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DEDICATION

I t  i s  w i t h  deep f e e l i n g s  o f  h o n o r  and r e s p e c t  t h a t  

I s i n c e r e l y  d e d i c a t e  t h i s  d i s s e r t a t i o n  t o  His  I m p e r i a l  Maj

e s t y  Mohammed Reza P a h l a v i  Aryamehr Shahanshah  of  I r a n  i n  

g r a t i t u d e  f o r  a l l  H is  M a je s ty  has  done and a c c o m p l i sh e d  f o r  

my c o u n t r y ,  I r a n ,  and i t s  p e o p l e .

I n  v iew o f  t h e  f a c t  t h a t  H is  M a je s ty  has d e v o te d  h i s  

l i f e  t o  t h e  c o u n t r y ,  t h e  b r e v i t y  o f  t h i s  d e d i c a t i o n  seems 

w o e f u l l y  i n a d e q u a t e .

Under His  M a j e s t y ' s  l e a d e r s h i p ,  p r o g r e s s  h as  b e e n

made i n  r a i s i n g  t h e  q u a l i t y  o f  l i f e  a t  a l l  l e v e l s  i n  I r a n .

In  p a r t i c u l a r ,  t h e  White  R e v o l u t i o n  H is  M a je s ty  i n i t i a t e d  

has  been  so  s u c c e s s f u l  and b e n e f i c i a l  t h a t  l e a d e r s  o f  o t h e r  

c o u n t r i e s  a re  t r y i n g  t o  i m i t a t e  t h e  same program and a p p ly  

t h e  same p r i n c i p l e s .

I n  u t i l i z a t i o n  o f  t h e  n a t i o n ' s  n a t u r a l  r e s o u r c e s  His 

M a j e s t y ' s  g u id anc e  has  been e x t r e m e l y  b r i l l i a n t .  Under His  

M a j e s t y ' s  l e a d e r s h i p  I r a n ' s  o i l  and  gas  i n d u s t r y  h as  grown

from a  d i s o r g a n i z e d  and i n e f f i c i e n t  o p e r a t i o n  to one o f  t h e

l a r g e s t  and most  e f f e c t i v e  e n e rg y  sy s te m s  i n  the w o r l d .

H is  M a j e s t y ' s  s u p p o r t  and g u id a n c e  o f  t h e  O r g a n i z a t i o n  o f  

P e t ro le u m  E x p o r t i n g  C o u n t r i e s  (OPEC) was a s i g n i f i c a n t  f a c t o r  

in  t h e  developm ent  o f  t h a t  o r g a n i z a t i o n  i n t o  a p o w e r f u l
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t o o l  f o r  a s s u r i n g  o i l  p ro d u c in g  c o u n t r i e s  o f  a f a i r  p r i c e  

f o r  e x p o r t e d  raw m a t e r i a l  and p r o d u c t s  t h a t  t e n d  t o  c o u n t e r 

b a l a n c e  i n f l a t i o n  o f  needed  i m p o r t s .  T h is  p r o v i d e d  f u n d s  

f o r  t h e  deve lopm en t  o f  i n d u s t r i a l ,  e d u c a t i o n a l  and  m i l i t a r y

s e c t o r s  o f  t h e  c o u n t r y  and made i t  p o s s i b l e  f o r  I r a n  t o

s u p p ly  f i n a n c i a l  a s s i s t a n c e  t o  o t h e r  c o u n t r i e s .

I n t e r n a l l y ,  t h e  o i l  and gas i n d u s t r y  i s  now b e i n g  

managed on t h e  b a s i s  t h a t  t h e s e  r e s o u r c e s  a re  d e p l e t a b l e  and 

t h e r e f o r e  c a r e f u l  p l a n n i n g  must be  u s e d  t o  g u a r a n t e e  m a x i 

m i z a t i o n  o f  t h e  b e n e f i t s  t o  I r a n .  The most s t r i k i n g  exam ple  

o f  t h i s  i s  H is  M a j e s t y ' s  i n s i s t e n c e  on t h e  p r e v e n t i o n  o f  

t h e  w a s te  o f  n a t u r a l  gas and p ro m o t io n  o f  i t s  c o n s e r v a t i o n  

so t h a t  i t  can  be used  as  a f u e l  o r  p e t r o c h e m i c a l  f e e d s t o c k  

and e x p o r t e d  by  p i p e l i n e  t o  R u s s i a  and p o t e n t i a l l y  t o  West  

Germany and  p e rh a p s  as l i q u i f i e d  n a t u r a l  gas o r  m e th an o l  t o

W este rn  E u r o p e ,  t h e  U n i t e d  S t a t e s  and J a p a n .

F i n a l l y ,  I am e x t r e m e ly  e x c i t e d  and a n x io u s  t o  r e 

t u r n  home i n  o r d e r  t o  s e r v e  His  M a je s ty  and my c o u n t r y .

Mahmoud H o sse in  Diba
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ABSTRACT

In  o r d e r  t o  p r e d i c t  t h e  f u t u r e  s u p p l y  o f  n a t u r a l  gas 

in  t h e  U.S.  many f a c t o r s  m ust  be  t a k e n  i n t o  a c c o u n t .  The 

c o m p le te  and  d e t a i l e d  s t u d y  o f  t h e  p h y s i c a l  c h a r a c t e r i s t i c s ,  

t y p e s ,  and  r e s o u r c e  b a s e  p r o p e r t i e s  o f  n a t u r a l  gas  needs  

t o  be  c o n s i d e r e d  and  d i s c u s s e d .  I n  a d d i t i o n ,  t h e  mode o f  

o r i g i n  an d  a c c u m u l a t i o n ,  t h e  p a s t  h i s t o r y  and backg ro u nd  

i n c l u d i n g  t h e  number,  s i z e ,  and d i s t r i b u t i o n  o f  gas d i s c o v 

e r i e s ,  p r o d u c t i o n ,  demand and  r e m a in in g  r e s e r v e s  a r e  d i s 

c u s s e d .

A d e s c r i p t i o n  o f  t h e  above f a c t o r s  i s  p r e s e n t e d  i n  

t h i s  d i s s e r t a t i o n  t o  s e t  t h e  s t a g e  f o r  t h e  deve lopm ent  o f  a 

p r o b a b i l i t y  model i n  which  t h e  M o n te - C a r lo  m ethod  was u s e d  

t o  s i m u l a t e  t h e  d eve lopm en t  o f  t h e  gas  r e s o u r c e s  i n  a number 

o f  g e o l o g i c  p r o v i n c e s .  The u se  o f  t h e  model  i s  d e m o n s t r a te d  

and t h e  r e s u l t s  ru n  f o r  s e v e r a l  h y p o t h e t i c a l  c o m b in a t io n s  

o f  g e o l o g i c a l  p r o v i n c e s  a r e  p r e s e n t e d .  The a p p l i c a b i l i t y  

o f  t h e  m odel  i n  d e s c r i b i n g  t h e  d ev e lo p m en t  o f  t h e  gas r e s o u r c e s  

f o r  a c o m p o s i t e  r e s o u r c e  b a s e  i s  shown a n d  t h e  b e h a v i o r  o f  

such  a r e s o u r c e  b a s e  i s  a n a l y z e d .

V l l



TABLE OF CONTENTS

Page

D E DICA TION........................................................................................................i i i

ACKNOWLEDGEMENTS ......................................................................................  v

A BSTR A CT ............................................................................................................ v i i

LIST OF T A B L E S ..........................................................................................  x

LIST OF FIGURES.........................................................................................x v i i i

C h a p te r

I .  PHYSICAL CHARACTERISTICS OF PETROLEUM
RESOURCES .................................................................................. 1

A. Com pos i t ion  and t h e  B tu  C o n ten t  o f  N a t u r a l
G a s ...........................................................................................  2

B. Types o f  N a t u r a l  G a s ...............................................  4
C. Dom est ic  R e so u rce s  L o c a t i o n s  ............................. 5
D. O r i g i n  and A ccum ula t ion  ..........................................  5
E. H i s t o r y  and  B a c k g r o u n d ..........................................  6
F. N a t u r a l  Gas P r o d u c t i o n  i n  U .S ............................... 8
G. Demand C o n s i d e r a t i o n s  .  ......................................  8

I I .  FUTURE SUPPLY PROJECTIONS FOR THE U.S. THROUGH
THE YEAR 1995 ........................................................................  12

A. N u c l e a r  S t i m u l a t i o n  and H y d r a u l i c  F r a c t u r i n g
o f  Low P e r m e a b i l i t y  R e s e r v o i r s ..............................13

B. P r o d u c t i o n  o f  N a t u r a l  Gas from A r t i f i c i a l
o r  S u b s t i t u t e  N a t u r a l  G a s ............................................ 15

C. M ass ive  E x p l o r a t i o n  and  Development o f  
Onshore  as  Well a s  P r o s p e c t i v e  O f f s h o re
A reas  Owned by t h e  G o v e r n m e n t ...................................18

D. I n c r e a s e d  P i p e l i n e  I m p o r t s  o f  Gas from
Canada and M e x i c o ............................................................... 20

E. I m p o r t a t i o n  o f  L i q u e f i e d  N a t u r a l  Gas (LNG)
and  Hydrocarbon  L iq u id s  ...........................................  21

F. T r a n s p o r t a t i o n  o f  A la sk a n  G a s ............................ 2 3
G. I m p o r t a t i o n  o f  M ethano l  M a n u fac tu red  from 

F o r e i g n  N a t u r a l  Gas S o u r c e s  and T r a n s p o r t e d
To U.S .  by T a n k e r ............................................................... 24

H. H y d r o g e n ..................................................................................25



I X

C h a p te r  , Page

I I I .  U.S. RESOURCES OF NATURAL GAS AND NATURAL
GAS ESTIMATIONS.........................................................................26

A. N a t u r a l  Gas R esource  D e s c r i p t i o n  ..................... 26
B. N a t u r a l  Gas R esource  Base C l a s s i f i c a t i o n s  . 27
C. F u t u r e  E s t i m a t e  o f  P o t e n t i a l  Gas Supp ly  . . 30
D. N a t u r a l  Gas R e s e r v e s ....................................................... 31
E. P u rp o s e  o f  D r i l l i n g  D is c o v e r y  and D ev e lo p 

ment W e l l s ..............................................................................33
F. Dom est ic  Resource  Q u a n t i t i e s  ..............................  37

IV. METHODS FOR MAKING NATURAL GAS RESOURCE
ESTIMATES....................................................................................... 41

A. T o t a l  D i s c o v e r e d  R ese rve  E s t i m a t e  . . . . .  41
B. The P o t e n t i a l  Gas Supply  E s t i m a t e s  . . . .  43
C. A ccu racy  o f  t h e  Resource  E s t i m a t e ...........................61

V. DESCRIPTION OF THE M O D E L ....................................................... 64

VI.  MATHEMATICAL MODEL ................................................................ 70

V I I .  ANALYSIS OF A MORE REALISTIC SYSTEM . . . . . .  91

V I I I .  DISCUSSION OF RESULTS OF THE FIRST PHASE FOR
THE ORIGINAL MODEL AND OTHER REALISTIC 
SYSTEMS..........................................................................................110

IX. DISCUSSION OF RESULTS OF THE SECOND PHASE FOR
THE ORIGINAL MODEL AND OTHER REALISTIC 
SYSTEMS..........................................   193

X. SUMMARY AND CONCLUSIONS..........................................................384

NOMENCLATURE ................................................................................................  391

BIBLIOGRAPHY ................................................................................................  394

APPENDIX

A. FLOW CHARTS AND COMPUTER PROGRAMS..................................404



LIST OF TABLES

T a b le  Page

I I -1 P r o j e c t i o n s  o f  Coa l  G a s i f i c a t i o n  P l a n t
C a p a c i t y  ...................................................................

I I -2 F e d e r a l  N a t u r a l  Gas Resource  Ownersh ip

I I - 3  P r o j e c t i o n s  o f  LNG Im p o r ts  ........................

I I I - l  U l t i m a t e  P o t e n t i a l  Supp ly  ........................

I I I - 2  Flow C h a r t  I l l u s t r a t i n g  P r o g r e s s i o n  o f  P o t e n 
t i a l  Gas S u p p l i e s  as  a  R e s u l t  o f  D r i l l i n g

I I I - 3 N a t u r a l  Gas Resource  Data  E s t i m a t e s  . . . .

IV-1 Comparison o f  U l t i m a t e - P o t e n t i a l  Gas Supp ly
E s t i m a t e s  . .  ...................................................................

IV-2 T o t a l  N a t u r a l  Gas Su pp ly  E s t i m a t e s  by NPC

IV -3 T o t a l  R e c o v e ra b le  P o t e n t i a l  N a t u r a l  Gas Supply
E s t i m a t e s  by  USGS ..........................................................

IV -4 T o t a l  P o t e n t i a l  N a t u r a l  Gas Supp ly  E s t i m a t e s  
by  PGC ......................................................................................

IV - 5 T o t a l  P o t e n t i a l  N a t u r a l  Gas S u pp ly  E s t i m a t e s  
by L. G. Weeks ...................................................................

V I -1  S i z e  S t r a t i f i c a t i o n  o f  P o p u l a t i o n  F i e l d s  . .

VI-2  I n i t i a l  F i e l d  S i z e  D i s t r i b u t i o n  ........................

V I -3  Example o f  t h e  O u tp u t  from Phase One o f  t h e  
Model ......................................................................................

V I I - 1  S i z e  S t r a t i f i c a t i o n  o f  P o p u l a t i o n  F i e l d s  . .

V I I - 2  I n i t i a l  F i e l d  S i z e  D i s t r i b u t i o n  ........................

V I I -3  Values  o f  E m p i r i c a l  C o n s ta n t s  and  Time Zero
f o r  D i f f e r e n t  Regions  (k Reg ions )  . . . .

17

19

22

31

37

38

46

48

51

52

53 

72 

76

84

91

94

92

V I I - 4  S iz e  S t r a t i f i c a t i o n  o f  P o p u l a t i o n  F i e l d s  . . .  96



X I

T ab le  Page

V I I -5 I n i t i a l  F i e l d  S i z e  D i s t r i b u t i o n ..................................100

V I I -6  I n i t i a l  F i e l d  S i z e  D i s t r i b u t i o n .................................. lOI

V I I - 7 I n i t i a l  F i e l d  S i z e  D i s t r i b u t i o n ..................................102

V I I -8 V a lu e s  o f  E m p i r i c a l  C o n s t a n t  B and Time Z ero
f o r  D i f f e r e n t  Regions  (k R eg ions ) .......... .................... 104

V I I - 9  V a lu e s  o f  E m p i r i c a l  C o n s t a n t s  A, B, and  Time
Z ero  f o r  D i f f e r e n t  Reg ions  [k R egions)  . . . .  106

V I I -10 V a lu e s  o f  E m p i r i c a l  C o n s t a n t  B and  Time Zero
f o r  D i f f e r e n t  Regions  (k  R eg ions) ............................... 109

V I I I - I  F i e l d  S i z e  D i s t r i b u t i o n  f o r  Number o f  W el ls
= 1000 ...............................................................................................I l l

V I I I - 2  F i e l d  S i z e  D i s t r i b u t i o n  f o r  Number o f  W el ls
= 2000   112

V I I I -3 F i e l d  S iz e  D i s t r i b u t i o n  f o r  Number o f  W e l ls
= 3000 ...........................................................................................  113

V I I I -4 F i e l d  S iz e  D i s t r i b u t i o n  f o r  Number o f  W e l ls
= 4000 ..................................................................   114

V I I I - 5  F i e l d  S iz e  D i s t r i b u t i o n  f o r  Number o f  W el ls
= 5000 ............................................................■ ...............................115

V I I I -6 F i e l d  S iz e  D i s t r i b u t i o n  f o r  Number o f  W e l ls
= 6000   116

V I I I -7 F i e l d  S iz e  D i s t r i b u t i o n  f o r  Number o f  W e l ls
= 7000 ...........................................................................................  117

V I I I - 8  F i e l d  S i z e  D i s t r i b u t i o n  f o r  Number o f  W el ls
= 8000   118

V I I I - 9  F i e l d  S iz e  D i s t r i b u t i o n  f o r  Number o f  W el ls
= 9000 ...........................................................................................  119

V I I I -10 F i e l d  S iz e  D i s t r i b u t i o n  f o r  Number o f  W ells
= 10 ,000    120

V I I I - 1 1  F i e l d  S iz e  D i s t r i b u t i o n  f o r  Number o f  W ells
= 1 0 0  122

V I I I - 1 2  F i e l d  S iz e  D i s t r i b u t i o n  f o r  Number o f  W el ls
= 200   123

V I I I -13 F i e l d  S iz e  D i s t r i b u t i o n  f o r  Number o f  W el ls
» 300   124



x i i

T a b l e Page

V I I I - 1 4 F i e l d  
= 400

S i z e D i s t r i b u t i o n f o r Number o f W e l l s
. 125

V Î I I - 1 5 F i e l d  
= 500

S i z e D i s t r i b u t i o n f o r Number o f W e l l s
. 126

V I I I - 1 6 F i e l d  
= 600

S i z e D i s t r i b u t i o n f o r  Number o f  W e l l s

V I I I - 1 7 F i e l d  
= 700

S i z e D i s t r i b u t i o n f o r Number o f W e l l s
. 128

V I I I - 1 8 F i e l d  S i z e  
-  800 . .

D i s t r i b u t i o n f o r  Number o f W e l l s
. 129

V I I I - 1 9 F i e l d  
= 900

S i z e D i s t r i b u t i o n f o r Number o f W e l l s
. 130

V I I I - 2 0 F i e l d  
= lOOC

S i z e
1

D i s t r i b u t i o n f o r Number o f W e l l s
. 131

V I I I - 2 1 F i e l d  
= 100

S i z e D i s t r i b u t i o n f o r Number o f W e l l s
. 132

V I I I - 2 2 F i e l d  
= 200

S i z e D i s t r i b u t i o n f o r Number o f W e l l s
. 133

V I I I - 2 3 F i e l d  
= 300

S i z e D i s t r i b u t i o n f o r  Number o f W e l l s
r 134

V I I I - 2 4 F i e l d  
= 400

S i z e D i s t r i b u t i o n f o r Number o f  W e l l s
. 135

V I I I - 2 5 F i e l d  
= 500

S i z e D i s t r i b u t i o n f o r Number o f W e l l s
. 136

V I I I - 2 6 F i e l d  
« 600

S i z e D i s t r i b u t i o n f o r Number o f W e l l s
. 137

V I I I - 2 7 F i e l d  
-  700

S i z e D i s t r i b u t i o n f o r Number o f W e l l s
. 138

V I I I - 2 8 F i e l d  
» 800

S i z e D i s t r i b u t i o n f o r Number o f  W e l l s
. 139

V I I I - 2 9 F i e l d  
= 900

S i z e D i s t r i b u t i o n f o r Number o f W e l l s
. 140

V I I I - 3 0 F i e l d  S i z e  
» 1000 . .

D i s t r i b u t i o n f o r Number o f W el ls



X l l l

T a b le

V I I I - 3 1 F i e l d  
= 100

S iz e D i s t r i b u t i o n f o r Number o f  W el ls

V I I I - 3 2 F i e l d  
= 200

S iz e D i s t r i b u t i o n f o r  Number o f  W el ls

V I I I -33 F i e l d  
= 300

S iz e D i s t r i b u t i o n f o r Number o f  W el ls

V I I I -34 F i e l d  
= 400

S iz e D i s t r i b u t i o n f o r  Number o f  W ells

V I I I - 3 5 F i e l d  
= 500

S iz e D i s t r i b u t i o n f o r Number o f  W ells

V I I I - 3 6 F i e l d  
= 600

S iz e D i s t r i b u t i o n f o r  Number o f  W el ls

V I I I - 3 7 F i e l d  
= 700

S iz e D i s t r i b u t i o n f o r Number o f  W el ls

V I I I - 3 8 F i e l d  
= 800

S iz e D i s t r i b u t i o n f o r  Number o f  W ells

V I I I - 3 9 F i e l d  
= 900

S iz e D i s t r i b u t i o n f o r  Number o f  W el ls

V I I I - 4 0 F i e l d  S iz e  
= 1000 . .

D i s t r i b u t i o n f o r  Number o f  W ells

V I I I - 4 1 F i e l d  
= 100

S iz e D i s t r i b u t i o n f o r Number o f  W el ls

V I I I - 4 2 F i e l d  
= 200

S iz e D i s t r i b u t i o n f o r  Number o f  W ells

V I I I - 4 3 F i e l d  
= 300

S iz e D i s t r i b u t i o n f o r  Number o f  W ells

V I I I - 4 4 F i e l d  
= 400

S iz e D i s t r i b u t i o n f o r Number o f  W el ls

V I I I - 4 5 F i e l d  
= 500

S iz e D i s t r i b u t i o n f o r Number o f  W el ls

V I I I - 4 6 F i e l d  
= 600

S iz e D i s t r i b u t i o n f o r Number o f  W ells

V I I I - 4 7 F i e l d  
= 700

S iz e D i s t r i b u t i o n f o r  Number o f  W ells

Page

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158



X I V

T ab le  Page

V I I I - 48 F i e l d  S i z e  D i s t r i b u t i o n  f o r  Number o f  W el ls
= 800    159

V I I I - 4 9  F i e l d  S i z e  D i s t r i b u t i o n  f o r  Number o f  W el ls
= 900    160

VIII-SO F i e l d  S i z e  D i s t r i b u t i o n  f o r  Number o f  W el ls
= 1000   161

V I I I - S I  R e s u l t s  o f  t h e  C a l c u l a t i o n  i n  Phase  I f o r
O r i g i n a l  Model ........................................................................ 163

V I I I -52 R e s u l t s  o f  t h e  C a l c u l a t i o n  i n  Phase  I f o r
Case I ...............................................................................................174

V I I I -53 R e s u l t s  o f  t h e  C a l c u l a t i o n  i n  Phase  I f o r
Case I I ,  Region  I ....................................................................182

V I I I - 5 4  R e s u l t s  o f  t h e  C a l c u l a t i o n  i n  Phase  I f o r
Case I I ,  R egion  2 ................................................................... 183

V I I I - 5 5  R e s u l t s  o f  t h e  C a l c u l a t i o n  i n  Phase  I f o r
Case I I ,  Region  3 ....................................................................184

IX -I  P r e d i c t i o n  o f  F u tu r e  D i s c o v e r i e s  f o r  Region I
(Ky p e r b o l i c  Curve)  ..............................................................  195

IX-2 P r e d i c t i o n  o f  F u tu r e  D i s c o v e r i e s  f o r  Region  2
( H y p e r b o l i c  Curve) ..............................................................  202

IX -3 P r e d i c t i o n  o f  F u tu r e  D i s c o v e r i e s  f o r  Region  3
( H y p e r b o l i c  Curve)  ..............................................................  209

IX-4 Composi te  P a r a m e te r s  f o r  A l l  k B a s in s
(H y p e r b o l i c  Curve) ..............................................................  216

IX -5 P r e d i c t i o n  o f  F u tu r e  D i s c o v e r i e s  f o r  Region I
(Case I ) ..........................................................................................227

IX-6 P r e d i c t i o n  o f  F u tu r e  D i s c o v e r i e s  f o r  Region 2
(Case I ) ..........................................................................................234

IX -7 P r e d i c t i o n  o f  F u tu r e  D i s c o v e r i e s  f o r  Region  3
(Case I ) ..........................................................................................241

IX -8 Composite  P a r a m e te r s  f o r  A l l  k B a s in s  (Case  I ,
H y p e r b o l i c  Curve) ..............................................................  248

IX-9 P r e d i c t i o n  o f  F u tu r e  D i s c o v e r i e s  f o r  Region I
(Case I I )  .....................................................................................257



XV

Page

IX-10 P r e d i c t i o n  o f  F u tu r e  D i s c o v e r i e s  f o r  Region 2
(Case I I ) ..................................................................................... 264

IX -11 P r e d i c t i o n  o f  F u tu re  D i s c o v e r i e s  f o r  Region 3
(Case I I ) ..................................................................................... 271

IX-12 Composi te  P a r a m e te r s  f o r  A l l  k B a s i n s  (Case  I I ,
H y p e r b o l i c  Curve) ............................................................... 278

IX-13 P r e d i c t i o n  o f  F u tu r e  D i s c o v e r i e s  f o r  Region  1
( S t r a i g h t  L ine )  ...................................................................  286

IX-14 P r e d i c t i o n  o f  F u tu r e  D i s c o v e r i e s  f o r  Region  2
( S t r a i g h t  L ine)  ...................................................................  287

I X - 15 P r e d i c t i o n  o f  F u tu r e  D i s c o v e r i e s  f o r  Region 3
( S t r a i g h t  L ine)  ...................................................................  288

I X -16 Composite  P a ra m e te r s  f o r  A l l  k B a s in s
( S t r a i g h t  Line)  ...................................................................  289

IX-17 P r e d i c t i o n  o f  F u tu re  D i s c o v e r i e s  f o r  Region 1
(Case  I ,  S t r a i g h t  Line)  ....................................................296

IX-18 P r e d i c t i o n  o f  F u tu r e  D i s c o v e r i e s  f o r  Region 2
(Case I ,  S t r a i g h t  Line)  ..................................... 297

IX -19 P r e d i c t i o n  o f  F u tu r e  D i s c o v e r i e s  f o r  Region 3
(Case I ,  S t r a i g h t  Line)  ....................................................298

IX-20 Composite  P a ra m e te r s  f o r  A l l  k B a s in s  (Case  I ,
S t r a i g h t  L ine)  ........................................................................  299

IX-21 P r e d i c t i o n  o f  F u tu r e  D i s c o v e r i e s  f o r  Region 1
(Case I I ,  S t r a i g h t  L i a e ) ....................................................307

IX-22 P r e d i c t i o n  o f  F u tu r e  D i s c o v e r i e s  f o r  Region 2
(Case  I I ,  S t r a i g h t  L i n e ) ....................................................308

IX-23 P r e d i c t i o n  o f  F u tu r e  D i s c o v e r i e s  f o r  Region 3
(Case I I ,  S t r a i g h t  L i n e ) ....................................................309

IX-24 Composi te  P a ra m e te r s  f o r  A l l  k B a s i n s  (Case I I ,
S t r a i g h t  Line)  ........................................................................ 310

IX-2S P r e d i c t i o n  o f  F u tu r e  D i s c o v e r i e s  f o r  Region 1
( L o g i s t i c  C u r v e ) ..................................................  , . . . 318

IX-26 P r e d i c t i o n  o f  F u tu re  D i s c o v e r i e s  f o r  Region 2
( L o g i s t i c  Curve) ...................................................................  319

I X - 2 7 P r e d i c t i o n  o f  F u tu re  D i s c o v e r i e s  f o r  Region 3
( L o g i s t i c  Curve) ...................................................................  320



X V I

T a b le  Page

IX-28 Composi te  P a r a m e te r s  f o r  A i l  k B a s in s
( L o g i s t i c  Curve) .................................................................... 321

I X - 29 P r e d i c t i o n  o f  F u tu r e  D i s c o v e r i e s  f o r  R eg ion  1
(Case I ,  L o g i s t i c  C u r v e ) .................................................... 329

IX - 30 P r e d i c t i o n  o f  F u tu r e  D i s c o v e r i e s  f o r  R eg ion  2
(Case I ,  L o g i s t i c  C u r v e ) .....................................................330

IX - 31 P r e d i c t i o n  o f  F u tu r e  D i s c o v e r i e s  f o r  R eg ion  3
(Case I ,  L o g i s t i c  C u r v e ) .................................................... 331

IX-32 Com posi te  P a r a m e te r s  f o r  A l l  k B a s i n s  (Case  I ,
L o g i s t i c  C u r v e ) .................................  332

IX - 33 P r e d i c t i o n  o f  F u tu r e  D i s c o v e r i e s  f o r  R eg ion  1
(Case I I ,  L o g i s t i c  C u r v e ) ................................................340

IX - 34 P r e d i c t i o n  o f  F u t u r e  D i s c o v e r i e s  f o r  R e g io n  2
(Case I I ,  L o g i s t i c  C u r v e ) ................................................341

I X - 35 P r e d i c t i o n  o f  F u t u r e  D i s c o v e r i e s  f o r  R eg ion  3
(Case I I ,  L o g i s t i c  C u r v e ) ................................................342

I X - 36 Composi te  P a r a m e te r s  f o r  A l l  k B a s i n s  (Case
I I ,  L o g i s t i c  C u r v e ) .............................................................. 343

IX-37 P r e d i c t i o n  o f  F u t u r e  D i s c o v e r i e s  f o r  R eg ion  1
( I n c r e a s i n g  D r i l l i n g  Rate  F u n c t io n )  ....................  351

I X - 38 P r e d i c t i o n  o f  F u t u r e  D i s c o v e r i e s  f o r  R eg ion  2
( I n c r e a s i n g  D r i l l i n g  Rate  F u n c t io n )  ....................  352

I X - 39 P r e d i c t i o n  o f  F u tu r e  D i s c o v e r i e s  f o r  R eg ion  3
( I n c r e a s i n g  D r i l l i n g  Rate  F u n c t io n )  ....................  353

IX-40 Composi te  P a r a m e te r s  f o r  A l l  k B a s in s
( I n c r e a s i n g  D r i l l i n g  Rate  F u n c t io n )  ....................  354

I X - 41 P r e d i c t i o n  o f  F u tu r e  D i s c o v e r i e s  f o r  R eg ion  1
(Case I ,  I n c r e a s i n g  D r i l l i n g  R a te  F u n c t i o n )  . 362

I X -42 P r e d i c t i o n  o f  F u tu r e  D i s c o v e r i e s  f o r  R egion  2
(Case I ,  I n c r e a s i n g  D r i l l i n g  R a te  F u n c t i o n )  . 363

IX-43 P r e d i c t i o n  o f  F u tu r e  D i s c o v e r i e s  f o r  R egion  3
(Case I ,  I n c r e a s i n g  D r i l l i n g  R a te  F u n c t i o n )  . 364

IX-44 Composite  P a r a m e te r s  f o r  A l l  k B a s i n s  (Case  I ,
( I n c r e a s i n g  D r i l l i n g  Rate  F u n c t io n )  ....................  365



X ' / l l

T a b le  Page

I X - 45 P r e d i c t i o n  o f  F u t u r e  D i s c o v e r i e s  f o r  Region  1
(Case  I I ,  I n c r e a s i n g  D r i l l i n g  R a te  F u n c t io n )  . 372

I X - 46 P r e d i c t i o n  o f  F u t u r e  D i s c o v e r i e s  f o r  Region  2
(Case  I I ,  I n c r e a s i n g  D r i l l i n g  R a te  F u n c t io n )  . 373

I X - 47 P r e d i c t i o n  o f  F u t u r e  D i s c o v e r i e s  f o r  Region  3
(Case  I I ,  I n c r e a s i n g  D r i l l i n g  R a te  F u n c t io n )  . 374

I X - 48 Composi te  P a r a m e te r s  f o r  A l l  k B a s in s  (Case
I I ,  I n c r e a s i n g  D r i l l i n g  R a te  F u n c t i o n  . . . .  375



LIST OF FIGURES 

F ig u r e  Page

I - l  S e l e c t e d  sam ples  o f  u n p r o c e s s e d  n a t u r a l  ga s  . 3

1-2  U.S. n a t u r a l - g a s  p r o d u c t i o n  .........................................  9

1 -3  U.S. n a t u r a l - g a s  p r o d u c t i o n  ( s e m i l o g a r i t h m i c  
s c a l e .......................................................................................

I I I - l  ÀAPG and API c l a s s i f i c a t i o n  o f  w e l l s  . . . .

I l l -2  U.S. n a t u r a l  gas  s u p p l y ,  p ro v e d  r e s e r v e s  and
r e s e r v e s - t o - p r o d u c t i o n  r a t i o  ..................................

IV-1 N a t i o n a l  P e t ro le u m  C o u n c i l ' s  s u p p l y  r e g i o n s

V I - 1 Number o f  f i e l d s  and  t h e i r  s i z e  d i s t r i b u t i o n s  
f o r  each  c l a s s ....................................................................

V I-2  Flow c h a r t  f o r  r e c a l c u l a t i o n s  o f  p a r a m e t e r s

V I -3  I d e a l i z e d  c r o s s  s e c t i o n  o f  s t r a t i g r a p h i e
i n t e r v a l  .............................................................................  .

VI-4  H y p e r b o l i c  r e p r e s e n t a t i o n  o f  gas  w e l l  f o o t a g e  
v s . t  i m e ..................................................................................

V I I - 1  H is to g ra m  o f  number o f  f i e l d s  and t h e i r  s i z e  
d i s t r i b u t i o n s  f o r  e a c h  c l a s s  ..................................

V I I - 2  H is to g ram  o f  number o f  f i e l d s  and t h e i r  s i z e  
d i s t r i b u t i o n s  f o r  e a c h  c l a s s  f o r  f i r s t  run  
(k = 1 ) ............................................................................

V I I - 3  H is to g ram  o f  number o f  f i e l d s  and t h e i r  s i z e  
d i s t r i b u t i o n s  f o r  e a c h  c l a s s  f o r  s e c o n d  run  
(k = 2 ) ..................................................................................

V I I - 4  H is to g ra m  o f  number o f  f i e l d s  and t h e i r  s i z e  
d i s t r i b u t i o n s  f o r  e a c h  c l a s s  f o r  s e c o n d  r u n  
(k = 3) ..................................................................................

V I I - 5 S t r a i g h t  l i n e  r e p r e s e n t a t i o n  o f  ga s  w e l l  
f o o t a g e  v s .  t im e  .....................................................

V I I - 6  L o g i s t i c  c u rv e  r e p r e s e n t a t i o n  o f  gas  w e l l  
f o o t a g e  v s .  t im e  ..........................................................

10

35

39

47

73

77

79

85

93

97

98

99 

103 

105

X V l l l



X I X

F ig u re  Page

V I I - 7 I n c r e a s i n g  d r i l l i n g  r a t e  c u rv e  r e p r e s e n t a t i o n
o f  gas  w e l l  f o o t a g e  v s .  t i m e ........................................... 108

V I I I - 1 I n c r e m e n t  r e s e r v e s  found  v e r s u s  number o f
w e l l s  d r i l l e d ........................................................................... 164

V I I I - 2  C u m u la t ive  r e s e r v e s  found  v e r s u s  c u m u la t iv e  
number o f  w e l l s  d r i l l e d  ....................................... .

V I I I -3 In c r e m e n t  r e s e r v e s  found v e r s u s  number o f  
f i e l d s  found  ...................................................................

V I I I - 4  C u m u la t iv e  r e s e r v e s  found  v e r s u s  c u m u la t iv e  
number o f  f i e l d s  found ...........................................  .

V I I I - 5  I n c r e m e n t  r e s e r v e s  found  v e r s u s  f o o t a g e  
d r i l l e d ................................................................... ....

V I I I -6 C u m u la t iv e  r e s e r v e s  found  v e r s u s  c u m u la t iv e  
f o o t a g e  d r i l l e d  .........................................................  .

V I I I - 7 I n c r e m e n t a l  r e s e r v e s / i n c r e m e n t a l  f o o t a g e  
d r i l l e d  v e r s u s  c u m u la t iv e  f o o t a g e  d r i l l e d

V I I I - 8  In c r e m e n t  r e s e r v e s  found  v e r s u s  number o f  
w e l l s  d r i l l e d  f o r  Case I  ......................................

V I I I - 9  C u m u la t ive  r e s e r v e s  found  v e r s u s  c u m u la t iv e  
number o f  w e l l s  d r i l l e d  f o r  Case I ,

V I I I -10 In c r e m e n t  r e s e r v e s  found v e r s u s  number o f  
f i e l d s  found  f o r  Case I ......................................

V I I I - 1 1  C u m u la t iv e  r e s e r v e s  found  v e r s u s  c u m u la t iv e  
number o f  f i e l d s  found f o r  Case I ...................

V I I I - 1 2  In c r e m e n t  r e s e r v e s  found v e r s u s  f o o ta g e  
d r i l l e d  f o r  Case I ...........................................

V I I I -1 3  C u m u la t iv e  r e s e r v e s  found  v e r s u s  c u m u la t iv e  
f o o t a g e  d r i l l e d  f o r  Case I ......................................

