 50 $ 5 . 00 $ 9 . 00 $ 2 . 50 $ 5 . 00 $ 9 . 00 

Nort hern Great Mow ry 0 0 937 0 0 1 28 7  
P l a i n s/ Mow r y ,  Green horn 0 202 1 2022 1 998 222 1 222 1 
W i  I I i sta n Mow r y ,  Ca r l i l e 27 5 5  3026 3037 348 7 3522 3522 

Mow r y ,  Gree n hor n ,  Ca r l i l e 836 5 904 1 9062 8742 1 033 1 1 033 1 
Mow r y ,  Green ho r n ,  Ca r l i l e , Eag l e  8926 1 009 1 1 0 1 27 9300 1 1 9 7 1  1 2 1 0 5  
Mow r y ,  Green hor n ,  Eag l e  0 3 7 28 4 1 80 0 5327 5386 
Mow r y ,  J ud i t h R i ver 0 36 1 8  4092 0 4836 48 36 

tij Mow r y ,  Ca r l i l e , E ag l e  52 1 5  59 1 7  5933 5580 5580 739 1 I 
I-' Mow r y , C a r l i  l e , Ea g l e , J u d i t h R i v .  7843 9038 9067 0 1 1 8 4 2  1 1 966 tv Mow r y ,  Ca r l i l e ,  J u d i th R i ver 33 1 3  3682 3694 3 568 4 466 4 5 1 4  w 

Greenhorn 0 1 6 70 1 906 0 1 6 70 22 1 6  
Gree n hor n , Ca r l i l e 0 998 1 000 987 1 1 88 1 1 88 
G r eenhorn , E a g l e  2747 3 1 4 3 3 1 5 5 2934 3984 4036 
Green hor n , Ca r l i l e , E ag l e  2 39 7  2695 27 08 2 596 33 1 0  3353 
Ca r l i l e  0 2266 28 62 0 3 1 96 394 5  
N i obrara 0 6843 6843 7 09 1 7 09 1 7 09 1  
Ca r l i l e , Eag l e  0 1 4 1 1 1 62 3  0 1 589 2 1 5 6 
J u d i th R i ver 0 0 1 480 0 0 1 480 
Mow r y , G r n h . , C a r . , Eag l e , J u d . R i v . 3392 367 2  368 1 4546 58 72 5934 
C a r l i l e , N i obrara 2 260 2 5 1 8  2 5 1 8  2 530 3434 348 1 

B as i n  Tota l 47 , 2 1 3  7 5 , 3 7 8  79 , 927 53 , 3 59 9 1 , 4 30 98 , 4 39 



20% 
TAB LE E- 1 2  ( Cont i n ued ) 

Base Adva n ced 
Bas i n  S u bbas i n  Format i on $ 2 . 50 $ 5 . 00 $ 9 . 00 $ 2 . 50 $ 5 .00 $ 9 . 00 

G r eater Green L ew i n  Area 1 A l mo n d  A 1 27 28 6 294 29 1 307 3D7 
R i ver E r i cson , Rock S p rg s . ,  B l a i r  0 0 1 202 0 0 2 090 

Fort U n i o n 0 729 729 0 966 1 47 5  
A l mo n d  A +  A l mo n d  B 1 0 59 1 092 1 092 1 1 56 1 1 56 1 1 56 
A l mo n d  A +  E r i cson , R/S , B l a i r  0 1 1 1 7 1 20 4  1 5 1 7  1 8 54 1 8 54 
A l mo n d  B + E r i cson , R/S , B l a i r  0 1 8 56 2 090 0 2 5 94 3460 
L a n ce ,  Lew i s  0 992 1 1 0 2  0 1 38 9  1 6 5 1  

S u b bas i n  Tota I 1 ,  1 86 6 , 0 7 2  7 , 7 1 3  2 , 964 8 , 266 1 1 , 993 

Lew i n  Area 2 & 3 A l mo n d  A 0 709 1 1 0 1  6 5 5  . 1 326 1 46 5  

l:1j A l mo n d  B 0 564 7 7 0  0 653 1 1 56 
I E r i c son , R/S , B l a i r  0 408 5 5046 0 6700 9 1 64 ...... 

Fort U n i on 0 4 1 2 540 0 7 1 1 1 0 78 1\J 

"'" A l mo n d  A +  A l mo n d  B 933 1 6 60 1 6 60 1 68 7  1 68 7  1 68 7  
A l mo n d  B + E r i cson , R/S , B l a i r  0 3358 3740 0 506 1 6784 
Lance,  L ew i s  0 2699 29 98 0 37 08 4 404 

S u bbas i n  Tot a l 933 1 3 , 48 7  1 5 , 8 5 5  2 , 34 2  1 9 , 846 2 5 , 7 38 

Washak i e  A l mo n d  0 92 1 54 1 39 1 5 9 1 59 
L a n ce ,  Lew i s  0 623 7 62 0 0 1 3 23 
Lower Mes averde 0 0 1 0 4 1  0 0 3 1 1 0  
L a n ce ,  Lew i s  + A l mo n d  0 6 5 1  6 5 1  6 49 7 3 5  7 3 5  
Lower Mes a v erde + A l mo n d  0 1 1 08 1 369 0 1 6 08 1 6 08 

S u bbas i n  Tota l 0 2 , 4 7 4  3 , 9 7 7  7 8 8  2 , 502 6 , 93 5  

E/2 L ew i n  Area 4 Mesaverde 0 0 1 439 0 0 26 7 0  
Fort U n i on 0 688 886 0 1 367 2070 
Fort U n i on + Mes a verde 0 0 38 5  0 594 9 1 7  

S u bbas i n  Tota I 0 688 2 , 7 1 0 0 1 , 9 6 1 5 , 6 5 7  



20% 

TAB LE E- 1 2  ( Con t i n ued ) 

Base A d v a n ce d  
Bas i n  S u b ba s i n  Format i on $ 2 . 50 $ 5  .oo $ 9 . 00 $ 2 . 50 $ 5 .00 $ 9 . 00 

W/2 L ew i n  4 ,  
B r i d ge r  ForT U n i on 0 0 780 0 0 2489 
Lew i n  5 Mesaverde La n ce 0 0 3425 0 0 5004 

Front i er 0 3439 3439 3439 4349 4 7 37 
Mesa verde,  La n ce + Front i er 0 1 237 1 622 0 1 57 7  1 809 
F t . U n i on + Me s a verd e ,  L a n ce 0 0 8 7 6  0 0 2067 

S u b ba s i n  Tot a l 0 4 , 676 1 0 , 1 4 2 3 , 4 39 5 , 9 26 1 6 , 1 06 

G reater Gr een S a nd w a s h  Lew i s  7 000 0 674 7 52 7 5 3  9 2 5  9 2 5  
R i ver Lew i s  9000 0 0 900 0 1 304 1 30 4  

Mes a verde 9 0 00 0 0 505 0 0 848 
M esaverde 1 1 000 0 0 670 0 0 1 09 2  
Lew i s  7 0 0 0  + Mesaverde 9000 0 205 220 0 320 344 
Mesaver de 9000 + Mesaverde 1 1 000 0 0 1 53 0 0 3 1 1 

tr:l S u b ba s i n  Tot a l 0 8 7 9  3 , 200 7 53 2 , 549 4 , 8 2 4  
I 

....... Bas i n  Tot a l 2 ,  1 1 9 2 8 , 276 4 3 , 59 7  1 0 , 28 6  4 1  , 05 0  7 1 , 25 3  N 
lJl 

W i nd R i ver Lower Fort U n i on 28 7 7  3709 37 09 367 7  4 563 5 1 1 5  
L a n ce 9000 0 769 9 1 8 0 1 1 72 1 64 2  
L a n ce 1 4000 0 1 200 1 5 33 0 0 249 5 
Mesaverde 1 5000 0 0 0 0 0 0 
Lower Ft . U n i on + L a n ce 9000 2 5 2 4  29 7 1  29 7 1  3466 480 0  48 00 
Lan ce 1 4000 + Mesaverde 1 5000 0 0 1 200 0 0 1 9 1 8  
Front i er/M u d d y  0 1 1 1 1  1 1 6 3  9 74 1 547 1 549 

Bas i n  Tot a l 5 , 4 0 1 9 , 760 1 1 , 494 8 , 1 1 7 1 2 , 082 1 7 , 5 1 9  

U i nt a  Coa l y  1 03 1  1 0 79 1 07 9  1 1 5 5  1 1 5 5  1 1 5 5  
Cast l egate 0 835 9 79 835 1 060 1 1 3 1  
Coa l y + C a s t l egate 1 359 1 3 59 1 359 1 359 1 359 1 359 
Wasatch + Coa l y  2067 2067 2067 2 1 99 2 1 99 2 1 99 
Wasatch + B a r re n  1 9 86 1 986 1 986 2099 2099 2099 
Wasatch 4 007 4 1 05 4 1 05 4833 50 1 7  5 0 1 7  
B a r re n  1 6 72 1 80 5  1 80 5  2054 2309 2309 

Bas i n  T ot a l 1 2 , 1 22 1 3 , 236 1 3 , 380 1 4 , 534 1 5 ,  1 98 1 5 , 269 



20% 

TAB L E  E- 1 2  ( Con t i n ue d ) 

Base A d v a n ced 
Bas i n  S u bbas i n  Format i on $ 2 . 50 $ 5 .00 $ 9 . 00 $ 2 . 50 $ 5 . 00 $ 9 . 00 

P i cea n ce Corcora n  Cozette 1 29 1  1 8 6 5  1 8 84 22 1 6  2294 2294 
Fort U n i on 0 1 0 7 7  1 07 7  0 1 630 1 630 
Mesaverde 8000 4729 985 1 985 1 5 5 7 9  1 09 56 1 5 079 
Corcor a n  Cozette , +  Mesaver d e  1 79 5  26 1 7  2665 2786 3 5 09 3 5 09 
Fort U n i on , + Mesaverde 0 94 7 1 0 58 0 1 6 1 9  1 9 8 1 
Fort U n i on , + Corcor a n  Cozette 446 482 482 577 596 596 
Lower C retaceou s ,  J u ra s i c  0 1 4 54 1 7 1 1 0 1 7 00 2288 

Bas i n  Tot a l 8 , 2 6 1 1 8 , 293 1 8 1 7 28 1 1  1 1 58 2 2 , 304 27 , 37 7  
t':l 
I 

1-' 
N Denver Area A M u d dy J 0 0 4 5 7  0 2443 5 539 0'1 Area B M u d d y  J 0 0 0 0 694 1 507 

Ba s i n  Tot a l 0 0 4 57 0 3 ,  1 37 7 , 04 6  

San J ua n  D a kota 0 1 494 1 494 0 1 494 22 1 3  

V a l V e rde Ozona Ca n yon 0 0 1 56 0 532 532 

V a l V er de Sonora C a n y on 0 5 1 7  688 0 1 6 1 3  1 6 1 3  

E d w a r d s  L i me Southwes t  1 64 3  239 1 2423 29 58 3098 3 1 7 1  
Centr a l 0 3820 4 3 1 1 4056 5353 5 4 7 7  

Bas i n  Tot a l 1 , 643 6 , 2 1 1 6 , 734 7 , 0 1 4  8 , 4 5 1  8 , 648 



20% 

TAB LE E- 1 2  ( Cont i n ue d )  

Base A d v a n ce d  
Bas i n  S u bbas i n  Forma t i on $ 2 . 50 $ 5 .00 $ 9 . 0 0  $ 2 . 50 $ 5 . 0 0  $ 9 .00 

Cotton Va I l ey 538 7 6 52 0  6976 7 1 1 0  9 7 9 5  1 27 3 5  

SUMMARY BY BAS I NS 

Denver 0 0 4 5 7  0 3 1 37 7 046 

P i cea n ce 826 1 1 8293 1 8 7 29 1 1 1 58 2 2304 27377 

E d w a r d s  L i me 1 643 62 1 1  6734 7 0 1 4  . 84 5 1  8648 

t:lj 
I San J ua n  0 1 494 1 494 0 1 494 2 2 1 3  

...... 
1'\.) 
-...! G reater G reen R i ve r  2 1 1 9  2 8 , 276 43597 1 0286 4 1 0 50 7 1 253 

V a l V e r d e - Sonora 0 5 1 7  688 0 1 6 1 3  1 6 1 3  

U i nt a  1 2 1 22 1 3236 1 3380 1 4 534 1 5 1 98 1 5 269 

V a l V e r d e - Ozona 0 0 1 56 0 532 532 

Nort hern G reat P l a i ns/W i I I i sto n 472 1 3  7 53 7 8  7 9927 53359 9 1 430 98439 

W i n d R i ver 540 1 9 7 60 1 1 494 8 1 1 7  1 2082 1 7 5 1 9  

Cotton V a  I I ey 538 7 6520 69 7 6  7 1 1 0  9795 1 27 3 5  

TOTAL 82 , 1 46 1 59 , 6 85 1 83 , 6 32 1 1 1 , 57 8  2 0 7 , 086 262 , 644 
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TABLE E-1 3 

Pt<tO UU CT I O N  Producing Rate Scenario Summary 
(Standard Scenario) 
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TABLE E-1 3 (Continued) 

Reserves Per Committed Well Scenario Summary 
(Standard Scenario) 
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l o  1 · 3 33 1 .  87 7 1 .2 47 2 . 38 0  2 . 4 14 1 .  30 1  1 . 1 53 1 . 885 
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.j 1 . 0 W l .  899 O e8 89 l e 5t:i 6  1 ·  775 Oe 81 9 o . 57 9 1 e2 06 
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TABLE E-1 3 (Continued) 

Production Rate vs. Remaining Reserves 
(Standard Scenario) 
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TABLE E-13 (Continued) 

Investment Committment Scenario Summary 
(Standard Scenario) 
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6 95 3. 3:>91 . 1 97 8 .  1 .3 62 . 2 0 5 1 .  38 58 .  :,66 .  1 4 1 59 .  
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TABLE E-1 3 (Continued) 

Cash Flow Scenario Summary 

ANIItUAL C AS H  FLOW M M-OO LLAR � (Standard Scenario) 
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TABLE E-13 (Continued) 

Investment Per Committed Wells Scenario Summary 
(Standard Scenario) 
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lnvestmenVReserves Ratio Scenario Summary 
(Standard Scenario) 

A � UA L  MM -DOL LA R �  COM MI TTEO P E:R i:J CF R ES ER VE S  

V R  NGP - HO O<. V OT tt t-t  s . w . OT HER � S.T ER N  M I D T OTAL 
W IL L  I � . M TN •  W tS TE RN APPR e s . w. CON T .  u . s .  

1 0 .2 7 1  o . �-7 o .o67 0. 55 3 o . -::> 1 3  o. otj tj  0 . 68 0 0 . 578 
2. 0 . 2 82 o. 51 7 0 a 6 ti2 0. 52 1 0 . 5 13 o. 67 8 O e 62 9 O e5 6 1 
..:S 0 . 2 98 o. 50 '7 O eo t H  0. 5 1  2 o . s t z o. Ob ..:S  0 .6 2 0 0 . 5 44 
4 0 . 3 25 o . so o  o .  7 0ti 0. 48 9  O a 5 03 o. 64 2  o . :a8o O a5 3ti 
5 0 • .3 �  o .  :>1 2 o .o .37 0. 47 7 0 . 4 94 o. 63 6  O a 569 O a5 2 9  
0 O e ..:S 47 O e 52 1  0 .6 8 1  Oe 4 5 8  o . sos o. 64 6  0 .54 2 0 .5 29 
7 0 • .3 52 o .  50 8 O ao 7� 0. 46 9 0 . :>02 o. 64 3  0 . 53:» O e 5 36 8 0 • .3 t:JO 0. 59 4 0 • 7 Oti 0. 46 7 0 . 4 90 o. 04 4  O e 529 O a5 40 
� O e 3 72 O a 02 1  0 . 7 1 :> . o. 4 b 5  0 . 4 66 Oe 653 0 . 55 5 0 . 539 

1 0  0 .3 74 0· 6.3 4  O a 7 04 Oe 47 0 0 . 4 50 Oe 63 4 0 .52 9 O e526 
l 1 O e 3 7� o .  t:B 2  O e 8 1 4 0. 4 7 2  O e 4 44 o. 54 5  O e49:> O a5 1 0 
1 2  u . 3  7:> o. t:B �  0 .8 l ..:S 0 . 4 7 2  O a 4 4 o  o .  53 2  o .s o o  0 . 5 1 0 
1 3  0 . 3 7..:S o. 71 o 0 .ti 0 5  0. 4 7 4 0 . 4 47 o. � 8  O e493 O e5 1 6  
1 -.  0 • .3 77 0. 72 7  u e8 02 Oe 4 7 7  O a 449 o. 5.2 8  0 .4 8 �  . 0 .5 1 7  
1 5  o . 3 79 o .  73 ti  O ed O l  0 . 48 0 O e 4 51 o. ::)2 8 0 . 4 89 0 .5 2 1  
1 b  0 . 3 79 o. "/4 9 o .8 o 1 Oe 48 0  0 . 4 5 1  o. 52 8  0 . 4 8 9 O e 524 

tr:l 1 7  0 • .3 "/8 o .  7o 1 0 .8 0 1  0. 48 0 0 . 4 51 o. sz �  0 . 4 89 0 .5 24 
I 1 b  0 . 3 78 0. 76 9  0 .8 0 1 Oe 48 0 0 . 4 5 1  o. 52 3  O e4 /:t 9  O a5 2 5  

1-' 1 9  0 • .3 7:> o .  77 ':J  0 .8 0 1 Oe 48 0 0 . 4-5 1 o. 52 �  u e 4bb 0 . 52 5 
w 2 0  0 .3 7:» O e 79 0  o .8 0 l  0. 48 0 0 . 4 40 o. 52 7  0 .449 o . s z·3 -...J 

C IJot .  MM-DCLLA HS CUMMI TT �D P ER i:J CF R E S ER VE S  

V R  NGP - i<uCK V UT I-t i<  s . w . OT HER EA ST tR N  MI D T OTAL 
II h ... L l  5a M TN .  W ES TE RN AP PR . s . w. CONT e u. s .  