166

167

169

170

171

172

175

176

177

178

179

180

V I I I - 1 4  I n c r e m e n t a l  r e s e r v e s / i n c r e m e n t a l  f o o t a g e
d r i l l e d  v s .  c u m u la t iv e  f o o t a g e  d r i l l e d  f o r
Case I ...............................................................................................181

V I I I -15 I n c r e m e n t  r e s e r v e s  found v e r s u s  number o f  w e l l s
d r i l l e d  f o r  Case I I ............................................................. 186

V I I I - 1 6  C u m u la t iv e  r e s e r v e s  found v e r s u s  c u m u la t iv e
number o f  w e l l s  d r i l l e d  f o r  Case I I ...................... 187



XX

F ig u re  Page

V I I I -17  I n c r e m e n t a l  r e s e r v e s  found v e r s u s  number o f
f i e l d s  found f o r  Case I I ................................................... 188

V I I I - 1 8  C um ula t ive  r e s e r v e s  found v e r s u s  cum ula t ive
number o f  f i e l d s  found  f o r  Case I I ........................... 189

V I I I - 1 9  In c re m e n t  r e s e r v e s  found v e r s u s  fo o tage
d r i l l e d  f o r  Case I I .............................................................190

V I I I - 2 0  C um ula t ive  r e s e r v e s  found v e r s u s  cum ula t ive
f o o t a g e  d r i l l e d  f o r  Case I I .......................................... 191

V I I I - 2 1  I n c r e m e n t a l  r e s e r v e s / i n c r e m e n t a l  foo tage
d r i l l e d  v e r s u s  c u m u la t iv e  f o o t a g e  d r i l l e d  f o r  
Case I I ..........................................................................................192

IX-1 P l o t  o f  i n c r e m e n t  r e s e r v e  v s .  t im e  fo r  Region
1 (H y p e r b o l i c  c u rv e )  .........................................................  196

IX-2 P l o t  o f  c u m u l a t i v e  r e s e r v e  v s .  t im e  f o r  R egion
1 ( H y p e r b o l i c  c u rv e )  .........................................................  197

I X - 3 P l o t  o f  c u m u l a t i v e  d i s c o v e r y  r a t e  vs. t im e
f o r  Region 1 ( H y p e r b o l i c  c u r v e )  ............................. 198

IX-4 P l o t  o f  i n c r e m e n t  r e s e r v e  v s .  fo o tage  f o r
Region 1 ( H y p e r b o l i c  cu rv e )  ......................................  199

IX-5 P l o t  o f  c u m u l a t i v e  r e s e r v e  v s .  e m u l a t i v e
f o o t a g e  f o r  Region  1 ( H y p e r b o l i c  curve)  . . . 200

IX-6 P l o t  o f  c u m u la t iv e  d i s c o v e r y  r a t e  vs. cum ula 
t i v e  f o o t a g e  f o r  Region 1 (H y p e rb o l ic  c u rv e )  . 201

I X - 7 P l o t  o f  i n c r e m e n t  r e s e r v e  v s .  t im e  f o r  Region
2 ( H y p e r b o l i c  c u rv e )  .........................................................  203

I X - 8 P l o t  o f  c u m u l a t i v e  r e s e r v e  v s .  t im e  f o r  Region
2 ( H y p e r b o l i c  c u rv e )  .........................................................  204

IX -9 P l o t  o f  c u m u l a t i v e  d i s c o v e r y  r a t e  vs. t im e  f o r
Region 2 ( H y p e r b o l i c  cu rv e )  ......................................  205

IX-10 P l o t  o f  in c r e m e n t  r e s e r v e  v s .  foo tage  f o r
Region 2 ( H y p e r b o l i c  c u rv e )  ......................................  206

IX-11 P l o t  o f  c u m u l a t i v e  r e s e r v e  v s .  e m u l a t i v e
f o o t a g e  f o r  Region  2 ( H y p e r b o l i c  curve)  . . .  207

IX-12 P l o t  o f  c u m u l a t i v e  d i s c o v e r y  r a t e  vs. e m u l a 
t i v e  f o o t a g e  f o r  Region 2 (H y p e rb o l ic  c u rv e )  . 208



X X I

F ig u re  Page

IX-13 P l o t  o f  i n c r e m e n t  r e s e r v e  v s .  t ime f o r  Region
3 ( H y p e r b o l i c  cu rv e )  .......................................................... 210

IX-14 P l o t  o f  c u m u la t iv e  r e s e r v e  v s .  t im e  f o r  Region
3 ( H y p e r b o l i c  cu rv e )  .......................................................... 211

IX-15 P l o t  o f  c u m u la t iv e  d i s c o v e r y  r a t e  v s .  t im e  f o r
Region 3 ( H y p e r b o l i c  cu rv e )  ....................................... 212

IX-16 P l o t  o f  i n c r e m e n t  r e s e r v e  v s .  f o o t a g e  f o r
Region 3 ( H y p e r b o l i c  c u rv e )  ....................................... 213

IX-17 P l o t  o f  c u m u la t iv e  r e s e r v e  v s .  c u m u la t iv e
f o o t a g e  f o r  Region 3 ( H y p e r b o l i c  c u rv e )  . . . 214

IX-18 P l o t  o f  c u m u la t iv e  d i s c o v e r y  r a t e  v s .  cum ula 
t i v e  f o o t a g e  f o r  Region 3 ( H y p e r b o l i c  c u rv e )  . 215

I X - 19 Composite  p l o t  o f  i n c r e m e n t  r e s e r v e  v s .  t im e
f o r  o r i g i n a l  model ( H y p e r b o l i c  c u rv e )  . . . .  217

IX-20 Composi te  p l o t  o f  c u m u l a t i v e  d i s c o v e r y  v s .
t im e  f o r  o r i g i n a l  model  ( H > ^ e r b o l i c  c u rv e )  . . 218

IX-21 Composite  p l o t  o f  c u m u l a t i v e  d i s c o v e r y  r a t e
v s .  t im e  f o r  o r i g i n a l  model ( H y p e r b o l i c  c u rv e )  219

IX-22 Composi te  p l o t  o f  i n c r e m e n t  r e s e r v e  v s .  f o o t 
age f o r  o r i g i n a l  model ( H y p e r b o l i c  c u rv e )  . . 220

IX-23 Composi te  p l o t  o f  c u m u l a t i v e  d i s c o v e r y  v s .  
c u m u la t iv e  f o o t a g e  f o r  o r i g i n a l  model 
( H y p e r b o l i c  cu rv e )  ............................................................... 221

IX-24 Composi te  p l o t  o f  c u m u l a t i v e  d i s c o v e r y  r a t e  
v s .  c u m u l a t i v e  f o o t a g e  f o r  o r i g i n a l  model 
( H y p e r b o l i c  cu rv e )  ............................................................... 222

I X - 25 P l o t  o f  i n c r e m e n t  r e s e r v e  v s .  t im e  f o r  Region
1 (Case I ) ..................................................................................... 228

IX-26 P l o t  o f  c u m u l a t i v e  r e s e r v e  v s .  t im e  f o r
Region 1 (Case  I ) .................................................................. 229

IX-27 P l o t  o f  c u m u la t iv e  d i s c o v e r y  r a t e  v s .  t im e  f o r
Region 1 (Case  I ) .................................................................. 2 30

IX-28 P l o t  o f  i n c r e m e n t  r e s e r v e  v s .  f o o t a g e  f o r
Region 1 (Case  I ) .................................................................. 231

IX-29 P l o t  o f  c u m u la t iv e  r e s e r v e  v s .  c u m u l a t i v e
f o o t a g e  f o r  Region 1 (Case I ) ..................................... 232



X X I 1

F ig u re  Page

I X -30 P l o t  o£ c u m u la t iv e  d i s c o v e r y  r a t e  v s .  cum ula
t i v e  f o o t a g e  f o r  R eg ion  1 (Case I ) ............................ 233

I X -31 P l o t  o f  i n c re m e n t  r e s e r v e  v s .  t im e f o r  Region
2 (Case  I ) ......................................................................................235

IX-32 P l o t  o f  c u m u l a t i v e  r e s e r v e  v s .  t im e  f o r  Region
2 (Case I ) ......................................................................................236

IX -33 P l o t  o f  c u m u la t iv e  d i s c o v e r y  r a t e  v s .  t im e
f o r  Region  2 (Case I )  .........................................................237

I X - 34 P l o t  o f  in c r e m e n t  r e s e r v e  v s .  f o o t a g e  f o r
Region  2 (Case  I ) ...................................................................238

IX -35 P l o t  o f  c u m u la t iv e  r e s e r v e  v s .  c u m u la t iv e
f o o t a g e  f o r  Region 2 (Case  I ) ..................................... 239

IX - 36 P l o t  o f  c u m u la t iv e  d i s c o v e r y  r a t e  v s .  cum ula
t i v e  f o o t a g e  f o r  Reg ion  2 (Case I ) ............................240

IX-37 P l o t  o f  i n c r e m e n t  r e s e r v e  v s .  t im e  f o r  Region
3 (Case  I ) ......................................................................................242

IX - 38 P l o t  o f  c u m u la t iv e  r e s e r v e  v s .  t im e  f o r  Region
3 (Case  I ) ......................................................................................243

IX-39 P l o t  o f  c u m u la t iv e  d i s c o v e r y  r a t e  v s .  t im e  f o r
Region  3 (Case I ) ...................................................................244

IX-40 P l o t  o f  i n c re m e n t  r e s e r v e  v s .  f o o t a g e  f o r
Region  3 (Case  I )  ...................................................................245

IX-41 P l o t  o f  c u m u la t iv e  r e s e r v e  v s .  c u m u la t iv e
f o o t a g e  f o r  Region 3 (Case  I ) ..................................... 246

IX-42 P l o t  o f  c u m u la t iv e  d i s c o v e r y  r a t e  v s .  cum ula 
t i v e  f o o t a g e  f o r  Region  3 (Case I ) ............................247

IX-43 Composi te  p l o t  o f  i n c r e m e n t  r e s e r v e  v s .  t im e
(Case I ,  H y p e r b o l i c  c u r v e ) ...............................................249

IX-4 4 Composite  p l o t  o f  c u m u l a t i v e  d i s c o v e r y  v s .
t im e  (Case I ,  H y p e r b o l i c  c u r v e ) .................................250

IX-45 Composite  p l o t  o f  c u m u l a t i v e  d i s c o v e r y  r a t e  v s .
t im e  (Case I ,  H y p e r b o l i c  c u r v e ) .................................251

IX-46 Composite  p l o t  o f  i n c r e m e n t  r e s e r v e  v s .
f o o t a g e  (Case  I ,  H y p e r b o l i c  cu rve )  ........................  252



X X l l l

F ig u re -  Page

IX-47 Composi te  p l o t  o f  c u m u la t iv e  d i s c o v e r y  v s .
c u m u l a t i v e  f o o t a g e  (Case I ,  H y p e r b o l i c  c u rv e )  253

IX-48 Com posi te  p l o t  o f  c u m u la t iv e  d i s c o v e r y  r a t e  
v s .  c u m u la t iv e  f o o ta g e  (Case I ,  H y p e r b o l i c  
c u r v e ) ...............................................................................................254

IX -49 P l o t  o f  in c re m e n t  r e s e r v e  v s .  t im e  f o r  Region
1 (Case  I I ) .................................................................................. 258

IX-50 P l o t  o f  c u m u la t iv e  r e s e r v e  v s .  t im e  f o r  Region
1 (Case  I I ) .............................................................................259

I X - 51 P l o t  o f  c u m u la t iv e  d i s c o v e r y  r a t e  v s .  t im e  f o r
R eg ion  1 (Case I I ) ............................. .... .............................260

IX - 52 P l o t  o f  in c re m e n t  r e s e r v e  v s .  f o o t a g e  f o r
R eg ion  1 (Case I I ) ...............................................................261

I X - 53 P l o t  o f  c u m u la t iv e  r e s e r v e  v s .  c u m u l a t i v e
f o o t a g e  f o r  Region 1 (Case I I )  ; ...................................262

I X - 54 P l o t  o f  c u m u la t iv e  d i s c o v e r y  r a t e  v s .  cu m u la 
t i v e  f o o t a g e  f o r  Region 1 (Case I I )  .......................263

IX-55 P l o t  o f  in c re m e n t  r e s e r v e s  v s .  t im e  f o r  Region
2 (Case  I I ) ................................................................................. 265

I X -56 P l o t  o f  c u m u la t iv e  r e s e r v e  v s .  t im e  f o r  Region
2 (Case I I ) ..................................................................................266

I X -57 P l o t  o f  c u m u la t iv e  d i s c o v e r y  r a t e  v s .  t im e  f o r
R egion  2 (Case I I ) ...............................................................267

IX-58 P l o t  o f  in c re m e n t  r e s e r v e  v s .  f o o t a g e  f o r
Region  2 (Case I I ) .................................................................. 268

IX-59 P l o t  o f  c u m u la t iv e  r e s e r v e  v s .  c u m u l a t i v e
f o o t a g e  f o r  Region 2 (Case  I I ) ...................................269

IX-60 P l o t  o f  c u m u la t iv e  d i s c o v e r y  r a t e  v s .  cum ula 
t i v e  f o o t a g e  f o r  Region 2 (Case I I )  .......................2 70

IX-61 P l o t  o f  in c re m e n t  r e s e r v e  v s .  t im e f o r  Region
3 (Case I I ) .............................................................................272

IX-62 P l o t  o f  c u m u la t iv e  r e s e r v e  v s .  t im e  f o r  Region
3 (Case  I I ) .............................................................................273

IX-63 P l o t  o f  c u m u la t iv e  d i s c o v e r y  r a t e  v s .  t im e  f o r
Reg ion  3 (Case I I ) ...............................................................2 74



X X I V

F ig u re  Page

IX-64 P l o t  o£ in c r e m e n t  r e s e r v e  v s .  fo o t a g e  f o r
R eg ion  3 (Case I I ) ..................................................................275

IX-6S P l o t  o f  c u m u la t iv e  r e s e r v e  v s .  c u m u la t iv e
f o o t a g e  f o r  Region 3 (Case I I ) ..................................2 76

IX-66 P l o t  o f  c u m u l a t i v e  d i s c o v e r y  r a t e  v s .  cum ula
t i v e  f o o t a g e  f o r  Region 3 (Case I I ) ....................... 277

IX-6 7 Com posi te  p l o t  o f  i n c r e m e n t  r e s e r v e  v s .  t im e
(Case  I I ,  H y p e r b o l i c  c u rv e )  .......................................... 279

IX -68 C om posi te  p l o t  o f  c u m u la t iv e  d i s c o v e r y  v s .  t im e
(Case  I I ,  H y p e r b o l i c  c u rve )  .......................................... 280

IX-69 Composi te  p l o t  o f  c u m u la t iv e  d i s c o v e r y  r a t e
v s .  t im e  (Case I I ,  H y p e r b o l i c  c u r v e ) ....................... 281

I X - 70 Composi te  p l o t  o f  in c re m e n t  r e s e r v e  v s .
f o o t a g e  (Case I I ,  H y p e r b o l i c  cu rve )  .................... 282

IX -71 Composi te  p l o t  o f  c u m u la t iv e  d i s c o v e r y  v s .
c u m u l a t i v e  f o o t a g e  (Case I I ,  H y p e r b o l i c  cu rve )  283

I X - 72 Composi te  p l o t  o f  c u m u l a t i v e  d i s c o v e r y  r a t e  vs
c u m u l a t i v e  f o o t a g e  (Case I I ,  H y p e r b o l i c  c u rve )  284

I X - 73 Com posi te  p l o t  o f  i n c r e m e n t  r e s e r v e  v s .  t im e
( S t r a i g h t  l i n e )  ...................................................................  290

I X - 74 Com posi te  p l o t  o f  c u m u la t iv e  d i s c o v e r y  v s .
t im e  ( S t r a i g h t  l i n e ) ............................................................. 291

IX-75 Composi te  p l o t  o f  c u m u la t iv e  d i s c o v e r y  r a t e
v s .  t im e  ( S t r a i g h t  l i n e ) ....................................................292

I X - 76 Composi te  p l o t  o f  i n c r e m e n t  r e s e r v e  v s .
f o o t a g e  ( S t r a i g h t  l i n e )  ................................................  293

IX -77 Com posi te  p l o t  o f  c u m u la t iv e  d i s c o v e r y  v s .
c u m u l a t i v e  f o o t a g e  ( S t r a i g h t  l i n e )  ........................  294

IX -78 Composi te  p l o t  o f  c u m u la t iv e  d i s c o v e r y  r a t e
v s .  c u m u l a t i v e  f o o t a g e  ( S t r a i g h t  l i n e )  . . . .  295

IX -79 Com posi te  p l o t  o f  i n c re m e n t  r e s e r v e  v s .  t im e
(Case  I ,  s t r a i g h t  l i n e ) ....................................................300

IX -80 Com posi te  p l o t  o f  c u m u la t iv e  d i s c o v e r y  v s .
t im e  (Case  I ,  s t r a i g h t  l i n e ) .......................................... 301



XXV

F ig u re  Page

IX-81 Composi te  p l o t  o f  c u m u l a t i v e  d i s c o v e r y  r a t e
v s .  t im e  (Case I ,  s t r a i g h t  l i n e ) .................................302

IX-82 Composite  p l o t  o f  in c r e m e n t  r e s e r v e  v s .  f o o t a g e
(Case I ,  s t r a i g h t  l i n e ) ................................................... 30 3

I X -83 Composite  p l o t  o f  c u m u la t iv e  d i s c o v e r y  v s .
c u m u la t iv e  f o o t a g e  (Case  I ,  s t r a i g h t  l i n e )  . . 3 0 4

IX-84 Composite  p l o t  o f  c u m u la t iv e  d i s c o v e r y  r a t e
v s .  c u m u la t iv e  f o o t a g e  (Case  I ,  s t r a i g h t  l i n e )  305

IX-85 Composite  p l o t  o f  i n c r e m e n t  r e s e r v e  v s .  t im e
(Case I I ,  s t r a i g h t  l i n e ) ................................................... 311

IX-86 Composite  p l o t  o f  c u m u la t iv e  d i s c o v e r y  v s .
t im e  (Case  I I ,  s t r a i g h t  l i n e ) ..................................... 312

IX-87 Composite  p l o t  o f  c u m u la t iv e  d i s c o v e r y  r a t e
v s .  t im e  (Case I I ,  s t r a i g h t  l i n e ) ............................313

IX -88 Composite  p l o t  o f  i n c re m e n t  r e s e r v e  v s .  f o o ta g e
(Case I I ,  s t r a i g h t  l i n e ) ................................................... 314

IX-89 Composite  p l o t  o f  c u m u la t iv e  d i s c o v e r y  v s .
c u m u la t iv e  f o o t a g e  (Case I I ,  s t r a i g h t  l i n e )  . 315

IX-90 Composi te  p l o t  o f  c u m u la t iv e  d i s c o v e r y  r a t e
v s .  c u m u la t iv e  f o o t a g e  (Case I I ,  s t r a i g h t
l i n e )  .............................................................................................. 316

IX-91 Composi te  p l o t  o f  i n c r e m e n t  r e s e r v e  v s .  t im e
( L o g i s t i c  c u r v e ) ...........................................................  317

IX-92 Composi te  p l o t  o f  c u m u la t iv e  d i s c o v e r y  v s .
t im e  ( L o g i s t i c  c u rv e )  ......................................................  318

IX-93 Composite  p l o t  o f  c u m u la t iv e  d i s c o v e r y  r a t e
v s .  t im e  ( L o g i s t i c  cu rv e )  .............................................. 319

IX-94 Composite  p l o t  o f  i n c r e m e n t  r e s e r v e  v s .
f o o t a g e  ( L o g i s t i c  c u rv e )  .................................................. 320

IX-9S Composi te  p l o t  o f  c u m u la t iv e  d i s c o v e r y  v s .
c u m u la t iv e  f o o t a g e  ( L o g i s t i c  cu rve )  .....................  321

IX-96 Composi te  p l o t  o f  c u m u la t iv e  d i s c o v e r y  r a t e
v s .  c u m u la t iv e  f o o t a g e  ( L o g i s t i c  cu rv e )  . . . 322

IX-97 Composite  p l o t  o f  in c re m e n t  r e s e r v e  v s .  t im e
(Case I ,  L o g i s t i c  c u r v e ) ................................................... 333



X X V I

F ig u re  Page

I X - 98 Composite  p l o t  o£ c u m u l a t i v e  d i s c o v e r y  v s .
t im e  (Case I ,  L o g i s t i c  c u rv e )  ..................................... 334

IX-99 Composi te  p l o t  o f  c u m u l a t i v e  d i s c o v e r y  r a t e
v s .  t im e  (Case I ,  L o g i s t i c  c u r v e ) ............................335

I X - 100 Composite  p l o t  o f  i n c r e m e n t  r e s e r v e  v s .
f o o t a g e  (Case  I ,  L o g i s t i c  c u rv e )  .............................  336

I X - 101 Composi te  p l o t  o f  c u m u l a t i v e  d i s c o v e r y  v s .
c u m u la t iv e  f o o t a g e  (Case I ,  L o g i s t i c  c u rv e )  . 337

IX -102 Composite  p l o t  o f  c u m u l a t i v e  d i s c o v e r y  r a t e  
v s .  c u m u la t iv e  f o o t a g e  (Case  I ,  L o g i s t i c  
c u r v e ) ............................................................................................... 338

IX-103 Composi te  p l o t  o f  i n c r e m e n t  r e s e r v e  v s .  t im e
(Case  I I ,  L o g i s t i c  cu rve)  ............................................... 344

IX-104 Composi te  p l o t  o f  c u m u l a t i v e  d i s c o v e r y  v s .
t im e  (Case  I I ,  L o g i s t i c  c u r v e ) ..................................... 345

IX-105 Composi te  p l o t  o f  c u m u l a t i v e  d i s c o v e r y  r a t e
v s .  t im e  (Case  I I ,  L o g i s t i c  c u r v e ) ............................346

I X - 106 Composi te  p l o t  o f  i n c r e m e n t  r e s e r v e  v s .
f o o t a g e  (Case  I I ,  L o g i s t i c  c u rv e )  ........................  347

I X - 107 Composite  p l o t  o f  c u m u l a t i v e  d i s c o v e r y  v s .
c u m u la t iv e  f o o t a g e  (Case I I ,  L o g i s t i c  cu rv e )  . 348

I X - 108 Composite  p l o t  o f  c u m u l a t i v e  d i s c o v e r y  r a t e  
v s .  c u m u l a t i v e  f o o t a g e  (Case  I I ,  L o g i s t i c  
c u r v e ) ............................................................................................... 349

IX-109 Composi te  p l o t  o f  i n c r e m e n t  r e s e r v e  v s .  t im e
( I n c r e a s i n g  d r i l l i n g  r a t e  f u n c t i o n )  .................... 355

IX-110 Composi te  p l o t  o f  c u m u l a t i v e  d i s c o v e r y  v s .
t im e  ( I n c r e a s i n g  d r i l l i n g  r a t e  f u n c t i o n )  . . . 356

IX-111 Composite  p l o t  o f  c u m u l a t i v e  d i s c o v e r y  r a t e
v s .  t im e  ( I n c r e a s i n g  d r i l l i n g  r a t e  f u n c t i o n )  . 35 7

IX -112 Composite  p l o t  o f  i n c r e m e n t  r e s e r v e  v s .
f o o t a g e  ( I n c r e a s i n g  d r i l l i n g  r a t e  f u n c t i o n )  . 358

I X - 113 Composite  p l o t  o f  c u m u l a t i v e  d i s c o v e r y  v s .
c u m u la t iv e  f o o t a g e  ( I n c r e a s i n g  d r i l l i n g  r a t e  
f u n c t i o n )  ........................ « ........................................................ 359



X X V I 1

F ig u re  Page

I X - 114 Composite  p l o t  o£  c u m u l a t i v e  d i s c o v e r y  r a t e
v s .  c u m u la t iv e  f o o t a g e  ( I n c r e a s i n g  d r i l l i n g  
r a t e  f u n c t i o n ) ........................................................................  360

I X - 115 Composite  p l o t  o f  i n c r e m e n t  r e s e r v e  v s .  t im e
(Case  I ,  I n c r e a s i n g  d r i l l i n g  r a t e  f u n c t i o n )  . 366

IX-116 Composite  p l o t  o f  c u m u l a t i v e  d i s c o v e r y  v s .
t im e  (Case I ,  I n c r e a s i n g  d r i l l i n g  r a t e  
f u n c t i o n ) .................................  367

I X - 117 Composi te  p l o t  o f  c u m u l a t i v e  d i s c o v e r y  r a t e
v s .  t im e  (Case I ,  I n c r e a s i n g  d r i l l i n g  r a t e
f u n c t i o n ) ...................................................................................... 368

I X - 118 Composite  p l o t  o f  i n c r e m e n t  r e s e r v e  v s .
f o o t a g e  (Case I ,  I n c r e a s i n g  d r i l l i n g  r a t e  
f u n c t i o n ) ......................................................................................369

I X - 119 Composi te  p l o t  o f  c u m u l a t i v e  d i s c o v e r y  v s .
c u m u la t iv e  f o o t a g e  (Case I ,  I n c r e a s i n g  
d r i l l i n g  r a t e  f u n c t i o n )  ................................................. 370

I X - 120 Composite  p l o t  o f  c u m u l a t i v e  d i s c o v e r y  r a t e
v s .  c u m u la t iv e  f o o t a g e  (Case  I ,  I n c r e a s i n g
d r i l l i n g  r a t e  f u n c t i o n ) ............................  371

I X - 121 Composite  p l o t  o f  i n c r e m e n t  r e s e r v e  v s .  t im e
(Case  I I ,  I n c r e a s i n g  d r i l l i n g  r a t e  f u n c t i o n )  . 377

IX-122 Composi te  p l o t  o f  c u m u l a t i v e  d i s c o v e r y  v s .
t im e  (Case  I I ,  I n c r e a s i n g  d r i l l i n g  r a t e  
f u n c t i o n ) ......................................................................................378

I X - 123 Composi te  p l o t  o f  c u m u l a t i v e  d i s c o v e r y  r a t e
v s .  t im e  (Case I I ,  I n c r e a s i n g  d r i l l i n g  r a t e  
f u n c t i o n ) ......................................................................................379

IX-124 Composi te  p l o t  o f  i n c r e m e n t  r e s e r v e  v s .
f o o t a g e  (Case I I ,  I n c r e a s i n g  d r i l l i n g  r a t e  
f u n c t i o n ) ...................................................................................... 380

I X - 125 Composite  p l o t  o f  c u m u l a t i v e  d i s c o v e r y  v s .
c u m u la t iv e  f o o t a g e  (Case  I I ,  I n c r e a s i n g  d r i l l 
in g  r a t e  f u n c t i o n ) .................................................................. 381

I X - 126 Composite  p l o t  o f  c u m u l a t i v e  d i s c o v e r y  r a t e
v s .  c u m u la t iv e  f o o t a g e  (Case  I I ,  I n c r e a s i n g
d r i l l i n g  r a t e  f u n c t i o n )  ................................................. 382



THE RESPONSE OF A NATURAL GAS RESOURCE BASE 

TO DRILLING ACTIVITY

CHAPTER I

PHYSICAL CHARACTERISTICS OF PETROLEUM RESOURCES

The p e t r o l e u m  s o u r c e s  a r e  composed p r i m a r i l y  o f  h y d r o 

c a rb o n s  (compounds c o n t a i n i n g  o n ly  h yd ro g en  and ca rbo n )  w i t h  

t h e  c h e m ic a l  s e r i e s  o f  ^j^2n+2*  w here  n may r a n g e  from 1 t o  

40 o r  more.  The f i r s t  f o u r  compounds o f  t h i s  s e r i e s  (n = 1 

t o  n = 4) a r e  g a seo u s  a t  s u r f a c e  t e m p e r a t u r e s  and  a tm o s p h e r ic  

p r e s s u r e .  For  n > 4 ,  t h e  compounds a r e  l i q u i d s  o f  i n c r e a s i n g  

d e n s i t i e s  and v i s c o s i t i e s  a s  n  i n c r e a s e s .  A n o th e r  c l a s s  

o f  p e t r o l e u m  s o u r c e s  i s  s o l i d .  T hese  a r e  k e r o g e n ,  which i s  

t h e  h y d ro c a rb o n  o f  o i l  s h a l e s ,  and  g i l s o n i t e ,  w hich  o c c u r s  

i n  m inab le  v e i n s  i n  C o lo ra d o ,  U ta h ,  and  e l s e w h e r e .

N a t u r a l  g a s ,  w hich  o c c u r s  i n  a lm o s t  e v e r y  p l a c e  

where c rude  o i l  found  and  i n  many p l a c e s  where i t  i s  n o t ,  i s  

composed p r i m a r i l y  o f  m ethane  (CH^). Methane i s  found  i n  

swamps, i n  c o a l  m ines ,  i n  s o l u t i o n  h u n d r e d s  o f  f e e t  below 

t h e  s u r f a c e  o f  t h e  o c e a n ,  and  even  i n  o u t e r  s p a c e .  O th e r  

n a t u r a l  gas  compounds a r e  f r a c t i o n a l l y  s m a l l  b u t  i m p o r t a n t .  

They a re  l i q u i d  p e t r o l e u m  g a s e s  (LPG) and  n a t u r a l  gas  l i q u i d s



2

(NGL). The LPG compounds a re  e th a n e  (C2 H ^), p ro p an e  (C^Hg), 

and  b u tan e  (C^H^q) w hich a r e  g aseo u s  a t  s u r f a c e  t e m p e r a tu r e s  

and a tm o s p h e r ic  p r e s s u r e  b u t  l i q u i f i a b l e  a t  s l i g h t l y  i n c r e a s e d  

p r e s s u r e .  The NGL compounds a re  p e n ta n e  (CgH^2 ) » hexane  

(CgH^^), and  h e p ta n e  CC^H^g) w hich  a r e  e s s e n t i a l l y  l i g h t  

g a s o l i n e s  o b t a i n a b l e  a s  b y - p r o d u c t s  o f  n a t u r a l  g a s .  I t  

s h o u ld  be m en tio n ed  t h a t  up t o  1960, o n ly  s m a l l  amounts o f  

n a t u r a l  gas l i q u i d s  (NGL) w ere p ro d u c e d  i n  t h e  U .S . ,  b u t  

from  1960 on t h e  p r o d u c t i o n  r a t e  o f  NGL i n c r e a s e d  p r o g r e s 

s i v e l y .  In  p r o c e s s i n g ,  most o f  t h e  b u t a n e  an d  h e a v i e r  h y d ro 

c a rb o n s  (NGL compounds) a s  w e l l  a s  a p o r t i o n  o f  t h e  e th a n e  

and p rop an e  a r e  f r e q u e n t l y  removed from  th e  g as  i n  th e  form 

o f  l i q u i d s .  A lso  o t h e r  i m p u r i t i e s  su ch  as  w a t e r ,  gaseo us  

s u l f u r  compounds, n i t r o g e n ,  c a rb o n  d io x id e  w ould  be removed 

from n a t u r a l  gas  i n  v a r i o u s  p r o c e s s i n g  s t a g e s .

A. C om p osition  and t h e  B tu  C o n te n t  o f  N a t u r a l  Gas

Gas, e i t h e r  n a t u r a l  o r  m an u fa c tu red ,  i s  an  i d e a l  f u e l .  

I t s  h e a t  c o n te n t  ( i . e . ,  B tu  p e r  c u b ic  f e e t )  and  i t s  ch em ic a l  

c o m p o s i t io n  can in  most s i t u a t i o n s  be m a in ta in e d  n e a r l y  

c o n s t a n t ,  t h e r e b y  m in im iz in g  o r  e l i m i n a t i n g  n o t i c e a b l e  changes 

in  b u rn in g  c h a r a c t e r i s t i c s .

The c o m p o s i t io n  and  t h e  B tu  c o n te n t  o f  u n p ro c e s s e d  

n a t u r a l  gas p ro d u ced  from  d i f f e r e n t  r e s e r v o i r s  v a r i e s  w id e ly  

as i l l u s t r a t e d  in  F ig u re  I - l .
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SELECTED SAMPLES OF NATURAL GAS

LOCATION, GEOLOGIC FORMATION 
AND HEATING VALUE PER C.R

McDowell County, West Vo. 
Lime and Weir 
(1014 BTU)

mm

Williams County, North Dakota 
Red River 
(1032 BTU)

Morgan County, Colorado 
D. Sand 
(1228 BTU)

M ethane;

Schleicher County, Texas 
Straw Reef 
(1 5 9 8  BTU)

Heavier Hydrocarbons
K

Son Juan County, Utah
Mississippian
(717 BTU) m i

■ ■ w m- w #  y  »  m ■ II

• Inerte, Impurities, and 
I Other Trace Components *

FIGURE I-l: Selected Samples of Unprocessed Natural Gas 
Source: FPC, 1974a: 6.



B. Types o f  N a t u r a l  Gas

In  a d d i t i o n  t o  c o m p o s i t io n  and B tu  c o n t e n t ,  gas i s  

commonly d e s ig n a t e d  i n  te rm s  o f  t h e  n a t u r e  o f  i t s  o c c u r r e n c e  

u n d e rg ro u n d  and i t s  a s s o c i a t i o n  w i th  c ru d e  o i l .  Both n a t 

u r a l  gas and c ru d e  o i l  r e s o u r c e s  a re  f r e q u e n t l y  found  a s 

s o c i a t e d  w i th  each  o t h e r  i n  t h e  r e s e r v o i r .  The n a t u r a l  gas  

i n  th e  f r e e  s t a t e  f r e q u e n t l y  o c c u p ie s  t h e  to p m o s t  p o r t i o n s  

o f  th e  r e s e r v o i r  o v e r l y i n g  t h e  c ru d e  o i l  b e c a u s e  n a t u r a l  gas 

h a s  a  l i g h t e r  s p e c i f i c  g r a v i t y  t h a n  o i l .  T h is  p o r t i o n  o f  

f r e e  gas w hich  o c c u rs  i n  th e  g a se o u s  p h ase  i n  c o n t a c t  above 

t h e  c rude  o i l  i n  t h e  r e s e r v o i r  i s  c a l l e d  g a s - c a p  g a s .  A l 

t e r n a t i v e l y ,  t h e  g as  may be l o c a t e d  i n  th e  same p o r t i o n s  o f  

s t r u c t u r e  as t h e  c ru d e  o i l  and  d i s s o l v e d  d i r e c t l y  in  i t .

T h is  ty p e  o f  o c c u r r e n c e  i s  c a l l e d  d i s s o l v e d  g a s ,  and i t  

i s  f r e q u e n t l y  i n  a c ru d e  o i l  r e s e r v o i r  w i th  a gas  c o n te n t  

in  th e  range  o f  z e ro  (d ea d  o i l )  t o  a few th o u s a n d  c u b ic  

f e e t  p e r  b a r r e l .  In  a d d i t i o n ,  m a jo r  q u a n t i t i e s  o f  g a se s  

e x i s t  i n  f o rm a t io n s  i n  w hich  t h e  t o t a l  h y d ro c a rb o n  volume 

o c c u r s  in  th e  g a seo u s  p h a se  in  t h e  r e s e r v o i r .  T h is  ty p e  

o f  f r e e  gas a c c u m u la t io n  i s  c a l l e d  non a s s o c i a t e d  g a s . 

F i n a l l y ,  some g a se s  o c c u r  as g a s e s  i n  u n d e rg ro u n d  r e s e r v o i r s ,  

b u t  t h e y  have a h ig h  c o n te n t  o f  h y d ro c a rb o n  l i q u i d s .  T hese  

t y p e s  o f  g a se s  a r e  c a l l e d  gas c o n d e n s a te s  o r  s im p ly  co n d en 

s a t e s .  The gas c o n d e n sa te  r e s e r v o i r  can a p p ro x im a te ly  be 

d e f i n e d  a s  th o s e  w hich  p ro d u ce  l i g h t  c o lo r e d  o r  c o l o r l e s s  

s t o c k  t a n k  l i q u i d s  w i th  g r a v i t i e s  above 45® API a t



g a s - o i l  r a t i o s  i n  t h e  range  o f  5 ,000  t o  10,000 S C F /bb l.

O v e r a l l ,  a p p ro x im a te ly  2 /3  o f  r e c e n t  p r o d u c t io n  i n  

th e  U.S. h a s  b een  non a s s o c i a t e d  g as  and th e  o t h e r  1 /3  h a s  

b een  a s s o c i a t e d  gas w i th  t h e  r a t e  o f  p r o d u c t io n  o f  a s s o c i a t e d  

gas b e in g  e n t i r e l y  d e p en d e n t  upon t h e  r a t e  o f  c ru d e  o i l  p r o 

d u c t io n  b e c a u s e  t h i s  ty p e  o f  gas  i s  n o r m a l ly  p ro d u c e d  t o 

g e t h e r  w i th  o i l  from t h e  o i l  w e l l s  and  may f r e q u e n t l y  be 

r e i n j e c t e d  i n t o  th e  r e s e r v o i r .

C. D om estic  R e so u rc e s  L o c a t io n s

N a t u r a l  gas r e s e r v e s  a re  known t o  e x i s t  i n  24 s t a t e s ,  

w i th  t h e  s t a t e s  o f  T e x a s ,  L o u i s i a n a ,  New M exico, K a n sa s ,  

and  Oklahoma c o n ta in i n g  88% o f  th e  t o t a l  p ro v e d ,  r e c o v e r a b l e  

r e s e r v e s  i n  t h e  lo w er  48 s t a t e s .

B ased  on th e  A.G.A. d a ta  f o r  p ro v e d  r e s e r v e s  and 

th e  u s e s  e s t i m a t e s  o f  p o t e n t i a l  gas  s u p p ly ,  73% o f  th e  g as  

r e s e r v e s  and  52% o f  t h e  p o t e n t i a l  g a s  a r e  l o c a t e d  i n  th e  

o n sh o re  lo w er  48 s t a t e s ,  14% o f  t h e  r e s e r v e s  and 22% o f  t h e  

p o t e n t i a l  gas  a r e  l o c a t e d  in  th e  o f f s h o r e  low er 48 s t a t e s  

and 13% o f  t h e  r e s e r v e s  and 26% o f  t h e  p o t e n t i a l  gas  a re  

l o c a t e d  in  A la sk a  i n  b o th  on sho re  and  o f f s h o r e  a r e a s .

D. O r ig in  an d  A ccum ula tion

N a t u r a l  gas i s  b e l i e v e d  t o  be t h e  r e s u l t  o f  th e  

g r a d u a l  d e c o m p o s i t io n  o f  t h e  rem a in s  o f  m in u te  a n im a l  and  

p l a n t  l i f e  w h ic h ,  t o g e t h e r  w i th  o t h e r  s e d im e n ta ry  m a t e r i a l .



was d e p o s i t e d  in  t h e  se a s  m i l l i o n s  o f  y e a r s  ago. The g e n e 

s i s  o f  gas was p r o b a b ly  i n f lu e n c e d  b y  b a c t e r i a l  a c t i o n  in  

c o n ju n c t io n  w i th  h i g h  t e m p e ra tu re  a n d  p r e s s u r e  g e n e r a t e d  by 

th e  o v e rb u rd e n  r e s u l t i n g  from  th e  s u c c e s s i v e  d e p o s i t i o n  o f  

g e o lo g i c  f o r m a t io n s .  Gas o c c u r r s  i n  many p a r t s  o f  t h e  w o r ld  

u n der  a v a r i e t y  o f  g e o l o g i c a l  c o n d i t i o n s .  The p r im a ry  c o n 

d i t i o n s  f o r  e x i s t e n c e  o r  a c c u m u la t io n  o f  gas a r e  th e  f o l 

lo w in g :  an o r i g i n a l  o r g a n ic  s o u r c e ,  a  s u i t a b l e  p o ro us  r e s 

e r v o i r  ro ck  f o r m a t io n ,  th e  t r a p  w i t h i n  w hich  gas in  c o n f in e d ,  

and an im p e rv io u s  l a y e r  over t h e  p o ro u s  ro c k .

E. H i s t o r y  and  B ackground

The f i r s t  r e c o rd e d  u se  o f  n a t u r a l  gas  in  th e  U n i te d  

S t a t e s  was i n  F r e d o n ia ,  New York in  1821. In  th e  p e r i o d  

1821-1947 t h e  u sa g e  v 5 n a t u r a l  g - s  w as l o c a l i z e d  b e c a u se  

o f  t r a n s p o r t a t i o n  l i m i t a t i o n s .  Gas c o u ld  o n ly  be t r a n s p o r t e d  

by p i p e l i n e  and  p i p e l i n e s  w ere  few a n d  l i m i t e d  t o  s h o r t  d i s 

t a n c e s  from t h e  f i e l d s  where t h e  gas was p ro d u c e d . O f te n  

o n ly  a  s m a l l  f r a c t i o n  o f  th e  p ro d u c e d  gas was u sed  i n  th e  

f i e l d s  and t h e  r e m a in d e r  was f l a r e d  o r  v e n te d .  A f t e r  W orld  

War I I  num erous p r o j e c t s  w ere  la u n c h e d  f o r  th e  la y in g  o f  

l a r g e  d i a m e te r ,  lo n g  d i s t a n c e  p i p e l i n e s  f o r  th e  d e l i v e r y  o f  

n a t u r a l  gas from t h e  G ulf  C oast and t h e  Mid C o n t in e n t  t o  th e  

c i t i e s  and i n d u s t r i a l  a r e a s  o f  th e  N o r t h e a s t ,  N o r t h - C e n t r a l ,  

and P a c i f i c  C oast a r e a s  o f  t h e  U.S. T h is  r e s u l t e d  i n  a 

c o n t in u o u s  i n c r e a s e  i n  th e  co n su m p tio n  o f  n a t u r a l  gas w hich



was s u s t a i n e d  f o r  o v e r  25 y e a r s .  The c o n su m p tio n  o f  n a t u r a l  

gas  i n  a l l  end u se  c l a s s i f i c a t i o n s ,  i . e . ,  r e s i d e n t i a l ,  com

m e r c i a l ,  i n d u s t r i a l ,  and  power g e n e r a t i o n ,  i n c r e a s e d  m arked ly  

d u r in g  t h i s  p e r i o d  (1 9 4 7 -1 9 7 3 ) .

I t  i n c r e a s e d  a t  an a v e ra g e  a n n u a l  r a t e  o f  a p p r o x i 

m a te ly  6 .5  p e r c e n t ,  r e a c h in g  2 2 .2  t c f  in  th e  end  o f  t h i s  

p e r i o d  (19 7 3 ) .  T h is  d r a s t i c  g row th  o f  n a t u r a l  gas consump

t i o n  was c au se d  by s e v e r a l  f a c t o r s ,  su ch  a s :  dev e lo p m en t

o f  new m arke t a r e a s ,  re p la c e m e n t  o f  c o a l  as f u e l  f o r  p r o 

v i d i n g  sp ace  and i n d u s t r i a l  h e a t ,  t h e  u se  i n  making p e t r o 

c h e m ic a ls  and f e r t i l i z e r s ,  and  many o t h e r s .

The r e p la c e m e n t  o f  o t h e r  s o u r c e s  o f  e n e rg y  by  n a t 

u r a l  gas  r e s u l t e d  in  an i n c r e a s e  in  t h e  p e r c e n ta g e  o f  t h e  

U .S . e n e rg y  co nsum ption  s u p p l i e d  by  n a t u r a l  g a s  from  13% in  

1945 t o  33% in  1970 ( Z a r e s k i ,  1973 ) .  The r a p i d  i n c r e a s e  

i n  t h e  demand and consum ption  o f  n a t u r a l  gas e v e n t u a l l y  

c a u s e d  consum ption  t o  e x ce ed  d i s c o v e r i e s  i n  1968 . I n  1970, 

t h e  s h o r t a g e  o f  n a t u r a l  gas was c l e a r l y  d e m o n s t r a te d  i n  th e  

i n i t i a l  c u r t a i l m e n t s  o f  f i r m ,  i n d u s t r i a l  c o n t r a c t s .  As 

r e p o r t e d  i n  y e a r l y  s t a t i s t i c s  p u b l i s h e d  by A .G .A ., t h e  co n 

su m p tio n  o f  n a t u r a l  g as  in  19 73 was 2 3 .3  t c f .  B ecause  o f  

s u p p ly  l i m i t a t i o n s  t h e  com panies c o u l d n ' t  m eet t h e  t o t a l  

demand f o r  n a t u r a l  g a s .  The 1 .1  t c f  o f  g as  s e r v i c e  w hich  

was c u r t a i l e d  r e p r e s e n t s  th e  s u p p ly  s h o r t f a l l  i n  1973 .



F. N a tu r a l  Gas P ro d u c t io n  in  U.S.

The t o t a l  a n n u a l  p r o d u c t io n  o f  n a t u r a l  gas i n  th e  

U.S. i n c r e a s e d  a lm o s t  c o n t in u o u s ly  from  1900 t o  1970 as shown 

i n  F ig u re  1 -2 .  T h is  f i g u r e  a l s o  d e m o n s t r a te s  t h e  more a b ru p t  

i n c r e a s e  in  n a t u r a l  gas  consum ption  f o l lo w in g  W orld War I I .

The p l o t  o f  t o t a l  U .S . p r o d u c t i o n  r a t e  v e r s u s  t im e  

on se m ilo g  p a p e r  i s  shown in  F ig u re  1 -3  and y i e l d s  an a lm ost  

unbroken  s t r a i g h t  l i n e .  T h is  l i n e  r e p r e s e n t s  an av e rag e  

a n n u a l  i n c r e a s e  o f  n a t u r a l  gas  p r o d u c t i o n  o f  6.73% p e r  y e a r  

f o r  t h e  same p e r i o d  (1 9 0 0 -1 9 7 0 ) .  For t h e  n e x t  t h r e e  y e a r s ,  

s i n c e  1970, t h e  g ro w th  curve  h a s  f l a t t e n e d  o u t ,  and th e  

1974 p r o d u c t io n  r a t e  h a s  i n c r e a s e d  6 p e r c e n t .  A c tu a l ly  th e  

r e d u c t io n  o f  p r o d u c t i o n  i s  c au se d  by  a s u p p ly  s h o r t a g e  and 

n o t  a te m p e r in g  o f  demand. The c u t t i n g  edge o f  th e  su p p ly  

s h o r t a g e  in  p r a c t i c a l  te rm s  s t a r t e d  i n  November 1970, and 

t h e  su p p ly  s h o r t f a l l  h a s  r i s e n  s t e a d i l y  s in c e  t h e n .  The gas 

s h o r t a g e  c a u se d  t h e  U .S . n e t  p r o d u c t io n  to  f a l l  from 22.6  

t c f  t o  21 .3  t c f  i n  1974. T h is  i s  a c t u a l l y  th e  f i r s t  s i g 

n i f i c a n t  d e c l i n e  i n  t o t a l  n e t  gas p r o d u c t io n  r e p o r t e d  by 

A.G.A. s in c e  1946.

G. Demand C o n s id e r a t io n s

A lth o u g h  t h e r e  i s  a l a c k  o f  ag reem en t a s  t o  th e  

a c t u a l  e x t e n t  o f  th e  gas s h o r t a g e ,  t h e r e  i s  a lm o s t  u n i v e r s a l  

a c c e p ta n c e  o f  t h e  f a c t  t h a t  c u r r e n t  p r o d u c t io n  from conven

t i o n a l  s o u r c e s  i s  n o t  s u f f i c i e n t  t o  s a t i s f y  a l l  demands f o r
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n a t u r a l  g a s .  In  a d d i t i o n ,  th e  c u r r e n t  d e c r e a s e  i n  p r o d u c t i o n  

i n d i c a t e s  t h a t  su p p ly  s h o r t f a l l s  w i l l  become g r e a t e r  i n  th e  

f u t u r e  u n l e s s  a d d i t i o n a l  s o u r c e s  o f  s u p p ly  a r e  d e v e lo p e d .

Demand p r o j e c t i o n s  f o r  n a t u r a l  gas hav e  b e e n  made 

by d i f f e r e n t  g ro u p s  ; o n ly  th e  p r o j e c t i o n s  made by  t h e  F u tu re  

R eq u irem en t Committee (FRC) w i l l  be  c o n s i d e r e d  i n  t h i s  d i s 

s e r t a t i o n .  In  1971 t h e  FRC p r o j e c t i o n s  were a l l  b a s e d  on t h e  

a s s u m p t io n s  t h a t  t h e  s u p p ly  o f  gas  w ould  be enough o r  a d e 

q u a te  t o  meet th e  growing demands and t h a t  g a s  w ould  r e t a i n  

i t s  p r i c e  a d v a n ta g e  o v e r  o t h e r  e n e rg y  s o u r c e s  (FRC, 19 71 ) .

On t h i s  b a s i s ,  a n n u a l  demand f o r  gas i n  th e  lo w e r  48 s t a t e s  

was p r o j e c t e d  by FRC t o  i n c r e a s e  t o  4 6 .4  t c f  i n  1990 w hich  

means an assumed g row th  r a t e  o f  a b o u t  3.7% d u r in g  t h e  1970- 

1990 p e r i o d .  W ith t h i s  grow th r a t e  o f  3.7%, t h e  p r o j e c t e d  

demand f o r  n a t u r a l  gas  in  1973 w ould have  b e e n  2 7 .7  t c f ,  b u t  

a c t u a l  consum ption  o f  n a t u r a l  gas in  1973 was 2 1 .3  t c f .  T h is  

d i f f e r e n c e  i s  a  m easu re  o f  th e  su p p ly  s h o r t a g e  o r  p r o d u c t i o n  

l i m i t a t i o n  on n a t u r a l  g a s .  T h is  i n d i c a t e s  t h a t ,  u n l e s s  

a d d i t i o n a l  s o u r c e s  o f  n a t u r a l  gas a re  fo u n d ,  f u t u r e  consump

t i o n  w i l l  be l i m i t e d  by  s u p p ly  and  n o t  by demand.



CHAPTER I I

FUTURE SUPPLY PROJECTIONS FOR THE U.S.

THROUGH THE YEAR 1995

S u p p ly  p r o j e c t i o n s  made by  a u t h o r i t a t i v e  and kno w l

e d g e a b le  a g e n c ie s  and  o r g a n i z a t i o n s  i n d i c a t e  t h a t  t h e  amount 

o f  g a s  w hich  w i l l  be  a v a i l a b l e  from  a l l  s o u r c e s  i n  t h e  f u t u r e  

w i l l  n o t  m eet th e  p r o j e c t e d  demand. I n  o r d e r  t o  s u p p ly  

enough  n a t u r a l  gas t o  meet a l l  U .S . n e e d s  th ro u g h  th e  y e a r  

1995 from  b o t h  U.S. so u rc e s  and f o r e i g n  s u p p l i e s ,  an o p t i 

m i s t i c  p r o j e c t i o n  w hich r e l i e s  on m a jo r  b re a k th ro u g h s  i n  

t e c h n o lo g y  a n d  a c c e l e r a t e d  d ev e lo p m e n t o f  a l l  s u p p ly  s o u r c e s  

i s  r e q u i r e d .  Thus i t  i s  f i t t i n g  t o  v iew  a l l  a l t e r n a t i v e  

s o u r c e s  o f  n a t u r a l  gas and g a seo u s  f u e l s  as  com plem entary  

r a t h e r  th a n  c o m p e t i t iv e  and  t o  t r y  t o  f i n d  th e  b e s t  and  m ost 

e f f i c i e n t  way o f  p ro d u c in g  n a t u r a l  gas  from them .

The p o t e n t i a l  a l t e r n a t i v e  s o u r c e s  a r e :  (1) n u c l e a r

s t i m u l a t i o n  and  m ass ive  h y d r a u l i c  f r a c t u r i n g  o f  low p e rm ea 

b i l i t y  r e s e r v o i r s  i n  th e  w e s te r n  U .S . i n  o r d e r  t o  make i t  

p o s s i b l e  to  p ro d u ce  u n r e c o v e r a b le  n a t u r a l  gas e c o n o m ic a l ly  

from  low p e r m e a b i l i t y  r o c k s ;  (2) p r o d u c t i o n  o f  l a r g e  p o 

t e n t i a l  q u a n t i t i e s  o f  a r t i f i c i a l  o r  s u b s t i t u t e  n a t u r a l  g a s ,

i . e . ,  g e n e r a t i n g  gas by g a s i f y i n g  c o a l ,  o i l  s h a l e ,  o r g a n i c

1 2
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w a s te  and p l a n t  m a t e r i a l ;  (3) m ass ive  e x p l o r a t i o n  and d e 

velopm ent o f  o n sh o re  as w e l l  as p r o s p e c t i v e  o f f s h o r e  a re a s  

owned by t h e  go vern m en t;  (4) i n c r e a s e d  p i p e l i n e  im p o r ts  o f  

gas  from Canada and  M exico; (5) i m p o r t a t i o n  o f  l i q u e f i e d  

n a t u r a l  gas (LNG) and  l i q u i d  h y d ro ca rb o n s  by  t a n k e r s ;

C6) t r a n s p o r t a t i o n  o f  A la sk an  gas t o  m a rk e ts  i n  th e  U .S . ;

(7 ) i m p o r t a t i o n  o f  m e th a n o l  m an u fa c tu re d  from  f o r e i g n  n a t 

u r a l  gas s o u r c e s  and  t r a n s p o r t e d  t o  th e  U .S . by t a n k e r ;

(8 ) hy d ro g en  gas p ro d u ce d  from e i t h e r  w a t e r  o r  o t h e r  h y d ro 

gen compounds can be  p o t e n t i a l  s u b s t i t u t e  g a seo u s  f u e l s .

M ajor  s t u d y  and r e s e a r c h  by th e  u n i v e r s i t i e s ,  p r i 

v a te  o i l  c o m p a n ie s ,  and t h e  F e d e ra l  Government a re  a l r e a d y  

underway on a l l  o f  t h e s e  a l t e r n a t i v e  s o u r c e s  o f  n a t u r a l  gas 

and  gaseo u s  f u e l s .  In  a d d i t i o n ,  numerous schem es f o r  m ax i

m iz in g  th e  amount o f  c o n v e n t io n a l  n a t u r a l  gas  fo und  and 

d e v e lo p ed  i n  b o th  t h e  o n sh o re  and o f f s h o r e  a r e a s  o f  th e  U.S. 

a r e  b e in g  c o n s i d e r e d .  T hese  p o t e n t i a l  s o u r c e s  o f  f u t u r e  

gas s u p p l i e s  w i l l  be  d i s c u s s e d  in  more d e t a i l  i n  th e  f o l lo w 

in g  s e c t i o n s  o f  t h e  d i s s e r t a t i o n .

A. N u c le a r  S t i m u la t i o n  and  H y d ra u l ic  F r a c t u r i n g  o f  

Low P e r m e a b i l i t y  R e s e rv o i r s

The g e o lo g i c  fo rm a t io n s  o f  th e  Green R iv e r  B a s in  o f  

Wyoming, t h e  P ic e a n c e  B a s in  o f  C o lo rad o , t h e  U n i ta  B as in  

o f  U tah , and  th e  San Ju an  B a s in  o f  New Mexico c o n ta in  l a r g e  

q u a n t i t i e s  o f  n a t u r a l  gas r e s o u r c e s .  However, th e s e  gas
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r e s o u r c e s  c a n n o t  be p ro d u ce d  e c o n o m ic a l ly  b e c a u se  t h e  ro ck  

fo rm a t io n s  a r e  e x t r e m e ly  im perm eable  ( t i g h t ) . I t  h a s  been  

e s t i m a t e d  b y  th e  S u p p ly  T e c h n ic a l  A d v iso ry  Task F o rc e  N a tu r a l  

Gas T ec h n o lo g y  o f  t h e  FPC's N a t i o n a l  Gas Survey  (FPC, 1973d) 

t h a t  t i g h t  f o r m a t io n s  in  t h e s e  f o u r  b a s i n s  c o n ta in  more th a n  

600 t c f  o f  n a t u r a l  gas r e s o u r c e s .

Two t e c h n iq u e s  have r e c e i v e d  c o n s id e r a b le  a t t e n t i o n  

as b e in g  c a p a b le  o f  overcom ing t h e  p ro b lem  o f  i n c r e a s i n g  th e  

p r o d u c t i v i t y  and t h u s  t h e  r e c o v e r y  o f  gas  from lo w - p e r m e a b i l i t y  

f o r m a t io n s .  The f i r s t ,  n u c l e a r  s t i m u l a t i o n ,  i s  a c c o m p l ish e d  

by t h e  u n d e rg ro u n d  d e to n a t i o n  o f  a  n u c l e a r  d e v ic e  w hich  c r e 

a t e s  a "ch im ney"  o f  b ro k en  r o c k s .  A sy s te m  o f  f r a c t u r e s  

r a d i a t e s  o u tw a rd  from  t h e  chim ney w hich  c o u ld  r e s u l t  in  

g r e a t l y  i n c r e a s e d  p r o d u c t i v i t y .  The n u c l e a r  s t i m u l a t i o n  

has th e  p o t e n t i a l  o f  r a i s i n g  th e  r e c o v e r y  r a t e  t o  so m e th in g  

be tw een  SO and  80 p e r  c e n t  (1 7 ) .

The s e c o n d ,  m ass iv e  h y d r a u l i c  f r a c t u r i n g  o r  th e  a p 

p l i c a t i o n  o f  s p e c i a l  n o n - n u c le a r  e x p l o s i v e s ,  c a u se s  t h e  

c r e a t i o n  o f  l a r g e  and e x t e n s i v e  f r a c t u r e s .  These f r a c t u r e s  

a re  h e l d  open  by  a  " p ro p p a n t"  su c h  a s  s a n d  g r a i n s  o r  g l a s s  

b e ad s  and s e r v e  a s  h ig h  c a p a c i t y  p a th s  f o r  gas f lo w  i n t o  a 

p ro d u c in g  w e l l .

The gas  r e s o u r c e s  i n  low p e rm e ab le  ( t i g h t )  r e s e r v o i r s  

a re  n o t  r e c o v e r a b l e  w i th  t o d a y ' s  t e c h n o lo g y  u n d e r  p r e s e n t  

econom ic a n d  o p e r a t i n g  c o n d i t i o n s .  For exam ple , n u c l e a r  

e x p lo s iv e  s t i m u l a t i o n  i s  c o s t l y  an d  may be c o n s t r a i n e d  by
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u n r e s o lv e d  e n v i r o n m e n ta l  p ro b lem s. I t  i s  a n t i c i p a t e d  t h a t  

w i th  a d d i t i o n a l  t e c h n o l o g i c a l  developm ent t h e s e  t e c h n iq u e s  

w i l l  be a p p l i c a b l e  and t h a t  th e y  e v e n t u a l l y  can c o n t r i b u t e  

l a r g e  in c r e m e n t s  t o  t h e  n a t i o n ' s  a v a i l a b l e  f u t u r e  g a s  s u p 

p l i e s .

B. P r o d u c t io n  o f  N a t u r a l  Gas from A r t i f i c i a l  

o r  S u b s t i t u t e  N a t u r a l  Gas

C o a l ,  o i l  s h a l e ,  o r g a n ic  w a s te  and p l a n t  m a t e r i a l  

a re  v e ry  p ro m is in g  s o u r c e s  f o r  s u b s t i t u t e  n a t u r a l  g a s .  The

c ase  f o r  o b t a i n i n g  o i l  and  gas from th e s e  s o u r c e s  s t a r t s

w i th  two s i g n i f i c a n t  a d v a n ta g e s :  (1) th e  l o c a t i o n  o f  t h e

c o a l  and  o i l  s h a l e  r e s o u r c e s  i s  a l r e a d y  known and  t h e i r  e x 

t e n t  i s  eno rm ous; and  (2) i n  th e  d i s p o s a l  o f  w a s te  m a t e r i a l s  

th e  g a t h e r i n g  o f  t h e  g as  r e p r e s e n t s  a c o s t  b e n e f i t .

In  r e c e n t  y e a r s ,  b e ca u se  o f  th e  o i l  and gas  s h o r t a g e s ,  

many e f f o r t s  a r e  now u n d e r  way aimed a t  t h e  p r o d u c t i o n  o f  

l i q u i d  and g a se o u s  h y d ro c a rb o n s  from  v a r io u s  s u b s t i t u t e  

r e s o u r c e s .  Most o f  t h e s e  o p e r a t io n s  a re  s t i l l  i n  v a r i o u s  

p h a se s  o f  r e s e a r c h  and t e s t i n g .  A few o f  t h e  more p r o m is in g  

p r o j e c t s  a r e :

Coal :

The U .S . r e c o v e r a b l e  c o a l  r e s e r v e s  a r e  e s t i m a t e d  

t o  be 1 .6  t r i l l i o n  t o n s  ( A v e r i t t ,  1 974). B oth  o i l  and gas 

from c o a l  w ere  c o m m e rc ia l ly  m ark e ted  in  t h e  U .S . b e f o r e  t h e r e  

was a p e t r o le u m  i n d u s t r y .  O i l  from c o a l  h a s  lo n g  s i n c e
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d i s a p p e a r e d  and o n ly  a m in i s c u l e  q u a n t i t y  o f  g as  from  co a l  

i s  made and s o l d  to d a y .

One d i f f i c u l t y  in  t u r n i n g  s o l i d  c o a l  i n t o  l i q u i d s  

and  g a s e s  d i r e c t l y  s u b s t i t u t a b l e  f o r  c o n v e n t io n a l  h y d r o c a r 

bons h as  a lw ays been  th e  c o s t  o f  h y d ro g e n .  M ethane , th e  

m ain c o n s t i t u e n t  o f  n a t u r a l  g a s ,  c o n t a i n s  f i v e  t im e s  th e  

amount o f  h y d ro g en  as  i t s  e q u i v a l e n t  w e ig h t  i n  c o a l  

( 1 7 ) .  T h e r e f o r e ,  any a t t e m p t  t o  change c o a l  t o  gas in v o lv e s  

su p p le m e n t in g  t h e  p o r t i o n  o f  t h e  c o a l  t o  be  re fo rm e d  w ith  

l a r g e  q u a n t i t i e s  o f  h y d rogen . T h is  can  be done w i th  hydrogen  

s t r i p p e d  from t h e  r e s i d u a l  p o r t i o n  o f  th e  c o a l  o r  w i th  h y 

d rogen  d e r i v e d  from  an o u t s i d e  s o u r c e  such  as w a t e r .

U n f o r t u n a t e l y ,  up t o  t h i s  d a t e ,  t h e r e  a r e  no com

m e r c i a l  c o a l  g a s i f i c a t i o n  p l a n t s  o p e r a t i n g  i n  t h e  U .S .

L arge  s c a l e  p i l o t  p l a n t s  a r e  i n  o p e r a t i o n  and s e v e r a l  ap 

p l i c a t i o n s  f o r  t h e  c o n s t r u c t i o n  o f  c o a l  g a s i f i c a t i o n  have 

been  s u b m i t t e d  t o  t h e  F e d e ra l  Power Com mission. The c o s t  

b a r r i e r  w i l l  u n d o u b te d ly  be  b r e a c h e d  in  j u s t  a  few y e a r s  

making gas m a n u fa c tu re d  from  c o a l  a component o f  t h e  gas 

su p p ly  m ix .

The p r o j e c t i o n s  o f  t h e  e s t i m a t e d  q u a n t i t y  o f  gas 

t h a t  may be made from c o a l  th r o u g h  1990 a re  shown i n  T able

I I - l .

O i l  S h a le

An o i l  s h a l e  i s  a  f i n e  g r a i n e d  ro c k  c o n t a i n i n g  a 

waxy, s e m i - s o l i d ,  o r g a n ic  s u b s t a n c e  c a l l e d  k e ro g e n .  On
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TABLE I I -1

P r o j e c t i o n s  o f  C oa l G a s i f i c a t i o n  P l a n t  C a p a c i ty

( T r i l l i o n  c u b ic f e e t )

1980 1985 1990

NPC* 0 .3 6 1 .3 N.E .

DOI^ 0 .3 1 .4 N.E.

NGS^ 0 .3 1 .3 2 .9

N.E. - -  Not e s t i m a t e d

Sources:  ^ P C ,  1972

^DOI, 1972a 

Cppc, 1973e

h e a t in g  th e  s o l i d  k e ro g e n  can  be  c o n v e r te d  t o  a l i q u i d  o r  a 

gas depending  on th e  m anner in  w hich  t h e  h e a t  i s  a p p l i e d .

O i l  s h a l e  d e p o s i t s  o c c u r  i n  t h i r t y  s t a t e s  i n  t h e  

U.S. But th o s e  o f  th e  G reen R iv e r  f o rm a t io n  in  C o lo ra d o ,

U tah , and  Wyoming c o n t a i n  th e  l a r g e s t  p o r t i o n  o f  d i s c o v e r e d  

o i l  s h a l e  r e s o u r c e s ,  a n d  a p p e a r  t o  be s u f f i c i e n t l y  v a l u a b l e  

to  a t t r a c t  i n t e r e s t  a t  t h e  p r e s e n t  t im e .

The u s e s  (T h e o b a ld ,  1972) e s t im a t e d  t h a t  t h e  d i s 

co v ered  U.S. o i l  s h a le  r e s o u r c e s  a r e  in  e x c e s s  o f  2000 b i l l i o n  

b a r r e l s  o f  o i l  in  co m p ariso n  to  e s t im a t e d  p ro v e d  o i l  r e s e r v e s  

o f  35 b i l l i o n  b a r r e l s  a t  y e a r  end 1973.

Some p i l o t  p l a n t  o p e r a t i o n s  have b een  c o n d u c te d  and 

a s u b s t a n t i a l  amount o f  e n g in e e r in g  developm ent has  b een  done 

on th e  p r o c e s s .  H ow ever, t o d a y ’ s t e c h n o lo g y  i s  n o t  c a p a b le
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o f  d e v e lo p in g  n a t u r a l  gas from o i l  s h a l e  e c o n o m ic a l ly .  A l

thou gh  a d d i t i o n a l  developm ent work w i l l  im prove th e  econom ics 

o f  t h e  p r o c e s s ,  t h e  f u t u r e  u se  o f  o i l  s h a l e  a s  a  s o u rc e  f o r  

l i q u i d  h y d ro c a rb o n s  seems more l i k e l y .

O rg a n ic  W astes

Gaseous f u e l s  can be p ro d u ced  by b i o - c o n v e r s i o n  

(som etim es c a l l e d  a n a e r o b ic  d i g e s t i o n ) , t h e  c o n v e r s io n  o f  

o r g a n i c  w a s te s  i n t o  gas th ro u g h  t h e  a c t i o n  o f  m ic ro o rg a n ism s ,  

o r  by  p y r o l y s i s ,  t h e  ch em ica l  d e c o m p o s i t io n  o f  w a s te  th ro u g h  

t h e  a p p l i c a t i o n  o f  h e a t  i n  t h e  a b sen c e  o f  a i r .  The b io c o n 

v e r s i o n  p r o c e s s  y i e l d s  a  gas w i th  a h e a t  c o n te n t  o f  ab o u t  

1000 B t u ' s / c f  w hich  i s  e q u i v a l e n t  t o  p i p e l i n e  q u a l i t y  n a t u r a l  

g a s ,  w h i l e  low -B tu  gas i s  p ro d u ce d  th ro u g h  p y r o l y s i s .  An 

e s t i m a t e  o f  t h e  t o t a l  o r g a n ic  w a s te s  g e n e r a t e d  i n  t h e  U.S. 

i s  880 m i l l i o n  to n s  p e r  y e a r  o f  w hich  13 6 .3  m i l l i o n  to n s  

p e r  y e a r  a r e  r e a d i l y  c o l l e c t a b l e  (A nderso n , 1 9 7 2 :8 ,  1 3 ) .  I f  

c o n v e r t e d  c o m p le te ly  i n t o  n a t u r a l  g a s ,  t h e  r e a d i l y  c o l l e c t 

a b le  w a s te s  w ould  y i e l d  a b o u t  1 .36  t c f  p e r  y e a r .

T h is  c o n v e r s io n  te c h n o lo g y  i s  s t i l l  i n  t h e  p i l o t  

p l a n t  o r  e a r l y  com m ercial o p e r a t io n  s t a g e s ,  b u t  i t  h a s  con

s i d e r a b l e  p o t e n t i a l  in  s p e c i f i c  s i t u a t i o n s .

C. M ass ive  E x p lo r a t i o n  and Development o f  O nshore  a s  W ell 

as  P r o s p e c t iv e  O f f s h o re  A reas  Owned by t h e  Government

I n  t h e  p a s t ,  t h e  m a jo r  p o r t i o n  o f  n a t u r a l  gas r e 

s o u r c e s  w ere d e v e lo p ed  on sh o re  i n  t h e  low er 48 s t a t e s  and
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were u n d e r  p r i v a t e l y  owned l a n d s .  T here  w ere e s s e n t i a l l y  

no c o n s t r a i n t s  on th e  dev elopm en t b e c a u se  o f  t h e  a v a i l a b i l i t y  

o f  l a r g e  t r a c t s  o f  l a n d  t o  s u p p o r t  m a jo r  e x p l o r a t i o n  and 

p r o d u c t io n  p ro g ram s. The h ig h  v a lu e  o f  t h e  d e v e lo p e d  h y d ro 

c a rb o n  r e s o u r c e s  and t h e  l i m i t e d  im p ac t on s u r f a c e  la n d  u se  

e n c o u ra g e d  n a t u r a l  g a s  r e s o u r c e  d e v e lo p m e n t.  L a t e ly  b e c a u se  

o f  t h e  gas s u p p ly  s h o r t a g e  and b e c a u se  o f  t h e  p r o g r e s s i o n  

to w a rd  th e  e x p l o i t a t i o n  o f  t h e  lo w e r  48 s t a t e  o f f s h o r e  and 

t h e  A la sk an  r e s o u r c e s ,  p o t e n t i a l l y  g a s - b e a r in g  la n d s  owned 

by  t h e  governm ent a r e  becom ing i n c r e a s i n g l y  s i g n i f i c a n t .

The o w n e rsh ip  o f  n a t u r a l  g a s  r e s o u r c e s  shown i n  T a b le  I I -2 

c l e a r l y  i n d i c a t e s  t h a t  governm ent ow n ersh ip  can p l a y  a p ro m i

n e n t  r o l e  i n  th e  f u t u r e  deve lopm en t o f  n a t u r a l  gas  r e s o u r c e s .  

The F e d e r a l  Government owns most o f  t h e  o f f s h o r e  a c re a g e  

beyond  t h e  t h r e e - m i l e  l i m i t  ( a l l  a c re a g e  e x c e p t  t h a t  o f f  

Texas and F l o r i d a ,  w i t h  s e v e r a l  o t h e r  c o a s t a l  s t a t e s  a l s o  

c la im in g  ow n ersh ip  bey ond  t h r e e  m i l e s ) , and  f e d e r a l  ow ner

s h ip  i s  s i g n i f i c a n t  i n  A la s k a  and t h e  w e s te r n  s t a t e s .

TABLE I I - 2

F e d e r a l  N a t u r a l  Gas R esou rce  O w nership  
( F ig u r e s  g iv e n  a r e  p e r c e n t a g e s  o f  d o m e s t ic  t o t a l )

P ro d u c t io n  
R e se rv e  R eso u rces  i n  19 72

O ffs h o re  15 36 16

O nshore 6 8 6

T o t a l  21 44 22

S o u rc e :  F o rd  F o u n d a t io n ,  1973: C h a p te r  V I I I ,  p .  3.
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I n  o r d e r  t o  i n c r e a s e  t h e  g as  s u p p ly ,  e x p l o r a t i o n  

i n c e n t i v e s  and  a c c e l e r a t e d  p ro g ram s f o r  l e a s i n g  f e d e r a l  

domain la n d s  s h o u ld  be p u r s u e d .

D. I n c r e a s e d  P i p e l i n e  Im p o r ts  o f  Gas from Canada 

and  Mexico

A lth o u g h  im p o r ts  o f  n a t u r a l  gas  have  expanded  r a p 

i d l y  s i n c e  1947 , t h e i r  volume i s  s t i l l  s m a l l  r e l a t i v e  t o  

t o t a l  s u p p ly .  Gas im p o r ts  i n t o  t h e  lo w e r  48 s t a t e s  b y  p i p e 

l i n e  a re  p r i m a r i l y  from  Canada and  w ere  i n  e x c e ss  o f  one 

t c f  i n  19 73. Alm ost a l l  t h e  im p o r te d  gas from Canada comes 

from t h e  w e s te r n  p r o v i n c e s ,  w hich  c o n t a i n  o v e r  99 p e r  c e n t  

o f  C a n a d a 's  p ro v e d  gas r e s e r v e s  (FPC, 1 9 7 4 c :3 5 ) ,

I n  o r d e r  t o  i n c r e a s e  t h e  i m p o r t a t i o n  o f  gas from  

Canada i n t o  t h e  U .S . ,  C a n a d ia n  e x p o r t  a u t h o r i z a t i o n s  a r e  

n e e d e d .  I t  seems u n l i k e l y  t h a t  a d d i t i o n a l  gas w i l l  b e  a -  

v a i l a b l e  t o  p e rm i t  a u t h o r i z a t i o n  o f  a d d i t i o n a l  gas im p o r t s  

t o  t h e  U .S . from  th e  t r a d i t i o n a l  gas  p ro d u c in g  p r o v i n c e s  o f  

w e s te rn  Canada. On th e  o t h e r  h a n d , t h e s e  p r o v in c e s  a r e  

e s t i m a t e d  to  c o n ta in  o n ly  15% o f  t h e  t o t a l  u l t i m a t e  p o t e n t i a l  

s u p p ly  o f  n a t u r a l  gas  i n  Canada (FPC, 1 9 7 4 c :3 9 ) .  The b u lk  

o f  th e  t o t a l  i s  a t t r i b u t e d  t o  t h e  f r o n t i e r  p r o v i n c e s .  About 

31% a re  e s t i m a t e d  t o  b e  l o c a t e d  i n  t h e  A r c t i c  I s l a n d s ,  ab o u t  

12% in  M ackenzie  D e l t a ,  a n d  35% i n  t h e  A t l a n t i c  o f f s h o r e  

(FPC, 1 9 7 4 c :3 8 ) .  Thus i n c r e a s e d  i m p o r t a t i o n  o f  n a t u r a l  gas 

th ro u g h  p i p e l i n e  from Canada seems t o  depend upon t h e  d e v e lo p 

ment o f  t h e  f r o n t i e r  gas  p r o v i n c e s .
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The g a s  im p o r te d  from Mexico s e r v e s  T exas  e x c l u s i v e l y .  

The im p o r ts  from  Mexico a v e ra g e d  a p p ro x im a te ly  50 b i l l i o n  

c u b ic  f e e t  p e r  y e a r  from  1958 t o  1969, b u t  i t  d e c l in e d  t o

1 .6  b i l l i o n  c u b ic  f e e t  i n  1973.

The r e l a t i v e l y  s m a l l  n a t u r a l  g a s  r e s o u r c e  b a se  i n  

Mexico w ould  n o t  seem t o  f a v o r  t h e  i m p o r t a t i o n  i n t o  t h e  U .S. 

o f  more gas  from  t h i s  c o u n t r y .  But r e c e n t  d i s c o v e r i e s  i n  

Mexico m ig h t h a v e  an  im p ac t on t h i s  a s p e c t  o f  U .S .-M ex ican  

p o l i c y .

E. I m p o r t a t i o n  o f  L iq u e f i e d  N a tu r a l  Gas CLNG) and 

H y d ro carb o n  L iq u id s

The FP C 's  N a t i o n a l  Gas Survey  i d e n t i f i e d  21 s o u rc e s  

o f  LNG w i th  a d e q u a te  r e s e r v e s  f o r  s u p p o r t i n g  p o t e n t i a l  lo n g 

te rm  im p o r t  p r o j e c t s  t o  t h e  U .S . (FPC, 1 9 7 3 b :3 4 4 ) .  A lth oug h  

o p e r a t i o n a l  d a t e s  f o r  t h e  p ro p o s e d  p r o j e c t s  a re  u n c e r t a i n  

and s p e c i f i c  p r o j e c t s  c a n n o t  be i d e n t i f i e d  beyond  1980.

C u r re n t  a c t i v i t y  seems t o  i n d i c a t e  a p a t t e r n  o f  lo n g - te r m  

im p o r t a t i o n  o f  LNG i n t o  th e  c o n t ig u o u s  U .S. T a b le  I I -3 

shows v a r i o u s  p r o j e c t i o n s  o f  lo n g - te r m  U.S. im p o r ts  o f  LNG.

H y d ro ca rb o n  l i q u i d s  can  be g a s i f i e d  and u se d  a s  a n 

o t h e r  s o u r c e  o f  s u b s t i t u t e  n a t u r a l  g a s .  The te c h n o lo g y  

f o r  g a s i f y i n g  l i g h t  l i q u i d  h y d ro c a rb o n s  such  as  n a p th a  and 

n a t u r a l  gas  l i q u i d s  t o  p ro d u c e  a p r o d u c t  c a l l e d  re fo rm e r  

gas  i s  c u r r e n t l y  a v a i l a b l e  and  i s  b e in g  u se d  i n  com m ercia l 

p l a n t s  o p e r a t e d  in  t h e  U .S . G a s i f i c a t i o n  o f  l i q u i d
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Table II-3. Projections of LNG Imports 
(trillion cubic feet)

1980 1985 1990

FPC* 2.0 3.0 4.0
DOI^ 0.9 1.6 N.E.
NPC®
Low-Case 2.3 3.2 N.E.
High^Case 2.3 3.9 N.E.

IGT* 1.1 1.6 2.1
A.G.A.® 1.7 2.7 3.2
NGS^
Low-Case 0.4 0.4 0.4
High-Case 3.2 3.8 4.7

N.E. - Not estimated 
Sources: *FPC, 1972:70.

^DOI, 1972a:32. 
®NPC, 1972:133. 
^Linden, 1973. 
®Hardy, 1974.
FPC, 1974b:4-5.
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h y d ro c a rb o n s  h a s  th e  a d v a n ta g e s  o f  h ig h  c o n v e r s io n  e f f i c i e n c y ,  

low c a p i t a l  c o s t s ,  and  s h o r t  c o n s t r u c t i o n  t im e s .  The p r i n 

c i p l e  d i s a d v a n ta g e  o f  t h e s e  p r o c e s s e s  i s  t h e  s h o r t a g e  and  

e s c a l a t i n g  c o s t  o f  f e e d s t o c k s .  The FEA ( f o r m e r ly  FEO) i n  

J a n u a r y ,  1974 , d e n ie d  a l l o c a t i o n s  o f  n a p th a  and o t h e r  l i g h t  

h y d ro c a rb o n s  d e r iv e d  from  c ru d e  o i l  f o r  new r e fo rm e r  p l a n t s  

(FEO, 1 9 7 4 ) .  N a tu r a l  gas l i q u i d s  a r e  a l s o  i n  s h o r t  s u p p ly .  

Thus i n c r e a s e d  a v a i l a b i l i t y  o f  r e f o rm e r  gas depends on i n 

c r e a s e d  i m p o r t a t i o n  o f  th e  f e e d s t o c k s .

F. T r a n s p o r t a t i o n  o f  A lask an  Gas

Gas p r o d u c t io n  i n  A la sk a  h as  been  c o n f in e d  t o  s o u th  

A la s k a ,  p r i m a r i l y  t o  e x p o r t  LNG t o  J a p a n .  However, th e  

a c t i v e  g e o l o g i c a l  and  g e o p h y s ic a l  s u rv e y  o v e r  t h e  N o rth  

S lope and  t h e  o f f s h o r e  a r e a s  o f  B r i s t o l  Bay and t h e  G u lf  o f  

A la sk a  w h ich  was s t a r t e d  in  1963 r e s u l t e d  i n  l a r g e  gas d i s 

c o v e r i e s  i n  N o r th  S lope  i n  19 70. The e s t im a t e  o f  p ro v e d  gas 

r e s e r v e s  f o r  t h e  Prudhoe Bay a r e a  o f  th e  N o rth  S lo pe  i s  26 

t c f  as com pared t o  t o t a l  A laskan  p ro v e d  gas r e s e r v e s  o f

31 .6  t c f  (A .G .A ., and o t h e r s ,  197 4 ) .

O v e r a l l  A la sk a  h as  g r e a t  s i g n i f i c a n c e  a s  a s o u rc e  

o f  p e t ro le u m  f o r  th e  West C o a s t .  The e v e n tu a l  m arke t f o r  

th e  N o rth  S lo p e  gas i s  n o t  as c l e a r l y  d e f in e d  a t  t h i s  t im e .

The t im in g  o f  th e  c o m p le t io n  o f  a gas p i p e l i n e  from Prudhoe 

Bay i s  e x t r e m e ly  im p o r ta n t  and s e v e r a l  a l t e r n a t i v e s  a re  

b e in g  c o n s id e r e d ;  th e y  a r e  (a )  c o n s t r u c t i n g  a gas p i p e l i n e
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t h a t  would t r a n s p o r t  b o t h  A laskan  and C an ad ian  im p o r t  gas  

i n t o  th e  Mid-West (FPC, 1 9 7 4 c :4 1 ) ; and (b) c o n s t r u c t i o n  o f  

a  gas  p i p e l i n e  a lo n g  t h e  same r i g h t - o f - w a y  a s  t h e  TAPS o i l  

p i p e l i n e  a s  w e l l  a s  l i q u i f i c a t i o n  and p o r t  f a c i l i t i e s  in  

V aldez  f o r  sh ipm en t o f  LNG t o  t h e  West C o a s t .  I t  i s  a l s o  

p o s s i b l e  t h a t  s u f f i c i e n t  gas  may be  found  i n  t h e  N o r th  S lo p e ,  

N av a l P e t ro le u m  R ese rv e  No. 4 ,  t h e  McKenzie D e l t a  and t h e  

A r c t i c  I s l a n d s  t o  s u p p o r t  b o th  t r a n s p o r t a t i o n  r o u t e s .

G. I m p o r ta t i o n  o f  M eth an o l M a n u fa c tu re d  from  F o re ig n  

N a tu r a l  Gas S o u rc e s  and  T r a n s p o r te d  t o  t h e  U .S . by 

T anker

Some n a t u r a l  g a s  from  f o r e i g n  c o u n t r i e s  can be con 

v e r t e d  to  m e th a n o l ,  w hich  i s  a l s o  c a l l e d  m e th y l  a l c o h o l ,  

wood a lc o h o l  o r  m e th y la te d  s p i r i t s ,  f o r  i m p o r t a t i o n  i n t o  

t h e  U.S. A lthou gh  m e th a n o l  c o n v e r s io n  p l a n t s  r e q u i r e  l a r g e r  

in v e s tm e n ts  and  o p e r a t i n g  c o s t s ,  t r a n s p o r t a t i o n  c o s t s  a r e  

lo w e r  and m eth an o l  can  be sh ip p e d  and s t o r e d  i n  c o n v e n t io n a l  

e q u ip m en t.  M ethano l c an  be u se d  a s  a r e p la c e m e n t  o r  s u b 

s t i t u t e  f o r  f u e l  o i l ,  o r  i t  can b e  r e g a s i f i e d .  However, t h e  

r e g a s i f i e d  m e th an o l  i s  more e x p e n s iv e  t h a n  LNG u n l e s s  t h e  

s h ip p in g  d i s t a n c e  e x c e e d s  4000 to  7000 m i l e s  (FPC, 1974c:96) 

a n d  r e q u i r e s  20 t o  30% more n a t u r a l  gas a s  raw m a t e r i a l .
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H. Hydrogen

The p o t e n t i a l  u se  o f  h y d ro g e n  a s  a  re p la c e m e n t  f o r  

n a t u r a l  g a s ,  commonly c a l l e d  th e  h y d ro g e n  economy, h a s  been  

i n v e s t i g a t e d  (G re g o ry ,  1 9 7 2 ) . Hydrogen g a s ,  , i s  n o t  

commonly fo u n d  i n  n a t u r e  b u t  can  be  p ro d u c e d  by  th e  e l e c 

t r o l y s i s  o f  w a t e r ,  t h e  th e rm a l  d e c o m p o s i t io n  o f  w a t e r ,  chem i

c a l  r e a c t i o n s  i n v o lv i n g  h yd ro g en  com pounds, o r  a c o m b in a t io n  

o f  t h e s e  p r o c e s s e s .  W aste h e a t  from  o t h e r  p r o c e s s e s  may 

be  u s e d  in  g e n e r a t i n g  h yd rog en  and  t h e  p o s s i b i l i t y  o f  p r o 

d u c in g  h y d ro g en  w h i le  d i s s i p a t i n g  h e a t  from  a n u c l e a r  power 

p l a n t  i s  a d e f i n i t e  p r o c e s s  b e n e f i t .  B ecause  o f  i t s  low 

h e a t  c o n t e n t ,  325 B t u / c f  compared t o  a b o u t  1000 B t u / c f  f o r  

n a t u r a l  g a s ,  co m b u s tio n  equ ipm ent s p e c i f i c a l l y  d e s ig n e d  to  

b u rn  hy d rogen  i s  r e q u i r e d .  However, hyd ro g en  c o u ld  be t r a n s 

m i t t e d  th r o u g h  t r a n s m i s s i o n  and  d i s t r i b u t i o n  sy s te m s  s i m i l a r  

t o  t h o s e  u s e d  in  n a t u r a l  gas o p e r a t i o n s .  Hydrogen does n o t  

c o n t r i b u t e  s i g n i f i c a n t l y  t o  e n e rg y  s u p p l i e s  a t  th e  p r e s e n t  

t i m e ,  b u t  i t  w i l l  b e  an im p o r ta n t  e n e rg y  s o u rc e  in  t h e  f u 

t u r e  f o r  f i l l i n g  a p o r t i o n  o f  U.S. e n e rg y  n e e d s .



CHAPTER I I I

U .S. RESOURCES OF NATURAL GAS AND NATURAL 

GAS ESTIMATIONS

The n a t u r a l  g as  s h o r t a g e ,  w h ich  t h e  U .S . i s  c u r r e n t l y  

e x p e r i e n c in g  and  w hich  i s  e x p e c te d  t o  c o n t in u e  bey o n d  t h e  

19 8 0 ' s ,  r e q u i r e s  a s h o r t  te rm  n eed  t o  s u p p ly  a l l  gas  p o s 

s i b l e .  In  o r d e r  t o  re d u c e  t h e  e x i s t i n g  d i s p a r i t y  be tw een  

s u p p ly  and  demand o f  o u r  e x i s t i n g  n a t u r a l  gas  r e s o u r c e s ,  we 

n e e d  t o  s t i m u l a t e  and  e n c o u ra g e  th e  u n p r e c e d e n te d  e x p l o r a 

t i o n  and  dev e lo p m en t e f f o r t s  t h a t  w i l l  be n e c e s s a r y  t o  f i n d  

and  p ro d u ce  t h e  r e q u i s i t e  l e v e l  o f  new n a t u r a l  g a s  s u p p l i e s .  

In  o r d e r  t o  p r e s e n t  a  p e r s p e c t i v e  f o r e c a s t  f o r  t h e  f u t u r e  

s u p p ly  o f  n a t u r a l  g a s ,  a  d e s c r i p t i o n  o f  a n a t u r a l  g a s  r e 

s o u rc e  sy s tem  and  i t s  c l a s s i f i c a t i o n s  s h o u ld  be  d i s c u s s e d .

A. N a t u r a l  Gas R e so u rc e  D e s c r ip t i o n

The p e t r o le u m  r e s o u r c e  b a se  o f  a c o u n t r y  can  be d e 

f i n e d  a s  t h e  t o t a l  amount o f  o i l  and gas  o c c u r r i n g  i n  t h e  

ro c k s  l y in g  w i t h i n  i t s  b o u n d a r ie s  o r  s u b j e c t  t o  i t s  c o n t r o l  

and d i s p o s i t i o n ,  su c h  a s  th o s e  o f  t h e  c o n t i n e n t a l  s h e l f .  

I n c lu d in g  t h e  c o n t i n e n t a l  s h e l f  o u t  t o  w a te r  d e p th  o f  600 

f e e t ,  t h e  U .S. e m b ra ce s  some f o u r  m i l l i o n  s q u a r e  m i l e s .  Of

26
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t h i s  t o t a l  a p p ro x im a te ly  2 1 /2  m i l l i o n  sq u a re  m i l e s ,  o r  60% 

o f  i t  can  be c o n s id e r e d  p o t e n t i a l l y  f a v o r a b le  t o  th e  o c c u r 

r e n c e  o f  p e t ro le u m  h y d ro c a rb o n s .  I t  i s  b e l i e v e d  t h a t  t h e  

s e d im e n ta r y  r o c k s  ra n g in g  in  t h i c k n e s s  from l e s s  th a n  1000 

f e e t  t o  o v e r  4 0 ,0 0 0  f e e t  i n  th e  d e e p e s t  b a s in s  o r i g i n a l l y  

c o n ta in e d  as much as two th o u sa n d  b i l l i o n  b a r r e l s  o f  c ru d e  

o i l  an d  f i v e  th o u s a n d  t r i l l i o n  c u b ic  f e e t  o f  g a s .  T h is  i s  

a r e s o u r c e  b a s e ,  n o t  r e s e r v e s ;  i t  i s  u n l i k e l y  t h a t  even  a s  

much a s  h a l f  o f  i t  w i l l  e v e r  be  fo u n d  o r  p ro d u ced .

For t h e  p a s t  115 y e a r s ,  o v e r  two m i l l i o n  w e l l s  have  

b e e n  d r i l l e d  i n  th e  U.S. w i th  more t h a n  1 /3  o r  o v e r  700,000 

c u r r e n t l y  p ro d u c in g  o i l  and g a s .  Over t h i s  p e r i o d ,  be tw een  

25-30  th o u s a n d  o i l  and gas f i e l d s  have  been  i d e n t i f i e d  i n  32 

s t a t e s ,  w i th  t o t a l  a c re a g e  a b o u t  l e s s  th a n  2 o r  3% o f  t h e  a r e a  

c o n s i d e r e d  f a v o r a b le  f o r  p e t ro le u m  o c c u r r e n c e .