1 0 .. 2 71 (;. 5.3 7 O eb b7 0. 55 3 0 . 5 1 3  Oe 68 8 O e b8 0 O e 578 
2 O a 2 78 o .  :>2 5 o .o 74 Oe 5 3 3  0 . 5 1 3 Oa b82 O e 646 0 .568 
3 0 .2 89 o .  51 7  0 •6 "17 Oa 52 3 O a 5 12 o. 673 O a 632 O a 557 
4 0 .3 05 o . 5t ..:S  0 .6 8::> 0 . 50 5  0 . 509 Oe bO O  O eb l 3  O a 5 50 
� O a 3 1 7 {1. 51 � O ao 7 1  0. 49 3 0 . 5 05 o. 05 1  O a 60 0  O a 543 
6 0 . 3 28 O a 51 5 o .6 74 Oe 4 7 9  0 . 5 05 0. 64 9 0 . 58 6 O a539 
1 O e 3 35 li. 52 .3  o .o 75 Oe 47 5 O a 5 04  0. 648 0 � 575 O e538 8 O e ..:S 4 l o . � b  O e6 ti2 Oe 47 ..:S o . soo o. 64 7  O a 5 66 O e538 
9 O e..:S 47 0. 55 0  0 . 6 bl:t  Oe 4 7 2 O e 489 O a 648 0 . 564 O e538 

1 0  0 . 3 51 Oe 5o 3 0 .6 91 0. 47 1 0 . 4 77 o. 64-b O a558 0 .536 
1 1 0 . 3 �  o .  58- 1  O e7 00- Oe 4 7 1 O e 4 69 Oe b:i8 O e 55 1  0 . 532 
1 �  O e 3 5b  0 . 596 O e7. 1 0 0. 47 1 0 · 464 0. 02 9  O e 545 0 .529 
1 .3  O • ..:S oO o. bl 0 O e7 1 7 0. 4 7 2  0 . 4 6 1  0. 02 2 0 . 540 O e527 
:t. 4  0 . 3 62 Oe b2 ..:S 0 .7 2 3  Oe 47 2 O e 459 o. 61 :a o . 535 0 . 526 
l t>  O e3 64  O e 635 0 .7 28 0. 47 3 0 . 458 o. 60 9  O e531 O e525 
1 6  0 . 3 6!;) O e b4 6  O a7 33 0. 4 7 3  0 . 4 57 0. 60 4 0 . 527 0 .525 
1 7  O e 3 66 o. t>Ss 0 . 7 '.37 Oe 47 4 0 . 456 Oe 599 O e525 0 .525 
1 &  0 .3 o7 Oe bo 4  0 .7 4 0 0. 4 7 4  0 . 4 56 o. '595 �. 522 0 ·525. 
1 9 0 .3 68  o. b7 ;l 0 .7 44 Oe 4 7 4  O e 4 55  o. � l  o .S20 0 . 525 
2 0  o.�66 0 . 67 9  0 .7 46 0. 47 5 O e 4 54  0. 58� ·o . 5"1-6 O e52S 



TABLE E-1 4 

Producing Rate Scenario Summary 
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Producing Rate Per Committed Well Scenario Summary 
(Half-Standard Scenario) 
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Reserves Per Committed Well Scenario Summary 
(Half-Standard Scenario) 
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TABLE E-14 (Continued) 

Production Rate vs. Remaining Reserves 
(Half-Standard Scenario) 
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TABLE E-14 (Continued) 

I nvestment Committment Scenario Summary 
(Half-Standard Scenario) 
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Cash Flow Scenario Summary 
(Half-Standard Scenario) 
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TABLE E-14 (Continued) 

Investment Per Committed Wells Scenario Summary 
(Half-Standard Scenario) 
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Federal Land Withdrawal 



FEDERAL LAN D  W I THDRAWAL 

THE NATI ONAL W I LDERNESS PRESERVATION SYSTEM 

Ove r the pas t ye ars , the u.s. Congre s s  has  d e s i gnated c e r ta i n  
l ands to b e  s e t  as ide a s  part o f  the N a t i on a l  W i l d e rne s s  Prese rva
t ion Sys tem . Th i s  sys t em conta i ns land adm i n i s te re d  by the u.s. 
Fores t  Serv i ce , the N a t ional Park Serv i ce , and t h e  F i sh and W i l d 
l i f e  Se rv i ce . In re cent years , two ma j o r  rev i ew programs have bee n  
i n i t iated w i th the purpos e  o f  ide n t i f y i ng add i t ional l ands for in
c lus ion in the nat iona l wi lderne s s  pre s e rvat i on system . The s e  are 
the BLM Wilde rne s s  Rev i ew program and the Fore s t  S e rv i ce Road l e s s  
Area Rev i ew and Eva l u a t ion I I  ( RARE I I )  program . 

Those areas a l re ady des ignated wi lderne s s e s  as o f  November 1 9 7 8  
( not asso c i a ted w i t h  the Bureau o f  Land Manageme n t  [ BLM ] o r  recent 
Fores t  Service programs ) are shown i n  F igure s F-1 and F - 2 . Al so , 
Table F - 1  s umma r i z e s  the e x t e n t  of the e x i s t i ng and proposed Na
t iona l W i lderne s s  Pres e rva t io n  Sys tem . 

A s t udy o f  wi lderne s s  and prospe c t i ve w i l d erne s s  a reas i n  rela
t ion to t igh t ga s prospect ive areas i s  impo rtant because o i l  a nd 
gas e xplora t i on and d e ve l opmen t  w i l l  be res t r i cted i n  w i ld e rne s s  
areas . A d i scu s s ion o f  the B LM and Fore s t  S e rv i ce rev i ew prog rams 
fo l lows . 

Maj or Federal Land W i thdrawal Programs 

BLM W i lderne s s  S t udy Areas 

Th e BLM wi lderne s s  s t udy progr am i s  i n  re s ponse t o  t h e  Federal  
Land Pol i cy and Manageme n t  Act of 1 9 7 6  ( FLPMA ) . 

• Phase lA : In i t ia l  I nve ntory 

Beg i nn i ng i n  the f a l l  o f  1 9 7 8 , a l l  p ub l i c d oma i n  l a nd admi n
i s te red by the u.s. Bureau of Land Managemen t  was s t ud ied by 
the va r iou s Bureau of Land Manageme n t  s tate of f i ce s .  Th i s  
i n i t i a l  i n ventory re s u l ted in c l a s s i fy i ng appro x ima t e l y  7 0  
pe rcent ( 1 2 2 . 8  m i l l ion acre s ) o f  the l and i n  t h e  cont iguo u s  
wes tern s tates as nonwi lderne s s  and there fore open t o  mu l 
t ip l e  resource use , includ i ng o i l  and g a s  e xp l or a t i on and 
d eve lopme n t . 

• Phase lB : Intens i ve I nven tory 

The land c l as s i f ied as hav i ng pos s i b l e  w i l d e rne s s  charac 
te r i s t i cs in t h e  i n i t i a l  inve ntory phase w i l l  unde rgo more 
intens ive s t udy to determine if it t ru ly mee t s  a l l  of the 
req u i reme n t s  of c l as s i f icat ion a s  a w i l d e rn e s s  are a .  Th e s e  
intens i ve i nventor i e s  we re begun by t h e  various  s t a t e  B LM 
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TABLE F-1 

Nat ional W i lderne s s  Pres erva t ion Sys tem -- 1 9 7 9  
( W i lderne s s  Are a - M i l l ions o f  Ac re s ) 

Type o f  
W i l derne s s  

E x i s t i ng 
Admi n i s tra t i ve ly 

Endorsed 
S ubtotal  

Add i t ional Propos ed 
W i l de rne s s  Are a s  
( BLM and Fore s t  

BLM 

-0-

RARE I I ) 2 0 . 8  

Further Pl ann i ng 
Areas ( Potent i a l  
W i l d e rne s s ) 

Tot a l  

Fores t 
Serv i ce 

1 5 . 2  

3 . 3 
1 8 . 5  

1 5 . 1  

1 0 . 8  
4 4 . 4 

Pa rk 
S e rv i ce 

3 . 0  

1 2 . 7  
1 5 . 7 

W i ld l i fe 
Re f u g e s  

0 . 8  

7 . 2 
8:0 

Source : RARE I I  F i nal Env i ronme n t a l  S t a teme n t , u.s. Fore s t  
Service , Jana ury 1 9 7 9 ,  and O i l  and Ga s Journal , Apr i l  1 9 8 0 .  

of f i c e s  i n  the s umme r of 1 9 7 9  and s eve ral had been comp l e ted 
by Apr i l  1 9 8 0 .  The i nve ntor i e s  w i l l  iden t i fy those areas 
wh i ch shou l d  undergo more d e t a i l ed s tudy and be d e s i g na ted 
as wi lderne s s  s t udy areas ( WSA ) . When these i nven tor i e s  are 
comp l e te ,  propos ed WSA areas w i l l  be s ub j e c t  to a 9 0 -d ay 
comme n t  per iod by the p ub l i c . The n ,  each s tate B LM d i re c to r  
wi l l  d e s ignate those a r e a s  to unde rgo the WSA w i l d e rne s s  
s t udy . As o f  May 1 9 8 0 , i nventory s t ud i e s  were e s se n t i a l ly 
comp l e te .  Re s ul t s  for s e l e cted s t ates are shown i n  Tabl e 
F - 2 . As one e x ampl e ,  the Ut ah i nven to ry s t udy report wa s 
i s s ued on Apr i l  2 ,  1 9 8 0 .  Of the 2 2 . 0 8 m i l l i on acres s ub 
j e c ted t o  both the i n i t i a l  and intense i nventor i e s , 1 . 7 5 
mi l l ion acres we re propos ed as tru l y  hav i ng w i l d e rne s s  char
acte r i s t i cs and w i l l  undergo the more d e t a i l e d  WSA s tudy . 
Wh en the WSA d e t a i l ed s tudy i s  comp l e te , the va r iou s s tate 
BLM d i re c tors w i l l  make re commend a t i ons t o  the Pre s ident and 
the u.s. Congre s s  on wh i ch of th e areas s h ou l d  be c l as s i f ied 
as wi lderne s s  and there fore inc l uded i n  the Nat i ona l W i l d e r 
ne s s  Pre s e rva t ion Sys tem . These mo re i n tens ive WSA s t ud i e s  
are requ i red to b e  complete by 1 9 9 1 . One s t a t e  BLM o f f i c i a l  
e s t ima t e s  that h i s  s tate WSA s tud i e s  w i l l  b e  comp l e ted by 
1 9 8 5 - 1 9 8 6 .  I t  i s  in th i s  f i nal s t udy phase that  the o i l  and 
gas po ten t i a l  of the propos ed w i lderne s s  areas w i l l  be eva l 
uated i n  d e ta i l . 
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Spec ial  Instant or Acce l erated Study Are a s  ( BLM Rev i ew Program ) 

Ce rtain  acre age des ignated in the i n i t i a l  inve n tory as h a v i ng 
pos s i ble w i lderne s s  character i s t i cs wi l l  unde rgo more rapid or 
acce lerated s t udy . The s e  areas are the one s w i th spe c i a l  use  o r  
bene f i t  characte r i s t ics , s u c h  as s i te s  of coal-f i red e le c t r i c  powe r 
plants and o i l  and gas areas of the Ove r thrus t Be l t  i n  several 
wes tern s ta te s . As of January 1 9 8 0  some of these  areas  h ad a l re ady 
been des ignated a s  wi lderne s s  s t udy areas and were recomme nded for 
more d e t a i led eva l u a t ion . Th i s  acreage totaled a bou t 9 . 9 8 m i l l ion 
acres for the ent ire Un i ted States and 0 . 9 3 m i l l ion acres for the 
s tates shown in Tab l e  F - 2 . 

RARE I I  W i lderne s s  Areas - - u.s. For e s t  Servi ce , Depar tmen t  o f  
Agr i c u l ture 

The RARE I I  wi lderne s s  review program was i n i t i at ed in June 
1 9 7 7  to ide n t i fy road l e s s  and underdeve loped l and areas i n  the na
t iona l fore s t  system and to d e t e rmine the i r  genera l use for both 
w i lderne s s  and other resource ma nageme nt and d eve lopme n t . The re
view ident i f ied 2 , 9 1 9  road l e s s  areas con t a i n i ng 62  m i l l ion acres in  
the nat ional fores t and grassl ands in 3 8  states  and Puerto Ri co . 
The review was c omple ted i n  the f a l l  of 1 9 7 7  a f t e r  mas s ive i nvo lve
me nt by th e pub l i c . More than 5 0 , 0 0 0  persons re sponded w i th com
ments and s ugge s t ions . Re s ul t s  of the rev i ew were pre s en t ed by the 
u.s. Fore s t  Serv i ce i n  a d r a f t  envi ronme n t a l  s t a t eme n t  i s sued on 
June 1 5 ,  1 9 7 8 . The p ub l i c  was asked to c omment on th i s  s t a teme n t  
also , and f inal c l a s s i f i c a t ion re comme nd a t ions we re a s  f o l lows ( s ee 
Tabl e  F-3 for data on s e l e c te d  wes tern s t a te s ) : 

lwilde rne s s  C l as s i f icat i ons 
Nonw i lderne s s  C l a s s i f icat ions 
Furthe r Plann i ng 

Tot a l  Un i ted S t ates 

Nat ional Parks 

1 5 . 0 9  m i l l i on acres 
3 6 . 1 5 m i l l ion acres 
1 0 . 7 7 m i l l ion acres 
6 2 . 0 1 

In the nat ional park sys tem there are curre ntly abou t 2 5  are as 
c l as s i f ied as wi lderne s s ,  tota l i ng abou t 3 m i l l ion acre s .  The Park 
Serv i ce h a s  s tud i ed the rema i n i ng undeve loped park l and and h a s  
wi lderne s s  proposa l s  pend i ng act ion b y  Congre s s . I f  a l l  endorsed 
areas are c l a s s i f ied w i l derne s s , there wou l d  be a tot a l  of 4 5  park 
wilde rne s s  areas con t a i n ing more than 1 5 . 7  m i l l i on acre s . The r e  
a r e  ad d i t ional nat iona l park are as n o t  ye t s tud i ed that cou l d  r a i s e  
th is acre age s l igh t l y . 

W i ld l i f e  Re fuge s -- Wi lderne s s  Area s  

Cong ress h a s  des ignated 5 2  u n i t s  o f  t h e  Nat iona l Wi ld l i f e  Re f 
uge Sys tem w i th approx ima t e ly 7 7 1 , 0 0 0  acres as w i l d e rne s s . A n  ad 
d i t ional 3 3  areas con t a i n i ng 7 . 2  mi l. l i on acres h ave been e ndorsed 
by the Pre s id e n t  and are pend i ng be fore Cong r e s s .  Seve r a l  l arge 
areas a re s t i l l  under s t udy and may re s u l t  in s ign i f i ca n t  
incre a se s .  

1 Source : RARE I I  F i n a l  Envi ronmenta l Stat eme n t , U . S .  Fore s t  
Service , January 1 9 7 9 . 
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Table F-2 

u.s. Bureau of Land Management -
Wilderness Study Area (WSA) Acreage - Selected Western States 

Total Acres 
Inv�ntoried 

Colorado 7 , 996 

Montana 8 , 140 

New Mexico 12 , 84 7  

North Dakota 68 

Utah 22, 076 

Wyaning 17 , 793 

Total 68 , 920 

Source: Oil & Ga.s Journal , April 1980 . 

(Thousands of Acres ) 

Acres 
Acres Designated Total 

Proposed As Instant or WSA 
WSA' s Accelerated WSA Acres 

765 50 815 

534 249 783 

872 148 1 , 020 

0 0 0 

1 , 752 427 2 , 179 

497 56 553 

4 , 420 930 5 , 350 

Proposed WSA ' s  
As Percentage 
of Total Acres 

Inventoried 

9 . 6  

6 . 6 

6 . 8 

0 

7 . 9 

2 . 8  
-

6 . 4  



Table F-3 

U . S .  Forest Service - Hare II Wilderness Area Acreage - Selected Western Serv�ce 
( Thousands of Acres ) 

Wilderness 
Total Wilder- ancJ Further 

Total Acres Acres Proposed Acres Designated Acres Dropped ness and Planning as 
Inventoried As Wilderness Further Planning Non wilderness Further Plan . � of 'I'otal 

Colorado 6 , 493 . 2  1 , 94 6 . 4  177 . 6  4 , 369 . 2 2 , 124 . 0  3 2 . 7 

Montana 5 , 05 0 . 6 599 . 9 1 , 185 . 8  3 , 264 . 9  1 , 785 . 7  3 5 . 4 

'"Ij New Mexic..u 1 , 90 7 . 4  497 . 2  256 . 9 1 , 15 3 . 3  7�4 • .1 39 . 5  
I 

-....] 
North Dakota 194 . 7  9 . 0  0 185 . 7  9 . 0  4 . 6 

Utah 3 , 002 . 4  492 . 1  1 38 . 4  2 , 371 . 9  630 . 5  2 1 . 0 

Wyaning 3 , 794 . 5  627 . 1  3 38 . 8  2 , 828 . 6  965 . 9  25 . 5 

Total 20 , 44 2 . 8  4 , 171 . 7 2 , 097 . 5  14 , 173 . 6  6 , 269 . 2  30 . 7  

Source : RARE I I  Final Envirorunental Statement , U . S .  Forest Service , Jan. 1979. 