B. N a t u r a l  Gas R esource  Base C l a s s i f i c a t i o n s

The n a t u r a l  gas r e s o u r c e  b a s e  i s  c l a s s i f i e d  in  n u 

m erous ways by  d i f f e r e n t  o r g a n i z a t i o n s .  G e n e ra l ly ,  i t  can 

be d i v i d e d  i n t o  t h r e e  m a jo r  c a t e g o r i e s .

( i )  D isc o v e re d  r e s e r v e s , w h ich  c o n s i s t  o f  n a t u r a l  

g as  t h a t  h a s  b e en  p ro d u ced  (Qp) p l u s  t h e  rem a in in g  d i s c o v e r e d  

gas  t h a t  can be p ro d u ced  u n d e r  c u r r e n t  econom ic c o n d i t i o n s  

and  p r e s e n t  t e c h n o lo g y .  T h is  can a l s o  b e  c a l l e d  p ro v ed  

r e s e r v e s  (Q p ) . So th e  c u m u la t iv e  p r o v e d  d i s c o v e r i e s  up t o  

any g iv e n  t im e  can  be d e f in e d  t o  be  t h e  sum o f  a l l  t h e  gas
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p ro d u ce d  up t o  t h a t  t im e  p l u s  t h e  p ro v e d  r e s e r v e s .  Cumu

l a t i v e  d i s c o v e r i e s  can be g iv e n  by  e q u a t io n  I I I - l

Q d  = Qp + Q r  i i i - i

w i t h  th e  c o r r e s p o n d in g  r a t e s  o f  d i s c o v e r y  g iv e n  b y  e q u a t io n

I I I - 2

i n  which t h e  t h r e e  te rm s  r e p r e s e n t  th e  r a t e s  o f  d i s c o v e r y ,  

o f  p r o d u c t i o n ,  and  o f  th e  i n c r e a s e  o f  p ro v e d  r e s e r v e s ,  r e 

s p e c t i v e l y .  I t  s h o u ld  be m en tio n ed  h e r e  t h a t  some a u t h o r s ,  

f o r  ex am p le , Cox, c a l l e d  t h e  c u m u la t iv e  d i s c o v e r i e s  " t o t a l  

p ro v e d  r e s e r v e s . "

Most o f  t h e  d i s c o v e r e d  gas i n  t h e  U.S. was l o c a t e d  

in  j u s t  a  few s t a t e s .  For exam ple , t h r e e  s t a t e s ,  T e x a s ,  

L o u is ia n a ,  and  Oklahoma, c o n ta in  t h r e e - f o u r t h s  o f  a l l  t h e  

d i s c o v e r e d  r e s e r v e s  o f  n a t u r a l  gas in  t h e  U.S.

( i i )  U n d isc o v e re d  o r  p o t e n t i a l  g as  s u p p l i e s  a re  t h a t  

p o r t i o n  o f  n a t u r a l  g a s  r e s o u r c e s  t h a t  may be fo u n d  and  t r a n s 

f e r r e d  t o  t h e  c a t e g o r y  o f  r e s e r v e s  f o r  f u t u r e  p r o d u c t i o n .  

A n o th e r  d e f i n i t i o n  f o r  t h e  p o t e n t i a l  g a s  s u p p l i e s  was d e 

v e lo p e d  by  t h e  P o t e n t i a l  Gas Committee (PGC). They d e f in e d  

i t  as  t h e  g a s  t h a t  w i l l  be  found  and p ro v e d  p r o d u c t i v e  by 

t e s t  w e l l s .  T hese  w e l l s  may be d r i l l e d  i n  th e  f u t u r e  u n d e r  

assum ed c o n d i t i o n s  o f  a d e q u a te  and no rm al im provem ent in  

t e c h n o lo g y  w i th  r e a s o n a b le  p r i c e s .  A n o th e r  way o f  p r e s e n t i n g
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th e  d e f i n i t i o n  f o r  p o t e n t i a l  g a s  s u p p ly  i s  t h a t  u n d i s c o v e r e d  

o r  p o t e n t i a l  gas s u p p l i e s  r e p r e s e n t s  an e s t i m a t e  o f  t h e  p o r 

t i o n  o f  t h e  g as  r e s o u r c e  b a s e  t h a t  i s  l i k e l y  t o  be c o n v e r t e d  

i n t o  p ro v ed  r e s e r v e s  a t  some t im e  i n  th e  f u t u r e .  U n f o r t u n a t e l y ,  

a t  t h e  p r e s e n t  t i m e ,  t e c h n o lo g y  and econom ic  c o n d i t i o n s  a r e  

su ch  t h a t  l a r g e  volum es o f  n a t u r a l  gas r e s o u r c e s  a r e  e i t h e r  

u n r e c o v e r a b le  o r  u n e co n o m ic a l  t o  p ro d u c e .

( i i i )  U l t im a te  p o t e n t i a l  s u p p ly  i s  t h e  t o t a l  q u a n t i t y  

o f  p r o d u c i b l e  n a t u r a l  gas t h a t  u l t i m a t e l y  w ou ld  be r e c o v e r e d .  

T h is  would i n c l u d e  t h e  d i s c o v e r e d  gas r e s e r v e s ,  and  p o t e n 

t i a l  gas s u p p l i e s .  The f a c t  t h a t  x  t r i l l i o n  c u b ic  f e e t  o f  

gas  i s  i n  t h e  g ro u n d  s a y s  n o t h i n g  a t  a l l  a b o u t  how much o f  

t h i s  q u a n t i t y  w i l l  e v e n t u a l l y  b e  found  and  p u t  t o  u s e .  I n  

o t h e r  w o rd s , t h e  r a t e  a t  w hich  gas  r e s o u r c e s  w i l l  be  fo und  

and  d i s c o v e r e d ,  d e v e lo p e d ,  and  p ro d u c e d  i s  d e te rm in e d  by th e  

econom ics a n d  te c h n o lo g y .  The f a c t  i s  t h a t  t h e  amount o f  

gas  t h a t  i s  p h y s i c a l l y  p r e s e n t  b e n e a th  t h e  s u r f a c e  b u t  i s  

u n r e c o v e r a b le  o r  u n p ro d u c ib le  u n d e r  t h e  above d e f i n i t i o n  

i s  a l s o  v e ry  l a r g e  in d e e d .  I t  i s  p r o b a b ly  enough t o  s u p p ly  

th e  U.S. u n t i l  t h e  y e a r  2000. However, w i th  p r e s e n t  t e c h 

n o lo g y  i t  c a n n o t  be b r o u g h t  t o  t h e  s u r f a c e  a t  a c o s t  t h a t  

i s  e c o n o m ic a l ly  a t t r a c t i v e  so  t h e  u l t i m a t e  p o t e n t i a l  s u p p ly  

e x c lu d e s  t h i s  u n r e c o v e r a b le  o r  u n p r o d u c ib le  g a s .
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C. F u tu re  E s t im a te  o f  P o t e n t i a l  Gas Supp ly

In  o r d e r  t o  e s t i m a t e  f u t u r e  p o t e n t i a l  gas s u p p ly ,  

c e r t a i n  a s su m p t io n s  hav e  b een  made a b o u t  f u t u r e  c o n d i t i o n s ,  

such  a s  t h e  l e v e l  o f  e x p l o r a t i o n  a c t i v i t y ,  t h e  s t a t e  o f  

t e c h n o lo g y ,  and  econom ic c o n d i t i o n s .  A c t u a l l y ,  t h e  im p a c ts  

o f  t h e s e  c o n s i d e r a t i o n s  have b een  c e n t r a l  t o  t h e  c o n t i n u i n g  

d e b a te  o v e r  t h e  e f f e c t  o f  governm ent r e g u l a t i o n  on t h e  d e 

ve lopm en t o f  g a s  s u p p l i e s .

The p o t e n t i a l  gas s u p p ly  was b ro k en  down and  c l a s 

s i f i e d  i n t o  d i f f e r e n t  c a t e g o r i e s  by PGC and  a l s o  by  t h e  U .S . 

G e o lo g ic a l  S u rv e y . The PGC c l a s s i f i c a t i o n s  a r e :

( i )  p r o b a b le  s u p p l i e s  a s s o c i a t e d  w i t h  e x i s t i n g  f i e l d s .  

I n c lu d e s  b o th  d i s c o v e r e d  and  u n d i s c o v e r e d  g a s  r e s o u r c e s .

( i i )  p o s s i b l e  s u p p l i e s  w hich  i s  an e s t i m a t e  o f  new 

f i e l d s  t o  be fo u n d  i n  e s t a b l i s h e d  p r o d u c t iv e  g e o lo g ic  f o r 

m a t io n s  o r  a r e a s .

( i i i )  s p e c u l a t i v e  s u p p ly  w hich i s  i n  u n t e s t e d  t e r 

r i t o r i e s  o r  f o r m a t io n s  n o t  p r e v i o u s l y  p r o d u c t i v e .  The e s t i 

m ates f o r  s p e c u l a t i v e  s u p p ly  a re  b a se d  on a  minimum amount 

o f  i n f o r m a t i o n .

The U .S . G e o lo g ic a l  S u rv ey  (U .S .G .S .)  r e c e n t l y  r e 

v i s e d  i t s  e s t i m a t e s  o f  p o t e n t i a l  gas s u p p l i e s  and a d o p te d  

new d e f i n i t i o n s  f o r  m in e r a l  r e s e r v e s  and r e s o u r c e s .  The 

new U .S .G .S . c l a s s i f i c a t i o n  o f  i n d i c a t e d - i n f e r r e d  r e s e r v e s  

i s  e s s e n t i a l l y  t h e  same as  t h e  p r o b a b le  s u p p ly  c a t e g o r y  

u se d  by t h e  PGC. The U .S .G .S . c l a s s i f i c a t i o n  o f  u n d i s c o v e re d
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r e c o v e r a b l e  r e s o u r c e s  i s  b a s e d  on two m ajor c a t e g o r i e s  w hich  

a r e  " h y p o t h e t i c a l ” and  " s p e c u l a t i v e "  s u p p l i e s .  These two 

c a t e g o r i e s  by  USGS a r e  s i m i l a r  t o  t h e  p o s s i b l e  and  s p e c u l a t i v e  

s u p p ly  c a t e g o r i e s  u s e d  by  t h e  PGC. T ab le  I I I - l  c o n s t r u c t s  

e s t i m a t e s  o f  t h e  u l t i m a t e - p o t e n t i a l  gas s u p p ly ,  u s in g  t h e  

d i s c o v e r e d  s u p p ly  a s  e s t i m a t e d  b y  t h e  American Gas A s s o c i a 

t i o n  (A .G .A .) a s  o f  t h e  en d  o f  1973 and th e  p o t e n t i a l  s u p p ly  

a s  c u r r e n t l y  e s t i m a t e d  by  th e  PGC and  USGS.

TABLE I I I - l  

U l t im a te  P o t e n t i a l  Supply 

( T r i l l i o n  c u b ic  f e e t )

1. D is c o v e re d  s u p p ly  (A .G .A .)
a .  C u m u la t iv e  p r o d u c t i o n  (A
b . P ro v e d  r e s e r v e s  (A .G .A .)

2. P o t e n t i a l
a .  P ro b a b le
b .  P o s s i b l e
c .  S p e c u l a t i v e

3. U l t i m a t e - p o t e n t i a l  s u p p ly  
(1 + 2)

4. R em ain ing  u l t i m a t e - p o t e n t i a l  
s u p p ly  (3  - l a )

D. N a t u r a l  Gas R e se rv e s

T h e re  i s  a p ro fo u n d  d i f f e r e n c e  betw een r e s o u r c e s  and 

r e s e r v e s .  N a t u r a l  g as  r e s e r v e s  can be d e f in e d  a s  t h a t  p o r 

t i o n  o f  th e  n a t u r a l  gas  r e s o u r c e  b a se  t h a t  h a s  been  i d e n t i f i e d ,  

e x p lo r e d ,  and  d e l i n e a t e d  w i th  a r e a s o n a b le  d e g re e  o f  c e r t a i n t y .

PGC USGS

705 705
.G .A .)  455 455

250 250

1,146 1 ,1 3 0 -2 ,2 5 0
266 130-250
384
496 1 ,0 0 0 -2 ,0 0 0

1,851 1 ,8 3 5 -2 ,9 5 5

1,396 1 ,3 8 0 -2 ,5 0 0
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and w hich  h a s  some p r o s p e c t  o f  b e in g  e x p l o i t e d  i n  th e  f o r e 

s e e a b le  f u t u r e .

O v e r a l l ,  t h e  n a t u r a l  gas r e s e r v e  e s t i m a t e s  f o r  t h e  

whole U.S. a r e  c o m p l i c a te d  and t h e  r e l i a b i l i t y  o f  t h e  p r o 

c e d u re s  u se d  f o r  a r r i v i n g  a t  t h e  e s t i m a t e d  r e s e r v e s  on an 

a g g re g a te d  b a s i s  have  b e e n  q u e s t io n e d .  F o r  t h i s  r e a s o n ,  

r e c e n t l y  b o th  t h e  FPC and  FEA p ro p o se d  t h a t  t h e  i n d u s t r y  

must su b m it  more and  a d d i t i o n a l  in f o r m a t io n  and  d a t a  on 

n a t u r a l  gas  r e s e r v e s  i n  o r d e r  f o r  them t o  make an in d e p e n d e n t  

e s t im a t e  o f  t h e  r e s e r v e s .  T h is  r e q u e s t  i n  t u r n  r a i s e d  t h e  

q u e s t io n s  o f  a s  t o  what d e g re e  o f  d e t a i l  t h e  i n d u s t r y  s h o u ld  

be r e q u i r e d  i n  f u r n i s h i n g  in fo rm a t io n  and  d a ta  t o  Government 

a g e n c ie s .  The i s s u e  a c t u a l l y  r e v o lv e s  a ro u n d  t h e  m ethod  o f  

e s t i m a t i n g  p ro v e d  r e s e r v e s  and r e p o r t i n g  r e s e r v e s  s t a t i s t i c s .  

In  o r d e r  t o  u n d e r s t a n d  t h e  i s s u e ,  i t  i s  n e c e s s a r y  t o  know 

e x a c t l y  what p r o v e d  gas r e s e r v e s  a r e .

P ro v e d  gas r e s e r v e s  a re  o n ly  e s t i m a t e s ;  t h e y  a r e  

b a se d  on t h e  b e s t  e n g in e e r i n g  and g e o lo g ic  d a t a  a v a i l a b l e ,  

and th e  judg em en t o f  t h e  e s t i m a t o r .  T hese  e s t im a t e s  f o r  t h e  

n a t u r a l  gas  r e s e r v e s  a r e  made on a  r e s e r v o i r - b y - r e s e r v o i r  

and r e c o r d e d  on t h a t  b a s i s  w i th in  a f i e l d  o f f i c e  o f  a  p r o 

duc ing  company. By c o n t r a s t ,  t h e y  a re  g e n e r a l l y  r e p o r t e d  

on a f i e l d - b y - f i e l d  b a s i s  i n  no rm al in tra c o m p a n y  communica

t i o n s .  They a r e  r e p o r t e d  on a s t a t e - b y - s t a t e  b a s i s  i n  t h e  

a n n u a l  s t a t i s t i c a l  c o m p i la t io n s  o f  th e  A.G.A. U n t i l  t h e  

p r e l i m i n a r y  r e s u l t s  o f  t h e  FEA s tu d y  w ere  r e c e n t l y  r e l e a s e d .
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t h i s  was a c t u a l l y  th e  o n ly  s o u rc e  o f  d a t a  on th e  n a t i o n ' s  

p ro v e d  r e s e r v e s  a v a i l a b l e  t o  t h e  p u b l i c .  For t h i s  r e a s o n  

FEA r e q u e s t e d  t h a t  t h e  i n d u s t r y  p ro v id e  p ro v ed  g a s  r e s e r v e s  

d a ta  on a  f i e l d - b y - f i e l d  b a s i s .  T h is  s h o u ld  g iv e  them a 

b e t t e r  u n d e r s t a n d in g  o f  t h e  d i s t r i b u t i o n  o f  r e s e r v e s  and a  

more c o n s i s t e n t  e s t i m a t e  f o r  th e  whole c o u n t r y .

E. P u rp o se  o f  D r i l l i n g  D isc o v e ry  and Developm ent W ells

O i l  and g as  d i s c o v e r y  and developm ent w e l l s  a re  

d r i l l e d  i n  o r d e r  t o  c o n v e r t  t h e  p o t e n t i a l  o i l  and  gas s u p 

p l i e s  i n t o  p ro v e d  r e s e r v e  c a t e g o r i e s .

Developm ent w e l l s ,  w hich  have t h e  lo w e s t  deg ree  o f  

r i s k ,  a r e  d r i l l e d  i n  o r d e r  t o  e x p l o i t  o r  develop  an o i l  and 

g as  a c c u m u la t io n  a l r e a d y  d i s c o v e r e d  by p r e v io u s  d r i l l i n g .  

W ith in  t h e  r e s e r v o i r  b o u n d a ry  o r  l i m i t s ,  t h e  d r i l l i n g  o f  

deve lopm en t w e l l s  does n o t  s i g n i f i c a n t l y  a f f e c t  t h e  p o t e n 

t i a l  s u p p ly .  I n s t e a d  i t  r e s u l t s  i n  p r o v id in g  a d d i t i o n a l  

g e o l o g i c a l  and e n g i n e e r i n g  d a t a .  Based on t h i s  new i n f o r 

m a t io n ,  t h e  p ro v e d  r e s e r v e  e s t im a t e  can be r e v i s e d  e i t h e r  

upw ard o r  downward.

W ells  d r i l l e d  t o  e x te n d  th e  known l i m i t s  o f  p r e v i o u s l y  

d i s c o v e r e d  r e s e r v o i r s  o r  t o  d i s c o v e r  new o i l  and gas d e p o s i t s  

a r e  c o n s i d e r e d  t o  be e x p l o r a t o r y  w e l l s .  E x p lo r a to r y  d r i l l 

in g  may be  c o n s id e r e d  t o  in c lu d e  th e  f i v e  fo l lo w in g  c l a s s e s  

o f  w e l l s :

1 .  N e w - f ie ld  w i l d c a t



34

2 . New-pool w i l d c a t

3 . D e e p e r -p o o l  w i l d c a t

4 .  S h a l lo w e r - p o o l  t e s t

5 .  O u tp o s t  o r  e x t e n s i o n  t e s t .

The deg ree  o f  r i s k  assum ed by t h e  o p e r a t o r  i s  t h e  h i g h e s t  

f o r  th e  n e w - f i e l d  w i l d c a t  c a t e g o r y  and d e c r e a s e s  t o  t h e  o u t 

p o s t  o r  e x t e n s i o n  t e s t  c a t e g o r y ,  w hich  r e p r e s e n t s  t h e  lo w e s t  

r i s k  f o r  e x p l o r a t o r y  w e l l s .  The g u i d e l i n e s  f o r  t h e s e  w e l l  

c l a s s i f i c a t i o n s  a re  d e s c r i b e d  i n  F ig u re  I I I - l .  A n e w - f i e l d  

w i ld c a t  i s  d e f i n e d  as a w e l l  w h ich  i s  l o c a t e d  on a  s t r u c t u r a l  

f e a t u r e  o r  any  ty p e  o f  t r a p  w hich  h a s  n o t  p r e v i o u s l y  p r o 

duced o i l  o r  g a s ,  o r  a t  l e a s t  two m i le s  from  a p ro d u c in g  

s t r u c t u r e .  N e w - f i e ld  w i l d c a t s  a r e  e x t r e m e ly  im p o r ta n t  b e 

cau se  th e y  can  f i n d  th e  new f i e l d s  t h a t  l e a d  to  t h e  most 

s i g n i f i c a n t  a d d i t i o n s  t o  t h e  s u p p ly  o f  o i l  and n a t u r a l  g a s .

The n ew -p o o l w i l d c a t  i s  a  w e l l  d r i l l e d  t o  e x p lo r e  

f o r  a new p o o l  on a s t r u c t u r a l  f e a t u r e  o r  any ty p e  o f  t r a p  

a l r e a d y  p ro d u c in g  o i l  o r  gas  b u t  o u t s i d e  t h e  known l i m i t s  

o f  th e  p r e s e n t l y  p r o d u c in g  a r e a .  The d e e p e r - p o o l  t e s t s  an d  

s h a l lo w e r - p o o l  t e s t s  a r e  w e l l s  d r i l l e d  w i t h i n  th e  p r o d u c t i v e  

a r e a  o f  a  p o o l  o r  p o o ls  p r e v i o u s l y  d e v e lo p e d .

The o u t p o s t  o r  e x t e n s i o n  t e s t  i s  a  w e l l  d r i l l e d  i n  

o r d e r  t o  e x te n d  t h e  p r o d u c t i v e  a r e a  o f  a  p a r t i a l l y  d e v e lo p e d  

p o o l .  T hese  v a r i o u s  c l a s s e s  o f  w e l l s  p l a y  th e  p a r t  o f  c o n 

v e r t i n g  p o t e n t i a l  s u p p l i e s  t o  p r o v e d  r e s e r v e s .  T h is  i s  

s im p ly  shown in  T a b le  I I I -2 .
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TABLE I I I - 2

FLOW CHART ILLUSTRATING PROGRESSION OF POTENTIAL 
GAS SUPPLIES AS A RESULT OF DRILLING
P R E S E N T  C A T E G O R Y

PROBABLE-

POSSIBLE

SPECULATIVE •

E 
A
P 
P
R
A
I
S
A
LU

F U T U R E  C A T E G O R Y

I  R I PROVED

REVISED

X PROVED 

—  PROBABLE 

^ R E V I S E D

/ P R O V E D

PROBABLE

PO SS IB L E

' 'R E V I S E D

S o u rc e ;  P o t e n t i a l  S u p p ly  o f  N a t u r a l  Gas i n  t h e  U n i t e d  S t a t e s ,
A P o t e n t i a l  Gas C om m ittee  R e p o r t ,  November 1973. p .  36 .
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F. D om estic  R eso u rce  Q u a n t i t i e s

The e s t i m a t e s  o f  d o m e s tic  u l t i m a t e  s u p p ly  made s in c e  

1950 ra n g e  from a b o u t  200 t r i l l i o n  c u b ic  f e e t  ( t c f )  t o  2 ,995  

t c f ,  w i th  more r e c e n t  e s t i m a t e s  r a n g in g  from 572 t o  1 ,396  

t c f  (FPC, 1 9 7 4 b :1 4 ,  1 6 8 ) .  The e s t i m a t e s  o f  p ro v e d  and  p o 

t e n t i a l  n a t u r a l  g a s  s u p p ly  f o r  t h e  low er 48 s t a t e s  o n s h o r e ,  

lo w e r  48 s t a t e s  o f f s h o r e ,  A la s k a ,  and t o t a l  U .S . a r e  sum

m a r iz e d  i n  T ab le  I I I - 3.

A cco rd in g  t o  t h e  A m erican Gas A s s o c ia t io n  (A .G .A .) 

s t a t i s t i c s ,  a t o t a l  o f  705 t c f  o f  r e c o v e r a b le  n a t u r a l  gas 

h a d  been  found  i n  t h e  U .S . a s  o f  December 1973. Of t h i s  

am ount, 455 t c f  o r  a b o u t  65% h a d  been  a l r e a d y  p ro d u c e d ,  

l e a v in g  a p p ro x im a te ly  250 t c f  o f  p ro v e d  rem a in in g  r e c o v e r 

a b le  r e s e r v e s .

A cco rd in g  t o  T a b le  I I I - 3 ,  o f  t h i s  250 t c f ,  2 1 8 .3  t c f  

o f  t h e  re m a in in g  p ro v e d  r e s e r v e s  a re  i n  th e  low er 48 s t a t e s  

i n  w hich  36 .1  t c f  o f  i t  a r e  o f f s h o r e  and  182.2 t c f  o n s h o re .  

The re m a in in g  p ro v e d  r e c o v e r a b l e  r e s e r v e s  o f  3 1 .6  t c f  a r e  

l o c a t e d  i n  A la sk a .

The v a r i a t i o n  o f  p ro v e d  r e s e r v e s  w i th  t im e  o v e r  th e  

p e r i o d  1946-1973 i s  shown in  F ig u re  I I I - 2 .  I t  i s  b a s e d  on 

s t a t i s t i c s  com piled  by  t h e  Am erican Gas A s s o c ia t io n  (A .G .A .) 

(A.G.A. and  o t h e r s ,  1 9 7 3 ) .  F ig u re  I I I - 2  a l s o  p r e s e n t s  a 

p l o t  o f  r e s e r v e s  t o  p r o d u c t i o n  r a t i o  (R/P) v s .  t im e  w hich  

i s  v e ry  im p o r ta n t  ev en  th o u g h  a p r o d u c t io n  o r  c u m u la t iv e  

p r o d u c t i o n  i s  p r i m a r i l y  o f  h i s t o r i c  i n t e r e s t ,  b u t  p r o d u c t io n



TABLE I I I - 3 .  N a t u r a l  Gas R e s o u rc e  D a ta  E s t i m a t e s  ( t r i l l i o n s  o f  c u b i c  f e e t )

P ro v e d
R e s e r v e s P o t e n t i a l  Gas S u p p ly

A re a A .G .A .* PGC^ USGS®

Lower 48 s t a t e s
O n sh o re :  0 t o  1 5 ,0 0 0  f e e t ^ 413

b e lo w  1 5 ,0 0 0  f e e t ^ 137
TOTAL 182.2® 550 246 - 453

O f f s h o r e :  0 t o  600 f e e t ^ —— 203 — mm

600 t o  1 ,5 0 0  f e e t ^ — — _ 27
TOTAL 36.1® 230 26 - 111

Lower 48 s t a t e s  t o t a l 2 1 8 .3 780 272 - 564
A la s k a ------- 3 1 .6 366 - 2 4  - 137

TOTAL U .S . 2 5 0 .0 1 ,1 4 6 322 - 655

S o u r c e s :  B ased  o n  y e a r  e n d  1973 s t a t i s t i c s  p u b l i s h e d  by  A .G .A . (A .G .A . an d
o t h e r s ,  1 9 7 4 ) .

^ P o t e n t i a l  Gas C om m ittee  (PGC, 1 9 7 3 ) .

° U .S .  G e o l o g i c a l  S u rv e y  (DOI, 1974) .

^ R e f e r s  t o  d r i l l i n g  o r  f o r m a t i o n  d e p t h .

B ased  on  t h e  r a t i o  o f  lo w e r  48 s t a t e s  o f f s h o r e  t o  lo w e r  48 s t a t e s  t o t a l  
r e s e r v e s  i n  1972 o f  1 6 .5  p e r c e n t .

f
R e f e r s  t o  w a t e r  d e p t h .  A p p l i e s  t o  PGC d a t a  o n l y  (PGC, 1 9 7 3 ) .  USGS w a t e r  

d e p t h  l i m i t a t i o n  f o r  u n d i s c o v e r e d  r e c o v e r a b l e  r e s o u r c e s  i s  200 m e t e r s .

w
00
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d a ta  w ould e n a b le  us t o  f i n d  t h e  R/P r a t i o  f o r  each  y e a r ,  

and w i th  t h e  known p r o d u c t i o n  r a t e  we can f i n d  th e  l i f e  o f  

r e s e r v e s .  F o r  ex am ple , f o r  t h e  c u r r e n t  a n n u a l  r a t e  o f  p r o 

d u c t io n  o f  a b o u t  22 .6  t c f ,  t h e  l i f e  o f  th e  p ro v e d  r e s e r v e s  

t o  p r o d u c t i o n  (R/P) r a t i o  i s  9 .7  y e a r s  w i th  A la sk a  e x c lu d e d  

and  11 .1  y e a r s  w i th  A la sk a  i n c l u d e d .

As we can  see  from F ig u re  I I I - 2 ,  t h e  R/P r a t i o  h a s  

d e c l i n e d  s t e a d i l y  f o r  t h e  l a s t  30 y e a r s .  The f i r s t  y e a r  

t h a t  more g a s  was p ro d u c e d  t h a n  fo u n d  in  th e  low er 48 s t a t e s  

was 1968, w i th  s i m i l a r  d e f i c i t s  s i n c e  th e n  f o r  each  s u c c e e d 

in g  y e a r .  I t  s h o u ld  b e  n o t e d  a l s o  t h a t  t h e  o v e r a l l  q u a n t i t y  

o f  d o m e s tic  gas p ro d u ce d  was more t h a n  tw ice  t h e  q u a n t i t y  

fo u n d  in  t h e  lo w er  48 s t a t e s  d u r in g  th e  p e r i o d  1968-1973 .

The a c c e l e r a t e d  d e c l in e  i n  t h e  R/P r a t i o  d u r in g  t h a t  p e r i o d  

(1968-1973) r e f l e c t s  b o th  t h e  d e c r e a s in g  r e s e r v e s  b a s e  and 

an i n c r e a s i n g  p r o d u c t io n  r a t e .



CHAPTER IV

METHODS FOR MAKING NATURAL GAS RESOURCE ESTIMATES

The p r e s e n t  e s t i m a t e s  o f  r e s o u r c e s  o n sh o re  a r e  l im 

i t e d  b y  f o r m a t io n  d e p th  and o f f s h o r e  by  w a t e r  d e p th .  T here  

i s  no doub t t h a t  a d d i t i o n a l  o i l  a n d  g a s  w i l l  e v e n t u a l l y  be 

fo u n d  and  p ro d u c e d  from  t h e  d e e p e r  w e l l s  o n sh o re  and  from 

d e e p e r  w a te r s  o f  t h e  c o n t i n e n t a l  s l o p e s .  Im proved g e o lo g y  

and t e c h n o lo g y  s h o u ld  make i t  p o s s i b l e  t o  o b t a i n  more i n 

f o r m a t io n  and p e r fo rm  o i l  and  g as  o p e r a t i o n s  un der  more d e 

m anding c o n d i t i o n s  w i th  t h e  r e s u l t  t h a t  more r e s e r v e s  w i l l  

u n d o u b te d ly  be d i s c o v e r e d .  I n  o r d e r  t o  s t u d y  how t o  e s t i 

m ate t h e  t o t a l  n a t u r a l  gas r e s o u r c e s  i n  t h e  U .S . ,  t h e  d i s 

c o v e re d  r e s e r v e s  and p o t e n t i a l  gas  s u p p ly  m ust be e s t im a t e d  

i n d i v i d u a l l y .  The b a s i s  f o r  m ak ing  t h e s e  e s t im a t e s  w i l l  

be d i s c u s s e d  i n  t h e  f o l lo w in g  s e c t i o n s  o f  t h e  d i s s e r t a t i o n .

A. T o t a l  D isc o v e re d  R ese rv e  E s t im a te

As s t a t e d  p r e v i o u s l y ,  d i s c o v e r e d  r e s e r v e s  a r e  d e 

f i n e d  a s  t h e  sum t o t a l  o f  vo lum es o f  c u m u la t iv e  p ro d u c t io n  

(Qp) and  t h e  p ro v e d  r e s e r v e s  (Q p ) . The m agn itud e  o f  th e  

c u m u la t iv e  p r o d u c t i o n  (Qp) o f  n a t u r a l  gas up t o  any g iv e n  

y e a r  i s  c a l c u l a t e d  s im p ly  by  summing t h e  v a lu e s  f o r  p a s t

41
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p r o d u c t io n  p u b l i s h e d  by  th e  A.G.A. The m agnitude o f  p ro v e d  

r e s e r v e s  (Qp) f o r  a  g iv e n  r e s e r v o i r  i s  e s t im a te d  by t e c h 

n iq u e s  f a l l i n g  i n t o  two b r o a d  c a t e g o r i e s ,  t h o s e  b a s e d  on th e  

v o lu m e t r i c  m ethod and th o s e  b a s e d  on a n a l y s i s  o f  p r o d u c t io n  

d a t a .  The v o l u m e t r i c  m ethod i s  u se d  e a r l y  i n  the  l i f e  o f  a 

r e s e r v o i r  when l i t t l e  o r  no p r o d u c t i o n  d a t a  a r e  a v a i l a b l e .  

B a s i c a l l y ,  t h i s  m ethod c o n s i s t s  o f  two s t e p s .  Each s t e p  

r e q u i r e s  t h e  u se  o f  p r o f e s s i o n a l  ju d g em en t i n  a p p ly in g  g e o 

l o g i c a l  and  e n g in e e r in g  t e c h n i q u e s .  I n  t h e  f i r s t  s t e p ,  w e l l  

d a t a ,  t e s t  r e s u l t s ,  r e c o r d s ,  maps and  o t h e r  b a s i c  raw d a t a  

a re  t h e  b a s i s  f o r  e s t i m a t i n g  t h e  volume o f  g a s - i n - p l a c e  in  

th e  r e s e r v o i r .  In  t h e  se co n d  s t e p ,  t h e  p o r t i o n  o f  t h e  gas 

t h a t  w i l l  be  r e c o v e r e d  i s  e s t im a t e d  u s i n g  an a p p r o p r i a t e  

r e c o v e ry  f a c t o r  o r  abandonment p r e s s u r e .

In  t h e  p e rfo rm an c e  m e th o d s , p a s t  t r e n d s  i n  p r o d u c 

t i o n  d a ta  a r e  u s e d  i n  making th e  r e s e r v e s  e s t im a t e s .  T hese  

m ethods a r e  u se d  d u r in g  l a t t e r  s t a g e s  i n  t h e  l i f e  o f  a r e s 

e r v o i r  o r  an o l d e r  f i e l d .  Even th o u g h  t h e s e  te c h n iq u e s  use  

s t a n d a r d i z e d  m ethods o f  e x t r a p o l a t i n g  t h e  p ro d u c t io n  d a t a ,  

some judgem ent i s  s t i l l  e x e r c i s e d  in  i n t e r p r e t i n g  o f  t h e  

d a t a .

I t  s h o u ld  be  m en t io n ed  t h a t  t h e  e x t r a p o l a t i o n  o f  

p r o d u c t io n  d a t a ,  when a p p l i c a b l e ,  i s  t h e  more a c c u ra te  and 

r e l i a b l e  o f  t h e  two m ethods.
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B. The P o t e n t i a l  Gas Supp ly  E s t im a te s

Most o f  t h e  p a s t  e s t im a t e s  o f  p o t e n t i a l  gas su p p ly  

have  been  g e n e r a l l y  b a se d  on two b a s i c  m e th o d s ,  a  v o lu m e t r i c  

( g e o lo g ic )  c a l c u l a t i o n  o r  a  m a th e m a t ic a l  p r o j e c t i o n .  Re

c e n t l y ,  t h e  M obil O il  C o rp o ra t io n  e s t i m a t e s  b y  J .  D. Moody 

and th o s e  b y  t h e  USGS have  been  b a s e d  on a p r o b a b i l i t y  m odel.

In  th e  v o l u m e t r i c  ( g e o lo g ic )  c a l c u l a t i o n ,  t h e  volume o f  

s e d im e n ta ry  ro ck  re m a in in g  t o  be e x p lo r e d  i s  m u l t i p l i e d  by 

th e  r a t i o  o f  t h e  t o t a l  amount o f  gas  a l r e a d y  d i s c o v e r e d  t o  

t h e  volume o f  s e d im e n ta ry  ro ck  w hich h a s  been  e x p lo r e d .

The v o l u m e t r i c  c a l c u l a t i o n  was u se d  i n  t h e  p a s t  by  th e  N a t i o n a l  

P e t ro le u m  C o u n c il  (NFC), t h e  P o t e n t i a l  Gas Committee (PGC), 

t h e  U .S . G e o lo g ic a l  Survey  (USGS), L. G. Weeks, T. W. N e lson  

and  C. A. B u rk ,  and  many o t h e r s .

The m a th e m a t ic a l  p r o j e c t i o n  r e l i e s  e n t i r e l y  upon 

s t a t i s t i c a l  r e c o r d s  o f  p a s t  e x p l o r a t i o n  and p r o d u c t i o n  and  

does n o t  c o n s i d e r  th e  g e o lo g y  o f  t h e  a r e a .  I t  u s e s  m a th e 

m a t i c a l  e q u a t i o n s  t o  d e s c r ib e  p a s t  d i s c o v e r y ,  r e s e r v e s  and  

p r o d u c t i o n  d a t a .  S ta n d a rd  t e c h n iq u e s  a r e  a p p l i e d  i n  e v a l u a t 

in g  th e  c o n s t a n t s  in  t h e  e q u a t io n s  and  e x t r a p o l a t i n g  th e  

h i s t o r i c a l  d a t a .  The m a th e m a t ic a l  p r o j e c t i o n  was u se d  by 

M. K. H u b b e r t ,  C. L. M oore, M. A. E l l i o t t  and  H. R. L inden  

and  o t h e r s .

I n  t h e  p r o b a b i l i t y  m odel, i n d i v i d u a l  p r o s p e c t s  a r e  

i d e n t i f i e d .  The gas t h a t  may be d i s c o v e r e d  i f  a  p r o s p e c t  

i s  d r i l l e d  i s  b a s e d  on a  c o m b in a t io n  o f  t h e  a v a i l a b l e  d a t a
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and  s u b j e c t i v e  judgem ents  and  i s  e x p r e s s e d  a s  a  " p r o b a b i l i t y  

p r o f i l e " ,  i . e . ,  t h e  s p e c i f i c a t i o n  o f  t h e  p r o b a b i l i t i e s  t h a t  

t h e  amount o f  gas d is c o v e r e d  may e x c e e d  v a r i o u s  v a lu e s .  

F i n a l l y ,  a  p rogram  in  w hich a l l  p r o s p e c t s  a r e  d r i l l e d  i s  

s i m u la t e d  and th e  r e s u l t s  a r e  e x p r e s s e d  e i t h e r  by g iv in g  an 

o v e r a l l  " p r o b a b i l i t y  p r o f i l e "  o r  by  s t a t i n g  t h e  e x p e c te d  

v a lu e  o f  t h e  amount o f  gas t h a t  may be d i s c o v e r e d .

Most o f  t h e  e s t i m a t o r s  u s e d  th e  m en tio n ed  t e c h n iq u e s  

f o r  e s t i m a t i n g  t h e  p o t e n t i a l  o i l  s u p p ly  r e s o u r c e s .  Then in  

o r d e r  t o  e s t i m a t e  th e  n a t u r a l  gas  r e s o u r c e s  th e y  have  u s e d  

t h e  g a s - o i l  r a t i o  method. In  t h i s  a p p l i c a t i o n  th e  g a s - o i l  

r a t i o  i s  t h e  r a t i o  o f  th e  c u m u la t iv e  q u a n t i t y  o f  gas  t h a t  

h a s  b e e n  fo u n d  t o  th e  c u m u la t iv e  q u a n t i t y  o f  o i l  t h a t  h a s  

b e e n  fo u n d .  T h is  method i s  b a s e d  upon a p p ly in g  th e  g a s - o i l  

r a t i o  t o  t h e  e s t im a te d  o i l  r e s o u r c e s ,  and  h as  been  u s e d  by 

many e s t i m a t o r s ,  i n c lu d in g  USGS, M. K. H u b b e r t ,  L. C. Weeks, 

N e lso n  an d  B urk , and many o t h e r s .

Some e s t im a t o r s  u s e d  a n o th e r  t e c h n iq u e  in  w hich  

e n e rg y  r e s o u r c e s  a re  r e l a t e d  t o  t h e  amount o f  e x p l o r a t o r y  

f o o t a g e  t h a t  h a s  been  d r i l l e d .  T h is  m ethod  was u se d  by  

N. G. R io s ,  J .  J .  A rps , M. M o r ta d a ,  and A. E. S m ith ,  and 

many o t h e r s .

C om parisons be tw een  t h e s e  m e n t io n e d  m ethods o r  even  

b e tw e e n  t e c h n iq u e s  s u g g e s te d  by  d i f f e r e n t  e s t i m a t o r s  a r e  

v e r y  d i f f i c u l t  t o  make. The e s t i m a t e s  u s in g  e ach  o f  t h e  

b a s i c  m ethods by  d i f f e r e n t  e s t i m a t o r s  v a r y  g r e a t l y .  In
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g e n e r a l ,  e s t i m a t e s  made u s in g  t h e  v o l u m e t r i c  m ethod ex ceed  

th o s e  made u s i n g  m a th e m a t ic a l  e x t r a p o l a t i o n .  The more r e c e n t  

r e s u l t s  o b t a i n e d  by  u se  o f  p r o b a b i l i t y  m odels  a g re e  r e a s o n 

a b ly  w e l l  w i t h  t h o s e  from m a th e m a t ic a l  e x t r a p o l a t i o n .

In  o r d e r  t o  g e t  a  b e t t e r  f e e l i n g  and  u n d e r s t a n d in g  

ab o u t  t h e s e  d i f f e r e n t  t e c h n iq u e s ,  some i n d i v i d u a l  e s t i m a t e s  

a re  shown i n  T a b le  I V - 1 and w i l l  be d i s c u s s e d  i n  t h e  f o l lo w 

in g  s e c t i o n s  o f  t h e  d i s s e r t a t i o n .

1. E s t im a te  by  N a t i o n a l  P e tro le u m  C o u n c i l  (NPC)

The N a t i o n a l  P e tro le u m  C o u n c il  (NPC) i s  composed 

p r i n c i p a l l y  o f  i n d u s t r y  s p e c i a l i s t s .  By t h e  r e q u e s t  o f  th e  

A s s i s t a n t  S e c r e t a r y —M in e ra l  R e s o u r c e s ,  NPC was a s s i g n e d  

to  s tu d y  and  p r e p a r e  an e s t im a t e  f o r  f u t u r e  p e t r o le u m  r e s o u r c e s  

in  th e  U.S.

The p h a se  o f  th e  s tu d y  r e l a t i n g  t o  c ru d e  o i l  e s t i m a t e s

was c o m p le te d  by  M i l l e r  and o t h e r s  (1 9 7 0 ) .  How ever, th e

r e s o u r c e  e s t i m a t e s  f o r  n a t u r a l  gas  w ere  fo u n d  t o  be  to o  

in c o m p le te  t o  be  u s e f u l .  C o n s e q u e n t ly ,  i t  was d e c id e d  t o  

ad op t t h e  e s t i m a t e s  %ade by t h e  P o t e n t i a l  Gas Committee 

(1 9 6 9 ) ,  w h ich  w ere  t h e n  i n t e r p r e t e d  b y  I .  H. Cram (1 9 7 1 ) .

To c a r r y  o u t  t h e  a s s ig n e d  p r o j e c t ,  NPC d i v id e d  a l l  

p o t e n t i a l  f a v o r a b l e  a r e a s  in  th e  U .S . i n t o  11 r e g i o n s .  The 

g e o g ra p h ic  l o c a t i o n s  o f  t h e s e  r e g i o n s  w h ich  a r e  d e s ig n e d  to  

i n c o r p o r a t e  a r e a s  o f  s i m i l a r  g eo lo g y  a r e  shown in  F ig u re  

IV -1 .



TABLE IV-1
com parison  o f  U l t i m a t e - P o t e n t i a l  Gas Supply E s t im a te s  *

( T r i l l i o n  Cubic F e e t )
As of December 31* 1973

D isc o v e re d

A rea

C um ula tive
P ro d u c t io n

(1)

P roved
R e se rv e s

(2 )

Supply

(AGA 1 2 -3 1 -7  3)
Lower 48 S t a t e s 455 218 673
A lask a 1 32 32
T o ta l  U. S. 456 250 705

Lower 48 S t a t e s 455 218 673
A la sk a 1 32 32
T o ta l  U. S. 456 250 705

Lower 48 S t a t e s 455 218 673
A la sk a 1 32 32
T o ta l  U. S. 456 250 705

Lower 48 S t a t e s 455 218 673
A la sk a 1 32 32
T o ta l  U. S. 456 250 705

T o ta l  U. S. 456 250 705

T o ta l  U. S . 456 250 705

U l t im a te
P o t e n t i a l

P o t e n t i a l
Supply

(4 )
( 1 ) ? ®

(5 )

S ou rce
D a te
(6 )

780 1 ,4 5 3 PGC (V)
366 398

19731 ,1 4 6 1 ,8 5 1

8 4 0 -1 ,6 7 0
290-500

1 ,5 1 3 -2 ,3 4 3 USGS ** (V)
322-612

197 41 ,1 3 0 -2 ,2 5 0 1 ,8 3 5 -2 ,9 5 5

377 1 ,0 5 0 H u b b e r t  (M)
118 150
494 1 ,2 0 0 1969

380-553 1053-1226 L in d e n  (M)
179-135 211- 167
558-687 1264-1393 1972 *

294 1 ,0 0 0 Weeks (M) 
1959

841 1 ,5 4 7 Moore (M) 
1970

N ote : T o ta l s  may n o t  add due t o  ro u n d in g .

* A dap ted  In  p a r t  from  "E nergy  R e so u rc e s  o f  t h e  U n i te d  S t a t e s "  G e o lo g ic a l  Survey 

** In c lu d e s ^ o n ? y  e s t im a te d  r e c o v e r a b l e  r e s o u r c e s  t o  200 m e te r s  w a te r  d e p th .  

V o lu m e tr ic  o r  g e o l o g i c a l  m ethod .

Circular 650,
4̂o\

(M) M a th e m a t ic a l  p r o j e c t i o n .
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S o u rc e  NPC Fiituro P<^ltoleum P ro v in c e s  o (  th e  U nited  S ta t e s  (Ju ly  1970).

FIGURE IV-1
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I n  p r e p a r i n g  th e  NPC r e p o r t ,  a team  c o n s i s t i n g  o f  

g e o l o g i s t s  w i th  y e a r s  o f  p e r s o n a l  e x p e r i e n c e  in  t h e i r  a s 

s ig n e d  r e g io n s  s t u d i e d  a v a r i e t y  o f  g e o lo g ic  m ethod s . T hese  

m ethods i n c lu d e d  e x t r a p o l a t i o n  and i n t e r p o l a t i o n  a lo n g  t r e n d s .  

Com parison o f  s i m i l a r  a r e a s  and s t r a t a ,  e v a l u a t i o n  o f  s t r u c 

t u r e s  d e te rm in e d  by  g e o p h y s i c a l  p r o s p e c t i n g ,  e v a l u a t i o n  o f  

t h e  u n d r i l l e d  p a r t s  o f  known f i e l d s  and p o o l s ,  and a s s i g n 

ment o f  a v e ra g e  o i l  o r  gas  i n c id e n c e  t o  ro ck  vo lum es.

The e s t i m a t e  f o r  each  o f  t h e  11 r e g io n s  was b a s e d  

on t h r e e  c a t e g o r i e s ;  p r o b a b l e ,  p o s s i b l e ,  and  s p e c u l a t i v e  

r e s e r v e s .  The f i n a l  r e s u l t s  o f  t h e  s t u d y ,  a s  i n t e r p r e t e d  

and  m o d i f i e d  by Cram t o  y i e l d  n a t u r a l  gas  s u p p ly  e s t i m a t e s ,  

a r e  shown i n  T a b le  IV -2.

TABLE IV -2

T o t a l  N a t u r a l  Gas S upp ly  E s t im a te s  by NPC 

( T r i l l i o n  c u b ic  f e e t )

P ro b a b le  P o s s i b l e  S p e c u la t i v e  T o t a l

P o t e n t i a l  N a tu r a l
Gas Supp ly  260 335 632 1227

U l t im a te  N a tu r a l  
Gas P o t e n t i a l

C on term inous U .S . 1305
A la sk a  238
T o t a l  l5 4 5

T h is  s tu d y  i s  c o n s id e r e d  a s  t h e  m ost a u t h o r i t a t i v e  

and  i n f o r m a t iv e  compendium on p e t ro le u m  g e o lo g y  o f  th e  U.S. 

and  p ro b a b ly  t h e  m ost d e t a i l e d  e s t i m a t e  o f  p o t e n t i a l  o i l
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r e s e r v e s  t h a t  has  b e en  made f o r  t h e  U.S. t o  d a t e .  However, 

i t  does n o t  p r e s e n t  a s  d e t a i l e d  an a n a l y s i s  o f  n a t u r a l  gas 

r e s o u r c e s  a s  can be found in  o t h e r  r e f e r e n c e s .

2 . E s t im a te s  by t h e  U n ited  S t a t e s  G e o lo g ic a l  S u rv e y  ÇUSGS)

One o f  t h e  two m ost w id e ly  q u o te d  e s t i m a t e s  o f  p o 

t e n t i a l  gas  s u p p ly  i s  th e  e s t im a t e  b y  th e  USGS w h ich  h as  

h a d  t h e  r e p u t a t i o n  f o r  many y e a r s  a s  one o f  t h e  n a t i o n ’ s 

b e s t  and  m ost a u t h o r i t a t i v e  m appers  and m e a s u re rs  o f  n a t 

u r a l  r e s o u r c e s .  The e s t im a te  o f  p o t e n t i a l  n a t u r a l  gas s u p 

p l y  i s  d e te r m in e d  o r  b a se d  on a p p ly in g  a g a s - o i l  r a t i o  (GOR) 

t o  e s t i m a t e d  o r  a p p ro x im a te d  q u a n t i t i e s  o f  c ru d e  o i l  r e s o u r c e s ,  

The USGS e s t i m a t e s  f o r  c ru d e  o i l  a r e  b a s i c a l l y  g e o 

l o g i c  and  w ere  d e v e lo p e d  by A. D. Zapp and T . A. H e n d r ic k s .

The m e thod o lo gy  i s  d e s c r ib e d  on p a g e  21 o f  G e o lo g ic a l  S u r 

vey  C i r c u l a r  650. The m ethod in v o lv e s  a p p ly in g  t h e  h i s t o r i 

c a l  r e s u l t s  o f  p a s t  e x p l o r a t o r y  d r i l l i n g  t o  u n e x p lo r e d  ro c k s  

on an e q u a l  b a s i s  f o r  a l l  o f  t h e  f a v o r a b le  s t r a t a  o f  t h e  

U .S . ,  i n c l u d i n g  A la sk a  and  th e  c o n t i n e n t a l  m a rg in s  t o  a 

w a te r  d e p th  o f  2500 m e te rs  (8250 f e e t ) .

The r e s u l t i n g  USGS e s t i m a t e  g iv e s  t h e  t o t a l  o r i g i n a l  

o i l - i n - p l a c e  from w hich th e  v a r i o u s  o th e r  c a t e g o r i e s  can  be 

c a l c u l a t e d  by  a p p ly in g  s u i t a b l e  f i n d i n g  and r e c o v e r y  f a c t o r s .  

I t  i s  assum ed w i th  c u r r e n t  e x p l o r a t i o n  t e c h n o lo g y  f i v e - e i g h t h s  

o f  t h e  o i l - i n - p l a c e  can be fo u n d , b u t  o n ly  40% o f  t h e  o i l  

fo u n d  can  b e  p ro d u c e d .  By m u l t i p l y i n g  e s t i m a t e d  q u a n t i t i e s  

o f  c ru d e  o i l  by a  g a s - o i l - r a t i o  (GOR) o f  2500 f t ^  o f  gas
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f o r  each  b a r r e l  o f  o i l  i n  p l a c e ,  th e  o r i g i n a l  g a s - i n - p l a c e  

can  be d e te rm in e d  ( t h e  GOR r a t i o  u se d  by  USGS i s  much lo w e r  

t h a n  th o s e  u s e d  by  o t h e r  e s t i m a t o r s ,  e . g . ,  M. K. H u b b e r t .

The r e a s o n  i s  t h a t  USGS u se d  a r a t i o  o f  g a s - i n - p l a c e  t o  o i l -  

i n - p l a c e ,  b u t  H u b b e r t  u s e d  a  p r o d u c t io n  GOR w h ich  r e f l e c t s  

t h e  h ig h e r  r e c o v e r y  f a c t o r  f o r  g a s . )

I t  i s  assum ed 80% o f  t h e  o r i g i n a l  g a s - i n - p l a c e  i s  

r e c o v e r a b l e .  From t h i s ,  c u m u la t iv e  gas  d i s c o v e r i e s  a r e  s u b 

t r a c t e d  t o  f i n d  t h e  t o t a l  r e c o v e r a b le  p o t e n t i a l  gas s u p p l y .

In  r e p o r t i n g  r e s o u r c e  q u a n t i t i e s ,  t h e  USGS a l s o  u s e s  

c a t e g o r i e s  r e f e r r e d  t o  as  p a r a -  and  s u b - m a rg in a l  r e s o u r c e s  

w hich  a re  d e f i n e d  a s  t h o s e  e i t h e r  n o t  r e c o v e r a b l e ,  o r  n o t  

fo u n d  and r e c o v e r a b l e  b e c a u s e  o f  e i t h e r  s i z e  and  l o c a t i o n  

o r  r e c o v e r y  t e c h n o lo g y  and  low p r i c e .  F u tu re  a d v an c es  i n  

r e c o v e r y  t e c h n o lo g y  o r  i n c r e a s e  i n  p r i c e  c o u ld  make some o f  

t h e s e  known an d  u n d i s c o v e r e d  p a r a -  and  su b m a rg in a l  r e s o u r c e s  

r e c o v e r a b l e .  T a b le  IV -3 shows th e  r e c o v e r a b l e  p o t e n t i a l  

g a s  s u p p ly  e s t i m a t e s  i n  t r i l l i o n  c u b ic  f e e t  a s  p r e p a r e d  b y  

t h e  USGS.

3 . E s t im a te s  by  t h e  P o t e n t i a l  Gas Committee (PGC)

The PGC (C o lo ra d o  S ch o o l o f  Mines F o u n d a t io n ,  I n c . , 

P o t e n t i a l  Gas Agency) i s  a n o th e r  one o f  th e  more w id e ly  

q u o te d  e s t i m a t e s  o f  p o t e n t i a l  gas  s u p p l i e s .  These e s t i m a t e s ,  

l i k e  USGS e s t i m a t e s ,  a r e  b a s e d  on t h e  v o l u m e t r i c  ( g e o l o g i c )  

m eth o d , b u t  t h e  b a s i c  ap p ro a ch  d i f f e r s  somewhat from t h a t  

u s e d  b y  t h e  USGS.
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TABLE IV -3 

T o t a l  R e c o v e ra b le  P o t e n t i a l  N a t u r a l  Gas 

Supp ly  E s t im a te s  by USGS 

( T r i l l i o n  c u b ic  f e e t )

R e c o v e ra b le  P o t e n t i a l  
A rea  N a t u r a l  Gas Supp ly

Lower 48 S t a t e s  840-1670

A la s k a  290-580

T o t a l  U .S. 1130-2250

The PGC e s t i m a t e s  o f  p o t e n t i a l  g a s  a r e  made f o r  t h e  

l a r g e  p o s s i b l y  f a v o r a b le  a r e a s .  T h is  i s  s i m i l a r  t o  t h e  USGS 

m e th o d o lo g y ;  how ever, t h e  gas r e s o u r c e  e s t i m a t e s  a r e  made 

i n d e p e n d e n t l y  o f  o i l  r e s o u r c e  e s t i m a t e s  and  t h e r e  i s  no  n e e d  

t o  a p p ly  a  g a s - o i l  r a t i o .

The PGC a p p ro a ch  i s  d e s c r i b e d  i n  d e t a i l  on p ag e  25 

o f  t h e  November 1973 i s s u e  o f  t h e  C o m m itte e 's  p u b l i c a t i o n .

The P o t e n t i a l  Supply  o f  N a t u r a l  Gas i n  t h e  U .S . The b a s i c  

t e c h n iq u e  was t h e  com parison  o f  th e  f a c t o r s  t h a t  c o n t r o l  

known o c c u r r e n c e s  o f  g a s  w i th  f a c t o r s  p r e s e n t  i n  p r o s p e c t i v e  

a r e a s .  Known o c c u r r e n c e s  a r e  e x p r e s s e d  as  t h e  volume o f  

n a t u r a l  gas  u l t i m a t e l y  r e c o v e r a b l e  p e r  u n i t  volume o f  r e s 

e r v o i r  r o c k ,  w i t h i n  an a d e q u a te ly  e x p lo r e d  p o r t i o n  o f  a  

g e o l o g i c  p r o v i n c e .  T h is  r e l a t i o n s h i p  w i th  a p p r o p r i a t e  a d 

ju s t m e n t  f o r  v a r i a t i o n s  i n  g e o l o g i c a l  an d  r e s e r v o i r  c o n d i t i o n s  

i s  t h e n  a t t r i b u t e d  t o  i n c o m p l e t e l y  e x p lo r e d  o r  t o t a l l y  u n e x 

p l o r e d  s e d im e n ta r y  r o c k s  i n  t h e  same o r  i n  a s i m i l a r  g e o l o g i c  

p r o v i n c e .
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The p o t e n t i a l  n a t u r a l  gas e s t i m a t e s  by  PGC f o r  12 

g e o g ra p h ic  a r e a s  o f  t h e  U .S . a r e  b a s e d  on t h r e e  c a t e g o r i e s  

o f  p r o b a b l e ,  p o s s i b l e  and  s p e c u l a t i v e  f i g u r e s .  E x ce p t  f o r  

A la s k a ,  t h e  e s t i m a t e s  a r e  r e p o r t e d  by two d r i l l i n g  d e p th s  

on la n d  and  by  two w a te r  d e p th  zones o f f s h o r e .  The PGC 

e s t i m a t e s  a r e  shown in  T ab le  IV -4 .

TABLE IV-4

T o t a l  P o t e n t i a l  N a t u r a l  Gas S u p p ly  E s t im a te s  by  PGC

( T r i l l i o n  c u b ic  f e e t )

P o t e n t i a l  Gas S upp ly  E s t i m a t e s

A rea P r o b a b le P o s s i b l e S p e c u l a t i v e T o t a l

O n sh o re :  0 -15000  f t . 121 153 139 413
below  15000 f t . 33 45 59 137

O f f s h o r e :  0 -600 f t . 58 74 71 203
600-1500  f t . 0 18 9 27

T o t a l  48 s t a t e s 212 290 278 780

A la s k a 54 94 218 366

T o t a l  U .S. 266 384 496 1,146

4 . L. G. W eeks' E s t im a te s

The e s t i m a t e s  o f  u l t i m a t e  p r o d u c t io n  made by  Weeks 

(1 9 5 8 , 1959) a r e  n o t  f u l l y  d e s c r i b e d .  I t  i s  n o t  r e a l l y  

known w h e th e r  t h e  e s t i m a t e s  a r e  b a se d  on th e  g e o l o g i c  m ethod  

o r  m a th e m a t ic a l  p r o j e c t i o n ;  n o r  d id  he  s p e c i f y  w h e th e r  h i s  

e s t i m a t e  o f  u l t i m a t e  g a s  p r o d u c t io n  was b a s e d  on a g a s - o i l  

r a t i o .  A l i m i t e d  p o s s i b l e  f a v o r a b le  a r e a  was u s e d  f o r  t h i s
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e s t i m a t e .  The a r e a  w hich  was c o v e re d  in c lu d e d  c o n te rm in o u s  

U .S. an d  A la sk a  combined l a n d  and o f f s h o r e  a r e a s .  He n e g l e c t e d  

t o  i n c l u d e  a r e a s  su c h  a s  t h e  A t l a n t i c  C o as t  m a in ly  b e ca u se  

s u f f i c i e n t  e x p l o r a t i o n  e x p e r i e n c e  f o r  t h i s  a r e a  was n o t  a v a i l 

a b l e .  The e s t i m a t e s  f o r  o f f s h o r e  a r e a s  w ere c a r r i e d  t o  a  

w a te r  d e p th  o f  1000 f e e t  w h ich  i s  o n ly  s l i g h t l y  d e e p e r  t h a n  

t h e  s e a w a rd  edge o f  th e  c o n t i n e n t a l  s h e l f .  H is e s t i m a t e s  

a r e  shown i n  T a b le  IV -5.

TABLE IV-S

T o t a l  P o t e n t i a l  N a t u r a l  Gas S u pp ly  E s t im a te s  

by  L . G. Weeks 

( T r i l l i o n  c u b ic  f e e t )

P o t e n t i a l  su p p ly  o f
N a t u r a l  Gas 318 t c f

U l t im a te  p o t e n t i a l  s u p p ly
o f  N a t u r a l  Gas 1000 t c f

S. T . W. N e lso n  and C. A. Burk E s t im a te s

The N e lso n  and Burk e s t i m a t e s  a r e  b a s e d  on g e o lo g i c  

m e th o d s ,  b u t  t h e i r  m ethods a r e  n o t  f u l l y  e x p la in e d .  The 

a r e a  t h e y  c o v e re d  was l i m i t e d  t o  t h e  u n d ev e lo p ed  and u n fo und  

p e t r o l e u m  r e s e r v e s  o f  U .S . c o n t i n e n t a l  m a rg in s .  T h e i r  e s t i 

m a te s  do n o t  i n c lu d e  th e  A la s k a  s h e l v e s .  They d e a l  w i th  

t h e  U .S . c o n t i n e n t a l  s h e l f ,  o r  t h e  zone where t h e  w a te r  d e p th  

r a n g e s  from  0 t o  2000 m e t e r s .  They r e p o r t e d  r e s o u r c e  q u a n 

t i t i e s  u n d e r  th e  c a t e g o r i e s  a s  p r o s p e c t i v e  and s p e c u l a t i v e  

r e s e r v e s .  They e s t im a t e d  t h a t  t h e  u l t i m a t e  n a t u r a l  gas 

p r o d u c t i o n  w ould  range  from  88 t o  168 t c f .
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6. M. King H u b b e r t  E s t im a te s

H u b b e r t  i s  one o f  th e  l e a d in g  p ro p o n e n ts  o f  m athe

m a t i c a l  p r o j e c t i o n  f o r  e s t i m a t i n g  u l t i m a t e  p o t e n t i a l  r e s o u r c e s  

H is  e s t im a te  o f  t h e  u l t i m a t e  p o t e n t i a l  p r o d u c t io n  o f  c rude  

o i l  i s  b a se d  on t h e  m a th e m a t ic a l  e x t r a p o l a t i o n  o f  h i s t o r i c a l  

d a ta  on c ru d e  o i l  r e s e r v e  a d d i t i o n s  and  p r o d u c t i o n  f o r  t h e  

co n te rm in o u s  U.S. and i t s  c o n t ig u o u s  c o n t i n e n t a l  s h e l v e s .

H is  m ethod  a c t u a l l y  i n v o lv e s  f i t t i n g  a  p a r t i c u l a r  

m a th e m a tic a l  f u n c t i o n  ( t h e  l o g i s t i c  c u rv e )  t o  h i s t o r i c a l  

d a ta  on c u m u la t iv e  g r o s s  a d d i t i o n s  t o  c rude  o i l  r e s e r v e s  a s  

r e p o r t e d  by  t h e  API. He th e n  u s e s  t h i s  e q u a t io n  t o  e s t i m a t e  

t o t a l  u l t i m a t e  r e c o v e r y .  The l o g i s t i c  cu rve  w h ich  he f i t t e d  

t o  c u m u la t iv e  g r o s s  r e s e r v e s  a d d i t i o n s  ( o r  i n  h i s  t e r m in o lo g y  

" c u m u la t iv e  d i s c o v e r i e s " )  h a d  an u p p e r  l i m i t  o f  170 b i l l i o n  

b b l .  Thus on th e  b a s i s  o f  t h e  l o g i s t i c  c u rv e ,  t h i s  f i g u r e  

r e p r e s e n t s  t h e  t o t a l  e s t i m a t e  f o r  u l t i m a t e  c ru d e  o i l  d i s 

c o v e ry  and p r o d u c t i o n  f o r  t h e  U .S.

H u b b e r t  d i d  n o t  make an in d e p e n d e n t  e s t i m a t e  f o r  

u l t i m a t e  p o t e n t i a l  gas p r o d u c t i o n ,  b u t  c a l c u l a t e s  i t  by 

u s in g  a g a s - o i l  r a t i o  (GOR) t e c h n i q u e .  He m u l t i p l i e d  th e  

e s t im a t e d  u l t i m a t e  c ru d e  o i l  p r o d u c t io n  o f  170 b i l l i o n  b b l  

by a GOR o f  7500 f t ^ / b b l  w hich  i s  a p p ro x im a te ly  t h e  h i s t o r i 

c a l  r a t i o  o f  c u m u la t iv e  gas p r o d u c t io n  t o  c u m u la t iv e  c rude  

o i l  p r o d u c t i o n .  The v a lu e  f o r  e s t i m a t e d  u l t i m a t e  p o t e n t i a l  

gas  p r o d u c t io n  t h a t  he o b t a i n e d  was 1184 t c f .  Of t h i s  f i g u r e  

1050 t c f  o r  89% i s  l o c a t e d  i n  t h e  c o n te rm in o u s  U .S . and 134
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t c f  o r  11% i n  A la sk a .  H ubbert p r o j e c t e d  t h a t  peak  p r o d u c 

t i o n  o f  n a t u r a l  gas f o r  th e  lo w e r  48 s t a t e s  w ould  be a p p r o x i 

m a te ly  21 t c f  i n  a b o u t  th e  y e a r  1978. T h is  f i g u r e  was b a s e d  

on h i s  e s t i m a t e  o f  1050 t c f  o f  u l t i m a t e  p o t e n t i a l  p r o d u c t i o n .

7. M. A. E l l i o t t  and  H. R. L ind en  E s t im a te s

O th e r  l e a d in g  p ro p o n e n ts  o f  m a th e m a t i c a l  p r o j e c t i o n  

f o r  e s t i m a t i n g  f u t u r e  n a t u r a l  gas  a r e  E l l i o t t  and L inden  o f  

t h e  I n s t i t u t e  o f  Gas T echno logy  ( IG T ) . T h e i r  s tu d y  o f  f u t u r e  

gas  su p p ly  i s  b a s e d  on th e  IGT model w h ich  p r o j e c t s  f u t u r e  

n a t u r a l  gas p r o d u c t i o n  and d i s c o v e r i e s  from  h i s t o r i c a l  d a t a .  

T h is  t e c h n iq u e  e x p r e s s e s  p a r a m e te r s  su c h  a s  a n n u a l  p r o d u c 

t i o n  and  d i s c o v e r i e s ,  p rov ed  r e s e r v e s ,  and  r a t i o  o f  p ro v ed  

r e s e r v e s  t o  a n n u a l  p r o d u c t io n  (R/P) a s  i m p l i c i t  f u n c t i o n s  

o f  t im e  e x p r e s s e d  i n  c a l e n d a r  y e a r s .  In  o r d e r  t o  p r o j e c t  

t h e  f u t u r e  s u p p ly  o f  n a t u r a l  gas  a l l  o f  t h e s e  h i s t o r i c a l  

p a ra m e te r s  o f  n a t u r a l  gas w ere u se d  a s  i n p u t  i n t o  t h e  IGT 

m odel w hich  was programmed f o r  co m p u te r  s o l u t i o n .  The o u tp u t  

was a s e t  o f  e m p i r i c a l  c o n s t a n t s  t h a t  c o u ld  be  u s e d  to  c a l 

c u l a t e  and  p r o j e c t  t h e  f u t u r e  s u p p ly  o f  n a t u r a l  g a s .  E l l i o t t  

and L in d e n ’ s r e s u l t s  and p r o j e c t i o n s  b a s e d  on t h e  IGT model 

w ere  as f o l l o w s :  The t o t a l  p o t e n t i a l  p r o d u c t i o n  ra n g e d  from

1264 t c f  t o  1393 t c f  f o r  t h e  w hole  U .S . ( i n c l u d i n g  A la s k a ) .

Of t h i s  t o t a l ,  1053-1226 t c f  i s  a t t r i b u t e d  t o  t h e  low er 48 

s t a t e s  and 211-167 t c f  t o  A la s k a .  They a l s o  i n d i c a t e d  a 

p r o d u c t i o n  c a p a b i l i t y  o f  25-26 t c f  p e r  y e a r  be tw een  19 79- 

1982 f o r  t h e  low er 48 s t a t e s .  The t o t a l  U .S. p r o d u c t io n



56

was a l s o  p r o j e c t e d  t o  peak  a t  27 t c f  be tw een  1 9 8 3 -1 9 8 5 , a t  

an R/P r a t i o  o f  a b o u t  e i g h t  y e a r s .

8. C. L. Moore P r o j e c t i o n

The e s t i m a t e s  p r e s e n t e d  by C. L. Moore o f  t h e  D e p a r t 

ment o f  I n t e r i o r ' s  O f f i c e  o f  O i l  and  Gas w ere  b a s e d  on m a th e 

m a t i c a l  p r o j e c t i o n .  The ap p ro a ch  i s  v e ry  s i m i l a r  t o  t h a t  o f  

M. K. H u b b e rt  e x c e p t  t h a t  t h e  Gompertz c u rv e  i s  u s e d  r a t h e r  

th a n  th e  l o g i s t i c  c u rv e .  Moore a l s o  p r e s e n t s  an in d e p e n d e n t  

e s t i m a t e  f o r  n a t u r a l  gas  i n s t e a d  o f  b a s i n g  them  on e s t i m a t e s  

f o r  c ru d e  o i l  and a h i s t o r i c a l  g a s - o i l  r a t i o .  Moore p r o 

j e c t e d  a  p o t e n t i a l  u l t i m a t e  p r o d u c t i o n  by  f i t t i n g  a h i s t o r i 

c a l  d a t a  t o  a Gompertz c u rv e .  H is  e s t i m a t e  was 1547 t r i l l i o n  

c u b ic  f e e t  f o r  p o t e n t i a l  u l t i m a t e  U .S . p r o d u c t i o n  o f  n a t u r a l  

g a s .

9. E nergy  P o l i c y  S t a f f  ÇEPS) P r o j e c t i o n

A d i f f e r e n t  ap p ro a ch  was u s e d  by e n e rg y  p o l i c y  s t a f f  

CEPS) o f  t h e  D epartm en t o f  I n t e r i o r .  The e n e r g y  p o l i c y  s t a f f  

e s t i m a t e s  f o r  th e  o i l  and n a t u r a l  gas  r e s o u r c e s  w ere  g iv en  

as d i s c o v e r e d  and u n d is c o v e r e d  f i g u r e s .

The known o r  d i s c o v e r e d  o i l  and  gas r e s o u r c e  q u a n t i 

t i e s  were o b t a i n e d  from  th e  API d a ta  f o r  o i l  a n d  t h e  A.G.A. 

d a ta  f o r  n a t u r a l  g a s .  The e s t i m a t e d  known n a t u r a l  r e s o u r c e s  

a t  t h a t  t im e  am ounted t o  268 t c f .

In  o r d e r  t o  e s t im a t e  t h e  u n d i s c o v e r e d  n a t u r a l  gas 

r e s o u r c e s ,  t h e  EPS u s e d  and m u l t i p l i e d  t h e  e s t i m a t e d  u n d i s 

c o v e re d  o i l  r e s o u r c e  q u a n t i t i e s  d e r i v e d  by  A. D. Zapp o f
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th e  USGS by t h e  h i s t o r i c a l  g a s - o i l  r a t i o  (GOR).

The r e s u l t  o f  t h i s  m u l t i p l i c a t i o n  gave an e s t i m a t e  

o f  2050 t c f  o f  n a t u r a l  g a s  r e s o u r c e s .  Of t h i s  q u a n t i t y ,

1200 t c f  o f  i t  i s  r e c o v e r a b le  an d  can be p ro d u c e d  u n d e r  

c u r r e n t  econom ic  c o n d i t i o n s  and  850 t c f  o f  i t  i s  m a rg in a l  

u n d i s c o v e r e d  n a t u r a l  gas  r e s o u r c e s  w hich  a re  n o t  r e c o v e r 

a b le  u n d e r  c u r r e n t  econom ic c o n d i t i o n s .

10. A. R. M a r t in e z  Method

A. R. M a r t in e z  (1963) p r e s e n t e d  a m ethod  on e s t i m a t i o n  

o f  t h e  m ag n itu d e  and  d u r a t i o n  o f  p e tro le u m  r e s o u r c e s .  I n  

o r d e r  t o  e s t i m a t e  t h e  d u r a t i o n  o f  g iv en  o i l  o r  gas r e s o u r c e s ,  

he  p r o p o s e d  t h e  i n t e g r a l  t e c h n iq u e  o f  p r e d i c t i o n .  T h is  

t e c h n iq u e  i s  b a s e d  on t h e  H u b b e r t  m a th e m a tic a l  m ethod ( l o g i s t i c  

c u r v e ) . I t  i s  a c t u a l l y  s im p le  m a th e m a tic a l  r e l a t i o n s h i p s  

be tw een  t h e  c u m u la t iv e  p r o d u c t i o n ,  t h e  p ro v ed  r e s e r v e s ,  t h e  

c u m u la t iv e  d i s c o v e r i e s ,  and t h e i r  t im e  d e r i v a t i v e s .  As f o r  

t h e  m ag n itu d e  o f  o i l  o r  gas r e s o u r c e s ,  he d e f i n e d  t h e  r e 

s o u r c e s  as  t h e  sum t o t a l  o f  f o u r  d i f f e r e n t  volum es : t h e

p r o d u c t i o n ,  t h e  p ro v ed  r e s e r v e s ,  t h e  su p p le m e n ta ry  r e s e r v e s ,  

and  t h e  u n d i s c o v e r e d  r e s e r v e s .

He s u g g e s te d  t h a t  a key  f a c t o r  i n  e s t i m a t i n g  t h e  

m ag n itu d e  o f  o i l  o r  gas r e s o u r c e s  was a d e t a i l e d  s tu d y  o f  

t h e  g e o lo g y  o f  t h e  s e d im e n ta ry  b a s i n  as  w e l l  a s  a l l  g e o l o g i c a l  

h i s t o r y  o f  b a s i n s  f o r  t h e  f o u r  t y p e s  o f  r e s o u r c e s  m en tio n ed  

above s h o u ld  be done.
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A lso  M a r t in e z  a p p l i e d  h i s  a p p ro a c h  t o  s t a t i s t i c s  

f o r  V en ezu e la  in  o r d e r  t o  e s t i m a t e  t h e  m a g n i tu d e  and d u r a 

t i o n  o f  t h e  p e t r o le u m  r e s o u r c e s  o f  t h a t  c o u n t r y .  He d id  

n o t  e x te n d  h i s  work t o  e s t i m a t i o n  o f  n a t u r a l  gas r e s o u r c e s .

11 . J .  J .  A rp s ,  M. M o r ta d a ,  and  A. E. S m ith

A r p s ,  M o r ta d a ,  and  Sm ith  p r e s e n t e d  an e x p l o r a t i o n  

p e rfo rm an c e  m ethod by  s e t t i n g  up a  m a th e m a t i c a l  m odel, w hich 

p r o v id e s  an e f f e c t i v e  t o o l  f o r  t h e  e v a l u a t i o n  and p r o j e c t i o n  

o f  f u t u r e  r e c o v e r a b l e  r e s e r v e s .  T h is  m odel r e l a t e s  e x p l o r a 

t o r y  r e s u l t s ,  i n  te rm s  o f  p ro v e d  r e s e r v e s ,  t o  e x p lo r a to r y  

e f f o r t ,  i n  te rm s  o f  e x p l o r a t o r y  fo o ta g e  d r i l l e d .  The model 

c o n s i s t s  o f  many i n t e r r e l a t e d  p a ra m e te r s  and  i n c o r p o r a t e s  

two im p o r ta n t  c o n s i d e r a t i o n s .  The f i r s t  c o n s i d e r a t i o n  i s  

th e  co n ce p t  o f  an econom ic  l i m i t  i n  t h e  c o n t e x t  o f  an e x 

p l o r a t o r y  p rog ram . The se c o n d  c o n s i d e r a t i o n  makes f u l l  use  

o f  t h e  A.G.A. and API r e s e r v e  c l a s s i f i c a t i o n s  and s t a t i s t i c s .  

The d a ta  from  t h e s e  s o u r c e s  w ould  p e rm i t  an e v a l u a t i o n  o f  

th e  d e c l i n i n g  e f f e c t i v e n e s s  o r  decay  o f  new f i e l d  r e s e r v e s  

added  by i n c r e m e n ta l  e x p l o r a t o r y  f o o ta g e  d r i l l e d  and a l s o  

w ould  g iv e  t h e  g row th  o f  r e s e r v e s  i n  p r e v i o u s l y  d is c o v e re d  

new f i e l d s .  B a s i c a l l y  t h e i r  e x p l o r a t i o n  m odel can be u sed  

t o

1 . f o r e c a s t  f u t u r e  t r e n d s  in  r e s u l t s  o f  e x p lo r a to r y

e f f o r t .

2 .  e v a l u a t e  and  p r e d i c t  p o t e n t i a l  r e c o v e r a b le  h y 

d ro c a rb o n  r e s e r v e s  i n  m a tu re  g e o l o g i c a l  b a s i n s  o r  a r e a s .
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3. p r e d i c t  u l t i m a t e  e c o n o m ic a l ly  r e c o v e r a b le  r e s e r v e s  

f o r  v a r i a b l e  o i l  and gas p r i c e  l e v e l  by im posing  a r e a l i s t i c  

and  a p p r o p r i a t e  econom ic l i m i t  and  f a c t o r s  on r e s u l t s  o f  th e  

e x p l o r a t i o n  m odel.

O v e r a l l  t h i s  m ethod i s  c o n s i d e r e d  t o  be one o f  t h e  

m ost ad eq u a te  t o o l s  f o r  p r e d i c t i n g  e c o n o m ic a l ly  r e c o v e r a b le  

u l t i m a t e  r e c o v e r y  f o r  a g iv e n  a r e a .

12 . J .  J .  Arps and T. G. R o b e r ts  Method

J .  J .  Arps and  T. G. R o b e r ts  p r e s e n t e d  an econom ic 

a n a l y s i s  f o r  a sam ple  a r e a  on th e  e a s t  f l a n k  o f  th e  D enver- 

J u l e s b u r g  b a s i n  b a s e d  on o b s e rv e d  s t a t i s t i c a l  d a t a .  The 

D e n v e r - J u le s b u rg  b a s i n  was chosen  b e c a u se  i t  was l a r g e  i n  

a r e a l  e x t e n t  and  s i z a b l e  s t a t i s t i c a l  i n f o r m a t io n  was a v a i l 

a b l e .  The sample a r e a  c o v e r s  5 .7  m i l l i o n  a c r e s  w i th  h u n 

d re d s  o f  low er c r e t a c e o u s  f i e l d s  and  th o u sa n d s  o f  w e l l s .  

B ecause o f  th e  s i z a b l e  s t a t i s t i c a l  sam ple  and  l a r g e  a r e a ,  

t h e  econom ic and s t a t i s t i c a l  a n a l y s i s  u s e d  f o r  th e  J u l e s b u r g  

b a s i n  can be a p p l i e d  f o r  any o t h e r  g e o lo g ic  p r o v in c e .  Arps 

and R o b e r ts  c o n c lu d e d  t h a t  t h i s  s tu d y  w ould  p ro v id e  a t o o l  

f o r  making a f o r e c a s t  o f  t h e  p r o b a b le  r e s u l t s  t o  be e x p e c te d  

from  f u t u r e  e x p l o r a t o r y  d r i l l i n g .

13. N e lson  G. R ios Model

R ios in t r o d u c e d  a model w hich  in v o lv e s  t h e  u se  o f  

e x p l o r a t o r y  and p r o d u c t io n  d a t a .  H is  e x p l o r a t o r y  f o o ta g e  

m odel r e l a t e s  en e rg y  r e s o u r c e s  d i s c o v e r e d  t o  th e  amount o f
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e x p l o r a t o r y  fo o ta g e  d r i l l e d .  R ios f i t t e d  t h e  e x p lo r a to r y  

model to  th e  h i s t o r i c a l  d a t a  f o r  t h e  S em ino le  a r e a  o f  O k la 

homa (Hughes, P o t ta w a to m ie ,  and Sem ino le  c o u n t i e s )  i n  o r d e r  

t o  p r e d i c t  t h e  f u t u r e  e c o n o m ic a l ly  r e c o v e r a b l e  r e s e r v e s .

He c o n c lu d ed  t h a t  t h i s  model can be  u s e d  f o r  any a r e a  as 

long  as t h e  e x p l o r a t o r y  a c t i v i t y  i n  t h e  a r e a  was i n  th e  

m a tu re  s t a g e .

14. J .  D. Moody Method

J .  D. Moody d e v e lo p e d  a s t a t i s t i c a l  a p p ro a c h .  H is 

t e c h n iq u e  em ploys an  e l a b o r a t e  com puter p rog ram  t o  combine 

th e  g e o lo g ic  and p r o d u c t io n  c h a r a c t e r i s t i c s  o f  known (and  

p o s s i b l e )  o i l  and  g a s  r e s e r v o i r s  w i t h  t h e  i n s t i n c t s  o f  M o b i l ’ s 

e x p l o r a t i o n i s t s  i n  t h e  f i e l d .  The r e s u l t  i s  a  s e r i e s  o f  

p r o b a b i l i t y  p r o f i l e s  t h a t  p r o j e c t  t h e  o u t p u t  o f  known and 

s u s p e c t e d  d e p o s i t s  i n  e a c h  o f  th e  U .S . 14 o i l  and gas p r o v 

i n c e s .  The a r e a  c o v e re d  f o r  t h i s  e s t i m a t e  was a l l  U.S. 

t e r r i t o r y ,  o n sh o re  and  o f f s h o r e  t o  w a te r  d e p th s  o f  6000 f e e t .  

M o b i l 's  e s t i m a t e  was much low er t h a n  th e  e s t i m a t e  made by 

th e  USGS f o r  o i l  as  w e l l  a s  n a t u r a l  g a s .  T h e i r  e s t i m a t e  f o r  

u n d is c o v e r e d  r e c o v e r a b le  o i l  and g as  in  t h e  U .S . was 34 

b i l l i o n  b b l s  o f  o i l  and  605 t r i l l i o n  c u b ic  f e e t  o f  n a t u r a l  

gas f o r  o n sh o re  and 54 b i l l i o n  b b l s  o f  o i l  and  443 t r i l l i o n  

c u b ic  f e e t  o f  n a t u r a l  gas  f o r  o f f s h o r e  a r e a s .
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C. A ccuracy  o f  th e  R esource  E s t im a te

The v a r i a t i o n  i n  r e s o u r c e  e s t i m a t e s  by  d i f f e r e n t  

e s t i m a t o r s  seems t o  i n d i c a t e  t h a t  t h e s e  f o r e c a s t s  a r e  o n ly  

o r d e r  o f  m agn itud e  f i g u r e s  and can s e r v e  a s  l i t t l e  more th a n  

a b a s i s  f o r  ro u g h ,  p ra g m a t ic  a n a l y s i s  o f  e n e r g y  p o l i c y  a l 

t e r n a t i v e s .  The e s t i m a t e s  o f  p o t e n t i a l  g a s  s u p p l i e s  a r e  o n ly  

" i n d i c a t o r s "  o f  gas t h a t  may be  found  and p ro d u c e d .  These 

d i f f e r e n t  m ethods a l l  have some d e g re e  o f  u n c e r t a i n t y  and 

th e  e s t i m a t e s  g iv e n  by  them s h o u ld  be u s e d  c a u t i o u s l y  by 

g o v e rn m e n ta l  and c o r p o r a t e  p o l i c y  m ak e rs .  T hese  m ethods 

a l l  h ave  c e r t a i n  i n a d e q u a c ie s ,  l i m i t a t i o n s ,  and  w e a k n e s s e s .

For e x am p le ,  t h e  e s t i m a t e s  b a se d  on m a th e m a t i c a l  p r o j e c t i o n  

a re  u n r e a l i s t i c  b e c a u se  th e y  a re  b u i l t  e n t i r e l y  upon t h e  

p a s t  an d  do n o t  c o n s i d e r  any f u t u r e  c h an g es  i n  e c o n o m ic a l ,  

p o l i t i c a l ,  and s o c i a l  f a c t o r s  t h a t  can  e n t i r e l y  and d r a s 

t i c a l l y  change a l l  t h e  f u t u r e  e s t i m a t e s  on d i s c o v e r i e s ,  

r e s e r v e s ,  and p r o d u c t i o n .