APPENDIX G 

FERC Ruling on Tight Gas 
Federal Energy Regulatory Commission 
Final Ruling on High-Cost Natural Gas 

Produced From Tight Formations 



GJ I 
1-' 
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1 .  Part 2 7 1  i s  amended in Table of Contents under Subpart G 

to read as follows : 

Sec . 
2 7 1 . 7 0 1  
2 7 1 . 7 0 2  
2 7 1 . 7 0 3  

SUBPART G -- HIGH-COST NATURAL GAS 

Appl icab i l ity . 
General rules . 
Tight formations . 

2 .  S ubpart G of Part 2 7 1  i s  revi sed to read as fol lows : 

SUBPART G -- HIGH-COST NATURAL GAS 

§ 2 7 1 . 7 0 1  Applicab�l ity 

Thi s subpart implements section 1 0 7 ( b )  and ( c )  of the NGPA 

and applies to the first sale of natural gas which a j uris-

dictional agency determines i s :  

( a )  Tight formation gas for wh ich there i s  a negotiated 

contract price . 

( b )  [ Reserved ] 

§ 2 7 1 . 70 2  General rules . 

( a )  Definitions . For purposes of this subpart : 

( 1 )  " Negotiated contract price" means any price establi shed 

by a contract which e ither speci fically references the incentive 

pricing authority of the Commission under section 1 0 7  of the NGPA 

or contains a fixed rate or a fi xed e scal ator c l aus e .  
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( 2 )  A " fixed escalator clause " i s  a provision in a contract 

for the first sale of natural gas which changes the price for the 

gas by a spec i fied amount on a specified dat e .  

( 3 )  For the de finition o f  " c rude oil , " see § 27 0 . l0 2 ( b ) ( S ) . 

( b )  Cross r eference . For special rules applicable to 

high-cost natural gas retroactive collections , see § 2 7 3 . 20 4 .  

§ 271 . 70 3  Tight formations . 

( a )  Maximum lawful price for tight formation gas .  The 

maximum lawful price , per MMBtu , for the first sale of tight 

formation gas for which there is a negotiated contract price 

shall be the l e sser of : 

( i ) the negotiated contract price 1 or 

( ii )  200 percent o f  the maximum lawful price specified 

for Subpart C o f  P art 271 in Table I of § 27 1 . 10 l ( a ) . 

( b )  Definitions . 

( 1 )  " Tight formation gas " means new tight formation gas 

or r ecompletion t ight formation gas . 

( 2 )  " New tight formation gas " is natural gas : 

( i )  which i s  new natural gas , ( as de fined in section 10 2 ( c ) ) ,  

certain ocs gas quali fying for the new natural gas ceil ing price 

( as defined in section 102 ( d ) ) ,  or gas produced through a new on-

shore production wel l  ( as de fined in section 103 ( c ) ) ;  and 
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( i i )  which is produced from a des ignated tight formation 

through a well the surface d r i l l ing of which began on or after 

July 1 6 ,  1979 . 

( 3 )  " Recompletion tight formation gas " i s  natural gas 

whi ch i s  produced from a designated tight formation through a 

wel l ,  the su rface drill ing of which was begun be fore July 1 6 ,  

1 9 7 9 , i f  such wel l  was not completed for production from such 

des ignated formation before July 1 6 , 1 9 7 9 . 

( 4 )  " Formation " means any geological formation , or portion 

thereof described by geological as we l l  as geographical para-

meters . 

( 5 ) A "designated tight formation " is a natural gas 

formation which i s  des ignated a tight formation by the 

Commi s s ion pursuant to paragraph ( c )  of thi s  section . 

( 6 )  " Infill drill ing " means any d r i l l ing in a s ubstantially 

developed formation ( or a portion thereof )  sub j ect to requirements 

respecting well-spacing or proration units which were amended by 

the j uri sdictional agency after the formation ( or portion thereof ) 

was substantial ly developed and which were adopted for the purpose 

of more ef fective and e f ficient drainage of the res ervoirs in such 

formation . Such amendment may provide for the estab l i shment of 

sma ll er drill ing or production units or may permit the d r i l l ing 

of additional wel l s  on the original units . 
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( c )  Des ign�tion of tight�rmations . 

( l )  ����ral . Upon the wri tten recommendation by a j uris

dictional agency,  submitted in accordance with the requirements 

of this s ection, the Commi s s ion may approve a recommendation 

that a natura l gas formation be des ignated as a tight formation . 

( 2 ) Guidelines . ( i )  The Commi s s ion will approve the 

des ignation of any formation recommended by a j urisdictional 

agency if the formation meets each of the fol lowing guideline s : 

( A ) The estimated average in situ gas permeabil ity , 

throughout the pay section, i s  expected to be 0 . 1  m i l l idarcy 

or les s .  

( B )  The stabil ized production rat e ,  against atmospheric 

pressure , of we l l s  completed for production in the formatio�, 

without s t imulation , is not expected to exceed the product ion 

rate determined in accordance with the following table :  

I f  the average depth to 
the top of the formation 

( in feet ) 

exceeds : 

0 
1000 
1 5 00 
2000 
2 5 00 
3000 
3 500 
4000 
4500 
5000 
5 500 
6000 

but does not 
exceed : 

1 000 
1 50 0  
2 00 0  
2 5 0 0  
3000 
3 5 00 
4000 
4500 
5000 
5500 
6000 
6500 

The maximum a l l owable 
production rate ( in Mcf/day ) 

may not exceed : 

4 4  
5 1  
5 9  
6 8  
7 9  
9 1  

l O S  
1 2 2  
1 4 1  
1 6 3  
188 
2 1 7  
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If the average depth to 
the top of the formation 

( in fee't ) 

but doe s not 
exceeds : exceed : 

6500 7000 
7000 7 500 
7 500 8000 
8000 8500 
8500 9000 
9000 9 500 
9500 10000 

10000 1 0 5 0 0  
10500 1 1000 
11000 1 1 5 0 0 
11 500 1 2 0 00 
12000 1 2 5 0C 
12500 13000 
1 3000 1 3 500 
1 3 500 14000 
14000 14500 
14500 15000 

- 60 -

The maximum allowable 
production rate ( in Mcf/day ) 

may not exceed : 

2 5 1  
290 
3 3 6  
3 88 
449 
5 1 9  
600 
693 
802 
927 

107 1 
1 2 3 8  
1 4 3 2  
1 6 5 5  
1 9 1 3  
2 2 1 2  
2 5 5 7  

( C )  No wel l  d r i l led into the recommended tight formation 

is expected to produc e ,  without stimulation , more than five 

barrels of crude oil per day . 

( D ) I f  the formation or any portion thereof was author ized 

to be developed by infill dr i l l ing prior to the date of recom-

mendation and the jurisdictional agency has information which in 

its judgment indicates that such formation or portion sub j ec t  to 

infill dril ling can be developed absent the incentive price 

established in paragraph ( a )  o f  thi s  section then the jurisdic-

tional agency sha l l  not include such formation or portion thereof 

in its recommendation . 
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( ii )  The Commission will consider and may approve or 

disapprove a recommendation by a jurisdictional agency to 

designate as a tight formation any formation which meets the 

guidel ines contained in subparagraph ( 2 ) ( i ) ( B )  and ( C ) , but 

does not meet the guideline contained in subparagraph ( 2 ) ( i ) ( A ) , 

if the juri sdictional agency makes an adequate showing that 

the formation exhibits low permeability characteristics and 

the price established in paragraph ( a ) of this section is neces-

sary to provide reasonable incentives for production of the 

natural gas from the recommended formation due to the extra-

ordinary costs associated with such production . 

( 3 )  Content o f  recommendations . A recommendation that a 

formation should qualify as a designated tight formation shall 

contain the following information : 

( i )  geological and geographical descriptions o f  the for-

mation which is recommended for clas s i fication as a tight 

formation : 

( ii )  geological and engineering data to support the recom-

mendation and the source o f  that data : 

( ii i ) a map which c l early locates wells which are currently 

producing from the recommended tight formation or a list locating 

all wells which are currently producing natural gas from the 

recommended tight formation : 
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( iv )  a report o f  the extent to which existing State and 

Federal regulations wil l  a ssure development of the recommended 

tight formation wil l  not adversely affect any fresh water aquifers 

( during both hydraulic fracturing and waste disposal operations ) 

that are or are expected to be used as a domestic or agricultural 

water supply ; 

( v )  if the formation is recommend·ed undeX: para-

graph ( c ) ( 2 ) ( ii )  of thi s  section , the types and extent of 

enhanced production techniques which are expected to be neces-

sary and the estimated expenditures necessary for employing 

those techniques ;  and the degree of increase in production to 

be expected from use of such techniques and engineering and 

geological data to support that estimate ; 

( vi )  any other information which the j urisdictional agency 

deems rel evant ; and 

(vii ) any other information requested by the Commi ss ion . 

( 4 )  Commission review o f  recommendations . Upon receipt of 

a recommendation submitted in accordance with this section, the 

Commission shall publish in the Federal Regi ster , a notice of 

proposed rulemaking containing such recommendation . After review 

of any comments , the Commi ssion wil l  prescribe a rule approving 

or di sapproving the recommendation . 
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( d )  Des ignated tight formations . [ Reserved ] . 

3 .  Section 2 7 3 . 204 ( a ) ( l )  is amended by deleting " ;  and " in 

clause ( i )  and inserting in l ieu thereof a period at the end of 

clause ( i ) , and by deleting " new" in c lause ( i i )  and by deleting 

the semi-colon and insert ing in lieu thereo f a period at the end 

of clause ( ii ) . 

4 .  Section 274 . 20 5  is amended by revis ing paragraph ( e ) 

to read as follows : 

§ 2 74 . 20 5  High-cost natural gas . 

* * * * * 

{ e )  Natural gas produced from designated tight formations . 

( 1 )  New tight formation gas .  A person seeking a determination 

for purposes of Subpart G of Part 2 7 1  that natural gas is new tight 

formation gas shall file with the jurisdictional agency an applica-

tion which contains the fol lowing items : 

{ i ) { A )  I f  the gas i s  produced from a wel l  which qua l i fies 

as a new , onshore production wel l ,  all information required in 

§ 274 . 204 ( except for the item specified in paragraph { d ) ( l )  of 

that section ) ;  or 

{ B )  i f  the gas quali fies for the new natural gas pric e ,  the 

information required in § 2 7 4 . 202 or § 274 . 20 3 ; 
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( ii )  a map which locates and identi fies the wel l  for which ( i i i ) the heading and pertinent portions of the we l l  log , 

the determination is sought a s  be ing within the designated tight or a dri l l ing report identi fying the d e s i gnated t ight forma-

formation ; 
tion; and 

( ii i )  the heading and pertinent portions of the well log , 

or a drilling report identi fying the des ignated tight formation ; 

and 

( iv )  a statement b y  the appl icant , under oath , that : 

( A )  the surface d r i l l ing o f  the wel l  for which a deter-

mination is sought was begun on or after July 1 6 , 197 9 ;  

( B ) the gas is being produced from a designated tight 

� formation ; and 

( iv )  a statement by the appl icant , under oath , that : 

( A )  the gas i s  being produced from a des ignated tight 

formation ; 

( B ) the well did not produce natural gas in commercial 

quant i t i e s  from the des ignated tight formation prior to July 

16 , 1979 ; and 

( C )  the app l icant has no knowledge of any other i n formation 

not described in the app l i cat ion wh ich is incon s i s tent with 

1 his conclus ions . 
� ( C )  the app l icant has no knowledge o f  any other information 

not described in the app l i cation which is incons i stent with h i s  

conc lu s ions . 

( 2 )  Recompl etion tight formation gas . A person seeking 

a determination for purpo s e s  of Subpart G of Part 2 7 1  that 

natural gas is recompletion t ight formation gas sha l l  file with 

the jurisdictional agency an application which contains the 

following items : 

( i ) the we ll completion report ; 

( i i )  a map which locates and identi fi e s  the wel l  for which 

the determination is sought as be ing within the des ignated tight 

for:nation ; 
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RESEARCH TOP ICS AND PRO GRAMS 

Enhanc ing techno l ogy for the deve l opme n t  and recove ry o f  g a s  
from t igh t g a s  fo rma t ions w i l l  requ ire advanc eme n t s  i n  many spe
c i f i c  d i sc ipl i n e s  o f  rese arch . In add i t i o n ,  i t  wi l l  be n e c e s sary 
to c omb ine the knowl edge from a w id e  var i e ty o f  d i sc i pl ine s to 
opt im i z e  the r a te of advancemen t on the l e ar n ing curve . The 
probl ems and needs a s soc i a ted wi th t igh t g a s  re s e rvo i r s  h ave been 
iden t i f ied and d i scus sed in pr eced i ng po r t ions of t h i s  chapter as 
wel l  as i n  many of the pr evious chapte r s . Th i s  append i x  pre sen t s  
top i c s  and pro j ec t s  c a teg or ized by d i sc ipl i n e  wh i c h  have a h i g h  
po ten t i al for addre s s i ng s pec i f ic requ i reme n t s  and con ta i n s  a s ug
g e s ted compr ehe n s ive program approach fo r conduc t i ng and organ i z ing 
the spec i f ic re search to accel erate l e arn i ng ,  i n t egrate theory i n to 
prac t i c e , and tran s fer the technology for appl i c a t ion . 

S PEC IF IC POTENT IAL AREAS AND TOP ICS TO ENHANCE T I GHT GAS FORMAT ION 
DEVE LOPMENT AND RECOVERY ( Ca tegor ized by D i sc ipl i n e ) 

The spe c i f i c  rese arch top i c s  fo r each d i sc i pl i n e  have been pre
sen ted in order o f  importance ; top i c s  w i t h  a h igher po ten t i a l  fo r 
impac t have been l i s ted f i r s t .  The order ing wa s d e term i n ed by a 
ballot proc ed ure . Each s t udy par t i c i pan t wa s reque s ted to f urn i s h  
a l i st o f  e s sen t i a l  rese arch top i cs . The se top i c s  we re then pr i 
or i t i zed by we ighted bal lots from t h e  s t udy par t i c i pan t s .  Th i s  
s ta temen t ,  however , mus t be qual i f i ed : the o rd e r ing i s  cons i s tent 
with curren t v i ews . As  technology and e xper i e nce advanc e , t hos e 
top i c s  wh ich are con s id ered l e s s  impo rtan t may m i g r a te to h igher 
l eve l s . 

Geo log i ca l  Requ i reme n ts 

• S t ud ie s  and techn ique s to a scerta in t he s i ze ,  shape , and 
l i tho logy o f  t ig h t  gas  fo rma t ion sand bod i e s  

• Me thods fo r d e te rm i n ing the s i ze , s hape , and d i s t r i bu t ion o f  
l en t i c ular sand bod i e s  

• De t e rmina t ion o f  t h e  e f fe c t  o f  l i t hol ogy and rock type on i n  
s i tu s tr e s se s  

• Eva l ua t ion o f  s and con t i nu i ty ,  and me thods fo r d e te rm i n ing 
s and con t i n u i ty and the probable geome try of sand l e n se s 

• Knowl edge o f  so urc e rock type and mat ur i ty a nd i t s  e f fec t on 
genera t i ng g a s  i n  l ow pe rmeab i l i ty fo rma t i ons 

• Knowl edge o f  geolog i c al tran sg r e s s ive and reg r e s s ive cyc l e s  
a s soc iated wi th l ow perme ab i l i t y  gas fo rma t ion s 
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• Inve s t iga t ion s o f  the geolog ical co nd i t ions pert inen t to the 
pre se rva t ion o f  na tural gas  and i ts r a te o f  e sc ape from l ow 
pe rme ab i l i ty re s e rvo irs 

• S t ud i e s  on the e f fe c t ivene s s  of var ious s e a l s  for na t ural 
g a s  accumul a t ion in tight reservo i r s  

• S t ud ie s  on t h e  t ime req u i red f o r  genera t ion and e xp u l s ion o f  
t h e rmal and bac ter i a l  gase s and c a rbon i za t ion s t age s d ur i ng 
e xpul s ion 

• More accur a te d i sc r im i n a t ion b e twe e n  thermal and bacter i a l  
ga s 

• S t ud ie s  to a scerta in the quan t i t ie s  o f  gas  e xpe l l ed from 
var ious type s o f  source beds 

• Eva l uation of the s ig n i f i c ance o f  ove rpr e s s ur ed and und e r
pre s s ured t ig h t  ga s re servo ir s ; pre s s ur e/tempera t ure rel a
t io nsh i p ; c ause o f  d i srupt ion o f  hyd ropre s s ur ed wa te r 
c o l umn s in a s ubnormal pre s s ure se t t i ng 

• S t ud ie s  on the e f fe c t s  o f  me than e -cons um i ng b a c ter i a  i n  t he 
d e s truc t ion o f  sha l l ow hyd roc arbon g a s  ac cumul a t ions ; i . e . , 
cond i t ions p e rmi t t i ng bac ter i a l  v i ab i l i ty and a c t ive me thane 
consumpt ion 

• De te rmina t ion o f  the role o f  f l u id-pr e s s ure- i nduced natural 
fract ure s i n  con trol l i ng or i n f l uenc i ng ma s s ive hyd r a ul i c  
frac t ur ing treatme n t s  

• Knowl edge o f  t h e  influence o f  o rgan i c  ma t te r ,  n a tural g a s  
l iqu id s , adsorbed ga se s , nonhyd roc arbon gase s ,  wa ter 
sal in i ty ,  and compo s i tion on gas  produc t i o n  from t ig h t  
r e s e rvo i r s . 

Pe trophys i cal  Requ i rements  

• S t ud ie s  o f  the frac t ur i ng f l u i d/rock fo rma t ion in terac t i ve 
mec han i sms wh i ch may pe rta in to wa ter b l ock i ng 

• Improved l aboratory me thods fo r d e te rm i n ing in s i tu rock 
prope r t i e s  

• S t ud ie s  o f  the c l ay con ten t and gra in s i ze o f  t igh t gas 
sand s a s  they r e l a te to the depo s i t i onal env i ronmen t  of the 
fo rma t ion s 

• Eva l ua t ion o f  the in fo rma t ion wh ich can b e  con tr i bu ted by 
inve s t ig a t ions o f  core s a s  i t  pe r ta i n s  to the t ig h t  forma
t ion ga s-prod uc i ng po ten t i al o f  a re s e rvo i r  

• S t ud ie s  o f  the e f fe c t  o f  rock ma tr ix and ceme n tat ion o n  in 
s i t u pe rme ab i l i ty to gas . 
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Forma t ion E va l u a t ion , We l l  Logg i ng , and Geophy s i c a l  
Requ i rements 

• Devel opme n t  o f  w i r e l ine too l s  for me a s ur ing i n  s i t u  s tr e s s e s  

• Devel opmen t  o f  improved geophys i c a l  expl ora t i o n  too l s  fo r 
t igh t gas fo rma t ion explora tion 

• Development o f  s urface geophy s i c a l  me t hods for in s i tu 
me a s uremen t o f  rock s tr e s s  from a we l l  bore 

• Improved geophys i c al me thods fo r id en t i f y i ng l e n t i cu l ar 
s and s that have no t been pene tra ted by a wel l  bu t may 
po s s i b ly b e  reached by a hyd raul i c  frac ture 

• Improved geophys i c al me thods fo r the d e te rm i n a t ion of c lo
s ure s tre s s  

• Eva l ua t ion o f  the r e l i ab i l i ty o f  d r i l l  s t em te s t s  for 
d e te rm i n ing t ig h t  g a s  fo rma t ion po ten t i a l  

• Improved me thod s fo r me asur ing and interpr e t i ng wa te r 
s a t ura t ions 

• Devel opme n t  o f  l og g i ng me t hods for improved in s i t u 
pe rme ab i l i ty me a s ur emen t 

• Ca l ibrat ion s t ud ie s  o f  the rela t ionsh i p  b e twe e n  core 
analys i s  d a ta with  l og in s i t u  proper t y  me a s ur emen t s  

• Improved me t hods t o  me as ure and i n terpre t fract ure 
or ienta t ion wi th l ogg ing tools  

• Improved ab i l i t ie s  to me a s ur e  and in terpr e t g a s  i n  pl ace 

• Improved log corre l a t ions wi th an analys i s  o f  po ro s i ty 

• Improved ab i l i t i e s  to me a s ure and i n te rpr e t  in s i tu pe r
me ab i l i ty from logs 

• S t ud ie s  on the corr e l a t ions o f  l abora to ry-me a s ured v s . 
log-me a s ur ed so n i c  trav e l  t imes a t  i n  s i tu c ond i t ions 

• Eva l u a t ion o f  the use o f  l ogg i ng swe ep s  and l ogg i ng too l s  
for the de t e rmina t io n  o f  t ight fo rma t ion gas po ten t i al 

• Improved l og corre l a t ions and ana ly s i s  o f  gra i n  d en s i ty 

• Improved l og corr e l a t ion s and analys i s  o f  c emen ta t ion 
factors . 

Re servo i r  Eng ine e r i ng and Pre s sure Tran s i e n t  Analys i s  
Requ i reme n t s  

• Be t ter pre s s ure tran s i e n t  ways t o  mea s ure in s i t u 
pe rme ab i l i ty to g a s  
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• Be t te r  ways to me a s ur e  in s i tu n e t  pay to g a s  

• Me thod s fo r d e te rm i n ing g a s  re l a t iv e  permeab i l i ty a fter 
frac t ur i ng trea tments from pre s s ure tran s i en t  and prod uc t ion 
behav i o r  

• Inve s t ig a t ive s t ud i e s  on the e f fe c t s  o f  pe rm e ab i l i ty v e r t i 
c a l  d i s tr ibu t ion pro f i l e s  o n  prod uc i ng r a te a nd u l t ima te 
recovery from t ig h t  g a s  fo rma t ions 

• Inv e s t ig a t ions o f  the e f fe c t  of l a teral d i s t r ib u t ion o f  per
me ab i l i ty pro f i l e s  on prod uc t ion ra te be h avior and ul t ima te 
recovery from t ig h t  gas  fo rma t ions 

• Computer mode l  s en s i t iv i ty s t ud ie s  o f  t he pe r fo rman c e  vs . 
pe rme ab i l i ty d i s tr ibut ions 

• Improved me t hods for meas ur i ng in s i t u  gas po ro s i ty 
d i s t r ibu t ion 

• Improved me thod s for me asur ing in s i t u wa ter s a t ur a t ions 

• Improved me thods for me asur ing i n  s i t u c ap i l lary p r e s sur e  
e f fe c t s  

• Improved me t hods fo r me as ur i ng in s i t u  ver t i c a l  pe rme ab i l i ty 
d i str ibut ions 

• Improved me thod s for me asur ing in s i tu l a teral pe rmeab i l i ty 
d i str i bu t ions 

• Improved me t hods for mea s ur i ng in s i t u  re s e rvo i r pre s s ure 

• Compre hen s ive c omp u t e r  model s t ud ie s  o f  we l l  i n t e r ferenc e , 
we l l  spa c i ng , and we l l  l ocat ion pa ttern s .  

We l l  Comp l e t ion Req u i rements  

• Inve s t ig a t ions o f  the  c emen t i ng requ i reme n t s  fo r ma s s iv e  
h ydra ul ic frac t ur i ng 

• Developmen t o f  me t hods to d e t e rmine c emen t fa i l ure wh ile 
fr actur ing w i th MHF 

• De te rm i n a t ion of the e f fe c t s  of b ad ceme n t  j obs on f r ac t ur e  
s t imul a t ion trea tments  

• Inve s t ig a t io n  o f  the  e f fe c t s  o f  frac t ur e  treatme n t on 
c emen t-p i pe bond and c emen t-forma t ion bond . 

Hyd rau l i c  Frac t u r i ng Requ i rements -- Fracture Propaga t ion 
S tud i e s  

• Improved me thods fo r contro l l ing ver t i c al frac t ur e  g rowth ;  
i nve s t iga t io n  o f  the e f fe c t s  o f  the ver t ic al s tre s s  s tra t i 
f i c a t ion o n  ve r t i cal  frac t ure propag a t ion 
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• Corre l a t ions o f  compr e s s ional and s h e ar wave v s . i n  s i tu 
s tre s se s  or rock proper t ie s  

• Clos ure s tre s s  s t ud ie s  i n  shal e s  and beds  ad j ac en t  to t he 
pay forma t ion 

• Devel opme n t  o f  c omputer mode l s  to s t udy f r ac t ur e  propag a t ion 
and con f i n emen t  tend enc ie s 

• Sen s i t ivi ty s t ud ie s  o f  in s i t u  rock proper t i e s , bed bound
ar ie s ,  b ed th i ckn e s se s ,  in s i tu s t r e s s e s  on f r ac ture 
propaga t ion 

• The e f fec t of pore pre s s ure on local i n  s i t u  s tre s s  f ie lds 

• The e f fe c t  o f  both ver t ical  and l a ter a l  var i a t ion s of in 
s i tu s tr e s s e s  on fr ac t ur e  exten s ion 

• The e f fe c t  o f  ver t i cal  and l a teral rock prope r ty var i a t ions 
on fract ure extens ion 

• Propaga t ion s t ud ie s  to i nve s t iga te the tendenc i e s  of frac
tur e s  to propag a te from sha l e s  i n to sand l e n se s ,  and from 
lense s  i n to shale s 

• Improved me thods to frac zone s wh ich show poo r  ver t i c al 
frac ture con f inemen t  

• The e f fects  o f  g e l  d e hyd rat ion due to l e ako f f  o n  frac ture 
propaga t ion 

• S t ud ie s  o f  s tr e s s  f i e l d s  e x i s t i ng in s and l e n s e s  s urro und ed 
by s h a l e s  

• S t ud ie s  o f  frac t ur e  growt h  i n  l im i ted l e n t i cu l a r  s truc tur e s  

• The e f fe c t  o f  coal bed s  on ve rt i c a l  g rowt h .  

Hydrau l i c  F rac tur i ng -- Geome try Requ i reme n t s  

• Sens i t iv i ty s t ud ie s  c ompar ing e f fe c t iv e  frac t ur e  l eng t h  vs . 
hyd r a ul ic frac t ur e  l e ngth 

• Devel opme n t  o f  me thods and techn ique s fo r me a s ur ing 
hydra ul ic fract ure l ength 

• Deve lopment of me thods for me a s ur i ng frac t ure w id th s  

• Deve lopment o f  me t hods for mea s ur i ng frac t ure he igh t 

• Devel opme n t  o f  me t hods for meas ur i ng o r  d e t e rmin i ng frac t ure 
shape and conf ig ur a t ion 

• De termination o f  the e f fe c t s  o f  fractur e  asymme try on produc
t ion be havior and on pre s s ure be h av io r  
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• Improveme n t  o f  t h e  me thods fo r d e t e rmin i ng fract ure a z imuth 

• S t ud ie s  of the e f fec t of frac t ure a z imu t h  i n t e r f erence on 
produc t ion type curve analys i s  

• The e f f e c t s  o f  proppant banks on fracture shape 

• De te rm i n a t ion o f  i nve s t ig a t ions o f  rock f a b r i c  corre l a t ion 
to frac t ure geome t ry . 

Hyd rau l i c  Fractur i ng -- Rock Prope r ty Te s t ing 

• Par ame tr ic corr e l a t ions of me chan i c a l  rock proper t ie s  wi t h  
phy s i cal and l i tho l og i c al prope r t i e s  from l ab me a s ur emen ts 
and wel l  logs 

• Me thods for d e t e rmin i ng the mechan i c a l  prope r t i e s  of s h a l e s  

• Corr e l a t ions o f  l abora tory d a t a  with  long spac ed acous t i c al 
s urvey d a ta 

• Dev e l opme n t  o f  l aborato ry me thod s fo r pe rfo rm i ng expe r imen ts 
on the r e l a t ive fract urab i l i ty o f  rocks 

• Deve lopmen t of r e l iable repre sen t a t ive l abora to ry te s t s  to 
s t udy f r ac tur ing tendenc ie s of rocks . 

Hyd raul i c  Fractu r i ng -- F l u i d Rheology Requ i reme n t s  

• Dev e l opm e n t  o f  rel iable l aboratory mod e l s  to inve s t ig a te 
proppan t tran s port 

• Deve lopmen t o f  te chn ique s to charac ter i ze no n -Newton i a n , 
non-powe r- l aw f r ac tur ing f l u i d s  rheol og i c al b ehav i o r  

• De ve l opmen t  o f  comp u te r i zed s imul a tors fo r proppa n t  
tran s port wi th no n-powe r-l aw f l u id s  

• I nve s t igat ion o f  t h e  proppan t tran s por t ab i l i ty o f  var i o u s  
fl u id s  

• Theore t i c al and e xpe r imen ta l  s t ud ie s  o f  proppa n t  se t tl ing in 
v i sco-e l a s t i c , non-powe r- l aw f l u ids 

• The d evelopmen t o f  techn ique to pred i c t v i sco-e l a s t ic , no n
powe r - l aw f r i c t ion los se s  in frac tur e s  

• S t ud ie s  o f  the e f fe c t  o f  proppan t  " c l ump i ng " o n  proppa n t  
se t tl i ng r a te s 

• Deve l opme n t  o f  l abora tory equ i pmen t  and techn ique s to quan
t i fy and charac te r i ze the rheo log i c a l  behav i o r  o f  v i sc o
e l a s t ic f l u id s  con ta in i ng proppan t age n t s  a t  t empera t ure s a s  
h igh a s  4 0 0 °F .  
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Hydrau l i c Frac tur i ng -- F l u id Te s t i ng Req u i reme n t s  

• Devel opmen t  o f  s tand ard i zed proced u r e s  for compar ing and 
character i z i ng frac t ur i ng flu ids 

• S t ud ie s  o f  the e f fec t o f  flu id l o s s  on the chang i ng vi sco s
i ty o f  fl u i d s  in a frac t ure 

• S t ud ie s  o f  the e f fe c t s  o f  proppan t se ttl i ng on fl u id 
channe l i ng and c a u s i ng f l u id proper t i e s  to change in the 
frac t ur e  

• De term i n a t ion o f  the nece s sary rheolog i c a l  te s t s  fo r 
charac ter i z i ng par t i c le transpor t in fract ure s 

• S t ud ie s  o f  c ompar i ng dyn amic f l u id l o s s vs . s ta t i c  f l u id 
loss t e s t s  

• Deve l opme n t  o f  expe r imen tal te chn ique s fo r t h e  quan t i ta t ive 
eva l ua t ion o f  d yn amic f l u id los s in frac t ure s for proppan t
l ad en f l u i d s  

• Devel opme n t  o f  frac t ur ing f l u i d s  wi th h ig h  tempera t ur e  sta
b i l i ty ,  low f l u id los s , l ow v i scos i ty , h igh fr i c t ion , and 
h ig h  proppant carry i ng capab i l i t i e s . 

Hyd rau l i c  Frac t u r i ng -- Propp i ng Agen t  and F rac t u re 
Conduc t i v i ty Req u i rements  

• Devel opmen t o f  l ow d en s i ty , h igh s trength proppant s  for 
proppan t se t tl i ng con trol 

• De velopme n t  o f  me thods for repr e s e n ta t ive me a s ur eme n t s  o f  
frac t ure cond uc t i v i ty ; the d evelopme n t  o f  techn i q ue s to 
b e t te r  pr ed i c t  frac t ur e  conduc t iv i ty 

• S t ud ie s  o f  the e f fe c t s  o f  frac t ur ing f l u id , proppa n t  
cond uc t ivi ty in terac t ion 

• S t ud ie s  of the e f fe c t s  of pl acemen t  techn ique s fo r propping 
agen t s . 

S UGGESTED COM PREHENS IVE RES EARCH PROGRAMS FOR ACC E LERATING 
TECHNOLOGY ADVANC EMENT 

The pr evious sec t ion iden t i f i ed a c ompreh e n s ive l i s t o f  s p e 
c i f i c  technology i tems that  mus t  be d ev e l oped or improved t o  en
hance prod uc t ion and recove ry from t igh t gas fo rma t ion s . The l i s t  
i s  expan s ive ; any one o f  the se ind iv id ua l  i tems o r  a smal l  g roup o f  
them alone c anno t be e xpec ted to solve the e n t ire t igh t gas prob
l em .  I t  wi l l  be neces sary to incorpo rate and i n teg r a te many o f  
the se i nd iv idual area s  o f  technology i n to the e n t ire ad vancemen t 
e f fo r t .  In th i s  l igh t ,  a s ug g e s ted overal l program i s  pre se n ted to 
addre s s  the to tal needs . It  inc l udes proc e d ure s and prac t ic e s  to 

H - 7  



impl emen t the spe c i f i c  technology l i sted in the pr ev i o u s  s e c t io n .  
The progr am i s  g rouped i n to four general par t s : ( 1 )  Eva l ua t ion 
( Page H- 8 ) ,  ( 2 )  Re so urce and S i te Ch arac te r i z a t i on ( Page H - 1 0 ) , ( 3 )  
Re search , In s t r umen ta t ion , and Mod e l  Devel opmen t ,  ( Page H - 1 2 )  and 
( 4 }  Produc t i on Te chnology De vel opme n t  ( Page H -1 7 ) . 

Evaluat ion 

The ob j ec t ive s o f  the eva l ua t ion act iv i ty are : ( l )  to a s s e s s  
the re s ul t s o f  the o ther ac t ivi t ie s , ( 2 )  t o  con t inue the d evel op
men t of the d a ta b a se fo r tight  gas fo rma t ions , ( 3 )  to a s se s s  
recent te chnolog i c al d evelopments  and r e l a ted indus try ac t iv i t i e s ,  
( 4 )  to upd a te e s t ima te s o f  the po ten t i a l  of t he r e so ur c e , and ( 5 )  
to d evelop and mon i tor pl an s  that re fl e c t  the in t egration o f  the 
techn ical , geo log i c , e conom i c , and o ther d a ta . The tasks and e l e
men t s  that s upport the eva l ua t ion a c t ivi ty are l i s ted b e l ow .  

Acqu i re and Ma i n t a i n  E x i s t i ng Geo log i c  and Te chnolog i c a l  Data 
B a se 

Th e se tasks con t i nue throughout t ig h t  g a s  deve l opme n t .  Sup
por t i ng e l emen t s  vary by the type of data be i ng col l e c ted , in te r
pre ted , and syn the s i zed . 

As sembl e  Ava i lable  Data on the Resource . Co l l e c t  ava i l ab l e  
geol og i c  and re s e rvo i r  d a ta o n  t igh t gas fo rma t ion s in t he targe t 
b as i ns . 

Assemb l e  Data on I nd u s try Ac t i v i ty i n  the Targ e t  B a s i n s . Co l 
l e c t  data o n  indu s t ry ac t ivi ty to a s s i s t  i n  d e t e rmin i ng the na t ur e  
and d i rec t ion o f  re se arch and deve l opmen t  ( R& D ) and f ie ld d eve l op
men t in enhanced gas recovery in the targe t b a s in s .  