The o n ly  way t o  g e t  a r e a l i s t i c  e s t i m a t e  f o r  t h i s  

a p p ro a c h  i s  t o  assume t h a t  e c o n o m ic a l ,  p o l i t i c a l ,  t e c h n i c a l  

and s o c i a l  f a c t o r s  rem ain  unchanged , and t h e  a r e a  u n d e r  con 

s i d e r a t i o n  i s  a w e l l  d e v e lo p ed  a r e a ,  su ch  a s  t h e  lo w er 48 

s t a t e s  o n s h o r e .  One o f  t h e  main r e a s o n s  t h a t  t h e  m a th e m a t i c a l  

p r o j e c t i o n  e s t i m a t e  can  be low i s  b e c a u se  i t  i g n o r e s  t h e  

u n d e v e lo p e d  a r e a s ,  i . e . ,  A t l a n t i c  o f f s h o r e ,  o r  c o n t i n e n t a l  

s h e l f  o f  t h e  G u lf  C o a s t .
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O t h e r  w e ak n e s s e s  o f  t h e  m a t h e m a t i c a l  app ro ach  were 

p o i n t e d  o u t  by J .  M. Ryan. In  r e j e c t i n g  t h i s  m ethod ,  Ryan 

s t a t e d  t h a t  t h e r e  i s  no l o g i c a l  b a s i s  f o r  assum ing  t h a t  

f u t u r e  a c t i v i t i e s  w i l l  be  c o n s t r a i n e d  t o  f o l l o w  H u b b e r t* s  

l o g i s t i c  f u n c t i o n ,  o r  M oore 's  Gompertz f u n c t i o n ,  o r  any o t h e r  

f u n c t i o n .  He a r g u e d  t h a t  th e  m e c h a n i c a l  c u rv e  f i t t i n g  a p 

p r o a c h e s  u s e d  by H u b be r t  and Moore a n d  o t h e r  e s t i m a t o r s  a r e  

n o t  l o g i c a l ,  and i t  c a n n o t  p h y s i c a l l y  r e p r e s e n t  t h e  e s t i m a t e  

f o r  u l t i m a t e  o i l  and  gas  r e c o v e r y .  He c o n c lu d e d  t h a t  t h e s e  

a p p r o a c h e s  a r e  e s s e n t i a l l y  a r b i t r a r y ,  and t h e  b e s t  way o f  

g i v i n g  any  e s t i m a t e s  i s  by  m ass iv e  and  d e t a i l e d  s u b s u r f a c e  

s t u d i e s  and  e x p l o r a t o r y  d r i l l i n g  f o r  a l l  g e o g r a p h i c  a r e a s  

i n  t h e  U .S .

The e s t i m a t e  b a s e d  on g e o l o g i c  ( v o l u m e t r i c )  methods 

i s  a l s o  u n r e a l i s t i c  i n  t h a t  we l a c k  t h e  q u a n t i t a t i v e  d a t a  

n e c e s s a r y  t o  p ro d uce  e s t i m a t e s  w i t h  any  r e a s o n a b l e  a c c u r a c y .  

F o r  e x am p le ,  t h e  r e c e n t  USGS e s t i m a t e  ha s  been  r e d u c e d  s i g n i f i 

c a n t l y  b e c a u s e  o f  t h e  c o m b in a t io n  o f  t h e  i n t r o d u c t i o n  o f  

more d a t a  and c r i t i c a l  r e - e v a l u a t i o n  o f  t h e  method p r e v i o u s l y  

u s e d .  P. K. N o r th  i n  v iew in g  t h i s  method s t a t e d  t h a t  t h e  

m ethod  h a s  no s c i e n t i f i c  o r  economic  meaning and i s  n o t  a 

m easure  o f  any t h i n g  t a n g i b l e .  A c t u a l l y  an e s t i m a t e  d e v e lo p ed  

w i t h  t h i s  method i s  b a s e d  upon w h a t e v e r  a s su m p t io n s  t h e  

e s t i m a t o r  chooses  t o  a d o p t .  One o f  t h e  main r e a s o n s  t h a t  

f u t u r e  p r o j e c t i o n s  made w i t h  t h e  v o l u m e t r i c  o r  g e o l o g i c  

method a r e  g e n e r a l l y  h i g h e r  t h a n  t h e  m a t h e m a t i c a l  p r o j e c t i o n s
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i s  b e c a u s e  t h e y  n o r m a l ly  i n c l u d e  c a l c u l a t i o n s  f o r  p o t e n t i a l  

r e s o u r c e s  o f  a l l  s e d im e n t s  t o  a g i v e n  d e p th  on d r y  l a n d ,  and 

f o r  a g i v e n  w a t e r  d e p th  on t h e  c o n t i n e n t a l  s h e l v e s .  As 

N o r th  s t a t e d ,  t h e  e s t i m a t e  b a s e d  on t h e  v o l u m e t r i c  method 

a r e  t o o  l a r g e  f o r  t h e  f o l l o w i n g  r e a s o n s :

1 . t h e  p r o b a b l e  r e s e r v e s  a r e  g e n e r a l l y  o v e r s t a t e d ;

2 . t h e  s p e c u l a t i v e  r e s e r v e s  a re  g e n e r a l l y  w h o l ly  

s u p p o s i t i o n a l  and s h o u ld  n o t  be c o u n te d  on;

3 .  u n d i s c o v e r e d  p o t e n t i a l  e s t i m a t e s  a r e  q u e s t i o n a b l e  

b e c a u s e  su c h  a r e a s  as t h e  A t l a n t i c  o f f s h o r e  have  n o t  been  

d e m o n s t r a t e d  t o  c o n t a i n  e c o n o m i c a l l y  r e c o v e r a b l e  h y d r o c a r b o n s .

The p r o b a b i l i t y  a p p ro a c h  d e v e lo p e d  by  t h e  Mobil  O i l  

C o r p o r a t i o n  a l s o  h a s  i t s  drawbacks s i n c e  i n  t h i s  app roach  

someone, somewhere i n  t h e  company must  a t  l e a s t  c o n c e iv e  o f  

a " p l a y "  o r  p r o s p e c t  o f  o i l  and g a s  b e f o r e  i t  e n t e r s  t h e  

c a l c u l a t i o n s .  A ccord ing  t o  McKelvey, Mobil  r e s e a r c h e r s  f a i l  

t o  t a k e  a l l  t h e  a v a i l a b l e  d a t a  o r  p r o s p e c t s  i n t o  c o n s i d e r a t i o n ,  

e s p e c i a l l y  a l l  t h e  s m a l l  s c a t t e r e d  d e p o s i t s  t h a t  c o u ld  add 

up t o  a s i g n i f i c a n t  q u a n t i t y  o f  o i l  and gas

However,  a s  m e n t io n e d  p r e v i o u s l y ,  most  o f  t h e  methods 

f o r  making e s t i m a t e s  o f  g a s  r e s o u r c e s  have l i m i t a t i o n s  and 

w e a k n e s s e s .  A l l  o f  t h e s e  d e f i c i e n c i e s  a r e  c a u s e d  by t h e  l a c k  

o f  e n g i n e e r i n g ,  g e o l o g i c a l ,  e c o n o m ic a l ,  t e c h n o l o g i c a l ,  and 

s o c i a l  d a t a .  In  o r d e r  t o  g e t  a b e t t e r  e s t i m a t e ,  government  

and  i n d u s t r y  must c o n t i n u e  t o  make more i n v e s t m e n t s  t o  r e v i s e  

and a p p ly  t h e s e  methods a s  more d a t a  becomes a v a i l a b l e .



CHAPTER V 

DESCRIPTION OF THE MODEL

For  many y e a r s  n a t u r a l  gas h a s  b e e n  one o f  t h e  most 

i m p o r t a n t  s o u r c e s  o f  U.S. e n e r g y ,  and i t  p r o v i d e s  more t h a n  

40 p e r c e n t  o f  t o d a y ’s t o t a l  consum ption  [ 5 4 ] .  For many y e a r s  

t h e  d i s c o v e r i e s  o f  n a t u r a l  gas  e x c e e d e d  t h e  amount n e e d e d  

and t h e  n a t i o n ' s  p r o v e d  r e s e r v e s  i n c r e a s e d  even  as  more gas 

was b e in g  p ro d u c e d  ( i n c l u d i n g  t h e  amounts consumed, u s e d  i n  

t h e  f i e l d  and  f l a r e d  and  v e n t e d ) .  However ,  i n  1968,  more 

gas was p r o d u c e d  t h a n  found .  S ince  t h e n  t h e  t o t a l  U.S. 

r e s e r v e s  have  d ro p ped  a t  a  r a p i d  r a t e  and  d u r i n g  t h e  s e v e n -  

y e a r  p e r i o d  1968-1974 t h e  q u a n t i t y  o f  gas  consumed was a p 

p r o x i m a t e l y  2 - 1 /2  t im e s  t h e  amount fo u n d .  C l e a r l y ,  s t e p s  

a r e  n e e d e d  t h a t ,  a t  a  minimum, w i l l  e q u a l i z e  f u t u r e  f i n d i n g  

and p r o d u c t i o n  r a t e s ,  i . e . ,  b a l a n c e  t h e  sup p ly -d em and  f a c t o r s .  

The e f f e c t i v e n e s s  o f  t h e s e  e f f o r t s  d epends  on t h e  adequacy  

o f  t h e  methods u se d  t o  p r o j e c t  f u t u r e  l e v e l s  o f  f i n d i n g  r a t e s  

and r e s e r v e s .  As d i s c u s s e d  i n  a p r e v i o u s  c h a p t e r ,  many 

methods f o r  f o r e c a s t i n g  gas  r e s o u r c e  a v a i l a b i l i t y  were  i n 

t r o d u c e d  in  t h e  l a s t  two decades  by d i f f e r e n t  p e o p le  o r  

o r g a n i z a t i o n s .  The e s t i m a t e s  o f  r e s e r v e s  and p r e d i c t i o n s  

o f  f u t u r e  d i s c o v e r i e s  o f  o i l  and n a t u r a l  gas  o b t a i n e d  from
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each  method w i t h  i t s  r e c o g n i z e d  l i m i t a t i o n s  can  p ro du ce  

r e l e v a n t  r e s u l t s ,  b u t  no s i n g l e  t e c h n i q u e  h a s  u n i v e r s a l  a p 

p l i c a t i o n .  The s t r e n g t h s  and w e ak n esses  o f  e a c h  t e c h n i q u e  

must be c o n s i d e r e d  i n  c h o os in g  t h e  method o r  methods t o  be 

u se d  in  making an e s t i m a t e  o f  h y d ro c a rb o n  p o t e n t i a l  o f  a 

s p e c i f i c  a r e a .

The t e c h n i q u e  o r  t h e  model u s e d  i n  t h i s  s t u d y  a c t u a l l y  

combines a s t a t i s t i c a l  d e s c r i p t i o n  o f  t h e  r e s e r v e s  o f  t h e  

f i e l d s  i n  t h e  r e g i o n  and an assumed o r  e x t r a p o l a t e d  f u t u r e  

d r i l l i n g  a c t i v i t y  r e l a t i o n s h i p  t o  f o r e c a s t  t h e  f u t u r e  d i s 

c o v e ry  r a t e .  In  t h i s  model a l a r g e  p o p u l a t i o n  o f  f i e l d s  made 

up t h e  r e s o u r c e  b a s e  u s e d .  In  t h e  i n i t i a l  r u n s  t h i s  p o p u l a 

t i o n  c o n t a i n e d  6358 f i e l d s  which were s e p a r a t e d  i n t o  seven  

c l a s s e s .  I n  l a t e r  ru n s  (Case I  and Case I I )  t h e  t o t a l  popu

l a t i o n  c o n t a i n e d  few er  f i e l d s  b u t  t h e  r e l a t i v e  f r e q u e n c i e s  

o f  t h o s e  u s e d  i n  t h e  i n i t i a l  ru n s  were  r e t a i n e d .  Each c l a s s  

c o n t a i n s  f i e l d s  o f  s i z e  c l a s s  one and  # 2  f i e l d s  o f  s i z e  

c l a s s  tw o ,  and so  on.  The s m a l l e s t  c l a s s  c o n t a i n e d  f i e l d s  

w i t h  r e s e r v e s  l e s s  t h a n  1 B c f ,  t h e  l a r g e s t  f i e l d s  w i t h  r e s e r v e s  

g r e a t e r  t h a n  400 B c f .  Fo r  t h i s  p o p u l a t i o n  a p r o b a b i l i t y  

c a l c u l a t i o n  was c a r r i e d  o u t  u s i n g  e s s e n t i a l l y  t h e  same p r o 

c ed u re  s u g g e s t e d  by Arps and R o b e r ts  and d i s c u s s e d  i n  d e t a i l  

by A. W. McCray i n  h i s  1971 c l a s s  n o t e s  [ 5 2 ] .  The p u rp o s e  and  

o b j e c t i v e  o f  t h i s  model was t o  d e te rm in e  t h e  number o f  f i e l d s  

which would  be found  upon d r i l l i n g  W w e l l s .  T h is  was accom

p l i s h e d  by c a l c u l a t i n g  f o r  each  p a s s  th r o u g h  t h e  s i m u l a t i o n  

model t h e  p r o b a b i l i t y  t h a t  a f i e l d  from any o f  t h e  c l a s s e s
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would be found .  T hese  p r o b a b i l i t i e s  were computed  on th e  

b a s i s  o f  t h e  f i e l d  s i z e  d i s t r i b u t i o n s  o f  t h e  f i e l d s  r em a in in g  

t o  be fo u n d .  A random number g e n e r a t e d  i n  t h e  s i m u l a t i o n  

p a ss  was u se d  t o  i n d i c a t e  w h e th e r  o r  n o t  a f i e l d  was d i s c o v e r e d ,  

and i f  s o ,  t h e  f i e l d  s i z e .  The t o t a l  number o f  f i e l d s  d i s 

c o v e re d  and t h e  t o t a l  q u a n t i t y  o f  r e s e r v e s  d i s c o v e r e d  were 

a c c u m u la te d .  The Monte C ar lo  t e c h n i q u e  d e s c r i b e d  above was 

a d a p te d  t o  t r a n s l a t e  s e p a r a t e  p r o b a b i l i t y  j u d g e m e n t s  i n t o  a 

form u s e f u l  f o r  e v a l u a t i n g  r e s e r v e s  a s s e s s m e n t s  f o r  i n d i v i d u a l  

r e g i o n s  and t h e  t o t a l  r e s o u r c e  b a s e ,  and t o  d e t e r m i n e  s t a t i s 

t i c a l  v a l i d  r a n g e s  o f  r e s e r v e s  e s t i m a t e  sum m at ions .

S i m i l a r  t e c h n i q u e s  were u s e d  t o  a s s e s s  t h e  t o t a l  

f o o t a g e  d r i l l e d .  In  t h e  d r i l l i n g  o f  each  w e l l ,  t h e  dep th  was 

e i t h e r  c o n s i d e r e d  t o  be  a random v a r i a b l e  o r  a  f u n c t i o n  o f  

two random v a r i a b l e s .  Each dry  e x p l o r a t i o n  w e l l  was assumed 

to  p e n e t r a t e  t h e  i n t e r v a l  c o n t a i n i n g  t h e  p r o d u c t i v e  z o n es .

In t h e  d r i l l i n g  o f  e a c h  o f  t h e s e  w e l l s  th e  d e p th  t o  t h e  b o t to m  

o f  t h e  t a r g e t  i n t e r v a l ,  i . e . ,  t h e  d e p th  o f  t h e  w e l l ,  was con 

s i d e r e d  t o  be  a random v a r i a b l e .  I n  t h e  d r i l l i n g  o f  each 

s u c c e s s f u l  gas  w e l l ,  t h e  d ep th  was c o n s i d e r e d  t o  be  a f u n c t i o n  

o f  two random v a r i a b l e s .  The f i r s t  was t h e  d e p t h  t o  t h e  b o t 

tom o f  t h e  t a r g e t  i n t e r v a l ,  t h e  o t h e r  t h e  l o c a t i o n  o f  t h e  

p r o d u c i n g  f o r m a t i o n  w i t h i n  t h i s  i n t e r v a l .  The o p e r a t i o n  i n  

t h i s  s e c t i o n  o f  t h e  model  r e s u l t e d  i n  th e  c o m p u ta t i o n  o f  t h e  

d ry  h o l e  f o o t a g e ,  gas  w e l l  f o o t a g e ,  and  t h e i r  r e s p e c t i v e  

c u m u la t iv e  v a l u e s .  By u s in g  a l l  t h e  p r e v i o u s  r e s u l t s  and
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known f o o t a g e  t h e  r e s e r v e s ,  r a t i o  o f  r e s e r v e s  p e r  number o f  

w e l l s  d r i l l e d ,  number o f  gas f i e l d s  fo u n d ,  number o f  d ry  h o l e s ,  

d ry  h o l e  f o o t a g e ,  and gas  w e l l  f o o t a g e  f o r  a l l  t h e ' n  c l a s s e s  

combined a re  fo u nd  i n  an  i n c r e m e n t  o f  d r i l l i n g  a c t i v i t y  o r  on 

a c u m u l a t i v e  b a s i s  a f t e r  W w e l l s  a r e  d r i l l e d .  The r e s u l t s  

a l s o  i n d i c a t e  t h e  p r o d u c t i v i t y  f i g u r e  w h ic h  i s  a r a t i o  o f  r e 

s e r v e s  p e r  f o o t  d r i l l e d .  The c a l c u l a t i o n  was f u r t h e r  c a r r i e d  

o u t  t o  f i n d  a r e l a t i o n s h i p  be tw een  r e s e r v e s  and number o f  

f i e l d s  found .

The n e x t  s t e p  o r  p h a se  i n  t h i s  m odel  i s  t h e  a p p l i c a 

t i o n  o f  p e r f o r m a n c e  o r  b e h a v i o r i s t i c  e x t r a p o l a t i o n  methods 

b a s e d  upon h i s t o r i c a l  and  a v a i l a b l e  d a t a .  From p r e v i o u s  c a l 

c u l a t i o n s  we a l r e a d y  have  t h e  v a l u e s  o f  r e s e r v e s  as  a f u n c t i o n  

o f  f o o t a g e  d r i l l e d  f o r  e a c h  r e g i o n .  By a ssum ing  t h a t  t h e  

f u t u r e  f o o t a g e  b e i n g  d r i l l e d  each y e a r  w i l l  f o l l o w  some p a t h  

su c h  as  h y p e r b o l i c ,  s t r a i g h t  l i n e ,  l o g i s t i c ,  o r  i n c r e a s i n g  

d r i l l i n g  r a t e ,  v a l u e s  o f  f o o t a g e  can be  c a l c u l a t e d  f o r  eac h  

o f  t h e  n e x t  20 y e a r s .  For  t h e  i n i t i a l  r u n  t h e  f o o t a g e  was 

assumed t o  f o l l o w  t h e  h y p e r b o l i c  c u r v e ,  b u t  f o o t a g e  was a l s o  

c a l c u l a t e d  u s i n g  o t h e r  c u r v e s .  Using  v a l u e s  o f  r e s e r v e s  from 

p r e v i o u s  c a l c u l a t i o n s  and  f u t u r e  f o o t a g e  d r i l l e d ,  t h e  f u t u r e  

r e s e r v e s  d i s c o v e r i e s  can be found  and i n t e r p o l a t e d  f o r  e a c h  

r e g i o n  as  a f u n c t i o n  o f  t i m e .  A lso  t h e  d i s c o v e r y  r a t e ,  which 

i s  a r a t i o  o f  f u t u r e  r e s e r v e s  d i s c o v e r e d  p e r  f o o t  d r i l l e d ,  and 

c u m u l a t i v e  d i s c o v e r y  r a t e ,  which  i s  a r a t i o  o f  f u t u r e  cumu

l a t i v e  r e s e r v e s  d i s c o v e r e d  p e r  c u m u l a t i v e  f o o t a g e  d r i l l e d  

can  be c a l c u l a t e d  f o r  eacji r e g i o n  as  a f u n c t i o n  o f  t im e .
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By summing t h e  r e s u l t s  f o r  a l l  r e g i o n s  (3 r e g i o n s )  

th e  f u t u r e  r e s e r v e s  d i s c o v e r i e s ,  c u m u l a t i v e  d i s c o v e r i e s ,  d i s 

co v ery  r a t e ,  and c u m u la t iv e  d i s c o v e r y  r a t e  f o r  a l l  t h e  c o l 

l e c t i o n  o f  r e g i o n s  as a f u n c t i o n  o f  t im e  f o r  t h e  n e x t  2 0  y e a r s  

was c a l c u l a t e d .  I t  s h o u ld  be m en t io n ed  t h a t  t h e  f u t u r e  r e 

s e r v e s  d i s c o v e r y  r a t e s  were v e ry  s e n s i t i v e  t o  t h e  a s s u m p t io n s  

t h a t  were  made as t o  f u t u r e  d r i l l i n g  r a t e s .  As w i l l  be  d i s 

c u s s e d  in  d e t a i l  i n  t h e  r e s u l t  s e c t i o n ,  i t  was found  t h a t  t h e  

d i s c o v e r i e s  changed  s i g n i f i c a n t l y  d ep en d in g  on b o t h  t h e  t y p e  

o f  r e l a t i o n s h i p s  assumed and th e  v a l u e s  a s s i g n e d  t o  t h e  em

p i r i c a l  c o n s t a n t s .

The combined u se  o f  t h e  r e s e r v e s  and  d r i l l i n g  d a t a  

o r  t h e  use  o f  t h e  p r o d u c t i v i t y  d a t a  o r  d i s c o v e r y  r a t e  d a t a  

c o u ld  s e r v e  as t h e  b a s i s  f o r  economic  o r  p r i c e  c a l c u l a t i o n s  

which s h o u l d  be c o n s i d e r e d  in  f u t u r e  e v o l u t i o n a r y  d e v e l o p 

ment o f  t h e  model . These c o u ld  i n c l u d e  i n c l u s i o n  o f  f o r e 

c a s t s  o f  economic  p a r a m e t e r s  as  e i t h e r  d e t e r m i n i s t i c  r e l a 

t i o n s h i p s  o r  random v a r i a b l e s  so t h a t  e s c a l a t i o n  o f  f u t u r e  

d r i l l i n g  c o s t s  c o u ld  be  s i m u l a t e d .  These  d r i l l i n g  c o s t s  

e x p r e s s e d  i n  te rm s  o f  d o l l a r s  p e r  f o o t  c o u ld  be u s e d  i n  c o n 

j u n c t i o n  w i t h  t h e  p r o d u c t i v i t y  e x p r e s s e d  i n  Mcf p e r  f o o t  i n  

economic  a s s e s s m e n t  o f  t h e  e x p l o r a t i o n  a c t i v i t i e s .  The e c o 

nomic c a l c u l a t i o n s  co u ld  e i t h e r  p r e d i c t  t h e  q u a n t i t y  o f  r e 

s e r v e s  t h a t  w i l l  be  found f o r  a g i v e n  s e t  o f  economic  p a r a m e t e r s  

o r  c o n v e r s e l y  t h e  r a t i o  o f  gas p r i c e  t o  d r i l l i n g  c o s t s  r e 

q u i r e d  t o  deve lop  a s p e c i f i e d  q u a n t i t y  o f  r e s e r v e s .  I n  a d d i t i o n
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t o  t h e  c o s t s  r e s u l t i n g  from t h e  t o t a l  f o o t a g e  d r i l l e d ,  o t h e r  

c o s t s  such  as  l e a s e  a c q u i s i t i o n ,  o p e r a t i n g  c o s t s ,  e t c . ,  c o u ld  

be i n c l u d e d  in  t h e  t o t a l  c o s t s .



CHAPTER VI 

MATHEMATICAL MODEL

T h i s  model c o n s i s t s  o f  two p h a s e s .  The p r i m a r y  p h a se  

u s e s  a s i z a b l e  s t a t i s t i c a l  sample  as  t h e  b a s i c  u n i t  i n  a 

Monte C a r lo  s i m u l a t i o n  o f  t h e  r e s p o n s e  o f  t h e  gas  r e s o u r c e  

b a s e  t o  d r i l l i n g  a c t i v i t y .  The f i e l d  s i z e  d i s t r i b u t i o n  o f  

t h e  u n d i s c o v e r e d  f i e l d s  i s  u s e d  t o  c a l c u l a t e  t h e  f o l l o w i n g  

p a r a m e t e r s  f o r  e ach  c l a s s :  t h e  c l a s s  mark,  t h e  p r o d u c t  o f

t h e  c l a s s  mark and t h e  f r e q u e n c y ,  and th e  p r o b a b i l i t y  o f  

f i n d i n g  a f i e l d  from t h e  c l a s s .  The l a t t e r  p r o b a b i l i t y  i s  

g iv e n  by :

X .  f .
P { f i n d i n g  a  f i e l d  from c l a s s  i}  = ^ ^

The c l a s s  mark r e p r e s e n t s  t h e  s i z e  o f  t h e  d i s c o v e r y .  The 

d e p th  o f  e a c h  w e l l  was a random v a r i a b l e  and t h e  d e p th  o f  

each  w e l l  was g e n e r a t e d  from a random number f o r  e a c h  i n d i 

v i d u a l  s i m u l a t i o n  o f  t h e  d r i l l i n g  o f  an e x p l o r a t o r y  w e l l .  

Thus eac h  w e l l  was e i t h e r  d ry  o r  s u c c e s s f u l ,  was a s s o c i a t e d  

w i th  a s p e c i f i c  d r i l l i n g  d e p th  and eac h  s u c c e s s f u l  w e l l  was 

a s s o c i a t e d  w i t h  a s p e c i f i c  f i e l d  s i z e .  A lso  i n  t h e  p r im a r y  

p h a se  c a l c u l a t i o n s  were  made o f  o t h e r  p a r a m e t e r s ,  i . e . ,
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p r o d u c t i v i t y  w hich  w i l l  be  d i s c u s s e d  i n  d e t a i l  l a t e r  i n  t h i s  

c h a p t e r .

The s e c o n d  p h ase  o f  t h i s  model i s  b a s e d  on o u t p u t  

from t h e  p r i m a r y  p h a s e .  I t  u s e s  m a th e m a t i c a l  p r o j e c t i o n  

(cu rv e  f i t t i n g )  in  o r d e r  t o  c o n v e r t  t h e  f u t u r e  r e s u l t s  su c h  

as r e s e r v e s  d i s c o v e r i e s ,  and o t h e r  p a r a m e t e r s  from f u n c t i o n s  

o f  f o o t a g e  d r i l l e d  t o  f u n c t i o n s  o f  t im e .

A l l  o f  t h e  d a t a  and a s su m p t io n s  a r e  b a s e d  on t h e  

p r e v i o u s  work p u b l i s h e d  by  F e d e r a l  G overnmenta l  a g e n c i e s  

and t h e i r  p r o f e s s i o n a l  s t a f f  o r  a g en ts  s i n c e  t h e i r s  i s  t h e  

most a c c u r a t e  an d  com p re h en s iv e  a v a i l a b l e .

The s t a t i s t i c a l  sample  which i s  shown i n  T a b le  V I - 1 

and as a h i s t o g r a m  i n  F ig u r e  V I -1  i s  t h e  p o p u l a t i o n  o f  n o n 

a s s o c i a t e d  a n d  a s s o c i a t e d  gas  f i e l d s  r e p o r t e d  i n  t h e  FPC’s 

N a t i o n a l  Gas R e s e rv e s  S tudy  R e p o r t .  A l l  i n i t i a l  f i e l d  s i z e  

d i s t r i b u t i o n s  u se d  i n  t h i s  s t u d y  were p a t t e r n e d  a f t e r  t h e  

d i s t r i b u t i o n  shown in  T ab le  V I - 1 .  E xcep t  f o r  t h e  f i r s t  and 

th e  l a s t  ( s e v e n t h )  c l a s s e s ,  t h e  c l a s s  mark was t h e  g e o m e t r i c  

mean o f  t h e  u p p e r  and  lower  c l a s s  b o u n d a r i e s  shown in  T a b le  

V I -1 .  For  t h e  f i r s t  c l a s s ,  a  lower  c l a s s  b ou n da ry  o f  0 .1  

was assumed a n d  f o r  t h e  s e v e n t h  c l a s s  an u p p e r  c l a s s  b o u n d a ry  

o f  4000 was a ssu m ed ;  t h e  c l a s s  mark f o r  t h e s e  c l a s s e s  was 

a g a i n  r e p r e s e n t e d  by  t h e  g e o m e t r i c  mean s i n c e  t h e y  a r e  l o g  

n o r m a l ly  d i s t r i b u t e d .

The c l a s s  mark f o r  C l a s s  I i s  e q u a l  t o  t h e  s q u a r e  

r o o t  o f  t h e  u p p e r  l i m i t  o f  C l a s s  I t im es  t h e  u p p e r  l i m i t  o f  t h e  

p r e v i o u s  c l a s s ,  C la s s  I - l .  T h i s  i s  shown i n  e q u a t i o n  V I -1 .
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TABLE V I -1 

S i z e  S t r a t i f i c a t i o n  o f  P o p u l a t i o n  F i e l d s  

( A l l  volumes i n  b i l l i o n s  o f  c u b i c  f e e t )

C l a s s e s  No. o f  F i e l d s  P o p u l a t i o n  S t r a t a  Range

1 1879 0 < F i e l d  < 1

2 1822 1 < F i e l d  < 5

3 719 5 < F i e l d  < 10

4 1200 10 < F i e l d  < 50

5 509 50 < F i e l d  < 200

6  121 200 < F i e l d  < 400

7 108 400 < F i e l d

S o u r c e :  A r t h u r  Young 8  Company from d a t a  p r o v i d e d  by A.G.A.
as  w e l l  as from p u b l i c  s o u r c e s .

c .  , = / u .  , u .  T , f o r  i  = 2 , . . . , n - l  (V I-1)
1 ,K j.,K 1 - 1 , K ^ = 1,NR

where  NR = number o f  r u n s .  I n  o r d e r  t o  c a l c u l a t e  t h e  c l a s s  

mark f o r  i  = 1 o r  i  = n ,  e q u a t i o n s  VI-2 and V I -3  s h o u ld  be 

u s e d :

^ l , k  “k ^ l , k  k  = 1,NR (VI-2)

Cn.k '  / G k " n - l , k  "  = I 'NK (V I-3)

where  and a r e  assumed t o  have  v a l u e s  o f  0 . 1  and 1 0  

r e s p e c t i v e l y .

An i m p o r t a n t  a s p e c t  o f  t h i s  s t u d y  i s  t h e  f r a c t i o n a l  

o c c u r r e n c e s  (number o f  f i e l d s )  which m igh t  be found  i n  each



I
ab

1 8 7 9
n  1 8 2 2

7 1 9

1200

5 0 9

121 1 0 8

0  1 5 1 0 5 0 200 4 0 0

F i e l d  S i z e ,  BCF

F I G U R E  V I - 1 .  H i s t o g r a m  o f  n u m b e r  o f  f i e l d s  a n d  t h e i r  s i z e  d i s t r i b u t i o n s  f o r  e a c h  c l a s s .
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c l a s s .  T h e r e f o r e ,  t h e  f r e q u e n c y  d i s t r i b u t i o n  o f  t h e  number 

o f  f i e l d s  fo u nd  i s  o f  p a r t i c u l a r  i n t e r e s t .  E q u a t i o n  V I -4 

i s  t h e  c a l c u l a t i o n  o f  t h e  f r e q u e n c y  d i s t r i b u t i o n  f o r  e a c h  

c l a s s ,  each  number o f  w e l l s  d r i l l e d ,  and e a c h  r u n .

An i m p o r t a n t  q u e s t i o n  w i l l  be t h e  s i z e  o f  each  f i e l d  w h ich  

m ig h t  be f o u n d .  The p r o b a b i l i t y  o f  f i n d i n g  a  f i e l d  o f  a 

g i v e n  s i z e  i s  p r o p o r t i o n a l  t o  t h e  p r o d u c t  o f  t h e  f i e l d  s i z e  

and  number o f  f i e l d s  o f  t h a t  s i z e .  T h is  p r o d u c t  f o r  e a c h  

c l a s s ,  each  number o f  w e l l s  d r i l l e d ,  and e a c h  r u n  i s  c a l c u l a t e d  

by  u s i n g  t h e  r e s u l t s  from e q u a t i o n s  V I - 1 ,  V I -2 ,  V I - 3 ,  and 

V I -4 t o  g e n e r a t e  t h e  p r o b a b i l i t y  o f  o c c u r r e n c e  i n  eac h  c l a s s .  

T h i s  p r o d u c t  te rm  i s  c a l c u l a t e d  as  f o l l o w s :

P i .w . ic  = = i , k
k = l ’ NR.’

The p r o b a b i l i t y  o f  f i n d i n g  a  gas f i e l d  o r  gas w e l l  

i s  d e p en d e n t  on t h e  p r o b a b i l i t y  o f  d r i l l i n g  a d ry  h o l e .

The p r o b a b i l i t y  o f  a d ry  h o l e  was assumed to  be 90% t h r o u g h 

o u t  t h i s  s t u d y .  Thus t h e  e q u a t i o n  f o r  t h e  p r o b a b i l i t y  o f  

f i n d i n g  t h e  gas  f i e l d  o r  gas w e l l s  i s  as  f o l l o w s :

? !  w k -  f o r  i  = 1 ,  n ;  ( V I - 6 )
î " = l P : . w , k  w =
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and t h e  p r o b a b i l i t y  o f  f i n d i n g  t h e  d r y  f i e l d  ( d r y  h o l e )  i s :

The summation o f  e q u a t i o n  V I - 6  g i v e s  t h e  c u m u la t iv e  

p r o b a b i l i t i e s  o f  f i n d i n g  a gas  f i e l d  (g a s  w e l l )  which  i s  

shown i n  e q u a t i o n  V I - 8 .

cFi.w.k = i j . i  "j.w.k
k = l [  NR.’

By a d d ing  t h e  c u m u l a t i v e  p r o b a b i l i t y  o f  f i n d i n g  a g as  f i e l d  

(gas  w e l l )  t o  t h e  p r o b a b i l i t y  o f  a d r y  h o l e ,  a  t o t a l  cumu

l a t i v e  p r o b a b i l i t y  can  be  c a l c u l a t e d  which  i s  shown i n  e q u a 

t i o n  V I -9 .

“ n * i , w , k  '  CP^.w.k '  V i . w . k  I  :

I n i t i a l l y  no w e l l s  have been  d r i l l e d  and  t h e n  t h e  

r e s e r v e  and number  o f  f i e l d s  found  i n i t i a l l y  a r e  z e r o .  A l l  

o f  t h e s e  c o n d i t i o n s  f o r  i n i t i a l  f i e l d  d i s t r i b u t i o n  a r e  shown 

i n  T a b le  V I - 2 .  The s u b s e q u e n t  d r i l l i n g  W w e l l s  and p e r f o r m i n g  

random s e l e c t i o n s  o f  f i e l d s  we can c a l c u l a t e  t h e  number o f  

f i e l d s  and r e s e r v e s  fo u n d  from each  c l a s s .  The p r o c e d u r e  

i s  shown i n  F i g u r e  V I -2  and  t h e  f o l l o w i n g  e q u a t i o n s .

By t e s t i n g  t h e  random number a g a i n s t  t h e  a r r a y  o f  

c u m u la t iv e  p r o b a b i l i t i e s ,  t h e  f o l l o w i n g  c a l c u l a t i o n s  a r e  made: 

I f :

'=’’i-l,w,k Î ^  Î '̂'’i.w.k (VI-10)
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I N I T I A L  F IE L D  S I Z E  D IS T R IB U T IO N

FAEOU&NCV CLASS MARK PRODUCT PPOBAeiLlTV c u m . p r c b . FIELD FIND R6S6PV6 FIND FIE L D  REMAINING
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0 * 1 9 0 3 1 1 4E- 01 0 . 2 6 2 6 4 2 5 6 03 0 . 5 3 8 2 6 1 5 6 01 0 . 1 3 2 4 6 6 9 6 - 0 1 0 . 4 7 1 1 5 7 5 6 - 0 1 O.OOOOOOOE 00 O.OOOOOOOE 00 0 . 1 2 1 0 0 0 0 6 03

0 « 1 6 0 e C 4 7 E - o t 0 . 1 2 6 4 9 1 1 E 04 0 . 2 1 4 8 6 3 6 6 02 0 . 5 2 8 8 4 2 6 6 - 0 1 0 . 9 9 9 9 9 9 6 6 - 0 1 0 . 0 0 0 0 0 0 0 6 00 O.OOOOOOOE 00 0 . 1 0 8 0 0 0 0 6 0 3

C.OOCOOOOE 0 0 0 . 0 0 0 0 0 0 0 6 0 0 0 . 0 0 0 0 0 0 0 6 00 0 .9 0 0 C C 0 0 6  00 0 . 9 9 9 9 9 9 9 6  0 0 0 . 0 0 0 0 0 0 0 6 00 0 . 0 0 0 0 0 0 0 6 00 0 . 0 0 0 0 0 0 0 6 0 0
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FIGURE V I - 2 .  F l o w  C h a r t  f o r  R e c a l c u l a t i o n s  o f  P a r a m e t e r s .
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s e t  :

= F F i .w .k  * 1 

F i . w . k  = " i . w . k  - 1

" ^ i . w . k  = > ' f i ,w ,k  * = i , k  ( ' " I - " )

For  a l l  o t h e r  c l a s s e s  s e t

f ^ . w . k  = f ^ i . w . k

" i . M . k  = ^ i . w . k

R ^ i . w . k  = '^^ i .w .k

In  t h e  p r e s e n t  s t u d y  t h e  minimum and  maximum p e n e t r a t i o n s  

( t h i c k n e s s e s )  o f  t h e  s e d i m e n t a r y  i n t e r v a l  f o r  s u c c e s s f u l  (gas )  

w e l l s  a r e  c o n s i d e r e d  as  w e l l  as a r ang e  o f  d e p th s  f o r  e i t h e r  

a  s u c c e s s f u l  gas  w e l l  o r  a  d ry  w e l l ,  and f o r  t h e  t o t a l  i n t e r 

v a l  ( F ig .  V I-3 )  t h e  f o l l o w i n g  e q u a t i o n s  a p p ly  d u r i n g  a s im u

l a t i o n  ru n .

The d e p th  t o  t h e  basement  f o r  each  run  i s  g e n e r a t e d  

from a random number by u s i n g  e q u a t i o n  V I-17 :

D„,k  -  “ ^ w . k  * - * ™ w , k ’

f o r  w = 1, W1 ; k = 1 ,  NR

For  c a l c u l a t i o n  o f  t h i c k n e s s ,  d ry  h o l e  f o o t a g e ,  gas  h o l e

f o o t a g e ,  and t h e i r  c u m u l a t i v e  v a l u e s ,  t h e  number o f  t h e  c l a s s

i n d i c a t e d  by t h e  random number t o  be t h e  outcome o f  t h e  

t r i a l  i s  d e s i g n a t e d  by  t h e  v a r i a b l e  I ^ .  I f  I ^  e x ce ed s  t h e



1 3 , 0 0 0

GAS m L L  RANGES FROM 1 3 , 0 0 0  t o  
2 3 , 9 0 0  d e e p

TOTAL INTERVAL = 2 0 0 0  f t
DRY HOLE RANGES FROM 1 5 , 0 0 0  t o  
2 4 , 0 0 0  d e e p

M IN. DEPTH 
= 1 5 , 0 0 0
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MAX. THICKNESS = 1 9 0 0  f t

2 3 , 9 0 0
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FIGURE V I - 3 .  I d e a l i z e d  c r o s s  s e c t i o n  o f  s t r a t i g r a p h i e  i n t e r v a l .
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number o f  c l a s s e s  i n  t h e  f i e l d  s i z e  d i s t r i b u t i o n ;  i . e . ,

> n (VI-18)

t h e n  t h e  t r i a l  does  n o t  r e s u l t  i n  t h e  d r i l l i n g  o f  a s u c c e s s 

f u l  w e l l  so  t h i s  w e l l  i s  a  d ry  h o l e .  We can  w r i t e :

DF . = D , f o r  w = 1 ,  Wl; k  = 1 ,  NR (VI-19)w,k w,k

The c u m u la t iv e  d ry  h o l e  f o o t a g e  i s  t h e  summation o f  DF^ 

which i s

CD^k " ^ w = 1 0 0 0 ( J - l ) + l  °^w ,k  (V I-20)

f o r  J  = 1 ,  J S ;  k = 1 ,  NR

Because  we a re  d e a l i n g  w i t h  an u n s u c c e s s f u l  w e l l  ( d r y  h o l e ) , 

t h e  t h i c k n e s s  o f  t h e  s e d i m e n ta r y  i n t e r v a l  and  gas w e l l  f o o t 

age f o r  t h i s  c a s e  ( I ^  > n)  a r e  z e r o .

Hw.k = »

Gfw.k = “

On t h e  o t h e r  h a n d ,  i f

I ^  < n  (VI-23)

t h e n  t h e  t r i a l  r e s u l t s  i n  t h e  d r i l l i n g  o f  a s u c c e s s f u l  w e l l  

(g as  w e l l ) .  The t h i c k n e s s  o f  t h e  s e d i m e n t a r y  i n t e r v a l ,  gas 

w e l l  f o o t a g e  and t h e i r  c u m u la t iv e  v a l u e s  must  be  c a l c u l a t e d .  

In o r d e r  t o  p e r f o r m  t h e  c a l c u l a t i o n ,  we n e e d  t o  g e n e r a t e  

random numbers and use  e q u a t i o n  V I -24

"w .k  '  (VI-24)
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The gas w e l l  f o o ta g e  i s  c a l c u l a t e d  by  u s i n g  e q u a t i o n  VI-25

= »w,k - " w . k  - "w .k

and  t h e  c u m u l a t i v e  gas w e l l  f o o t a g e  i s  t h e  summation o f  GF^ 

which i s

CGFk = GF«.k

In t h e  c a s e  o f  a s u c c e s s f u l  w e l l  when ( I ^  < n) t h e  dry h o l e

f o o t a g e  i s  zero .

DFw_k = 0 (VI-27)

The n e x t  s t e p  i n  t h i s  p r i m a r y  p hase  i s  t h e  c a l c u l a 

t i o n  o f  t h e  c u m u la t iv e  r e s e r v e  f o u n d ,  c u m u la t iv e  number o f  

gas f i e l d s  found ,  c u m u la t iv e  number o f  d ry  f i e l d s ,  cumula

t i v e  d ry  h o l e  f o o t a g e ,  and  c u m u l a t i v e  gas  w e l l  f o o t a g e  f o r  

a l l  o f  t h e  n c l a s s e s  a f t e r  W w e l l s  have  been d r i l l e d .  T hese  

c a l c u l a t i o n s  a re  shown i n  e q u a t i o n s  V I -2 8  t h r o u g h  V I -32.