Assembl e  Data on D i agnos t i c  and S t imu l a t ion Te chnology . Co l 
l ec t  d a ta o n  pr e se n t  techn ique s and the e f fe c t iv en e s s  o f  me a s ur ing 
and/or interpre t i ng the rock and r e s e rvo i r  c harac ter i s t i c s  o f  t a r
g e t  fo rma t ions . To the e x te n t  po s s i b l e , a s se s s  the rel i ab i l i ty and 
ac c uracy of the se i n s truments for col l ec t i ng re s e rvo i r  d a ta in the 
targ e t  fo rma t ions . Co l l e c t  d a ta on we l l  compl e t ion , s t imul a t ion , 
and f i e ld d evel opment prac t ice s , in add i t ion to wel l  per fo rmanc e 
and te s t  d a ta ,  i n  the targe t bas i n s . Use the se d a ta to upd a te the 
a s s e s sment o f  the s ta t e  of the ar t in recove ry tec hnolog i e s .  

I d en t i fy the Te chnolog i c a l  Problems That Req u i re S ign i f i cant 
E f fort 

Th i s  task conti nue s throug h the l i fe o f  the l ow permeab i l i ty 
t igh t gas  d eve l opmen t and enta i l s  con t i n u i ng re eva l ua t ion o f  the 
te chnolog i c al probl ems that impede the d epl oyme n t  of enhanced gas  
recove ry techn ique s . Da ta collec ted in the d a ta acq u i s i t ion ta s k  
( " Acqu i re and Ma i n ta in Ex i s t ing Ge o l og i c  and Te chno l og i c al Da ta 
Ba s e " )  ( Page H - 8 ) and feedback from ongo i ng ba s ic and appl i ed R & D  
p rov ide the ba s i c  i n fo rma t ion neces sary to d e l i ne a te the mos t  s ig
n i f ican t  technolog i c al probl ems . 
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Upd a te the Comprehens ive L i s t  o f  Techno l ogi c a l  Prob lems . 
Re f i ne the compre he n s ive l i s t o f  probl ems t h a t  mu s t  b e  so l ved to 
make the targe t ba s in s  economical ly a t trac t ive . Th i s  l i s t  mu s t  b e  
spe c i f i c  to par t i c ul ar enhancemen t  techn ique s and geol og i c targ e t s . 
Limi ta t ion s o f  pre sent technolog ie s , i nc l ud i ng d i ag no s t i c te chno l 
ogy and the actua l  resul t s  o f  s t imul a t ion and produc t ion te s t s , 
should be de f ined . The ba s i s  sho uld be the con t in u i ng ana lys i s  o f  
t he geolog i c  env ironme n t s , i ndus try a c t iv i t ie s ,  a nd d ev e l opme n t  
probl ems ( " As s emble Da ta o n  Indus try Ac t ivi ty i n  t h e  Targe t Ba s in s "  
and " As semb l e  Da ta o n  Di ag nos t i c  and St imul a tion Te chno l ogy " ) ( Page 
H- 8 ) , and the f e ed back from ba s ic re search and f ie ld e xper imen t s  
( " Re source and S i te Charac te r i z a t ion" ( Page H - 1 0 ) ,  " Re se arch , In
s trumen ta t ion , and Mod e l  Deve lopmen t "  ( Page H - 1 2 ) , and " Prod uc t io n  
Te chnology Devel opme n t " ) ( Page H -1 7 ) . 

Rank the Te chnolog i c a l  Problems . Us i ng geo l og i c  d a ta , t he l i s t  
of technology probl ems , and the e xis t i ng und e r s tand i ng o f  R & D  
plan s ,  d e te rmine the r e l a tive impact o f  t h e  var ious te chnolog i c al 
probl ems on prod uc t ion econom i c s  of s evera l  geolog i c  envi ronmen t s . 
The one s  wh i c h  mos t  a f fe c t  the produc t ion e c onom i c s  sho u l d  rece ive 
the h ighe s t  rank i ng . To the e xtent po s s i bl e , i nve s tme n t  d ec i s ion 
c r i te r ia and r i sk a s e s smen t  me thods used in the par t i cul ar area 
s hould be appl i ed . 

Deve lop an R & D  Approach as New Problems are I de n t i f i e d . As new 
problems are iden t i f 1 ed and ranked , an R& D approach mus t b e  deve l 
oped for sol v i ng e ach . The approach mus t  de f ine t he prob l em ,  a s  
we l l  a s  e stab l i sh R & D  a c t iv i t ie s ,  the l ike l i hood o f  s uc ce s s , and 
s ucces s f ul c ompl e t ion cr i te r i a . 

Iden t i fy Env i ronme n t a l  and Other Nontech n i c a l  Cons tra i n t s  

Iden t i fy environmen tal con s tra in t s  tha t m a y  d ir e c tly a f f e c t  
d r i l l ing ope r at ions o r  general ly impede t h e  r a te o f  c omme r c ial i za 
t ion in t h e  targe t ba s in s .  In add i t ion , iden t i f y  the non techn i c a l  
constraints tha t may imped e  the rate or e x te n t  o f  d ev e l opme n t .  
Iden t i f y  con s tr a i n t s  and a s se s s  the e x te n t  to wh i c h  they may cause 
rev i s ions to the eval ua tion o f  o therw i s e  a t trac t iv e  targ e t s . Env i 
ro nmental con s tra int s ,  however , mus t be addre s s ed d irec tly i n  
programs b y  env ironmen ta l  analy s e s  ( of s pe c i f i c  te s t  s i te s ) and 
pol l u t ion con trol technology d evelopmen t where appropr i a te . 

Iden t i fy Env i ronmental  Regu l a t ions and Cos t of Comp l iance . 
De f i ne reg u l a t ions and the cos t o f  compl iance fo r s i te prepar ation 
ac t iv i t i e s  and the d i s po s al o f  l iq u id and sol id wa s te s  g enera ted by 
d r i l l ing , s t imul a t io n ,  and produc t ion . In ad d i t ion , d e f i ne those 
areas wi th in the iden t i f i ed bas ins where d eve l o pmen t  w i l l  no t be 
a l l owed due to restr i c t ive env ironmen ta l  reg u l a t ions ( o ther than 
the Wild erne s s  Ac t and RARE I I  regul a t ion s ) .  

De termine the E f f e c ts o f  Federal , S tate , and Loc a l  Re s t r i c t ions 
on Deve lopment . As s e s s  federal , s t a te , and local reg u l a t ions t h a t  
wil l re s tr ic t  d eve l opmen t .  Area s  that wi l l  be a f f e c ted by the 
W i l de rne s s  Ac t and RARE I I  r egul a t ions and o ther gover nmen tal reg u
l a t ion s ( e . g . , pre s e rva t ion of archeolog ical s i te s ) s ho uld b e  
d e l ineated . 
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De termine Mark e t  V i ab i l i ty and Deve lopme n t  C on s t ra i n t s . De ter
mine the ava i l ab il i ty o f  local marke t and p i pe l ine s y s t em s , o f  
c ap i tal , d r i l l ing r ig s , we l l  serv i c e , manpowe r ,  and chem i c al s  and 
o ther s uppl ie s nec e s sary to commerc i al i ze t igh t g a s  s a nd s .  If l im
i ta t ions e x i s t ,  d e term i n e  the e f fe c t  on the d ev e l opme n t  r a te and 
any impl i c a t ion t h i s may h ave for the sched ul i ng o f  R & D  e f for t s . 

Upd ate E s t ima t e s  o f  Gas I n  Place , and Tech n i ca l ly and 
E conomi cal ly Re cove rab l e  Gas 

Th i s  task i nvolve s the pe r iod i c  upd a t i ng of the e s t ima te s o f  
gas  i n  pl ace , techn ical ly recoverabl e gas , and recove ry ra te s  fo r 
t he spe c i f i c  targ e t  areas under exam i n a t i o n ,  and o f  e s t im a t ing the 
impac t o f  improved technolog i e s . In i t i a l  e s t ima te u pd a t e s  w i l l 
r e ly on geolog i c  and techn ical data deve l oped und e r  the he ad ing 
" Acq u i re and Ma i n ta i n  E x i s t i ng Geolog i c  and Techno l og i c a l  Da t a  
Ba se " ( Pa g e  H - 8 ) .  Re s ul t s  from the o ther maj or ac t iv i ty areas 
s hould al l ow a more prec i se u pd a t i ng to be per fo rmed . In add i t ion , 
c er ta i n  nontechn ical  constra i n t s  iden t i f ied unde r  the he ad ing 
" � termine Marke t Vi ab il i ty and Deve lopmen t Con s tra i n t s "  ( above ) 
s hould be a s se s sed for the i r  e f fe c t  on recovery r a te s . 

Pe rform Sens i t i v i ty S tud i e s . The d a ta from o ther maj or ac t iv i 
t ie s  and tasks and the eme rgence o f  new in fo rma t ion from out s id e  
sour c e s  shoul d  b e  used i n  sens i t iv i ty and parame t r i c  analy se s to 
h e l p  de f ine the cr i t ical  technology and geolog i c  unc e r ta in t ie s .  
The se should be cond uc ted to id en t i fy and re f i n e  the d e f i n i t ions o f  
key areas for unc e r t a i n ty-reduc t ion re se arch , analys i s , and me t h 
odology d eve l opme n t .  

Update and I mprove Agg regate Pote n t i a l  Mode l .  Ba sed on the 
sen s 1 t 1v i ty s t ud 1e s , new da ta , and the re s ul t s  of the re s o urce 
c harac te r i z a t ion and techno logy R& D c onduc ted w i th i n  a program , the 
e x i s t i ng mod e l s  for e s t ima t i ng overal l ga s in pl ac e , techn ical ly 
recoverab l e  gas , r e serve add i t ions , and po ten t i a l  produc t io n  r a te 
s hould be upda ted . Ex i s t i ng mod e l s  s ho uld be adapted to e xpl i c
i tl y  e s t imate the l eve l of unc er ta in ty and con f id ence in the se 
e s t ima te s . 

Upda te E s t imates o f  Pote n t i a l  and Unce rta i n ty . The mod e l s  that 
r e s ul t  from t he upd a te and improvemen t  o f  the aggreg a te po ten t i a l  
mod e l  s ho uld b e  upda ted to i ncorpora te n ew i n fo rma t ion conc ern i ng 
e s t imate s o f  g a s  i n  pl ace , techn ical ly recoverab l e  g a s , a nd po te n
t i al r e s e rve add i t ion s and prod uc t ion ra te s . 

Re source and S i te Charac te r i z a t ion 

The pr imary ob j e c t ive o f  th i s  a c t ivi ty i s  to d evelop the nece s 
s ary r e so ur c e  d a ta b a se fo r spe c i f i c  s i te s  a s  we l l  a s  s ubba s i n s  and 
bas ins , so that the in fo rma t ion can be u s ed to a s s e s s  the po ten t i a l  
o f  the resour c e , to g u i d e  mod e l ing e f fo r t s , a nd t o  d e s ig n  s t imul a
t ion te s t s  in the var ious b a s i n s  and s ubba s in s  und er s t udy . Us i ng 
o utcrop s t ud ie s ,  c ore s , s t a te-of-the-ar t d i ag no s t i c  equ i pmen t ,  and 
new an a lyt ic and i n terpre t ive te chn ique s as they become ava i l able , 
var ious type s o f  reso ur c e  d a ta should be col l e c ted : d epth and 
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compo s i t ion of pay zone s and bo und i ng s trata , wa ter and gas  sa t ur a
t io n ,  po ros i ty ,  pe rme ab i l i ty ,  n a tur e  o f  g a s-bear ing lense s ( geom
e try ,  d ominan t or ientat ion , d i s tr ibut ion s ) ,  in s i t u  s tre s se s , and 
o ther pe rtinent  i n fo rma t i o n .  Ta sks and e l emen t s  wh i c h  s uppo r t  the 
re source and s i te charac ter i za t ion a c t ivi ty are l i s ted b e l ow . 

Pe rform B a s i c  Geolog i c  S tud i e s  

Compl emen t i ng t h e  acqu i s i t ion o f  e x i s t i ng d a t a  ( " As s emble 
Ava i l ab l e  Da ta on the Re sour c e " ) ( Page H - 8 ) pe r fo rm bas i c  geolog i c  
s t ud ie s  in t h e  pr ior i ty ba s in s  and in a s  many o f  the r ema in i ng 
iden t i f ied ba s i n s  a s  po s s ib l e . 

Dete rmine Forma t ion Characte r i s t i c s . In the b a s i n s  whe re b a s i c  
s t ud ie s  are per fo rmed , d e t e rmine t o  the e x tent po s s i bl e  d e p t h  and 
t h i ckn e s s  o f  t ig h t  g a s  ( pay ) zone s ,  g a s  and wa ter s a t ur a t ion , 
poros i ty and p e rme ab i l i ty ,  d e po s i t ional e nv ironme n t  i nc l ud i ng d i s
t r ibution o f  b l anke t sands o r  sand lense s ,  ma j or l en s  o r i e n ta t ion , 
re servo ir pre s s ure and t empera t ure , and the d i s tr i bu t ion o f  ba s ic 
rock prope r t ie s ,  i nc l ud i ng dom i n an t  reg ional s tre s s .  Conduc t b a s i c  
geochem i c al and pe trophy s ical s t ud ie s  a imed a t  ga in i ng a be t t e r  
unders tand i ng o f  g a s  m i g r a t ion and po ten t i a l  produc t ion from t i g h t  
gas s and fo rma t ion s . 

Con t i nue Mon i tor ing B a s in Dr i l l ing Ac t i v i t ie s . On a con t in u i ng 
b as i s ,  mon i to r  d r i l l ing ac t iv i ty in the targe t b a s i n s . To the 
extent po s s ible , obta i n  d a ta from the opera tor s ;  in  add i t io n , look 
areas to " p iggy b ack" the col l e c t ion of c ores and l og g i ng d a ta . 
Syn the s i ze the se d a ta for use in the eva luat ion ac t iv i ty . 

Perform De t a i led Characte r i z a t ion o f  Len t i cu l a r  Sand B a s i n s , 
Other Types o f  T i g h t  Bas ins  

To ga in a be t ter unders tand i ng of  ga s-be ar i ng fo rma t ions , the i r  
d i str ibu t io n ,  o r ie n ta t ion , and charac ter i s t i c s , p e r fo rm d e ta i l ed 
s t ud ie s  in the pr ior i ty ba s in s . 

Perform Ou tcrop S tud i e s . Per fo rm ou tcrop s t ud ie s  in the pr i 
o r i ty b a s 1 n s  t o  d e te rm i n e  l en s  s i ze , d i s t r ibu t i o n ,  and d om i n an t  
orienta t ion o f  l e n t i c ul ar fo rma t ion s .  

Dr i l l  and Log C lose Spaced We l l s  Near Ou tcrop s . Dr i l l  and l og 
c lose spac ed we l l s  to inv e s t ig a te lens s i ze , d i s t r ib u t ion , a nd 
dominan t or ienta t ion a s  an e x tens ion o f  ou tc rop s t ud ie s . 

Perform Se i sm i c  S tud i e s . As se s s  the fea s ib i l i ty o f  u s i ng 
s e i sm i c  te chn ique s to e stabl i sh the d i str ibu t i o n ,  g e ome try , and 
or ienta t ion of ga s-be ar i ng l en se s . 

C harac te r i z e  O ther Forma t ion Type s .  Per fo rm de ta i l ed charac
ter iza t ion o f  blanke t fo rma t ions and add i t i onal type s o f  t ig h t  g a s  
sand fo rma t ion s . De te rmine t h e  t h i ckne s s  and d i s tr i bu t io n  o f  pay 
zones and the charac te r i s t i c s  o f  bound ing s trata . 
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Core , Log , and T e s t  We l l s  of Opportun i ty 

Co nduc t te s t  wo rk in we l l s  in se l e c ted areas o f  the b a s i n s  con
tain i ng l ow pe rme ab i l i ty s ands tone s .  Per fo rm cor i ng ( i nc l ud i ng 
rou t ine analys i s ) , l ogg i ng , and other te s t s  to me a s ur e  the charac
ter i s t i c s  of the fo rma t ion s in the g ro s s  i n t e rval s e l ec t ed . The s e  
te s t s  wi l l  inc l ud e  m i n i-b re akd own te s t s  i n  b o t h  sand s tone s and 
ad j acent s tra ta to d e t e rmine var i a t ion s of in s i t u  s tre s s .  Th e 
i n fo rma t ion col l e c ted s hould s uppl emen t  the ba s i c  geo l og i c  s t ud ie s .  

Th i s  task requ i r e s  the cor ing , l ogg ing , and te s t i ng o f  we l l s  i n  
the pr ior i t y  ba s in s , and t h e  cor i ng , l ogg i ng , and te s t i ng of we l l s  
i n  o the r t ig h t  sand o r  c arbonate bas i n s .  

Deve lop Deta i led Geolog i c  De script ions 

Ba sed on d a ta from d r i l l i ng ,  o u t c rop s t ud ie s ,  c o r ing , and 
d own hol e d i agnos t i c  mea s ur emen t s , d evelop a d e ta i l ed quan t i ta t ive 
d e sc r ipt ion ( mod e l ) o f  pay forma t ions and bound i ng rock s . 

Deve lop Geolog i c  De s c r ipt ion o f  the Targ e t  B a s i n s . Fo r ma j or 
ba s in s , d eve l op de ta i l ed geolog ic de scr i p t ion s . Stra t igraph i c  cor
rel a t ion maps should be deve l oped wh ich s how how d epo s i t ional env i 
ro nmen t s , s tr a t igraphy , rock c ompo s i t ion , and fac i e s  change oc c u r  
o v e r  the bas i n . To t h e  e x te n t  po s s i b l e , wa ter s a t ur a t io n ,  po ro s
i ty ,  in  s i tu p e rme ab i l i ty ,  and me chan i c a l  proper t ie s  i n  bo th con
v en t ional and t ig h t  g a s  sand pay zo nes and bound i ng sed ime n t s  
should be corr e l a ted over t h e  ba s in .  The s e  de sc r i p t io n s  ( mod e l s ) 
c an b e  used in eva l ua t i on ; research , i n s trume n ta t i o n ,  and mod e l  
d evel opmen t ;  and prod uc t ion technology d evel opmen t .  

Deve lop S i te-Spe c i f i c  Geolog i c  De s c r ip t ion for Te s t  De s i gn . In 
the pr ior i ty ba s i n s , d evelop s i te-spec i f i c  geolog i c  de scr i p t io n s  
wh i c h  c an be u s e d  to e s t imate pay s and l ens ( e s ) , g eome try , a n d  or i
enta t ion wi t h in a h a l f-mile  around the we l l . The de s c r i p t ion 
should include e s t ima te s o f  wa ter s a t ur a t io n ,  po ro s i ty ,  in s i t u  
pe rme ab i l i ty ,  s tre s s  grad ien t s , and rock c ompo s i t ion i n  the pay 
zones and bound i ng sed ime n t s . 

Rese arch , I n s t rume n ta t ion , and Mod e l  Deve lopme n t  

Th e obj e c t iv e s  o f  t h i s a c t iv i ty a r e  to improve o r  develop n ew 
d i agno s t ic techn ique s ,  to improve or d eve l op new s t imul a t ion 
approache s ,  and to improve the ab i l i ty to acccur a te ly pred i c t  and 
mea s ure r e s e rvo ir re s ponse to s t imul a t ion techn i q ue s .  Ful f i l l i ng 
the se ob j e c t iv e s  requ i r e s  ba s i c  and appl ied R& D i n  the l abora to ry 
and f i e ld and the d eve lopment o f  mod e l s .  The mod e l s  should se rve 
a s  the repo s i tory o f  know l edge ga ined from the R& D .  Th ey should 
de scr ibe the pre sent unders tand ing o f  the s t imul a t ion proce s se s ,  
g a s f l ow from the reservo irs , and econom i c  parame te r s  r e l a ted to 
frac t ur i ng and prod uc t ion . Mod e l s  and i n s tr umen t a t ion should b e  
e va l ua ted and re f i ned based upo n the pe r fo rmance o f  te s t s  und e r  the 
he ad i ng " Prod uc t ion Technology Deve lopmen t "  ( Page H -1 7 )  cond uc ted 
in the f i e ld . Ta sks and e l emen ts wh i ch s uppo r t  the rese arch , in
s trumen ta t ion , and mod e l  d evel opment ac t ivi ty are l i s ted b e l ow .  
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Develop/Improve Geolog i c  D i agnos t i c  Techno logy 

The e l ements  o f  th i s  task are d irec ted towards impro v i ng e x i s t
i ng or deve l op i ng new too l s  and te chn ique s fo r d e te rm i n ing geolog
ical , chemical , and phys i c al proper t ie s  o f  re s e rvo i r  and bound i ng 
rocks . The a im i s  to obta in a more d e ta i l ed d e sc r ip t i o n  o f  the se 
re servo irs than is pre sen tly pos s ibl e . 

Cal i brate and Re f ine E x i s t i ng Log g i ng Tool s  and I n t e rpre t a t i on 
Techn ique s . Ca l ib rate se l e c ted ava i l ab l e  l og s  used to me a s ur e  sev
eral re servo ir par ame ters with core analyse s ,  d r i l l  c u t t i ng analy
se s ,  and sc ann ing e l e c tron m i c roscope s t ud ie s  o f  rock s and we l l  
te s t . re s ul t s  from the s ame hole to see i f  corre l a t ion can b e  mad e 
b e twe e n  those r e s ul t s  and var i a t ions i n  po ros i ty ,  pe rme ab i l i ty ,  and 
wa ter sat ura t ion in t ight s and fo rma t ion s . In add i t ion , re f in e  
prese n t  too l s  and in terpr e ta t ion techn ique s s o  tha t more accurate 
and prec i se evalua t ion s of po ro s i ty ,  pe rme ab i l i ty ,  and wa ter s a t u 
r a t ion are po s s ib l e . 

Deve lop Improved Logg i ng Too l s . Pe r fo rm bas i c  R & D  o r ie n ted 
toward d evelop i ng e n t i r e l y  new approache s i n  borehole l og g i ng . 
Too l s  are needed to prov ide accur a te me a s ur eme n t s  o f  po ros i ty ,  
shal ine s s , fo rma t ion Rw ' perme ab i l i ty ,  fo rma t ion fac to r , and 
o ther impo r tan t parame ters to ul t ima te ly d e te rm i n e  movab l e  hyd ro
carbon con ten t .  Pos s ible techn ique s i n c l ude a forma t ion impedanc e 
tool , improved son ic techn ique s ,  improved NM R,  and a d own ho l e  
hyd roc arbon de tec tor . The se too l s  a r e  me an t to e x tend t h e  ab i l i ty 
to pe rfo rm me a s ur emen ts i n  the reg ion beyo nd the rang e o f  d r i l l i ng 
e f fects . 

Deve lop New Coring Too l s  and Ana ly t i c  Proced u re s .  De ve l op a 
rel i able downhole pre s s ure cor i ng tool and non i nvad i ng cor i ng 
f l u id s  and eva l ua te them in the f i e ld . In add i t ion , pe r fo rm ba s i c  
R&D or ien ted toward d evelop i ng o ther approache s t o  cor i ng . Im
proved hand l ing and analyt i c al te chn ique s wi l l  b e  r equ i red to ma in
tain and d e t e rmine in s i t u  proper t ie s  of the s e  core s .  Corr e l a t io n s  
w i th logs should b e  mad e a s  i n  the s e c t ion en t i t l ed " Ca l i b ra te and 
� f ine Exi s t i ng Log g i ng Too l s  and In terpre ta t ion Tec hn i q ue s "  ( Page 
H-1 3 ) . 

Deve lop a S tandard i z ed Core Analys i s  Me thod for T ig h t  Gas 
Sand s . Eva lua te c urren t core analys i s  techn 1 q ue s ; a s se s s  the 
adequa cy o f  the se approache s fo r tight gas  sand s . Dev e l op n ew 
techn iques wh ich can g ive h igher qual i ty me a s ur emen t s . Sel e c t  a 
cos t-e f fe c t ive se t fo r rou t i n e  appl i c a t ion . 

Improve Va r ious Techn ique s  for Lens D i s t r i b u t i on De term i n a t i on . 
Re f ine pre sent s ur face and downhole se i smic techn i que s for appl ic a
t ion in d e te rm i n ing the d i s t r ibu t ion and maj or o r i e n ta t io n  o f  s and 
lense s in a l en t i c ular re s e rvo i r . Other techn i q ue s s ho u ld be 
inve s t igated . 
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Deve lop/Improve S t imu l a t ion Technology 

The e l emen t s  here are d i rec ted toward improv ing the appl i c a t ion 
o f  s t imul a t ion te chnol ogy and the ab i l i ty to me a s ure i nd uc ed frac
t ur e s , towa rd d eve l op i ng tool s  fo r prec i se ly me a s ur i ng downhol e  
par ame ters cr i t i c al to frac t ure de s ig n , and toward ga i n i ng a be t ter 
unders tand i ng o f  rock me chan ics and other fac to r s  wh i c h  con tro l 
fract ure propaga t ion . Th i s  task i s  s yn e rg i s t ic al ly t i ed to the 
mod e l i ng ac t iv i t ie s  d i sc u s sed under the he ad i ng " De v e l op S t imu l a
t ion Mod e l s "  ( Page H -1 5 )  and the f i e ld ac t iv i t ie s  d i s c u s s ed i n  
" Produc t ion Te chnology De v e l opme n t "  ( Page H - 1  7 ). 

Improve F rac F l u i d s . Evaluate e x i s t i ng and d ev e l op o ther frac 
f l u id s , i f  n e eded , so tha t max imum propped frac t ure l ength i s  
a ch i eved w i th i n  the r e servoir interval and m i n imal fo rma t i o n  d amag e 
i s  c a u s ed . Th i s  e l emen t i nvolve s i nve s t ig a t i ng f l u i d-rock in tera c
t ions us ing var iou s f l u i d s  and core s .  F l u id c l eanup should a l so be 
i nve s t iga ted . Mea s ure the rheolog ic proper t i e s  of frac f l u id s  and 
e va l ua te proppan t c arry i ng capab i l i t i e s . 

I mprove Proppants . De v e l op improved proppan t s  so tha t max imum 
cond uc t ivi ty i s  a t ta ined und er re s e rvo i r  rock pre s s ure s .  A be t te r  
unders tand ing o f  the pe rme ab i l i ty and embedme n t  o f  var ious prop
pants und e r  c l o s i ng pre s s ures i s  n e eded . Improved h igh s tr e ngth , 
l ow den s i ty ,  and low cost  proppants are requ i red ; c o s t  r educ t ion i s  
impor tan t . 

Develop I n  S i tu S tre s s  Meas ureme n t  Too l s . Develop down hole 
t oo l s  wh i ch can me a s ur e  in s i tu s tr e s s  o f  the targ e t  and bound i ng 
s trata . Ide al ly ,  a " wire l in e "  techn ique s ho uld be d eve loped for a 
r ap id , c o n t i nuo u s  me a s ur eme n t  of t h i s impo r tan t parame ter . Var ious 
approache s based on min i-fracs , acous t i c s , boreho l e  d e fo rma t i o n ,  
e tc . , s ho uld b e  i nve s t iga ted . 

I mprove/Deve l op Too l s  for Measur i ng Phy s i c a l  D i me n s ions and 
Shape s of Fracture s . Improve o r  devel op new too l s  wh i c h  make i t  
po s s ible to me a s ure the a z imu th , he igh t , l e ngth , w i d t h , shape , 
o r ie n ta t i o n ,  a nd symme try o f  induc ed frac t ur e s . Re f i n e  the use o f  
t i l tme te r s , e l ec tr i c al po ten t i al equ i pmen t ,  and t emperat ure l og s  
and tracer s . De v e l op new too l s  to me asure the var io u s  d imen s ions 
o f  an i nd uc ed frac t ure , i nc l ud i ng the use o f  se i sm i c  and son i c  
techn ique s and o ther un ique approache s .  Th i s  i n c l ud e s  the n e c e s
sary analyt ical techn ique s for in te rpre ta t ion . 

Improve Rock Mechan i c s  Unders tand ing for S t imu l a t ion Tech
n ique s . Improve rock mechan ics unders tand ing of f r ac t ur e  propag a
t ion in geolog i c  ma ter i a l s . De te rmine the cr i t i c a l  r e la t ion s h i p s  
b e twe e n  frac t ur e  growt h  and chang e s  in fo rma t i o n  prope r ti e s  and i n  
s i t u  s tre s s .  Al so de t e rmine the e f fe c t s  o f  f l u id in trus ion on rock 
prope r t i e s  a f fe c t ing frac t ur e .  Prov ide me a s ur eme n ts o f  n e c e s sary 
me chan i c al prope r t i e s  i nc l ud i ng an i so tropy and fr ac t ur e  c harac te r
i s t i c s . Concurrent l aboratory and an alyt i cal  s t ud ie s  are nec e s sary 
to ach i eve t h i s  und e r s tand i ng .  
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Perform Con f i rma t ion Te s t s . Per fo rm var i o u s  in s i t u  fract ur i ng 
e xper imen t s  and then do con f irma t ion te s t s  ( e . g . , o b s e rva t i o n  
wel l s , mineback , e tc . ) t o  observe and ana ly ze t h e  re s ul t s , t h u s 
provid ing un ique i n s ig h t  i n to frac t ur ing phe nomena . Expe r imen ts 
should i nve s t iga te ba s ic frac t ur i ng ( fo rma t ion in ter face s ,  geolo g i c  
e f fec t s , i n  s i tu s tre s s , e tc . ) ,  appl ied f r ac t ur ing ( proppa n t  trans
por t ,  fract ure cond uc t iv i ty , flu id and rate e f fe c t s , per forat io n  
e f fec t s , e tc . ) and novel  frac tur ing phe nomen a . Th e se e xpe r imen t s  
should b e  in tegra ted wi th o ther e l emen t s  in the s t imul a t ion tech
nology and d i ag no s t i c  techno l ogy ta sks . 

I mprove C omp l e t ion Techn ique s . Re f i ne/ improve c eme n t i ng and 
per for a t ion proc e d ure s and techn ique s so that prec i se con trol o f  
f l u id and proppan t a l ong the p i pe fo rma t ion i n te r f a c e  i s  po s s i b l e  
dur i ng the frac t ur i ng proce s s .  Th i s  e l ement w i l l  be a s s e s s ed i n  
the sect ion en t i tl ed " Pe r fo rm Co nf i rma t ion Te s t s" ( above ) and the 
f ield te s t s  in the sec t ion en t i tl ed " Prod uc t ion Techno l ogy Deve l 
opme n t "  ( Page H -1 7 ) .  

I n ve s t i ga te New S t imu l a t ion Techn ique s .  Pe r fo rm bas i c  R& D t o  
develop en t i re l y  n e w  approache s for s t imul a t i ng t ig h t  task sand 
forma t ions . 

De ve lop S t imul a t ion Mod e l s  

Deve l op or r e f i n e  2 D  and 3 D  s t imul a t ion techno l ogy mod e l s  t o  
pre d i c t  the l e ngt h , he igh t ,  width , cond uc t ivi ty , a nd a z imut h  o f  a n  
i nduced frac tur e  a s  a f un c t ion of l i tho l og i c  and te c h to n i c  param
e ters and fr act ure trea tment par ame ters s uch as f l u id prope r t ie s , 
proppan t  prope r t i e s ,  and pump r a te s .  Th i s  t a sk i s  syn e rg i st i c a l ly 
t i ed to the mod e l i ng ac t iv i t ie s  in the s e c t ion en t i tl ed " Deve l op/ 
Improve S t imu l a t ion Te chnology " ( Page H-1 4 )  and the f i e ld a c t iv
i t ie s  in the ta sks under the head i ng of " Prod uc t ion Tec hnology 
Developme n t "  ( Page H-1 7 ) . 

Deve lop Rock Mechan i c s  Mode l .  De v e l op mod e l ( s )  wh i c h  d e f in e s  
t h e  rela t ions h i p  be tween in s i t u s tre s s , mec han i c a l  proper t ie s , 
c hang e s  in po re pr e s s ur e ,  l aye r ing , g e o l og i c  fe a t ur e s , and o ther 
par ame ters in t igh t gas  sand re s e rvo ir s ; that i s ,  d evelop mod e l ( s )  
wh ich wi l l  d e f ine fr ac t ur e propag a t ion in inhomogeneous r e se rvo i r s . 

Deve lop F lu i d  Mode l .  De v e l op mod e l ( s ) to d e sc r ib e  fl ow and 
pre s s ure d i s tr i bu t ion in a propaga t i ng frac t ure . Th i s  i nc l ud e s  the 
rheolog i c al behav ior o f  d i f ferent frac fl u id s . 

Deve lop Proppant Transport Mode l .  De v e l op mod e l ( s )  wh i c h  
re al i s t ic al l y  de f 1ne s proppan t trans port w i t h  r e s pe c t  to f l u id rhe
o logy , inj e c t ion r a te s ,  f r ac tur e ape r ture , and proppa n t  charac te r
i s t ic s . Thi s  a l so i n c l ude s de t e rmina t ion o f  proppan t d i s tr i bu t io n  
and re sultant conduc t iv i ty .  

Synthe s i z e  Pre d i c t i ve S t imu l a t ion Mod e l . Use in fo rma t ion from 
the s e c t ions en t i tl e d  " Deve lop New Prod uc t ion Te s t i ng Techn i q ue s "  
( Page H-1 6 ) ,  " De ve l op o r  Improve Da ta An alys i s  Te chn ique s fo r Pro
d uc t ion Te s t i ng "  ( Page H -1 6 ) , and " Deve l op Re s e rvo i r  F l ow a nd/o r 
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Pr e s s ur e  Mod e l ( s )  fo r T i g h t  Ga s Re servo irs " ( Pa g e  H -1 6 )  to syn the
s i ze a pred ic t ive s t imulat ion mode l ( s )  wh i c h  can be u s ed to pred ic t 
t he d imen s ions , g eome try , a z imuth , and e f f i c iency o f  a propped 
frac t ure i nd uc ed in var ious geolog ic enviro nmen t s . 

Deve l op Prod u c t ion Te s t ing Capab i l i ty and Re s e rvo i r  Mode l ( s ) 

El ement s  o f  t h i s  ta sk are d irec ted a t  improv i ng prod uc i ng te s t 
i ng too l s  and d a ta analys i s  te chn ique s so tha t a c c u r a te e s t ima te s 
of prod uc t ion from t igh t ga s sand fo rma t ions c an b e  made q u i ckly . 
Th i s  i n fo rma t ion should be used in dev e l op i ng g a s  f l ow mod e l s  wh i c h  
wil l take in to accoun t  b o t h  the ge ome try o f  an i nd uc ed fract ure and 
t he e f f i c iency of the propped frac t ur e  in o rd e r  to s imul a te re ser
vo i r  gas f l ow and pre s s ure . 

Deve l op New Prod u c t ion Te s t ing Techn iqu e s . Develop new prod uc
t ion te s t ing t a sks s uc h  a s  tempe ra ture too l s , mul t i zo ne te s t i ng 
too l s , and t ub i ng sh u to f f  tool s .  

Deve l op o r  I mprove Data Ana ly s i s  Te chn iqu e s  for Produ c t ion 
Tes t ing . Appl y  e x i s t i ng d a ta analy s i s  techn ique s to the improved 
te s t  d a ta wi t h  respect to inhomogeneous re s e rvo i r s . Deve l op new 
techn ique s such as e ar ly t ime analys i s .  Se l e c t  improved ana ly s e s 
for rout ine use . 