« f j . k  = l U  ' ' " i . k f o r j  = 1 , J S ; k = 1,  NR (VI-28)

= l U f o r j  = 1 , J S ; k = 1 ,  NR (VI-29)

“ f i j . k  = f F n + l .k f o r j  = 1 , J S ; k = 1 ,  NR (VI-30)

CDFj.k = CDFk f o r 3 = 1 , J S ; k = 1 ,  NR (VI-31)

CGFj.k °  CG^k f o r j  = 1 , J S ; k = 1 ,  NR (VI-32)

By u s in g  e q u a t i o n s  VI -28 t o VI- 32 a l l  t h e in c re m e n ts

f o r  t h e  above p a r a m e t e r s  can be  c a l c u l a t e d  as shown in e q n s .
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VI-33 t o  V I -4 2 :

RF. , = CRF. T, - CRF. ,  , f o r  j  > 2 ( V I -33)
j , J \ .  J  y  J  y ^

= CRF^^k f o r  j  = 1 (VI-34)

f f j , k  = - C f f j - l , k  f o r j > 2  ( V I -35)

FF^ % = CFF^^ij f o r  j  = 1 (V I-36 )

DFI, , = CDFI, , - CDFI. , , f o r  j  > 2 (V I-37)

DFI^ ^ = CDFI^ y. f o r  j  = 1 (V I-38)

D Fj ,k  = CDFj,k - ™ j - l , k  f o r  j  > 2 (V I-39)

DF^ ^ = CDFI ^ f o r  j  = 1 (V I -40)

G F j ,k  = CGFj,k - CGF._i t  f o r  j  > 2 (VI-41)

GF^ % = CGFj^j^ f o r  j  = 1 ( V I -42)

The c a l c u l a t i o n  o f  t h e  in c re m e n t  o f  r e s e r v e s  found  

p e r  i n c r e m e n t  i n  t h e  number o f  f i e l d s  found and c u m u la t iv e  

r e s e r v e  fo u n d  p e r  c u m u la t iv e  number o f  f i e l d s  fo u n d  f o r  a l l  

o f  t h e  n c l a s s e s  a f t e r  W number o f  w e l l s  d r i l l e d  a r e  shown 

i n  e q u a t i o n s  V I -43 and VI-44 .

RPFI, k = f f -------- H n —  i  = 1 .  JS (VI-43)
* ^ i , k  k = 1 ,  NR

CRPFCj „ = c f F. ^ (VI-44)
3 3
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The e q u a t i o n s  f o r  p r o d u c t i v i t y  ( i n c r e m e n t  o f  r e s e r v e  

found  p e r  in c re m e n t  o f  f o o t a g e  d r i l l e d )  and c u m u l a t i v e  p r o 

d u c t i v i t y  ( c u m u la t iv e  r e s e r v e  fo u n d  p e r  c u m u l a t i v e  f o o t a g e  

d r i l l e d )  i n  a l l  o f  th e  n c l a s s e s  a f t e r  W number o f  w e l l s  

d r i l l e d  a r e  shown in  t h e  f o l l o w i n g :

kP r o d u c t i v i t y  = RPF = 7 7 = r^TTc  (V I-45)
,k  ,k

CRF. .
C u m u la t ive  P r o d u c t i v i t y  = CRPF = -----  (V I-46)

j  j

T h is  co m p le te s  t h e  o p e r a t i o n s  i n  phase  one .  Upon 

c o m p le t io n  o f  t h i s  p h a s e ,  t h e  r e s p o n s e  o f  t h e  gas  r e s o u r c e  

b a se  t o  t h e  d r i l l i n g  o f  W w e l l s  i s  t a b u l a t e d .  The r e s u l t s  

a r e  i l l u s t r a t e d  i n  T ab le  VI-3  which  shows t h e  r e s u l t s  from 

p ha se  one i n  a  segment o f  one o f  t h e  p rogram s e x e c u t e d  d u r i n g  

t h i s  s t u d y .

As m en t io ned  p r e v i o u s l y ,  t h e  s e c o n d  p h a se  o f  t h i s  

model r e c a s t s  t h e  r e s u l t s  o f  t h e  d r i l l i n g  a c t i v i t i e s  on a 

t im e  b a s i s .  T h i s  p r o j e c t i o n  i s  made by assum ing  t h a t  t h e  

gas  w e l l  f o o t a g e  d r i l l e d  i n  t h e  f u t u r e  w i l l  f o l l o w  a  p a r t i c u 

l a r  m a t h e m a t i c a l  f u n c t i o n  ( h y p e r b o l i c ,  l i n e a r ,  l o g i s t i c  o r  

an i n c r e a s i n g  d r i l l i n g  r a t e  c u r v e ) .  The i d e a l i z e d  h y p e r b o l i c  

p l o t  i s  shown i n  F ig .  V I -4 .  T h i s  f u n c t i o n  has  an e q u a t i o n  

o f  t h e  f o l l o w in g  form:

y '  A / b u ' °  t „ )  ( V I - 47)

where  f o r  p r a c t i c a l  p u r p o s e s  y would  r e p r e s e n t  t h e  gas w e l l



TABLE V I -3

Example o£ t h e  O u tp u t  f rom P hase  One o f  t h e  Model

OESEPVE CUM. FIELC CUM. ONV KILE CUM. RESERVE INC FIELD INC. ORV HOLE INC. 'INC.RES/HELLS CUM.RES/CUM.V
0.634;?4ÏE OS O.98000C0E 02 0.9020000E 03 0.634224SE 05 0.9S000O0E 02 0.9020000E 03 0.6342244E 02 0.6342S44E 02
0.II344666 06 O.I9SOOCOE 03 0.I805000E 04 0.S0O74I1E OS 0.9700000E 02 0.9030000E 03 0.500741 IE 02 0.56768285 02
Ô.IS0nO43C 06 0.3090000E 03 0.269IO00E 06 0.3736769E 05 0.116000CE 03 0.8860000E 03 0.3736760E 02 0.5028807E 02
0.I66070IE 06 0.39IOOOOE 03 0.3609000E 06 0.IS20S8SE 05 0.8200000E 02 0.9I80000E 03 0.I520S87E 02 0.6I5I7S2E 02
0.I7T3OIEE Ob 0.49000006 03 0.4SI0000E 06 0.II23I63E 05 0.9900000E 02 O.90IOOOOE 03 0.II23I62E 02 0.3566034E 02
o.iBsissee 06 0.S830000E 03 0.54 I7000E 04 0.76538I3E 04 0.9300000E 02 0.9070000E 03 0.78S38I2E 01 0.308S92SE 02
0. l928nSCE 06 0.6930000E 03 0.6307000E 04 0.7729438E 04 0 .1 loooooe 03 0.8900000E 03 0.7724437E 01 0.2755699E 02
0.I99SI34E 06 0.7930000E 03 0.7207000E 06 0.66283756 06 O.IOOOOOOE 03 0.9000000E 03 0.6628374E 01 0.24939I6E 02
0.20S34S9E 06 0.88900C0E 03 0.81tSOOOE 04 0.S832E63E 04 0.9200000E 02 0.4C80000E 03 0.S832S62E 01 0.22816216 02
0.21C6T64E 06 0.9800000E 03 0.9C20000E 06 0.S330938E 04 0.9500000E 02 0.90S0000E 03 0.5330937E 01 0.2I06767E 02

CUM.DRV HOLE 
FOOT«CE

CUM.CAS WELL 
FOGTACE

CUM.FÜOTAGE
ORILLEO

INC.ORV HOLE 
FOOTAGE

INC.GAS HELL 
FOOTAGE

INC.FOOTAGE 
ORILLEO

INC.RESERVE 
PEP FOOT

CUH.RESERV6 
PER FOOT

0.178289IE 08 0.IS9I374E 07 0. I9I2027E 08 0.I75289IE 08 0.I59I374E 07 0.19I2027E 08 0.33170266-02 0.33170286-02
0.3507173E ce 0.3230672E C7 0.3830240E 08 0.1754282E 08 0.I639298E 07 0.19182116 08 O.26IOAS9E-02 0.29631716-02
0.5245002E 08 0.5I236I9E 07 0.S7S7J63E 08 0.I737829E 08 0.1892967E 07 0.I927I23E 08 0.19390406-02 0.2620 3706-02
0.70288546 08 0.65I3I28E 07 0.7680I66E 08 0.I7B38S3E 08 0.I389509E 07 0.19228036 08 0.7908I79E-03 0.21623266-02
0.8779638E 08 0.8I6I362E 07 0.959S774E 08 0.I750784E 08 0.I648234E 07 O.I9I5606E 08 0.58632206-03 0.18677076-02
0.I0.53769E 09 0.9724220E 07 o.iistoiie 09 0.I758050E 08 0.15628586 07 0.I9I4334E 00 0.61026326-03 0.16086366-02
0.1226967E 09 0.1I578I9E OS 0 . I342749E 09 0.173I98IE 08 0.I853965E 07 0.I9I7376E OS 0.40312586-03 0.14364946-02
0.I4C422CE 09 0.I320967E 08 0.I536322E C9 0.I772886E 08 0.I63I66IE 07 0.19357336 08 0.36262196-03 0.12986636-02
0.I58I933E 09 0.I472694E 08 0.I729203E 09 0.1777080E 08 0.ISI7275E 07 • 0.19288066 08 0.30239236-03 0.11875186-02
O.I759023E 09 0.163166IE 08 0. I922I89E 09 0. I77C893E 08 0.18896716 07 0.19298596 08 0.27633456-03 0.10960266-02

004̂
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I
g
g

<o

TIME

FTfîURE V I - 4 .  H y p e r b o l i c  r e p r e s e n t a t i o n  o f  g a s  w e l l  f o o t a g e
v s . t  i m e .
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f o o t a g e ,  A and  B a r e  e m p i r i c a l  c o n s t a n t s ,  t ^  i s  c a l e n d a r  t im e  

a t  w hich  d r i l l i n g  commences, and t  i s  c a l e n d a r  y e a r  t i m e .

The s i m u l a t i o n  o f  t h e  e x p l o r a t o r y  r e s u l t s  o f  t h e  

d r i l l i n g  a c t i v i t i e s  i n  t h r e e  r e g i o n s  i s  s i m u l a t e d .  I n  t h i s  

s i m u l a t i o n ,  d i f f e r e n t  p a r a m e t e r s  a r e  u s e d  i n  t h e  d r i l l i n g  

r a t e  e q u a t i o n  f o r  e a c h  o f  t h e  r e g i o n s .  The v a l u e s  u s e d  f o r  

A, B a n d  t ^  a r e  shown i n  T ab le  V I - 4 .

T ab le  V I -4

V a lu es  o f  E m p i r i c a l  C o n s t a n t s  and  Time Zero  f o r  

D i f f e r e n t  Regions  (k R eg ions )

R eg ion  1 2  3

A 5 X lO'G 5 X lO'G 5 X lO'G

B 2 .5  X 10"9 2 .1 3  x l O '^  2 . 3  x l O '^

t  2 y e a r s  4 y e a r s  3 y e a r s

By c o u p l i n g  t h e  p r i m a r y  p h a se  r e s u l t s  and t h e  param e

t e r s  shown i n  T ab le  V I - 4 ,  t h e  se co n d  p h a s e  r e s u l t s  a r e  o b t a i n e d .  

These r e s u l t s  c o n s t i t u t e  t h e  p r e d i c t i o n  o f  t h e  f u t u r e  r e s e r v e s  

a d d i t i o n s  f o r  t h e  n e x t  20 y e a r s .  The c a l c u l a t i o n s  f o r  t h e  

case  o f  t h e  h y p e r b o l i c  d r i l l i n g  r a t e  a r e  as  f o l l o w s .

F i r s t ,  t im e  was t e s t e d  a g a i n s t  t ^ .  I f

t  < t ^  (VI-48)

t h e n  t h e  gas  w e l l  f o o t a g e  and  c u m u l a t i v e  r e s e r v e  a r e  z e r o :

GF^ % = 0 (VI-49)
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CR^ % = 0 (VI-50)

But f o r  t im e  g r e a t e r  t h a n  t ^ ;  i . e . ,  t  > t ^ ,  t h e  gas  w e l l  

f o o t a g e  i s  e q u a l  t o  t h e  v a l u e  i n d i c a t e d  by t h e  h y p e r b o l i c  

e q u a t i o n  which i s  a s  f o l l o w s :

= A . t j

In  o r d e r  t o  c a l c u l a t e  t h e  c u m u la t iv e  r e s e r v e  f o r  eac h  y e a r  

and  eac h  r e g i o n ,  t h e  s e q u e n c e  o f  s t e p s  be low a r e  f o l l o w e d :

I f

G " t . k  Î  C V I-52 )

t h e n  s e t

c R t . k  '  ™ p j s , k

On t h e  o t h e r  h a n d ,  i f

G F t . k  < ( V I - 5 4 )

t h e n  t h e  gas  w e l l  f o o t a g e  must  be t e s t e d  a g a i n s t  t h e  a r r a y  

o f  c u m u l a t i v e  gas  w e l l  f o o t a g e  v a l u e s .  The v a l u e  f o r  gas  

w e l l  f o o t a g e  i s  b r a c k e t e d  b y  two v a l u e s  f o r  c u m u l a t i v e  gas  

w e l l  f o o t a g e .  The v a l u e  f o r  c u m u la t iv e  r e s e r v e s  i s  fou n d  

by i n t e r p o l a t i o n  b e tw ee n  t h e  t a b u l a t e d  c u m u l a t i v e  r e s e r v e s  

v a l u e s  c o r r e s p o n d i n g  t o  t h e s e  two v a l u e s  o f  c u m u l a t i v e  gas  

w e l l  f o o t a g e .  The i n t e r p o l a t i o n  p r o c e d u r e  i s  as f o l l o w s  :

For

j  = 1 and CGF^ = 0 (VI-SS)

th e n



I f

t h e n

I f

t h e n

I f

t h e n
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= 0 (V I -56)

j = 1 and CGF^ % f  0 (VI-57)

GF^ ,

AI = ( V I - 5 8 )

Cl = AlCCRFi %) (V I -59)

CR^ % = Cl (V I-60)

j ^ 1 and CGF. , = CGF. , , (V I -61)J j i v  J  X ,1 ^

CRF. , + C R F . ,  ,
CR^ k = ------3^^  ̂ ( V I - 6 2 )

j  ^ 1 and CGFj ^  ^

Cl

( V I - 6 3 )

AI = ^ ^ t , k  - (VI-64)
C G fj ,k  ■ C G F j_ i ,k

= AJ(CRFj % - CRFj i  %) (VI-65)

CRt . k  “ "  ( V I - 6 6 )

In  c a l c u l a t i n g  t h e  i n c r e m e n t  o f  r e s e r v e ,  i n c re m e n t  

o f  f o o t a g e ,  d i s c o v e r y  r a t e  ( i n c r e m e n t  r e s e r v e s  p e r  in c re m e n t
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o f  f o o t a g e  d r i l l e d ) ,  and c u m u la t iv e  d i s c o v e r y  r a t e  (cum ula

t i v e  r e s e r v e  p e r  c u m u la t iv e  f o o t a g e  d r i l l e d )  f o r  eac h  r e g i o n  and 

each  y e a r ,  t h e  f o l l o w i n g  e q u a t i o n s  a r e  u s e d :

f o r  t  > 2 ;  k  = 1 ,  NR (VI-67)t̂,k " CRt,k ■ C%t-l,k

* i , k  ■ C%i,k

I t̂,k ^̂ t,k " GFt-l,k

1 ^ 1 , k = G " l ,k

f o r  t  = 1 ;  k  = 1 ,  NR (VI-68)

f o r  t  > 2 ;  k  = 1,  NR (VI-69)

f o r  t  = 1 ,  k = 1 ,  NR (VI-70)

DRt , k

CDR.t , k

IF

0 

CR.

t , k

i f  IF^ ^ = 0 f o r  t

i f  IF^ % f  0 f o r  t

i f  GF^ ^ = 0 f o r  t

i f  GF^^% ^ 0 f o r  t

-  1 ,  TL; k = 1, NR
(VI-71)

= 1 ,  TL; k = 1 ,  NR

= 1 ,  TL; k = 1 ,  NR
(VI-72)

= 1 ,  TL; k = 1 ,  NR

I n  c a l c u l a t i n g  t h e  c u m u la t iv e  d i s c o v e r y  and  t o t a l  

f o o t a g e  d r i l l e d  f o r  a l l  t h r e e  r e g i o n s  as  a f u n c t i o n  o f  t im e  

e q u a t i o n s  V I -73 and V I -74 a r e  u se d .

'NR f o r  t  = 1, TL 

f o r  t  = 1 ,  TL

(VI-73) 

(VI-74)

The c a l c u l a t i o n s  o f  i n c re m e n t  r e s e r v e s ,  in c re m e n t  

f o o t a g e ,  d i s c o v e r y  r a t e ,  and c u m u la t iv e  d i s c o v e r y  r a t e  f o r  

a l l  t h r e e  r e g i o n s  as  f u n c t i o n s  o f  t im e  a r e  shown i n  th e
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f o l l o w i n g  e q u a t i o n s

Rt = CD, - CD,_1

= CD^

I F ,  = T P ,  - T F , _ i

I F l  = TF^

DR,  =

i f  F ,  = 0

f o r  t  = 

f o r  t  = 

f o r  t  « 

f o r  t  = 

f o r  t  =

f o r  t  =

2 ,  TL 

1

2 ,  TL 

1

1 ,  TL 

1 ,  TL

( V I - 7 5 )  

( V I - 7 6 )  

( V I - 7  7) 

( V I - 7  8)

( V I - 7 9 )

CDR, =

0 i f  TF ,  = 0

CD
î f ;  i f  ^ 0

f o r  t  = 1 ,  TL

f o r  t  = 1 ,  TL

( V I - 8 0 )

T h is  c o m p le te s  t h e  o p e r a t i o n s  i n  p h a se  two.



CHAPTER VII 

ANALYSIS OF A MORE REALISTIC SYSTEM

In  o r d e r  t o  a n a ly z e  a more r e a l i s t i c  s y s t e m ,  d i f f e r e n t  

c a s e s  i n  w hich  t h e  b e h a v i o r  o f  d i f f e r e n t  p r o v i n c e s  w i t h  d i f 

f e r e n t  s c h e d u l e s  o f  d r i l l i n g  a c t i v i t y  were  s t u d i e d .

Case I . The number o f  f i e l d s  i n  e a c h  c l a s s  o f  t h e  

i n i t i a l  f i e l d  s i z e  d i s t r i b u t i o n  o f  t h e  o r i g i n a l  model was 

chan ged .  T h i s  was done by r e d u c i n g  t h e  number o f  f i e l d s  in  

e a c h  c l a s s  t o  2 /1 0  o f  i t s  o r i g i n a l  number.  T a b l e  V I I -1 shows 

t h e  v a l u e s  f o r  t h e  new d i s t r i b u t i o n .

TABLE V I I -1 

S i z e  S t r a t i f i c a t i o n  o f  P o p u l a t i o n  F i e l d s  

( A l l  volumes i n  b i l l i o n s  o f  c u b ic  f e e t )

C l a s s e s  No. o f  F i e l d s  P o p u l a t i o n  S t r a t a  Range

1 376 0 < F i e l d  < 1

2 364 1 < F i e l d  < 5

3 144 5 < F i e l d  < 10

4 240 10 < F i e l d  < 50

5 102 50 < F i e l d  < 200

6 24 200 < F i e l d  < 400

7 22 400 < F i e l d
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F ig u r e  V I I - 1  i s  t h e  h i s t o g r a m  f o r  t h e  d i s t r i b u t i o n ,  i . e .  t h e  

number o f  f i e l d s  v e r s u s  f i e l d  s i z e  o f  e a c h  c l a s s  f o r  t h i s  

case  (Case I ) .

T h i s  change w ould  c a u s e  changes  i n  t h e  v a l u e s  o f  f r e 

quency and t h e  p r o d u c t s .  A l th o u g h  th e  p r o b a b i l i t i e s  w ould  

be t h e  same i n i t i a l l y ,  t h e y  w ould  be d i f f e r e n t  d u r i n g  t h e  

ru n  t h a n  t h o s e  f o r  t h e  p r e v i o u s  c a se  ( o r i g i n a l  m o d e l ) . T a b le

V I I - 2  shows t h e  i n i t i a l  f i e l d  s i z e  d i s t r i b u t i o n  f o r  t h i s  c a s e .  

The o t h e r  chan ges  were t h e  v a l u e s  o f  A(K) and  B(K) f o r  t h i s  

c a se  a re  t e n  t im e s  more t h a n  t h e  v a l u e s  u s e d  p r e v i o u s l y  ( o r i g 

i n a l  model) a s  shown i n  T a b l e  V I I - 3 .

TABLE V I I - 3  

V a lu es  o f  E m p i r i c a l  C o n s t a n t s  and Time Zero 

f o r  D i f f e r e n t  R eg ions  (k r e g i o n s )

Region  1 2  3

A 5 X  10"?  5 X  10"? 5 X  10"?

B 2 .5  X  10"G 2 . 1 3  X  10"G 2 . 3  x lO"®

t p  2 y e a r s  4 y e a r s  3 y e a r s

Case  I I . For  t h i s  c a s e  t h e  number o f  f i e l d s  i n  each  

c l a s s  i n  t h e  d i s t r i b u t i o n  shown i n  T ab le  V I -1 was changed  f o r  

e a c h  o f  t h e  t h r e e  r e g i o n s .  S p e c i f i c a l l y ,  t h e  number o f  f i e l d s  

was r e d u c e d  from i t s  o r i g i n a l  v a lu e  t o  1 / 1 0  f o r  t h e  f i r s t  

r e g i o n  (k = 1 ) ,  t o  2 / 1 0  f o r  t h e  se co n d  r e g i o n  (k = 2 ) ,  a n d  t o  

3 /10  f o r  t h e  t h i r d  r e g i o n  (k = 3 ) .  T h is  i s  shown i n  T a b l e
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FIGURE V I I - 1 .  H i s t o g r a m  o f  n u m b e r  o f  f i e l d s  a n d  t h e i r  s i z e  d i s t r i b u t i o n s  f o r  e a c h  c l a s s .



TABLE V I I - 2  

I N I T I A L  F IE L D  S I Z E  D IS T R IB U T IO N

FRCCUENCV CLASS PARK PRODUCT PR08AE1L1TY CUM.PRCB. FIE L D  FIND RFSE9VE FIND F I F t O  REMAIHIKG

0 . 2 9 5 S 9 7 4 E 00 0 . 3 1 6 2 2 7 3 6 0 0 0 . 9 3 4 7 6 1 2 6 - 0 1 0 . 2 2 6 0 6 9 9 6 - C3 0 . 2 2 6 0 6 9 9 6 - 0 3 O.OOOOOOOE 00 O.OOOOOOOE 09 0 . 3 7 6 0 0 0 0 6 0 3

0 . 2 6 6 : 6 3 5 6 o c 0 . 2 2 2 6 0 6 6 6 o t 0 . 6 3 9 6 6 1 0 6 CO 0 . 1 5 6 1 2 2 6 6 - 0 2 0 . 1 7 6 9 2 9 6 6 - 0 2 O.OOOOOOOE 00 O.OOOOOOOE 00 0 , 3 6 4 0 0 0 0 6 03

0 . 1  1 3207S E OC 0 . 7 0 7 1 0 6 9 6 01 0 . 8 0 0 4 9 8 0 6 00 0 . 1 9 5 3 1 1 4 6 - 0 2 0 . 3 7 4 2 4 1 2 6 - 0 2 O.OOOOOOOE 00 O.OOOOOOOE 00 0 . 1 4 4 0 0 0 0 6 0 3

0 . 1 3 6 6 7 9 2 6 00 0 . 2 2 3 6 0 6 7 6 02 0 . 4 2 1 6 9 9 3 6 Cl 0 . 1 0 2 9 2 8 1 6 - 0 1 0 . 1 4 0 3 6 2 2 6 - 0 1 0 . 0 0 0 0 0 0 0 6 00 O.OOOOOOOE 00 0 . 2 4 0 0 0 0 0 6 93

0 . 8 0 1 4 6 6 3 6 - 0 1 O.IOOOOCOE 0 3 0 . 6 0 1 8 8 6 3 6 01 0 . 1 9 5 6 S 0 I E - 0 I 0 . 3 3 6 0 1 2 3 6 - 0 1 O.OOOOOOOE 00 0 . 0 0 0 0 0 0 0 6 00 0 . 1 0 2 0 0 0 0 6 0 3

0 . 1 6 6 6 7 9 2 6 - 0 1 0 . 2 6 2 8 4 2 5 6 0 3 0 . S 3 3 6 6 5 0 E 01 0 . 1 3 0 2 0 7 5 6 - 0 1 0 . 4 6 6 2 1 9 6 6 - 0 1 0 . 0 0 0 0 0 0 0 6 00 O.OOOOOOOE 00 0 . 2 4 0 0 0 0 0 6 0 2

0 . 1 7 2 9 5 6 0 6 - 0 1 0 . 1 2 6 4 9 1 1 E 04 0 . 2 1 6 7 7 3 6 6 02 0 .  5 3 3 7 6 0 5 6 - 0 1 O.IOOOOOOE 00 O.OOOOOOOE 0 0 O.OOOOOOOE 00 0 . 2 2 0 0 0 0 0 6 0 2

C.OOCOOOC6 00 O.OOOOOOOE 00 O.OOOOOOOE 00 0 . 9 0 0 0 0 0 0 6  0 0 O.IOOOOOOE 01 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 0 0
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V I I - 4 .  The h i s t o g r a m s  f o r  e a c h  c l a s s  and f o r  e a c h  r e g i o n  a r e

p l o t t e d  in  F i g u r e s  V I I - 2 ,  V I I - 3 ,  and V I I - 4 .

T h is  change w ould  c a u s e  changes  i n  t h e  v a l u e s  o f  

f r e q u e n c y  and t h e  p r o d u c t s .  As b e f o r e ,  p r o b a b i l i t i e s  d u r i n g  

t h e  s i m u l a t i o n  w ou ld  d i f f e r  f o r  each  r u n .  T a b l e s  V I I - 5 ,  V I I - 6  

and  V I I -7 show t h e  i n i t i a l  f i e l d  s i z e  d i s t r i b u t i o n s .  Also  

t h e  v a lu e s  o f  A(K) and  B (K) were  i n c r e a s e d  f o r  t h i s  c a se  (Case I I )  

l i k e  Case I as shown i n  T a b le  V I I - 3 .

In  o r d e r  t o  e x t e n d  o u r  u n d e r s t a n d i n g  o f  t h e  r e s o u r c e

b a s e  r e s p o n s e  t o  t h e  f u t u r e  e x p l o r a t i o n  a c t i v i t i e s ,  o t h e r

m a t h e m a t i c a l  f u n c t i o n s  were u s e d  f o r  t h e  f u t u r e  d r i l l i n g  

r a t e .  In  a d d i t i o n  t o  t h e  h y p e r b o l i c  c u rv e  u s e d  i n  Phase  I I  

o f  t h e  s t u d y ,  c u rv e s  w i t h  much d i f f e r e n t  c h a r a c t e r i s t i c s  were  

a l s o  u se d  i n  Phase  I I .

1. S t r a i g h t  L ine  E q u a t i o n

The i d e a l i z e d  s t r a i g h t  l i n e  p l o t  i s  shown i n  F ig u r e

V I I - 5 .  T h is  f u n c t i o n  h a s  an e q u a t i o n  o f

y = A ( t  - t ^ )  (V I I -1 )

where f o r  o u r  p u r p o s e s  y would  r e p r e s e n t  t h e  gas  w e l l  f o o t a g e ,  

t ^  i s  t im e  z e r o ,  t  i s  t i m e ,  and  A can be c a l c u l a t e d  by  u s i n g

A « I  (V I I -2 )

A ga in ,  a s  i n  t h e  o r i g i n a l  model ,  t h r e e  ru n s  were  made 

f o r  d i f f e r e n t  s e t s  o f  a s s u m p t io n s  f o r  v a l u e s  o f  B and t ^  as  

i n d i c a t e d  i n  T ab le  V I I - 8 .



T a b le  V I I - 4  

S i z e  S t r a t i f i c a t i o n  o f  P o p u l a t i o n  F i e l d s  

( A l l  vo lumes  i n  b i l l i o n s  o f  c u b i c  f e e t )

C l a s s e s
No. o f  F i e l d s  

f o r  k = 1

No. o f  F i e l d s  
f o r  k = 2

No. o f  F i e l d s  
f o r  k = 3

P o p u l a t i o n  
S t r a t a  Range

1 188 376 564 0 < F i e l d  < 1

2 182 364 546 1 < F i e l d  < 5

3 72 144 216 5 < F i e l d  < 10

4 1 2 0 240 360 10 < F i e l d  < SO

5 51 1 0 2 153 50 < F i e l d  < 200

6 1 2 24 36 200 < F i e l d  < 400

7 1 1 2 2 33 400 < F i e l d

(OOv
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FIGURE V I 1 - 2 .  H i s t o g r a m  o f  n u m b e r  o f  f i e l d s  a n d  t h e i r  s i z e  d i s t r i b u t i o n s  f o r  e a c h  c l a s s  f o r  f i r s t  r u n  ( k  = 1 )
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FIGURE V I I - 4 .  H i s t o g r a m  o f  n u m b e r  o f  f i e l d s  a n d  t h e i r  s i z e  d i s t r i b u t i o n s  f o r  e a c h  c l a s s
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TABLE V I I - 5  

I N I T I A L  F IE L D  S I Z E  D IS T R IB U T IO N

FPFOJÇNCV CLASS NARK PRODUCT PROBAEILITV C U H .PR C a. FIELD FIND RESERVE FIND F IE L D  r e m a i n i n g

C .2 P S 5 9 T 4 K 0 0 0 . 3 I 6 2 2 7 8 E 00 0 . 9 3 A 7 6 I 2 E - 0 I 0 . 2 2 8 0 6 9 9 6 - 0 3 0 . 2 2 8 0 6 9 9 6 - 0 3 O.OOOOOOOE 00 0 . 0 0 0 0 0 0 0 6 00 0 . 1 8 8 0 0 0 0 6 0 3

o . 2 m * i t 3 : E OC 0 . 2 2 3 6 0 6 8 E 01 0 . 6 3 9 8 8 1 0 6 00 0 . 1 5 6 1 2 2 8 6 - 0 2 0 . 1 7 8 9 2 9 6 6 - 0 2 O.OOOOOOOE 0 0 O.OOOOOOOE 00 0 . 1 8 2 0 0 0 0 6 0 3

0 . 1 1 3 2 0 7 * 6 o c 0 . 7 0 7 1  064E 01 C .E 00A 980E CO 0 . I 9 5 3 I I A 6 - 0 2 0 . 3 7 A 2 A I 2 E - 0 2 0 . 0 0 0 0 0 0 0 6 00 O.OOOOOOOE 00 0 . 7 2 0 0 0 0 0 6 02

o . i e P 6 7 < ; 2 E OC 0 .2 2 3 6 0 6 7 E 02 0 .A 2 I B 9 9 3 E Cl 0 . 1 0 2 9 3 8 1 6 - 0 1 O . I A 0 3 6 2 2 6 - O I O.OOOOOOOE 00 O.OOOOOOOE 00 0 . 1 2 0 0 0 0 0 6 0 3

0 . 6 0 1 8 3 6  3 6 - 0 1 0 . lOOOOOOE 03 0 . 8 0 1 8 8 6 3 6 01 0 . 1 9 5 6 5 0 1 6 - 0 1 0 . 3 3 6 0 1 2 3 6 - 0 1 O.OOOOOOOE 00 O.OOOOOOOE 00 0 . 5 1 0 0 0 0 0 6 0 2

O . I « P t 7 9 î F - O I 0 .2 6 2 6 A 2 5 E 03 0 . 5 3 3 6 6 5 0 6 Cl 0 .  1 3 0 2 0 7 5 6 - 0 1 0 . 4 6 6 2 1 9 8 6 - 0 1 O.OOOOOOOE 0 0 O.OOOOOOOE 00 0 . I2 0 0 0 0 0 E 0 2

0 . 1 7 2 9 5 6 C E - 01 0 . I 2 6 A 9 I I E OA 0 . 2 1 8 7 7 3 8 6 02 0 . 5 3 3 7 8 0 5 6 - 0 1 0 . lOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE oo 0 . 1  lOOOOOE 0 2

O.COCOOOOE 0 0 O.OOOOOOOE 0 0 0 . 0 0 0 0 0 0 0 6 00 0 .  900G C 006 00 0 . 1 0 0 0 0 0 0 6  01 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 0 0

o
o



TABLE V I I - 6  

I N I T I A L  F IE L D  S I Z E  D IS T R IB U T IO N

FREOUENCV CLASS mark PRODUCT PRGBAeiLITY CUM.PRCB. FIE LD  FIND RESERVE FIND FIEL D  REMAINING

0 > 2 9 S S « 7 « E 00 0 . 3 I 6 2 2 7 8 E 0 0 0 . 9 3 4 7 6 I 2 E - 0 1 0 . 2 2 8 0 8 9 9 2 - 0 3 0 . 2 2 8 0 6 9 9 E - 0 3 O.OOOOOOOE 0 0 O.OOOOOOOE 00 0 . 3 7 8 0 0 0 0 6 0 3

0 > 2 8 6 I 6 3 S E 0 0 0 . 2 2 3 6 0 8 8 E 01 0 . 6 3 9 8 8 I 0 E 00 0 . I S 6 I 2 2 8 E - 0 2 0 . 1 7 8 9 2 9 2 E - 0 2 O.OOOOOOOE 00 O.OOOOOOOE 00 0 . 3 6 4 0 0 0 0 E 0 3

0 . I I3 2 0 T S E OC 0 .7 0 7 I 0 C 8 E 01 0 .C O C 4980E 00 0 .  I 9 S 2 I I 4 E - C 2 0 . 3 7 4 2 4 1 2 E - 0 2 O.OOOOOOOE 00 O.OOOOOOOE 00 O . I 4 4 0 0 0 C E 0 3

0 » i e e 6 7 « 2 E oc 0 .2 2 3 E 0 6 7 E 02 0 . 4 2 I 8 9 9 J E 01 0 . I O 2 9 3 8 I E - 0 I 0 . I 4 0 3 6 2 2 E - 0 I O.OOOOOOOE 00 O.OOOOOOOE 00 0 .2 4 0 0 0 0 C E 0 3

0 « F O I 8 e 6 3 E - 3 l O.tOCOOOOE 0 3 0 . 8 0  I8 8 6 3 E 01 0. l958e0IE-0l 0.3360:238-01 0 . OOOOOOOE 00 O.OOOOOOOE 00 O . I 0 2 0 0 0 0 E 0 3

0«l8e6T92E-0l 0 . 2 8 2 8 4 2 5 0 03 0 . S 3 3 6 6 S 0 E 01 0 . I 3 0 2 0 7 S E - O I 0 . 4 6 6 2 I 9 E E - 0 1 O.OOOOOOOE 00 O.OOOOOOOE 00 0 . 2 4 0 0 0 0 0 E 02

0 » I T 2 9 5 6 0 E - 0 1 0 . I 2 6 4 9 I I E 04 0 . 2 1 8773UE 02 O .S 3 3 7 8 0 S E - O I 0 . lOOOOOOE OC O.OOOOOOOE 00 O.OOOOOOOE 00 0 . 2 2 0 0 0 0 0 E 02

O.OOOOOOOE 0 0 0 .OOOOOOOE 00 O.OOOOOOOE CO C.OOOOOOOE 00 O.IOCOOOCE 01 0 . OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 0 0



TABLE V I I - 7

I N i r t A U  FtEt.O S IZ E  DISTRIBUTION

FRECUENCV CLASS mark PRODUCT PROBAEILITV C U H .PR O a. FIELD FIND RESERVE FIND r i C L O  RFMAINIKG

0.295S<37*E 00 O . 3 I 6 2 2 7 0 E 0 0 0 . 9 3 4 7 6 I 2 E - O I 0 .  2 2 8 C 6 9 9 E - 0 3 0 . 2 2 8 0 6 9 0 E - 0 3 O.OOOOOOOE 00 O.OOOOOOOE 00 0 . 5 8 4 0 0 0 0 F 0 3

o . z e a i t J E E oc 0 . 2 2 3 e 0 6 r t E 01 o . 6 3 « a e i O E 00 0 . I 5 6 I 2 2 8 E - 0 2 0 . 1 7 8 9 2 9 8 6 - 0 2 O.OOOOOOOE 00 O.OOOOOOOE CO 0 .5 4 6 0 0 0 0 E 0 3

O . l l 2 2 C 7 E E oc 0 . 7 0 7 1 068E 01 0 . e 0 0 4 9 8 0 E 00 0 .  1 053  1 I 4 E - 0 2 0 . 3 7 4 2 4 I 2 E - 0 2 O.CCCOOOCE 00 O.OOOOOOOE 00 0 . 2 I 6 0 0 0 0 E 0 3

o . i e e 6 7 « 2 E 0 0 0 . 2 2 3 0 0 6 7 6 02 0 . 4 2 I 8 9 9 3 E Cl 0 .  I 0 2 C 3 8 I E - 0 I C . I 4 0 3 6 2 2 E - C I O.OOOOOOOE 00 O.OOOOOOOE 00 0 . 3 6 0 0 0 0 0 E 0 2

o . e o i e e 6 3 E - o i 0 . lOOOOOOE 03 0 .H 0 I B 8 6 3 E 01 0 .  I 9 5 0 S 0 I E - 0 I 0 . 3 3 6 0 I 2 3 E - 0 I O.OOOOOOOE 00 O.OOOOOOOE 00 0 .  IS 3 0 0 0 0 E 0 3

o . » e e t 7 Ç 2 F - o i 0 . 2 8 2 0 4 2 5 2 0 3 0 . S 3 3 6 6 5 0 E 01 0 . I 3 0 2 0 7 S E - 0 I 0 . 4 6 6 2 I 9 8 E - 0 I O.OOOOOOOE 00 O.OOOOOOOE 00 0 .3 6 0 0 0 0 0 E 02

0 . 1 7 2 9 S 6 0 E - 0 I 0 . I 2 6 4 9 I I E 04 0 . 2 i e 7 7 3 8 E 02 0 .  S337EO SE-O I C.lOOOOOOE 0 0 O.OOOOOOOE 00 O.OOOOOOOE 00 0 . 3 3 0 0 0 0 0 E 02

C.OOCCOOCE 00 O.OOOOOOOE 0 0 0 .OOOOOOOE 00 O.OOOOOOOE 00 0 . lOOOOOOE 01 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 0 0

O
t s )
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f k ;u r e  V I I - 5 . S t r a i g h t  l i n e  r e p r e s e n t a t i o n  o f  g a s  
w e l l  f o o t a g e  v s .  t i m e .
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T a b le  V I I - 8  

V alues  o f  E m p i r i c a l  C o n s t a n t  B and Time Zero 

f o r  D i f f e r e n t  R eg ions  (k r e g i o n s )

Region 1 2  3

B 1 X  10"^ . 8 8  X  1 0 '^  .95 x lO ’ ^

t ^  2 y e a r s  4 y e a r s  3 y e a r s

The c a l c u l a t i o n s  a r e  a l l  t h e  same as  i n  t h e  o r i g i n a l  

model e x c e p t  e q u a t i o n  V I -51  would be changed  t o

Ĝ t.k = - V
where

\  = I T  CVII-4)

A lso  t h i s  s t r a i g h t  l i n e  c u r v e  was u se d  f o r  a p p l y i n g  Cases I 

and I I .  The o n ly  chan ges  r e q u i r e d  t o  ru n  t h e s e  was i n  e q u a t i o n  

V I I - 4  which was changed  t o

\  '  1 0 ^

2.  L o g i s t i c  Curve

The i d e a l i z e d  l o g i s t i c  c u rv e  i s  shown i n  F i g u r e  V I I - 6 . 

T h i s  f u n c t i o n  h as  an e q u a t i o n  o f  t h e  form

y ---------- -A(t ■ t ) ("1-6)
1 + De °

where  f o r  o u r  p u r p o s e s  y r e p r e s e n t s  t h e  gas  w e l l  f o o t a g e ,  t ^

i s  t im e  z e r o ,  t  i s  t im e  i n  y e a r s ,  and t h e  v a l u e s  o f  C and D
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FIGURE V I I - 6 . L o g i s t i c  c u r v e  r e p r e s e n t a t i o n  o f  g a s  
w e l l  f o o t a g e  v s .  t i m e .
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can be e v a l u a t e d  by u s i n g  e q u a t i o n s  V I I - 7  and V I I - 8 .

c  = I  (V I I -7 )

D = 99 e *  ( V I I - 8 )

As w i t h  t h e  o r i g i n a l  model ,  t h r e e  ru n s  w ere  made f o r  d i f f e r e n t  

s e t s  o f  a s s u m p t io n s  f o r  v a l u e s  o f  A, B, an d  t ^  as i n d i c a t e d  

i n  T ab le  V I I - 9 .