Deve lop Reservo i r  F low and/or Pre s su re Mode l ( s )  for T i g h t  Gas 
Reservo irs . Eva lua te e x i s t i ng reserv o i r  mod e l s fo r appl i c a t ion to 
the re s e rvo ir of in tere s t .  Se l e c t  and/o r  d evelop mod e l s  for s imu
l a t ing gas f l ow and pres sure behav io r .  De term i n e  the need fo r 
three- d ime n s ional mod e l s  ( o f increased compl e x i ty and cos t ) a s  com
pared wi t h  mod i f i ed two-d imen s ion al approache s .  Opt imum mod e l s 
w i l l b e  d eve l oped for l e n t i cul ar , b l anke t ,  a nd othe r  re se rvo i r s  a s  
appropr i a te . The s e  mode ls w i l l  be ver i f i ed and t hen s impl i f i ed fo r 
e as ie r  appl i c a t i o n .  

Deve l op Sys tems Mode l  

The e l emen t s  o f  th i s  task are d i r e c ted a t  the d eve l opme n t  o f  an 
ove r a l l  s y s t ems mode l  wh ich u t i l i ze s  all d evelopmen t  co s t s  in the 
targ e t  b a s i n s ,  r i sk a s se s sme n t  me thods i n  com b i n a t ion w i th the mod 
e l s  deve l oped in the sec t ion s en ti tl ed " Deve lop S t imul a t io n  Mod e l s "  
( Page H -1 5 )  and " De ve l op Produc t ion Te s t i ng Capa b i l i ty and Re ser
vo i r  Mode l ( s ) "  ( Page H -1 6 ) ,  to pred i c t  prod uc t ion and econom i c  
r e s ul t s . 

Deve lop De ta i led Cost  E s t imate s . De v e l op d e ta i l ed cos t e s t i 
ma te s for a l l  a s pe c t s  o f  f i e ld d evelopmen t o f  t ight fo rma t ion s . 
Fr actur ing cos t s  wi l l  be based on spe c i f i c  type s o f  techno l og i e s  
and re se rvo ir s , and reg ional s uppl i e s  and s e rv i c i ng c o s t s . 

Deve l op R i sk A s s e s sme n t  Me thod . De f ine and c a t egor i ze t he 
u n c e r ta in ti e s  o f  r i sks i nvolved in d eve l op i ng a spe c i f i c  s i te .  
Devel o p  me thods for quan t i f y i ng the e x tent o f  r i sks pos ed by geo
l og i c  un c e r ta in ty , d i agno s t i c  rel iab i l i ty ,  s t imul a t ion r e l iab il i ty ,  
and unc e r ta in cost s .  
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I n tegrate F ra c t u r i ng Costs , R i sk A s s e s smen t , and Other Mode l s . 
In tegrate the outpu t s  from " De ve l op De ta i l ed Co s t  Es t ima te s "  
( above ) and " Deve lop Ri sk As se s sment Me t hod " ( above ) w i t h  the 
reservo ir and s t imul a t ion mode l s  to r e s ul t in an ove r a l l sys tems 
model . 

Pred i c t  Prod u c t ion Re s u l ts in Var ious Geolog i c  E n v i ronments . 
Us ing the sys tems mod e l , d ev e l op produc t i o n  e s t ima te s fo r var ious 
type s of t igh t gas s and re s e rvo i r s  in the targ e t  ba s in s . The sy s
tems model  should be appl ied for spe c i f i c  te st-s i te eval ua t ions ( in 
the sec t ion b e l ow en t i tled " Produc t ion Technol ogy Developmen t " ) .  

Produc t ion Te chnology Deve lopmen t  

The pr ime ob j ec t ive h e r e  i s  t o  d evelop t h e  ab i l i ty to d e s ign 
and appl y ma s s ive hyd raul i c  frac t ur e s  so tha t the induced f r ac tur e 
drains the l a rge s t  po s s ible area o f  a par t i c ular re s e rvo ir and t h e  
resul tan t geome try ( he ig h t , l eng th , w i d t h , a n d  az imu t h ) o f  the 
frac t ure con fo rms to the de s igned geome try and mod e l  pred i c t ions . 
Two type s o f  f i e ld te s t s  wi l l  he lp to ach ieve th i s  ob j e c t iv e : ( 1 )  
h ighly ins trumen ted and he av i ly te s ted re se arch wel ls u s i ng d eve l 
oping techno log i e s t o  ad vanc e  the sta te o f  t he ar t ;  a nd ( 2 )  con
f i rma t ion wel l s to te s t  the ab i l i ty to und e r s tand the re source , 
conduc t an appropr i a te s t imul a t ion , and econom i c a l ly prod u c e  the 
gas . Tasks and e l emen t s  wh ich s upport the prod uc t ion tech no l ogy 
a c t iv i ty are l i s ted below .  

Perform S ing l e  and Mu l t iwe l l  Expe r imen t s  

El eme n t s  o f  t h i s t a s k  a r e  the se r ie s  o f  a c t iv i t i e s  t ha t  are 
nece s s ary to d r i l l , core , l og , te s t ,  and eva l u a te a n umber o f  wel l s  
i n  representat ive areas o f  the pr io r i ty b a s i n s .  Th e e l emen t s  s up
por t  both a c ompre hen s ive charac ter i za t ion and t he appl i c a t ion and 
e valua t ion o f  s t a te-of- the-a r t  and deve l op i ng techno l ogy to t ig h t  
gas fo rma t ion s . 

Deve lop De tai led Techn i c a l  Plans . Deve lop a c ompreh e n s i ve pl an 
and schedul e fo r al l ta sk e l emen ts inc l ud i ng bud g e t i ng and repo r t
i ng re s pon s ib il i t ie s .  Addre s s  environme n t al probl ems . 

E xecute Dr i l l i ng Program . Exe cute a c are f ul ly pl anned d r i l l
ing program wh i ch sa t i s f i e s  the da ta col l e c t ion requ i reme n t s  o f  
the s i ng l e  wel l  and mul t i we l l  e xper imen t s . Pl ann i ng d e ta i l s  i n
c lud e b i t  se l e c t i o n ,  mud prog ram , cor ing and l og g i ng program s , 
te s t i ng , cas i ng , and c eme t i ng progr ams , in  add i t ion to s i te ac t i v
i t i e s  such a s  mob i l i za t io n ,  d emob i l i za t io n ,  road cons truc t io n ,  and 
ma in tenance . 

Per form Labora tory Te s t ing . Per fo rm e x te n s ive core analyse s 
i nclud ing mechan ical prope r t i e s ,  geochem i c al analy s e s ,  phys i c al 
proper t i e s , and fo rma t ion c harac ter i s t ic s . Per fo rm l abora to ry 
t e s t s  and analyse s on sampl e s  of fo rma t ion fl u i d s  obta i ned dur ing 
prod uc t ion te s t i ng and on s ampl e s  of frac f l u i d s  and proppant s  c o l 
l e c ted dur ing s t imu l a t ion . S t udy frac t ur e  fl u id - fo rma t io n  i n te r ac
t ions and the e f fe c t s  of bre akage and emb edmen t on proppan t s . 
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Perform S t i mu l a t ions . Us i ng the mod e l s  d eve loped in t he se c 
t io n  en t i tl ed " Re se arch , In strume n ta t io n ,  a n d  Mod e l  De v e l opmen t" 
( Page H- 1 2 ) a s  wel l  a s  d a ta from cor i ng , l ogg i ng , a nd l ab analyse s ,  
pred i c t  the pe r fo rman c e  o f  a l te rna t ive fr ac t ur e  d e s ig n .  The n  pe r
fo rm c are f ul ly pl anned frac t ure s in seve r a l  zone s u s i ng d i f feren t 
c oncept s and var i a t ion in treatme n t  parame te r s . The frac t ur e  pro
gram s ho uld i n c l ude frac t ure ge ome try me a s ureme n t s  a s  we l l  as t h e  
e f fo r t s  to eva l u a te proppan t s  and f l u i d s . 

Perform Produc t i on T e s t i ng . Pe r fo rm a we l l  te s t i ng prog ram , 
i nc l ud i ng a s  many i nd iv idual i n tervals and zone s a s  po s s i b l e  both 
b e fore and a f t e r  s t imul a t ions . The se te s t s  mu s t  i n c l ud e  d r i l l  s tern 
te s t s , pre s s ure drawd own and bu i ldup te s t s , and when po s s ib l e , 
i n te r ference o r  pul s e  te s t i ng be twe e n  ad j a c e n t  we l l s . F i nal ly , 
long-term prod uc t ion te s t s  sho uld be per fo rmed . 

Col l e c t  De t a i led F i e l d  D i agnos t i c  Meas uremen t s . Several tech
n ique s should be used to col l e c t  d i ag nos t i c  d a ta o n  l e n t i cu l a r  
sand s , i n c l ud i ng h igh re so l u t ion se i smic re f l e c t ion and s ur fac e
to-we l l  and we l l- to-we l l  geophone techn ique s .  In s i t u s tr e s s  
var i a t ion w i t h i n  s e l e c ted s trata c an b e  me as ured by per fo rmi ng 
rn i n i-fracs ove r sho r t  in terva l s . Fr ac t ur e  o r i e n ta t ions may po s
s ib l y  b e  obta ined by impre s s ion packers o r  d own hole se i sm i c  tool s .  
Induc ed frac t ur e  o r i e n ta t ion c an po s s i b ly b e  me a s ur ed a t  the s ur 
face u s i ng t h e  t i l trne ter and e l e c tr ic po ten t i a l  e qu i pmen t wh i l e  
f r ac tur e o r i e n ta t ion and he ight down ho l e  may b e  me a s ur ed w i th s uc h  
technqi ue s  a s  borehole se i smic , hyd rophone s ,  and t empera t ure l og s . 

Perform Analy s i s  and E valuat ion . Us e g eolog i c  re s e rvo i r and 
f ractur e  mod e l s  and the d a ta obta ined from the te s t s  to eva l u a te 
s t imul a t ion te s t s .  Us i ng the re s ul t s  o f  t he f i e ld te s t s , c ompare 
mod e l  pred i c t ions wi th a c t ua l  f i e l d  re s ul t s . De term i n e  i f  i n  s i t u 
cond i t ions were no t d i agnosed ac cura te ly be fore frac t ur i ng or i f  
f r ac t ur e s  fa i l  to a t ta in the ir d e s ig ned e f fe c t ive l e ng t h s . 

Perform F i e l d  C on f i rma t ion Tests  

The ob j ec t ive i s  to ver i fy tha t the s ta te-of- the-art d i ag nos
t i c , s t imul a t ion , and prod uc t ion technol ogy c an b e  econom i c al ly 
a ppl ied in the f i e ld dev e l opme n t  ( a s oppo sed to rese arch ) conte x t . 
In shor t ,  the e l ements  b e l ow w i l l  b e  " d evelopmen t proced ure s "  rath
er than e xpe r imen t s  by the t ime con f i rma t io n  te s t s are pe rformed . 

De ve lop De ta i led Techn i ca l  Plans . De v e l op a c ompr e he n s iv e  
de ta i l ed pl an and sc hedul e  for all task e l emen t s . 

Execute Dr i l l ing Program . Exe cute a d r i l l i ng progr am wh i ch 
opt im i ze s  t he r e s ul t s  o f  compl e ted mul t iwe l l  and s i ng le we l l  
e xper imen t s . 

Pe rform Labora tory T e s t ing . L imi ted core an a lyse s and some 
l aborato ry te s t s  and an alyse s may b e  ut i l i zed fo r s t imul a t ion 
d e s ign . 
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Perform S t imu l a t i ons . Per fo rm c are f ul ly pl anned frac t ure s in 
s everal zone s us i ng conc epts and treatmen t parame t e r s  deve l oped in 
the mul t iwel l  te s t s .  The frac t ur i ng prog r am mus t  i n c l ude frac t ure 
g eome try me a s uremen t s . 

Per form Prod u c t ion Tes t i ng .  Ut i l i z i ng s e l ec ted we l l  te s t i ng 
procedure s ,  per fo rm a wel l  te s t  progr am wh ich i n c l ud e s  pr e - and 
pos t-s t imul a tion te s t s . 

C o l l e c t  F ie l d  D i agno s t i c  Me asurements . Pe rform s e l ec ted f i e ld 
d i agno s t i c  me a s ur ements  a s  requ ired . 

Pe r form Ana ly s i s  and Evaluat ion . Ver i fy t h a t  t he s ta t e -o f-the
art d i ag nos t i c , s t imul a t ion , and produc t ion te chno l ogy c an b e  e co
nomical ly appl i ed in a f ie ld d evelopmen t .  

Spe c i fy S t imu l a t ion De s ign Procedures for Technology Trans f e r  

El emen t s  of t h i s  t a s k  s upport the d eve lopmen t o f  re s e rvo i r  
e valua tion and s t imul a t ion d e s ig n  manua l s  wh i c h  c an b e  used to 
d evelop t igh t ga s s and re source s . 

As sembl e  Data and Deve lop F ractur i ng Manua l s .  As e xpe r imen t s  
are c omple ted fo r var ious type s o f  t igh t g a s  s and re s e rvo ir s , 
a s semb l e  the d a ta and d eve l op fractur ing man u a l s . 

Upd a te Manua l s . As add i tional d a ta become ava i l ab l e  from R& D  
e f for t s , upd a te the fract ur i ng manuals for var i ou s  geolog i c  
e nv ironmen t s . 
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APPENDIX I 

Glossary 



GLOSSARY 

ad vanced technology - - a s s ume s improvemen t  through rese arch and 
deve lopme n t  wi th we l l s  hav i ng fractur e  l e ng th s  o f  2 , 0 0 0  to 
4 , 0 0 0  feet and 1 , 0 0 0  md - f t  conduc t iv i ty ,  wi th no more than 
12 we l l s  pe r s e c t ion . 

AFdepth factor - - a nume r i cal factor to ad j u s t  a bas i c  f r a c t ur ing 
cos t for h igher costs  i n  deeper we l l s . 

AFloca t ion f a c tor -- a numer ical factor to ad j us t  a ba s i c frac
tur ing cos t for h igher cos ts i n  certa i n  locat ions . 

a real average - - ave rag e  va lue o f  reservo i r  prope r t i e s  tak i ng i n to 
account the i nd iv idual val ue s  o f  the var i ous parts o f  t h e  
are a . 

a z imu thal d i rect ion - - the o r i entat ion of a f r a c t ure e xpr e s s ed as a 
compa s s  or ientat ion . 

base technology -- c urren tly ava i l ab l e  technology a s s uming prod uc
t ion from we l l s  wi th frac ture leng t h s  o f  1 , 0 0 0  f e e t  ( from 
we l l  bore to t i p ) and cond uc t i v i t y  o f  5 0 0  md-f t ,  w i th no 
mo re than four we l l s pe r se ct ion . 

bas in - - a general term for a d epre s sed , sed ime n t- f i l led are a wh ich 
may range from c i rcular to e l l ipt i cal . 

bedd ing fea t ure -- a fea t ure with in a s ed imenta ry un i t  ( bed ) wh i c h  
may be o f  a d i s t inct color , m i neral make up , fos s i l  a s s em
b l age , and/or hardne s s . 

beh i nd the p ipe gas -- gas tha t e x i s t s in l ow perme ab i l i ty reser
vo irs beh ind ex i s t ing cas ing i n  conv e n t i onal o i l  and g a s  
f i e l d s . 

biogen i c  gas -- natural gas fo rmed by reduc t ion o f  hyd roc arbon s by 
ba cterial  a c t ion . 

b l anke t sand - - a s and s tratum w i th i n  a fo rma t ion , o r  a fo rma t ion 
wh ich is con t i n uous over a w ide are a . 

borehole grav ime ter s urvey -- a we l l  log s howi ng chang e s  i n  gravi ty 
ove r  the l eng th of a we l l .  In terpr e t a t ion i s  in terms o f  
dens i ty changes i n  t h e  f l u id and r o c k  vo l ume ( bu lk dens i ty )  
ad j a cent to the the we l l  bore . 

Btu  -- Br i t i sh therma l un i t ;  a un i t  of e nergy approx ima tely equal 
to the energy ne eded to r a i se the t empe r a t ure o f  one pound 
of wa ter by one d egree Fahrenhe i t .  

Btu/MMCF - - h e a t  energy obta inable by burn i ng one m i l l ion c ub i c  
fee t o f  g a s . 
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cash f l ow -- ne t prof i t  af ter taxes p l u s  charges to depre c i a t io n , 
amor t i z a t io n ,  and l ike accoun ts . 

c ash f l ow s tream - - annual va lue s o f  n e t  prof i t  o r  los s a f ter 
taxe s .  Annual cash flow . 

cash o u t l ay -- total cash e xpend i t ure s . 

commi t te d  wel l s  - - i n  a scenar io , the number 
f unds are commi t ted i n  any one ye ar . 
o f  the w i ld c a t s  d r i l l ed i n  that ye ar 
to be d r i l l ed i n  the futur e .  

o f  we l l s  for wh i ch 
Th i s  number cons i s t s  

p l u s  d evel opmen t  we l l s 

conduc t i v i ty -- a me a s ur e  of the ab i l i ty o f  the hyd raul i c  frac t ure 
to tran smi t gas . 

con s tan t 1 9 7 9  dol l ar s  -- dol l ars wi th the p urchas i ng powe r o f  the 
U . S .  d o l lar i n  the ye ar 1 9 7 9 .  Th i s  t e rm i s  used to prov i d e  
a meas ure o f  c omparab i l i ty t o  pro j e c t  cos t s , revenue s , 
rates of re turn , a nd cap i tal req u i reme n t s  wh ich might  
otherw i s e  be d i s tor ted by vary i ng e s t ima tes o f  the  unpre
d i ctab l e  factor of i n f l a t ion or d e f l a t io n  in f u ture ye ar s . 

c onve n t ional gas - - g a s  produced by c u s tomary technology from res
e rvo i r s  h av i ng permeab i l i ty greater than 1 m i l l idarcy ; the 
u s ual , o r  " conven t ional , "  gas  produc t io n . 

DCF ROR - - d i scoun ted cash fl ow rate of r e t ur n .  

d ec l i ne r a te - - pe rcentage o r  fract ion by wh i ch we l l  produc t ion de
c l i ne s  w i th t ime . 

dens i ty -- we igh t o r  mas s  per un i t  vo l ume , s uch a s  pounds per c ub ic 
foot . 

d evelopme n t  we l l s  - - we l l s  d r i l led to increase produc t ion i n  e s tab
l i shed f i e ld s . 

d i scoun ted cash f l ow rate o f  re t urn ( DCF ROR )  -- that d i scount rate 
wh ich wi l l  balance cash expend i tures ag a i n s t  reve n u e s  i n  
the annual c a s h  flow s tream s uch tha t n e t  pre s e n t  va lue i s  
z e ro .  

d i scounted pre s e n t  wo rth - - value of an a s s e t  expr e s s ed a s  the s um 
o f  al l payme n t s  genera ted by the a s se t ,  d i s coun ted to the i r  
pre se n t  va lue . 

d ry ho l e  - - a we l l  that e i ther f i nds no o i l  or ga s ,  o r  f i nds too 
l i ttle to make i t  f i nanc i a l ly prof i table . 

E and P s imul a tor -- a computer mod e l  of the e xplora t ion and pro
duct ion segme n t  of the pe troleum i nd u s try . 
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E IA -- Energy In fo rma t ion Admi n i s trat ion o f  the u.s. Depar tme n t  o f  
En e rgy . 

e xpl orat ion pl ay - - d r i l l i ng for o i l  or g a s  by one o r  mo re ope ra
to rs in a ba s i n thought to con ta in hyd rocarbon s .  

f i eld -- an are a  from wh i ch pe tro l e um h a s  been pro d uc ed . 

f i eld s i ze d i s tr i bu t io n  -- a probab i l i ty d i s tr i bu t ion o f  the n a t 
ural geog raph i c  range o f  f i e l d  s i z e s .  

forma t i on - - a pe r s i s te n t  body o f  rock hav i ng e a s i ly r e cog n i z ab l e  
uppe r a nd l ower boundar ies ; und e r  t h e  prope r cond i t io n s , i t  
may be a reservo i r .  

f rac f l u id - - the th icke ned f l u id u sed to ope n  the frac tur e  and to 
transpl ant the proppan t i n to the f r a c t ure d ur i ng f r a c t ur i ng 
operat ions . 

f racture - - a c rack i n  r e s e rvo i r  rock , e spe c i a l ly a s  d i s t i ngu i shed 
from a pore space . 

fractur i ng - - a r t i f i c i al hyd raul ic frac t ur i ng . 

fractur i ng f l u id rheol ogy -- charac te r i s t i c s  o f  f r a c t ur i ng f l u ids 
that d e term i ne the i r  ab i l i ty to create hyd r aul i c  f r a c t u r e s  
and tran s port fra c t ure proppan t s  a l o ng w i th a t tendant prop
e r t i e s . 

g a s  i n  pl ace -- a l l  of the g a s  a reservo i r  conta i n s ; e x ceeds the 
amount of gas wh i ch can o r  w i l l  be prod uced . 

G I P  -- gas i n  place . 

hyd raul i c  l e ngth -- the fract ure length me a s ured f rom the we l l  bore 
to the t ip of the frac t ure a s  created d u r i ng hyd ru a l i c  
fracture pump i ng ope ra t ions . 

inf i l l  d r i l l i ng -- d r i l l i ng ad d i t io n a l  we l l s  i n  an e s tabl i s hed pa t
tern . 

i n i t i al produc t i on rate - - the amoun t o f  g a s  produc ed i n  the f i r s t  
ye ar o f  a wel l ' s  l i fe . 

in s i tu - - i n  the r e s e rvo i r . 

in  s i t u  gas poro s i ty -- po ros i ty in the re se rvo i r  und e r  predom i n ant 
cond i t ions ; i . e . , overburden pre s s ur e , po re pr e s s ur e , tem
pera ture , and wa ter s a t urat ion . 

k -- symbol for perme ab i l i ty .  

lens  a sed imentary depo s i t  o f  irreg ular shape s ur rounded by im
pe rv ious rock . 
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l e n t i c u l a r  s and - - d i sc r e te , d i scon t i nou s ,  l en s- s h aped s and bod i e s  
w i t h i n  a forma t ion . 

Lewin Repo r t  - - repo r t  on enhanced recove ry prepared by Lew i n  and 
As so c i a te s  and i s s ued by the Federal Ene rgy Adm i n i s trat ion 
i n  Apr i l  1 9 7 6 .  

l i near f l ow - - the d i re c t  f l ow o f  g a s  i n to the f r a c t ure a nd to the 
we l l  bore v i a  the fracture ( a s contras ted to rad i a l  f l ow in 
an un fract ured r e s e rvo i r  to the we l l  bore through the r e s 
e rvo i r  rock ma tr i x ) .  

M -- tho u s and . 

marg i nal rate o f  return -- a spe c i f i ed r a te o f  re t ur n  ( in th i s  
s t udy , 1 0 ,  1 5 ,  and 2 0  percen t )  wh i c h  mus t b e  equ a l l ed o r  
e x ceeded by e ach ba s i n or s ubba s i n  be fore be i ng ac cep ted a s  
an econom i c a l  pro j e c t . 

mas s ive hyd ra u l i c  fra c t ur i ng ( MHF ) -- hyd ra u l i c  frac t u r i ng u s i ng 
l arge vo l ume s o f  so l id - l ad e n  fl u id s , u s ua l ly i n to a low 
perme ab i l i ty ,  ga s-bear i ng fo rma t io n  to c r e a te a h ig h ly con
duc t ive d ra i nag e channel  to  drain  g a s  i n to the  we l l  bore . 

max imum recove rable g a s  -- the amoun t o f  g a s  t h a t  c a n  be theor e t i 
c al ly recove red i rrespe c t ive o f  t ime o r  econom i c  con
s t r a i n t s . 

md - - m i l l idarcy . 

m i l l idarcy - - a un i t  o f  perme ab i l i ty .  

m i l l idarcy- f e e t  ( md - f t )  - - a me asure of the conduc t iv i ty o f  a frac
t ure d e f i ned by the prod uc t o f  proppan t pe rme ab i l i ty a nd 
f r a c t ur e  w i d th . 

m i n imum DC F ROR r eq u i reme n t s  - - DC F ROR , m i n imum r eq u i remen t  o f  1 0  
percen t .  

MM -- m i l l ion . 

Mon te Carlo technique -- the u s e  o f  random n umb e r s  to s ampl e a 
range o f  v a l u e s  used here to prov i d e  i np u t  d a t a  fo r a c om
puter mod e l . 

� ( mu ) -- symbol for v i scos i ty .  

natural g a s  - - i n  s i t u  hyd rocarbons and other ch em i ca l s  prod uced a s  
a g a s , u s ua l ly pr edom i n antly me thane . 

n a tural g a s  l iqu i d s  ( NGL ) - - l iqu id pe trol e um prod u c ed i n  the 
n a t ur a l  gas s tream ,  u s ua l ly e xpre s s ed as barre l s  pe r m i l 
l i on cub i c  fee t o f  g a s . 
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ne t pay the ve r t i c a l  me a s ur eme nt in f e e t  of g a s-bear i ng poros i ty 
i n  a re s e rvo i r .  

net pre sent va l ue ( NPV ) -- pre s e n t  value o f  ant i c i pated f u t ure re
turns , d i scoun ted a t  the req u i red rate o f  r e turn , l e s s  the 
pre s en t  va l ue of the c o s t  of the i nve s tmen t .  

NGPA -- Na t ur a l  Ga s Po l i cy Ac t o f  November 9 ,  1 9 7 8 .  

nominal rate o f  re t ur n  - - rate o f  r e t urn f rom an i nve s tme n t  i n  c ur 
r e n t  d o l lars  i n s tead o f  con s tant d o l l a r s . 

norma l - - perpend i cu l a r  to ( i n tersect i ng a t  a 9 0 °  ang l e ) . 

nuc lear mag ne t i c  re sonance l og - - a we l l  l og i n  wh i ch r e l a x a t ion 
t ime s o f  hyd rogen nuc l e i  are mea s ured i n  re s ponse to  an im
po s ed mag n e t i c  f ie ld ; may be i n te rpre ted to s how b ound 
water and wa ter free to flow i n  fo rma t io n  pore s . 

outc rop -- tha t part o f  a geol og ic fo rma t io n  o r  s tr u c t ure that 
appe ars a t  the s ur face o f  the earth . 

payo u t  t ime - - the l eng th o f  t ime req u i red f o r  c a s h  i n f l ows to 
equal or i g i n a l  c a s h  ou t l ays , or the l e ngth o f  t ime f rom 
pro j e c t  i n i t i a t ion to the t ime cumu l a t iv e  c ash f l ow become s 
pos i t i ve . 

perme ab i l i ty -- an i nd e x  o f  the a b i l i ty o f  re s e rvo i r  rock to tran s 
mi t f l u ids und e r  the i n f l uence o f  a pre s sure grad i e n t . 

pore space - - a sma l l  natural ho l e  i n  r e s e rvo i r  rock wh ich con t a i n s  
f l u id or f l u i d s . 

poros i ty -- ra t io o f  pore vo l ume and fractur e  vo l ume to to t a l  vo l 
ume i n  reservo i r  rock , u s ual ly e xpr e s s ed a s  a pe r c e n tag e . 

Po tent ial Ga s Commi ttee -- an i nd epe nd e n t  c ommi ttee e s tabl i shed to 
prov ide re a l i s t i c e s t ima te s o f  U . S .  gas r e s ourc e s .  Membe r
s h i p  is compo s ed o f  wo rk i ng members from a l l  s egme n t s  o f  
the Nat ur a l  Ga s Indus t ry inc l ud i ng prod uc i ng p i pe l ine and 
d i s tr i bu t i ng compan ie s ,  as we l l  a s  expe r t s  f r om f ed e ra l  and 
s tate governmen t agenc i e s ,  pr ivate cons u l tan t s , and acad em
i c  i ns t i tu t ions . Obs e rvers to the C omm i t tee are appo in ted 
from per t inent federal agenc i e s , i n te r s tate organ i za t io n s , 
and indu s t ry a s so c i a t ions . The Commi ttee f un c t ions inde
pend e n t l y  but wi th the gu idance and a s s i s tance of the Po
ten t i a l  Ga s Agency of the Colorad o  School of M i ne s .  Th e 
Po te n t i a l  Ga s Ag ency i s  s upported by the Ame r i c an Ga s 
As soc i a t ion . 

produc t ive area -- the po r t ion o f  a bas i n  o r  s ub b a s i n  w i th und e r
l y i ng forma t ions conta i n i ng n a t ur a l  g a s . 
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prof i t  pe r i nve s tme n t  - - und i scoun ted n e t  cash  re cove ry d iv id e d  by 
und i sc oun ted i nve s tmen t  expre s s ed a s  d o l l ar pro f i t  pe r d o l 
l a r  i nve s ted . 

p roppa n t  - - the so l id ma ter i a l , u s ua l ly s and , i n j e c ted d u r i ng hy
d ra ul i c  frac t ur i ng to preven t  the f r a c t ure f r om c l o s i ng o n  
term i n a t ion o f  p ump i ng . 

propped l eng th - - hyd raul i c  fractur e  l eng th me a s ur ed f rom the we l l  
bore to the e nd o f  the frac t ure h e l d  open by proppan t .  

prospe c t  -- a w i l d c a t  locat ion wh i c h , i f  prod uc t ive , l e ad s  to the 
deve l opmen t  o f  a f i eld . 

R& D -- r e s earch and deve l opme n t .  

r ecomp l e t ion - - produc t i on from a newly ope ned , l ow pe rmeab i l i ty 
g a s  re s e rvo i r  pene tra ted by an e x i s t i n g  we l l  i n  a deple ted 
conv en t ional g a s  o r  o i l  f i e ld . 

r ecove ry f a c to r  - - a mul t ipl i e r  fo r pe rme ab i l i ty d e s ig ned to 
accoun t  for reduct ions from a s s umed ave r age s of perme
ab i l i ty a nd poros i ty .  

r e s e rve s - - recove rable o i l  or gas ; u n l e s s  qual i f i ed , m e a n s  econom
i c a l ly recoverable o i l  o r  g a s  wi th proven te chno l ogy . 

re s e rvo i r  -- a par t o f  the earth rock b e l ow the s ur fa c e , no rma l ly 
s ed ime n tary , that conta ins  pe tro l e um o r  n a tural g a s  wh i ch 
h a s  been o r  can be s ub j e c ted to o i l  o r  g a s  recove ry . 

re se rvo i r  per fo rman c e  -- beh avior o f  a r e s e rvo i r  und e rgo i ng o i l  
o r  g a s  re cove ry . 

r e s i s t iv i ty l og - - any one o f  s everal e l e c t r i ca l  logs wh i ch me a s ur e  
fo rma t ion e l e c tr i c a l  res i s t i v i ty or i t s  rec i proc a l , con
d uc t iv i ty .  In terpre tat ion i s  i n  terms o f  n e t  f e e t  o f  pay 
in a r e s e rvo i r .  

re source b a s e  -- to t a l  pe tro l e um in s i t u  wh i c h  may be s ub j e ct ed to 
a t temp ted o i l  re cove ry . 

rock ma t r i x  pore throa t - - the interconne c t ion be twe e n  po re spa c e s  
wh i ch i s  u s u a l ly sma l l e r  than t h e  pore space a nd c an b e  t h e  
l im i t i ng f ac to r  i n  reservo i r  f l u id ( ga s ) f l ow .  

s c enar io - - a sched u l e  for d r i l l i ng prospe c t s  i n  one o r  mo re b a s i n s  
or s ubba s i n s . 

s e c t ion for the p urpose s o f  th i s  s t udy , a g a s -prod uc i ng area 
equ ival e n t  to one square m i l e . 

s tacked forma t ions two o r  mo re produc i ng forma t ions penetrated 
by a s i ng l e  we l l . 
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s ta te o f  n a t ure -- i f  no gas i s  pre sent i n  the targe t forma t io n , 
s ta te o f  nature i s  " d ry . "  I f  g a s  i s  pr e s en t ,  s ta te o f  
n a t ure i s  prod u c t ive , b u t  no t nec e sa r i ly f inanc i a l l y  
prof i tab l e . 

s ta te-of-the-a r t  - - the ove ral l s tag e o f  d eve l opme n t  of a proc e s s  
and i t s ba ckg round R& D .  

s tylol i te s  - - a th i n  s e am o r  contact u s ua l ly o c c urr i ng i n  homog e
neou s carbonate rock s and rare ly in s a nd s tone s and q u a r t z 
i te s ; a s  u s ua l ly s e e n  in cros s - se c t ion , re s embl e s  a s u t ure 
or the trac i ng o f  a s tyl u s . Commonly para l l e l  to the bed
d i ng . 

swe e t  spot -- local  are a s  wi t h i n  a forma t ion i n  wh i ch abno rmal po
ros i t i e s , permeab i l i t i e s , a nd/o r na tur a l  f r a c t ur ing e x i s t  
wh ich , i n  t urn , enhance prod uc t ion char a c te r i s t i c s . 

the rma l carbon i za t io n  -- d i s truct ion o f  na t ur a l  g a s  by exce s s ive 
fo rma t i on tempe r a t ur e . 

t ig h t  g a s  sand s  - - r e s e rvo i r  rock c onta i n ing n a t u r a l  g a s  that c an
not be recovered und e r  c urrent economi c  and techno l og i c  
c ond i t ions because  o f  l ow perme ab i l i ty .  

t rap -- a re servo i r  o r  po r t ion of a r e s e rvo i r  i n  wh i c h  g a s  
i s  con ta i ned b y  me ans o f  s t ru c t ur a l  and/or s trat igraph ic 
chang e s . 

u l t ima te recove rable g a s  - - t h a t  g a s  wh ich c an be r ec ove red a t  a 
prof i t ;  general ly , a maj or por t ion o f  the g a s  i n  place . 

veloc i ty l og ( son i c  l og ) -- a l og o f  acous t i c  v e l oc i ty i n  the s tr a
ta pe netra ted by a we l l .  In terpr e t a t ion i s  i n  terms o f  
poros i ty and ga s - f i l led pore s .  

we l l  -- a hole d r i l l ed i n to the earth for the p urpo s e  o f  r emov i ng 
f l u id from a r e s e rvo ir or pu t t i ng f l u id i n to a r e s e rvo i r .  

we l l  bore - - the ho l e  i n  the e arth compr i s i ng a we l l ;  a we l l .  

we l l  dens i ty factor ( WDF ) -- a mul t ipl i e r  fo r rec ove rable  g a s  to 
account fo r d r i l l i ng f ewe r than the n umbe r  of we l l s  r e 
qu i red for to t a l  re cove ry . 

w i ld ca t  - - an expl ora t ion we l l  d r i l l ed i n  an area wh ere there h a s  
b e e n  n o  pr e v i ou s  t igh t g a s  prod uc t ion . 

wildcat s uc c e s s  r a t i o  -- the numbe r o f  prod u c t ive w i ld c a ts i n  a 
pl ay d iv id ed by the total numbe r  o f  w i l d c a t s  i n  the pl ay . 

work i ng i n tere s t  -- the fract ion of produc t ion r e t a i ned by the 
opera tor a f te r  roya l ty payme n t  to the l e a s e ho l de r . 
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