T ab le  V I I - 9

V a lu es  o f  E m p i r i c a l  C o n s t a n t s  A, B, and  Time 

Zero f o r  D i f f e r e n t  R eg ions  (k  r e g i o n s )

Region  1 2  3

A .141 .132 .137

B 7.09 X lO ' lO  3 .5 7  x 10"^°  4 .3 5  x 10‘ ^°

2 y e a r s  4 y e a r s  3 y e a r s

The c a l c u l a t i o n s  a r e  a l l  t h e  same as  i n  t h e  o r i g i n a l  

model  e x c e p t  t h a t  e q u a t io n  V I -51 was c h a n g e d  t o :

where

and
K= 99 e k (V II -1 1 )
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T h is  l o g i s t i c  f u n c t i o n  was a l s o  u s e d  f o r  a p p ly in g  

Cases I and I I .  The o n l y  change r e q u i r e d  t o  ru n  t h e s e  c a se s  

was t h a t  e q u a t i o n  V I I -10 was changed  t o :

S  = 1 0 ^

3. I n c r e a s i n g  D r i l l i n g  Rate  F u n c t io n

The i d e a l i z e d  i n c r e a s i n g  d r i l l i n g  r a t e  c u rv e  i s  shown 

in F i g u r e  V I I - 7 .  T h i s  f u n c t i o n  h a s  an e q u a t i o n  o f  t h e  form

A ( t  - t _ )
y = t ;  - ( f

where f o r  o u r  p u r p o s e s  y would r e p r e s e n t  t h e  gas  w e l l  f o o t a g e ,  

t ^  i s  t im e  z e r o ,  t ^  i s  t h e  t o t a l  t im e  i n  y e a r s ,  t  i s  t i m e ,  

and A can  be c a l c u l a t e d  by u s i n g

A = I  (V I I -1 4 )

A g a in ,  a s  i n  t h e  o r i g i n a l  m o d e l ,  t h r e e  ru n s  were  made 

f o r  d i f f e r e n t  s e t s  o f  v a lu e s  o f  B and  t ^  a s  i n d i c a t e d  i n  

T ab le  V I I -10 .  The c a l c u l a t i o n s  a r e  a l l  t h e  same as  i n  t h e  

o r i g i n a l  model e x c e p t  e q u a t i o n  V I -51 w ou ld  be changed  t o :

A ( t  - t  )

where

( V I I - 1 6 )
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FIGURE V I I - 7 .  I n c r e a s i n g  d r i l l i n g  r a t e  c u r v e  r e p r e 
s e n t a t i o n  o f  g a s  w e l l  f o o t a g e  v s .  t i m e .



109

T a b le  V I I -10 

V a lu es  o f  E m p i r i c a l  C o n s t a n t  B and Time Zero 

f o r  D i f f e r e n t  R eg ions  (k r e g i o n s )

Region 1 2  3

B S x  lO'G 2 .2  X lO'G 3 .2  x lO"®

t ^  2 y e a r s  4 y e a r s  3 y e a r s

A lso  t h i s  i n c r e a s i n g  d r i l l i n g  r a t e  f u n c t i o n  was u s e d  

f o r  a p p l y i n g  Cases I and I I .  The o n l y  changes  r e q u i r e d  t o  

run t h e s e  c a s e s  was i n  e q u a t i o n  V I I -1 6 .  I t  was changed  t o :

\  = î ô ^



CHAPTER V II I

DISCUSSION OF RESULTS OF THE FIRST PHASE FOR THE 

ORIGINAL MODEL AND OTHER REALISTIC SYSTEMS

As m e n t io n e d  b e f o r e  i n  th e  m a t h e m a t i c a l  s e c t i o n ,  t h e  

model i s  d e s i g n e d  t o  c a l c u l a t e  t h e  p a r a m e t e r s  o f  t h e  f r e q u e n c y  

d i s t r i b u t i o n  o f  t h e  u n d i s c o v e r e d  f i e l d s  d u r i n g  t h e  e x p l o r a t o r y  

p l a y .  I t  computes  f o r  each  c l a s s  t h e  c l a s s  m ark ,  t h e  p r o d 

u c t  o f  t h e  c l a s s  mark and t h e  f r e q u e n c y ,  and t h e  p r o b a b i l i t y  

t h a t  a f i e l d  t h e  s i z e  o f  t h e  c l a s s  mark w i l l  be found  in  

d r i l l i n g  t h e  n e x t  w e l l .  A f t e r  th e  d r i l l i n g  o f  W w e l l s ,  i t  

r e c o r d s  t h e  number o f  f i e l d s  found ,  t h e  r e s e r v e s  fo u n d ,  and 

t h e  number o f  f i e l d s  r e m a in in g .  T a b l e s  V I I I -1 t o  V I I I -10 

a r e  r e s u l t s  o f  t h e s e  c a l c u l a t i o n s  f o r  W r a n g i n g  from 1 0 0 0  

t o  10,000 w e l l s  w i t h  i n c r e m e n t s  o f  1000 w e l l s .  The r e s u l t s  

i n  T ab le  V I I I - 1  shows t h a t  a f t e r  1000 w e l l s  were  d r i l l e d ,  

o n ly  98 f i e l d s  were found .  The r e m a in in g  902 w e l l s  were  u n 

s u c c e s s f u l .  Most o f  t h e  f i e l d s  fou n d  were g i a n t  f i e l d s  (60

f i e l d s  w i t h  r e s e r v e s  g r e a t e r  th a n  400 B c f ) , even  th o u g h  th e

c l a s s  c o n t a i n i n g  t h e  g i a n t  f i e l d s  h a d  t h e  f e w e s t  number o f

f i e l d s .  The r e s t  o f  t h e  f i e l d s  found  were d i s t r i b u t e d  among

a l l  o t h e r  c l a s s e s  w i t h  t h e  e x c e p t i o n  o f  t h e  s m a l l  f i e l d s  which 

have  r e s e r v e s  l e s s  th a n  1 B c f .  T h ere  were none found  from

110



TABLE V I I I - 1

FIEL D  S IZ E  DISTRIBUTION FOR NO.OF HELLS’.  1 0 0 0

FREOUChCV CLASS MARK PRODUCT PROBABILITY CUM.PRCB. FIELD FIND RESERVE FIND FIELD

0.300:5975 00 0.31622785 00 0.94918795 -01 0.3048730E-03 0.30487505-03 O.OOOOOOOE 00 O.OOOOOOOE 00 0. 18790005 04

0.290B946E 00 0.22360685 01 0.6S04S99E 00 0.20892495-02 0.23941225-02 0 . lOOOOOOE 01 0.2236066E 01 0.1821000E 04

0.I14377CE 00 0.70710685 01 0.60876725 CO C.25977245-02 0.49918445-02 0.30000005 01 0.21213205 02 0.71600005 03

0.I69297IE 00 0 .22360675 02 0.42328095 Cl 0.13595605-01 0.18587445-01 0.15000005 02 0.3354097E 03 0.1I85000E 04

0.70274735- 01 0.lOOOOOOE 03 0.78274735 01 0.2514 1495-01 0.43728936-01 0 . I900000E 02 0.19000005 04 0.4900000E 03

0.16932905- 01 0 .28284255 03 0.4789345E 01 0. 15363165-01 0.59112095-01 O.ISOOOOOE 02 0.4242637E 04 0 .10600005 03
0.10063095- 01 0.12649115 04 0.12729935 02 0.4088797E-0I 0.lOOOOOOE 00 0.4500000E 02 0.S692096E 05 0.63000005 02

C.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 0.9000000E 00 0.lOOOOOOE 01 0.9020000E 03 0.OOOOOOOE 00 0.90200005 03



TABLE V I I I - 2

F1£1.C S IZ E  OISTRIOUTION FOR NO*OF WELLS* 2 0 0 0

FRCQUEKCV CLASS MARK PRODUCT PROOAeiLlTV CUM.PROB. FIELD FIND RESERVE FIND FIELD

0.304864OE 00 0.316227eE 00 0.9641278E-01 c. 4I0291BE-03 0.4102918E-03 O.OOOOOOOE 00 O.OOOOOOOE 00 0.18790006 04

0.294023^6 00 0.22300606 01 0.6S92463E 00 0.28054756-02 0.32157676-02 0.50000006 01 0.11180346 02 0.18170006 04

0.IS58527E 00 0 «707106BE 01 C.8192019E 00 0.348C179E-02 0.67019436-02 O.SCOOOOOE 01 0.35355326 02 0.71400006 03
0.18935506 00 0.2236067E 02 0.4234122E 01 C . 18018646-01 0.24720586-01 0.33000006 02 0.73790046 03 0.11670006 04

0.7S61249E-01 O.tOOOOCOE 03 0.7561248E 01 0.32177496-01 0.06898076-01 0.43C0000E 02 0.43000006 04 0.46600006 03

0.14765S3E-0I 0.2626425E 03 0.4176321E 01 0. 17772666-01 0.74670736-01 0.30000006 02 0.84852346 04 O.9I0OOOOE 02

O.47O5S00E-O2 0.12649I1E 0 4 0.5952036E 01 0.25329376-01 0.10000016 OC 0.79000006 02 0.99926946 05 0.29000006 02

C.OOOOOOCE 00 0 .OOOOOOOE 00 O.OOOOOOOE 00 0.90000006 00 0.10000006 01 0.18050006 04 O.OOOOOOOE 00 0. 18050006 04

ts)



TABLE V I I I - 3

FIELD SIZE DISTRIBUTION FOR NO.OF WELLS» 3000

FREQUENCY CLASS FARK PRODUCT PROBAEILITV CUM.PROB. FIELD FIND RESERVE FIND FIELD

0.31CZR92E OO 0 •3I62278E 00 0.9812S22E--01 0.55226845-03 0.SS23884E-03 O.2CO0OOOF 01 0.6324SS6E 00 0.1877000E 04

0.2992Z3CE 00 0.22360C9E 01 c.eosoezoE 00 0.3766551E-02 0.4318938E-02 0.1200000E 02 0 .2683275E 02 0 . leioocoE 04

0.117705*E OC 0 .7071C6dE 01 0.8323029E 00 0.46B5383E-02 0.900432 IE-02 0.7000000E 01 0.4949744E 02 0.7120OOOE 03

0.t994528E 00 0.2236067E 02 0.4236291E Cl 0.23047876-01 0.32R522CE-0I 0.5400000H 02 0. I207473E 04 0. 1146000E 04

0.7075E4EE- 01 0 . lOOOOOOE 03 0.7075548E 01 0.39631266-01 O.7260346E-OI O.0IOOOOOE 02 O.BIOOOOOE 04 O.420OOOOH 03

0.1124153E- 01 0.2923425E 03 0.3I79581E 01 O.I789920E-01 0.905026lE-01 0.5300DOOE 02 0. 1499055E 05 O.60OOOOOE 02

0.I322S33E- 02 0.12649116 04 0. 16728656 01 0.94I7274E-02 C.99999O6E-0I 0.1OOOOOOE 03 0.I264R93E 06 0.8000000E 01

O.QCOOOOCE 00 0 .OOOOOOOE 00 0.OOOOOOOE 00 C.9000CO0E 00 0.9999999F 00 0.269I000E 04 0.OOOOOOOE 00 0.2691OOOE 04

04



TABLE V I I I - A

FIELD SIZE 0IS1R1BUTICN FCR NO.OF WELLS= *000

FREQUENCY CLASS *APK PRODUCT PROBAEILITV CUM.PROB. FIELO FINO RESERVE FINO FIELO

0.3143 «S8E 00 0.3:622746 00 0.9942067E- 01 0.64310116-03 0.64310116-03 0.3COOOOOE 01 0.94868346 00 0.18760C0E 04

0.20ZP322E CC 0 .2236C6CE Cl 0.67715336 00 C.43601556-02 0.5023256E-02 0 . 1500000E 02 0.33540916 02 0.18070006 04

0.1I84ESCE OC 0.70710C6E 01 0.63781536 00 0.54193066-02 0.104426£6-01 0 . I200000E 02 0.84852746 02 0.7070000E 03

0 . I8QZ073E oc 0.2236067E 02 0.42306016 01 0.273(6666-01 0.37809526-01 0.7100000E 02 0.1567(036 04 0.1129000E 04

0*6535947E- 01 O.lOOOOCOE 03 0.65359476 01 0.42277696-01 0.60087186-01 0 . 1 190000E 03 0.1 1900006 05 0.39000006 03

C.R3E4Ç4ÇE- 02 0.26264256 03 0.2654462E 01 0.17170356-01 0.972S749E-0I 0.65000006 02 0.16364636 05 O.S600GOOE 02

0.335I767E- 03 0 .12649116 04 0.42 396866 CO 0.27424366-02 0.999999CE-01 0.1060000E 03 0.13407866 06 0.20000006 01

0*000000CE 00 0.0C000C06 00 O.OOOOOOOE 00 0.90000006 00 0.99999996 00 0.3609000E 04 O.OOOOOOOE 00 0.36090006 04



TABLE V I I I - 5

FIELD SIZE DISTRIBUTION FCR NO.OF WEllS= 5000

FREOUENCV CLASS MARK PRODUCT PROBAEILITV CUM.PROB. FIELO FIND RESERVE FIND FIELD

0*3193E92E 00 0.3I62278E 00 0,1C09902E 00 0.7314782E-03 0.7314782E-03 O.SCOOOOOE 01 0.I5SI138E 01 0. 1674OOOE 04

0»307?597E 00 0 .2236069E 01 0.6870534E 00 C.4976269E-02 O.57O704ÎE-O2 0 . 19C0000E 02 0.424 95I2E 02 0. I803000E 04

0. U9)23eE 00 0.7071068E 01 0.84230966 CO C.6IOC900E-02 0.1160e7EE-0l 0.2000000E 02 0. I4142I2E 03 0. 6990000E 03

0.1871I66E 90 0.2236067E 02 0.4184 052E 01 0.3030535E-0I 0.421I409E-OI 0. IC20000E 03 0.2280781E 04 0. 1098000E 04

0.60IS678E- 01 0 .lOOOOOOE 03 0 . 6 0 15677E 01 0.4357193E-01 0.6E6860 2E-01 0 . IS60000E 03 0 . IS60000E 05 0. 3530000E 03

0.69870465-02 0 •2e£8425£ 03 0. 1976233E 01 0.1431398E-C1 0.9999996E-01 O.SCOOOOOE 02 0.2262723E OS 0. 41000G0E 02

C.OOCCCOCE 00 0 .126491 IE 04 O.OOOOOOOE 00 O.OOOOOOOE 00 0.99Q9996E-01 0. 1080000E 03 0. 1366063E 06 0. OOOOOOOE 00

O.OOOOOOOE 00 O.OOOOOOOE 00 0.OOOOOOOE 00 C.9000000E 00 0.9999999E 00 0.45 lOOOOE 04 O.OOOOOOOE 00 0. 4SI0000E 04

tn



TABLE V I I I - 6

FIELO SIZE DISTRIBUTION FOR NO.OF WELLS» «000

FRECUEKCV CLASS MARK PRODUCT PROOARILITY CUM.PRCB. FÎFLO FINO RESERVE FINO FIELD

0.3245C2IE CO 0.31622768 00 0. 1026 165E 00 0.61000205-03 0.8 1000205-0 3 0.6000000E 01 0.1561I36E 01 0. 1 674000e 04

0.2:!34:<E CC 0.2236C68E 01 0.69616175 00 0.549S299E-02 C.63CS30CE-02 0.2400000E 02 0.53665395 02 0.17980005 04

0.120SI9EE CO 0.707I066E 01 0.95220125 00 0.672(6315-02 0.13032135-01 0.2300000E 02 0.16263445 03 0.6960000E 03

0.162722^E o c 0.2236C67E C2 0.4 10ai68E 01 O.3242776E-0I 0.4S45989E"0I 0. 13900005 03 0.31061245 04 0.10610005 04

O.5409I77E- 0 1 0.10CCOC3E 03 0.54691775 01 0.43326745-01 0.68768575-01 0. 19200005 03 0.19200005 05 0.31700005 03

0.502I643E- 02 0.26264255 03 0.14203345 01 0.11211365-01 0.9999990E-01 0.92000005 02 0.26021305 05 0.29000005 02

C.OOCOOOCE 00 0.I26491IE 04 0.OOOOOOOE 00 O.OOOOOOOE 00 0.999999OE-01 0 . 1060000F 03 0. 13660835 06 0.OOOOOOOE 00

C.CC00200E 00 O.OOOOOOOE 00 O.OOOOOOOE 00 0.90000005 00 0,999999(5 00 0.54170005 04 O.OOOOOOOE 00 0.54170005 04

O»



TABLE V I I I - 7

FIELD S12E OISTRIQUTION FOR NO.OF MELLSs 7000

FRECUEKCV CLASS MARK PRDCUCT PROBABILITY CUM.PROB. FIELO FIND RESERVE FINO FIELO

0.3306032E 00 0.3162278E 00 0 . 104609IE 00 0.90566706-03 O.9O5607OE-O3 0.5000000E 01 0.15811386 01 0.1874CCOE 04

0.3I59752E 00 0.223C069E Cl 0.7065420E CC 0.6117113E-02 0.70227986-02 0.32000006 02 0.715S382E 02 0.17900006 04

O.t2ia0OSE 00 0.707I069E 01 0.66125956 00 0.7456623E-02 0. 14479426-01 0.29COOOOE 02 0.20S0608E 03 0.69000006 03

0«iaC406CE 00 0.2236067E (2 0.40339966 Cl 0.3492E64E-01 0.4940506E-01 0. I780000E 03 0.39801876 04 0 . I02200CE 04
0.469549CE- 01 0. lOOOOOOE 03 0.46954986 01 0.406S279E-OI 0.900S7AEE-01 0.2430000E 03 0.2430000E 05 0.2660000E 03
0.4060015E- 02 0.26284256 03 0 . 1 148344E 01 0.99421556-02 0.9999996E-01 0.98000006 02 0.27718346 05 0.2300000E 02

O.OOOOOOCE 00 0.126491lE 04 0*OOOOOOOE 00 O.OOOOOOOE 00 0.9999996E-01 0.10800006 03 0 . 13660A3E 06 0.OOOOOOOE 00

C.OOOOOOCE OC O.OOOOOOOE 00 O.OOOOOOOE 00 0.9000000E 00 0.9999999E 00 0.6307000E 04 O.OOOOOOOE 00 0.6307000E 04



TABLE V I I I - 8

FIELO SIZE OtSTRtOUTION FOR NO.OF WELLSa 6000

FREOLENCV CLASS NARK PRODUCT PROBAEILITV CUM.PRCB. FIELO FINO RESERVE FINO FIELO

0.3367*75E 00 0 •3162276E 00 0.10646896 CC C.1007777E-02 0.1007777E-C2 0.5000000E 01 0.1581138E 01 0.I87400CE 04

0.32C215EE CC 0.22360EAE 01 0.7I60237E 00 0.6776221E-02 0.7783996E-02 0.4000000E 02 0.69442258 02 0.1782000E 04

0. 1 2 2 3 7 K E o c O.7O71Ot0E 01 0.B653001E 00 0.81669228-02 0.*5972028-0! 0.36C0000E 02 0.2607002E 03 0.68IOOOOE 03

0.*7799766 00 0 .2236067E 02 0.39779CSE 01 0. 3764*688-01 0.536*86OE-OI 0.2100000E 03 0.46956O1E 04 0.9900000E 03

0.393531OE- 01 O.lOOOOCOE 03 0.3935 309E 01 0•37242538-01 0.90861088-01 't.aOOOOOOE 03 0.2900000E 05 0.2I90000E 03

0.34l4tÇEE- 02 0.26284266 03 0.9656797E 00 0.9136682E-02 0.999999EE-0 t 0 , 1020000E 03 0.2884970E 05 O.I900000E 02

O.OOOOCOOE 00 0.12649IIE 04 O.OOOOOOOE 00 O.OOOOOOOE 00 0.99999968-01 0. loeooooE 03 0. I3660S3E 06 C.OOOOOOCE 00

C.COCOOOCE oc 0.COCOCOOE 00 O.OOOOOOOE 00 0.90000008 00 0.9999999E 00 0.V207000E 04 0# OOOOOOOE 00 0.7207000E 04

00



TABLE V I I I - 9

FIELO SIZE DIStRlBUTION FOR NO.OF WELLS= 9000

FREQUENCY CLASS MARK PRODUCT PROOAEILITY CUM.PROB. FIELD FINO RESERVE FINO FIELO

0.3422754E 00 0 .3162278E 00 0. 10922I2E 00 0.111 e 146E-02 0. 1 1 18146E-02 0.6C00000E 01 0.1897 36SE 01 0.1873000E 04

0«32*ee7£E oc 0 .2236CeeE Cl 0.7264257E CO 0.7S05458F-02 0.862360 CE-02 0.4400000E 02 0.9R18646E 02 0 . 1 7780CCE 04

©•1233227F CC 0.7071C6QE 01 O.072O937E 00 0.9010509E-02 0.176341OF-Cl 0.4400000F 02 0.3111265E 03 0.67500CCF 03

0.172E495E o c 0 .22360675 02 0.3Q6S008E 01 0* 3993244E-0I O.5756754E-0I 0.2S40000E 03 0.5679504E 04 0 .9460000E 03

0 . 3436045E- 0 1 0. ICOOOCOF 03 0.343S044E 01 0.3549103E-01 0.930SA53E-01 0.3210000E 03 0.32I0O00E 05 0. IBBOOOCE 03

0.23752<Î7E- 02 0 #2e2A423E 03 0.6718349E 00 0.694I427E-02 0.9999990E-0I o . i o a o o o c E 03 0.30S4674E 05 0.1300000E 02

©•0OC30OCE 00 0.1264911E 04 O.OOOOOOOE 00 O.OOOOOOOE 00 0.999999CE-01 0 . tOBOOOOE 03 0.13660BSE 06 O.OOOOOOOE 00

O.OOCOOOCF 00 O.CCCOCCCE 00 0.OOOOOOOE 00 0.OOOOOOOE 00 0.9999999E 00 0 . 8 M 5 0 0 0 E 04 O.OOOOOOOE 00 0.8I15C0CE 04



TABLE V I I I - 1 0

FIELO SI/E OIStPinUTlON FCP NO.OF WELLS^IOOOO

FRFOUENCV CLASS PAPK PPOOUCT PROBAEILITV CUM.PRCB. FIELO FINO RESERVE FINO FIELO

0.3«77|2S£ 00 0.316227QE 00 0.1099564b 00 0. 124 1277E-02 0.I241277F-02 0.90000006 01 0.28460456 01 0.1870 OOOE 04

0.3296764E 00 0 .223606PE 01 0.737:7896 CO 0.83216636-02 0.95631376-02 0.49000006 02 0.10956676 03 0.17730006 04

0 . I 2 3 6 5 M E CC 0.70710686 01 0.87435076 CO 0.9B7C369F-02 0.19433516-01 O.S400000E 02 0.3818369F 03 0.6650COC6 03

G.16F27e3C oc 0.22J6067E 02 0.37628136 01 0.4247765E-0I 0.619111(6-01 0.2950000C 03 0.65962386 04 0.90500006 03

C.?90070tF -0 1 O.lOOOOCOE 03 0.29007056 01 0. 3274649E-CI 0.94656656-01 0.3S30000E 03 C.35300006 05 0. 15600006 03

O.I6734?4F -C2 0 .2828A25E 03 0. 47333256 CC 0.53433556-02 0.99999966-01 0.11200006 03 0.31678106 05 0.90000006 01

C.OOCOCCCE 30 0.l26491tE 04 O.OOOOOOOE 00 O.OOOOOOOE 00 0.99999966-01 0. 10800006 03 0. 13660836 06 0.OOOOOOOE 00

O.OOCOOOCE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 C.9000C006 00 0.9999999E 00 0.90200006 04 O.OOOOOOOE 00 0.90200006 04

ts)
O
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t h e  s m a l l  f i e l d s  even th o u g h  t h i s  c l a s s  c o n t a i n e d  t h e  l a r g e s t  

number o f  f i e l d s .  As d r i l l i n g  a c t i v i t i e s  c o n t in u e d »  a l l  t h e  

g i a n t  f i e l d s  w ere  found a f t e r  3000 w e l l s  were d r i l l e d .  Ad

d i t i o n a l  f i e l d s  were found  from a l l  o t h e r  c l a s s e s .  The l a s t  

column i n  T a b le  V I I I -10 shows t h e  r e m a in in g  number o f  f i e l d s  

a f t e r  1 0 ,0 0 0  w e l l s  were d r i l l e d .  By lo o k in g  a t  t h i s  column 

we can s e e  t h e r e  a re  more s m a l l e r  f i e l d s  r e m a in in g  t o  be 

found t h a n  l a r g e r  on es .

F o r  Case I t h e  same r e s p o n s e  t o  e x p l o r a t i o n  a c t i v i t y  

can be o b s e r v e d .  T a b le s  V I I I -11  t o  V I I I -20 a r e  r e s u l t s  o f  

th e  c a l c u l a t i o n s  f o r  W r a n g i n g  from ICO t o  1000 w e l l s  w i t h  

i n c r e m e n t s  o f  100 w e l l s .  Again more g i a n t  f i e l d s  have  been  

found a f t e r  d r i l l i n g  100 w e l l s  (T ab le  V I I I - 1 1 )  and most o f  

t h e  r e m a in i n g  f i e l d s  a f t e r  t e r m i n a t i o n  o f  t h e  d r i l l i n g  a c t i v i t y  

were f rom s m a l l e r  s i z e  c l a s s e s  ( l a s t  column i n  T ab le  V I I I - 2 0 ) .

F o r  Case I I ,  t h e  b e h a v i o r  o f  t h r e e  d i f f e r e n t  r e g i o n s  

was s i m u l a t e d ,  and t h e  r e s p o n s e  o f  each  r e g i o n  was d e te r m in e d .  

T a b le s  V I I I - 2 1  t o  V I I I - 5 0  a r e  r e s u l t s  o f  t h e  c a l c u l a t i o n s  

f o r  W r a n g i n g  from 1 0 0  t o  1 0 0 0  w e l l s  w i t h  i n c r e m e n t s  o f  1 0 0  

w e l l s .  A ga in  t h e  r e s u l t s  f o r  e a c h  r e g i o n  d e m o n s t r a t e  t h e  

same c h a r a c t e r i s t i c  b e h a v i o r  t h a t  was o b s e r v e d  p r e v i o u s l y  

in  t h e  o r i g i n a l  model and  Case I .  Namely, t h e  g i a n t  f i e l d s  

and l a r g e r  f i e l d s  a r e  found  s o o n e r  t h a n  t h e  s m a l l e r  f i e l d s .

T h is  i s  a c t u a l l y  what i s  e x p e c t e d ,  b e c a u se  t h e r e  a r e  b e t t e r  

ch an ces  o r  h i g h e r  p r o b a b i l i t i e s  o f  f i n d i n g  t h e  l a r g e r  f i e l d s  

t h a n  t h e  s m a l l e r  ones .  In f a c t ,  i t  i s  one o f  t h e  main p o i n t s



FIELD SIZE DISTRIBUTION FCR NO,OF WELLS» 100

FREQUENCY CLASS *ARK PRODUCT PHOB#EILITV CUM.PPCe. riFLO FIND RESERVE f i n d FIELD

0 .2 0 P 1 7 6 1 E 0 0 0 . 3 1 6 2 2 7 8 E 00 0 . 9 4 2 9 I5IE- 01 0 . 2 6 7 C £ 4 4 e - 0 3 0 . 2 6 7 8 5 4 4 E - 0 3 O.COCOOOOE 00 O.OOOOOOOE 00 0 . 3 7 6 0  OOOE 0 3

0 , 2 8 7 8 6 6 e E 0 0 0 .2 2 3 6 0 E P E 01 0 . 6 4 3 6 8 9 6 6 CO 0 . 18 2 8 E 3 3 E -C 2 C . 2 0 9 6 3 8 7 E - 0 2 O.tOGOOOOE 01 0 . 2 2 3 6 0 6 8 6 01 0 . 3 6 3 0 0 0 C E 0 3

0 . 1 1 3 * 0 2  CE OC 0 . 7 0 7 I 0 6 9 E 01 0 . 8 0 I 8 7 3 3 E 00 0 . 2 2 7 7 8 8 6 6 - 0 2 0 . 4 3 7 4 2 7 3 6 - 0 2 0 . 1 0 0 0 0 0 0 6 01 0 . 7 0 7 1 068E 01 0 . I4 3 0 C 0 0 E 03

o , i a e 7 3 9 i E 0 0 0 . 2 2 3 6 0 6 7 6 02 0 . 4 2 2 0 3 3 2 E 01 0 . U 9 e P 7 3 E - C l 0 . I 6 3 6 3 0 C E - 0 I 0 . 2 0 0 0 0 0 0 6 01 0 . 4 4 7 2 1 3 4 6 02 0 . 2 3 8 0 0 0 C 6 03

C.80C 9E1 IE- Cl O.IOOOOCOE 03 0 , 8 0 0 9 5 1  IE Cl 0 . 2 2 7 S 2 6 7 E - 0 I 0 . 3 9 1 1 5 6  7 6 - 0 1 0 .  lOOOOOCE 01 C . 1OOOOCOE 03 0 . 1 0  I000C 6 0 3

0 , 1 Q 0 3 2 S I E - •Cl 0 . 2 8 2 8 4 2 5 E 03 O .S 3 O 3 2 0 4 E 01 0 . I 5 2 9 2 1 0 E - 0 1 0 . 5 4 4 0 7 7 6 6 - 0 1 o . c o c o n c e CO 0 . 0 0 0 0 0 0 0 6 CO 0 . 2 4 0 0 0 0 0 6 02

0 . 1 2 6 8 6 3 4 5 - 0 1 0 . 1 2 6 4 9 1  IE 04 0 .  1604962E 02 0 . 4 5 5 9 2 2 6 6 - 0 1 C.1 0 0 000C 6  00 0 , 6 0 0 0 0 0 0 6 01 0 . 7 5 8 9 4 6 1 6 04 0 . I 6 0 0 0 0 0 E 0 2

C.COC009CE OC O.OOOOOCOE 00 O.OOOOOCOE 00 0 . 9 0 0 0 0 0 0 E  00 0 . 1 0 0 0 0 0 0 6  01 0 , 8 9 0 0 0 0 0 6 02 0 . 0 0 0 0 0 0 0 6 OO 0 . 6 9 0 0 0 0 0 6 02

Is)K>



TABLE V I I I - 1 2

F I E L O  S I Z E  O I S T R I 8 U T I O N  FCR NO«OF WELLS* 2 0 0

FREQUENCY CLASS MARK PRODUCT P R O S A E I LI T Y C U M . P R C a . F I E L D  F I N D RESERVE FIND FIELD

0 * 3 0 0 S S 9 5 £ 0 0 0 . 3 I 6 2 2 7 8 E 0 0 0 . 9 5 0 4 5 2 7 E - 01 0 . 3 1 6 7 4 7 9 5 - 0 3 0 . 3 1 6 7 4 7 S E - 0 3 O.OOOOOOOE 00 O.OOOOOCOE 00 0 . 3 7 6 0 0 0 0 E 0 3

0 « 2 9 C 1 6 7 e E 00 O . 2 2 3 6 0 6 6 6 e t 0 . 6 4 8 6 3 4 9 E 00 0 . 2 I 6 2 3 0 6 E - C 2 0 . 2 4 7 9 0 5 6 E - 0 2 0 . lOOOOOOE 01 0 . 2 2 3 6 0 6 8 E 01 0 .3 6 3 0 0 C C E 0 3

0 * 1 1 43Ce£E cc 0 .7 0 7 1 0 6 Q E 01 0 . 8 0 8 2 8 3 4 E 00 0 . 2 6 9 3 6 B 6 E - 0 2 0 . 5 1 7 2 7 4  I E - 0 2 0 .  lOOOOOOE 01 0 . 7 0 7 I 0 6 6 E 01 0 .  I 4 3 0 0 0 0 E 0 3

Q « i a 8 6 4 9 I E 0 0 0 .2 2 3 6 0 6 7 E 02 0 . 4 2 1 8 3 1 9 E 01 0 .  I 4 0 S 7 9 7 E - 0 1 0 , 1 9 2 3 0 7 I E - C I 0 .4 0 0 0 0 0 0 E 01 0  . 8 9 4 4 2 6 9 E 02 0 . 2 3 6 0 0 0 0 E 0 3

0 .79%  3 6 6 7 E - 01 O . lOOOOCOE 0 3 0 . 7 9 1 3 6 6 7 E 01 0 . 2 6  37 3 0 9 6 - 0 1 0 . 4 5 6 0 3 8 C E - 0 1 0 . 3 0 0 0 0 0 0 E 01 0 . 3 0 0 0 0 0 0 E 03 0 . 9 9 0 0 0 0 0 E 0 2

0 . 1 8 3 6 5 2 SE- 01 0 . 2 6 2 6 4 2 5 6 03 0 . 5 2 0 0 1 4 2 E 01 0 . I 7 3 3 0 0 0 E - 0 1 0 . 6 2 9 3 3 8 0 E - C I O.lOOOOOOE 01 0 . 2 6 2 8 4 2 5 5 03 0 . 2 3 0 0 0 0 0 E 02

0 . 6 7 9 2 9 6 3 E - 02 0 . I 2 6 4 9 I I E 04 0 . 1 % 12231E 02 0 . 3 7 0 6 6 2 4 E - 0 1 C.lOOOOOCE OC 0 . 1 1 COOOOE 02 0 . 1 3 9 1 4 0 1 E 05 0 . 1 lOOOOOE 0 2

O.OOOOOOOE OC O.OOOOOOOE 00 0 . OOOOOCCE 00 0 . 9 0 0 0 0 0 0 E  00 O.lOOOOOOE 01 0 . I 7 9 0 0 0 0 E 0 3 O.OOOOOOOE 00 0 .  1 79 0 0 0 0 E 03

ro
L4



TABLE V I I I - 1 3

F I E L O  S I Z E  O I S T R I O U r i O N  FOR N O .OF WELLS» 3 0 0

FRCOUENCV CLASS *APK PRODUCT PROB46ILtVV CUM.PRCB. FIELO  FIND RESERVE FEND FIEL D

0 « 3 0 2 7 3 7 S E OC 0 « 3 1 6 2 2 7 a C 0 0 0 .9 S 7 3 4 C O R - C l C . 3 6 1 7 2 4 5 E - 0 3 0 . 3 6 1 7 2 4 S E - 0 3 O.OOOOOOOE 00 O.OOOOOOOE 00 0 . 3 7 6 0 0 0 0 E 0 3

0 . 2 9 2 2 7 0 E E oc 0 . 2 2 3 6 0 6 e E 01 0 . 0 5 3 5 3 6 6 E 00 0 . 2 4 6 9 3 4 5 E - 0 2 O .2 0 3 1 O 7 C E -O 2 0 . lOOOOOOE 01 0 . 2 2 3 6 0 6 6 E Cl 0 . 3 6 3 0 0 0 0 E 0 3

0 « 1 1 4 3 3 t 7 E cc 0 . 7 0 7 I 0 6 8 E 01 0 . 8 0 8 4 4 7 3 E 00 0 . 3 0 S 4 6 6 6 E - 0 2 0 . 5 8 8 5 7 3 6 E - 0 2 0 .2 0 C 0 0 0 0 E 01 0 . 1 4 1 4 2 1 4 E 02 0 . 1 4 2 0 0 0 0 E 0 3

0 . 1 9 0 0 1 6 I E 0 0 0 . 2 2 3 6 0 6 7 E 02 0 . 4 2 4 6 6 6 7 8 Cl G. 1 6 0 S 4 1 4 E -0 1 0 . 2 1 9 3 0 8 7 E - 0 1 0 . 4 0 0 0 0 0 0 E 01 0 . 6 9 4 4 2 6 9 6 02 0 . 2 3 6 0 0 0 0 E 03

0 . 7 7 2 9 4 6 5 E - 01 O.lOOOOOOE 03 0 . 7 7 2 9 4 6 S E 01 0 . 2 0 2 0 S 2 6 E - 0 1 0 . 5 1 I 4 S I S E - 0 1 O.OOOOOOOE 01 O.OOOOOOOE 03 0 . 9 6 0 0 0 0 0 E 0 2

0 * 1 6 9 0 8 2 1 E - 01 0 . 2 0 2 8 4 2 5 E 03 0 . 4 7 6 2 3 6 0 E 01 0 . 1 8 0 6 9 8 4 E -0 1 0 . 6 0 2 1 4 9 4 E - 0 1 0 . 3 0 0 0 0 0 0 E 01 0 . 6 4 8 5 2 7 6 6 03 0 . 2 1 0 0 0 0 0 E 0 2

0 * 6 4 4 1 2 2  lE - 0 2 0 . 1 2 6 4 9 1 1 E 04 0 . 8 1 4 7 5 7 0 E 01 0 .3 0 7 C S 0 6 E - O I 0 . 9 9 9 0 9 0 6 E - 0 1 0 .  1 4 0 0 0 0 0 E 02 0 . 1 7 7 0 8 7 4 6 05 O.OOOOOOOE 0 1

0 * 0 0 0 0 0 0 0 E OC O.OOOOOCOE 0 0 O.OOOOOOOE 00 O.OOOOOOOE 00 0 . 9 9 9 Q 0 9 9 E  0 0 0 . 2 7 0 0 0 0 0 E 0 3 C.OOOOOOOE 00 0 . 2 7 0 0 0 0 0 L 0 3

tsj4̂



TABLE V T I I - 1 4

FIELD SIZE DISTRIBUTION FCR NO.OF WELLS» 400

FREOUEKCY CLASS MARK PRODUCT PROBAEILITV CUM.PRQB. FIELO FIND RESERVE FIND FIE LD

0 . 3 0 4 2 0 7 I E 00 0 . 3 1 6 2 2 7 B E 00 0 . 9 6 1 9 B 6 8 E " 01 0 .3 6 8 S Ç O O E -0 3 O .36 0 5 9 O C E -O 2 0 . COOOOOOF 00 O.OOOOOOOE 00 0 * 3 7 6 0 0 0 0 6 0 3

0 . 2 9 3 6 6 Ç 3 E 00 0 . 2 2 3 6 0 e C E 01 0 . 6 5 6 7 0 9 2 E 00 0 . 2 5 I 6 Z 1 5 E - 0 2 0 * 2 8 8 4 8 0 8 6 - 0 2 0 . 1 OOOOOOE Cl 0 . 2 2 3 6 0 6 8 6 01 0 . 3 6 3 0 0 0 C E 03

0 . 1 1 4 0 7 7 6 2 CO 0 . 7 0 7 1 C 6 6 E 01 0 .8 0 6 6 5 0 6 E 00 0 . 3 0 9 0 7 2 3 E - 0 2 0 . S 9 7 E 5 2 6 E - C 2 0 . 3 0 0 0 0 0 0 E 01 0 . 2 1 2 I 3 2 0 E 02 0* 1 4 1 0 0 0 0 6 0 3

0 . 1 9 0 I 2 9 4 E 00 0 . 2 2 3 6 0 6 7 6 02 0 . 4 2 5 1 4 2 I E Cl 0 .  I 6 2 6 9 5 4 E - 0 1 0 . 2 2 2 6 5 0 6 E - C I 0 .5 0 0 0 0 0 0 E 01 0 * 1 1 1 8 0 3 4 6 03 0 . 2 3 5 0 0 0 0 6 0 3

0 . 7 5 2 4 2 7 C E - 01 0 .  lOOOOCOE 03 0 . 7 5 2 4 2 6 9 E 01 0 . 2 8 8 2 9 6 2 E - 0 1 0 . 5 1 0 9 4 6 8 6 - 0 1 0 . 9 0 0 0 0 0 0 6 01 0 . 9 0 0 0 0 0 0 6 03 0 * 9 3 0 0 0 0 0 6 02

0 . 1 6 i e i 2 3 F - 0 1 0 . 2 8 2 8 4 2 5 6 03 0 . 4 5 7 6 7 3 8 E 01 0 .  1 7 5 3 6 0 0 6 * 0 1 0 . 6 8 6 3 0 6 4 6 - 0 1 0 . 4 0 0 0 0 0 0 6 01 0 . 1  131370E 04 0*2COOOOOE 0 2

0 . 6 4  7 2 4 9 t E - 02 0 . I 2 6 4 9 1 1 E 04 0 . 8 1 8 7 1 2 3 E 01 0 . 3 1 3 6 9 3 6 6 * 0 1 0 . 9 9 9 9 9 9 6 6 - 0 1 0 . I4COOOOE 02 0 * 1 7 7 0 8 7 4 6 05 0 * 8 0 0 0 0 0 0 6 01

O.OOOOOOCE 00 O.OOOOOCOE 00 0 . OOOOOOOE 00 0 * 9 0 0 0 0 0 0 6  00 0 . 9 9 9 9 9 9 9 E  0 0 0 , 3 6 4 0 0 0 0 6 0 3 0 * 0 0 0 0 0 0 0 6 00 0 * 3 6 4 0 0 0 0 6 0 3

cn



TABLE V I I I - 1 5

FIELD SIZE DISTRIBUTION FCR NO.OF WELLS» 500

FOEOLENCY CLASS MARK PRODUCT PROBABILITY CUF.PRCR. FIELO FIND RESERVE FIND FIFLD

0»30ttte^E CC 0 .3162278E 00 0.R698337E- 01 0.4I63873E-03 0 . 4 I63872E-03 O.OOOOOOOE 00 O.OOOOOCOE 00 0.3760000E 03

0.295Z6Q1C 00 0 .22360666 01 0.66024IQE co 0.283467SE-C2 0.32510626-02 O.2CC0000E 01 0.4472136E 01 0.36200006 03

0.1isoceiE 20 0 .70710686 01 0.P122302E 00 0.349ltl3E-02 0.6742S74E-02 0.3000000E 01 0.2121320E 02 0 . 1 4 lOOOCE 03

C.l9Ce€*6E 00 0 .22J6067E 02 0.4267859E Cl 0.18323586-01 0.250661ÎE-OI O.60COOOOE 01 0.1341640E 03 0.2340000E 03

0.73*C944E- 01 0 •lOOOOCOE 03 0 . 7340943E 01 C. 3I51752E-CI 0.565836 86-01 0.1200000E 02 0.12000006 04 0.9000000E 02

0.1J86€23E- Cl 0 •282«425E 03 0. 2921959E Cl 0.16836496-01 0.7342213E-01 0.7000000E 01 0 . 1970898E 04 0.1700000E 02

C.43Ç3S62S- 02 0 .126491lE 04 0.6I90426E 01 0.26577906-01 0.1OOOOOC6 OC 0. 1600000F 02 0.2023B56E 05 0.6000000E 01

C.OCCOOOCE OC 0 .OOOOOOOE OC O.OOOOOOOE 00 C.900CC0OE 00 0.1CCOOOCE 01 0.4S40000E 03 O.OOOOOOOE 00 0.4540000E 03

N)o\



TABLE V I I I - 1 6

F I E L O  S I Z E  D IS T R IB U T IO N  FOR N O ,OF WELLS» 6 0 0

FR FtU EKCV CLABS MARK PRODUCT PBObAEILITY CUM.PRCB. FIEL O  FINO RESERVE FINO FIELO

O .J O eÇ 5 6 * E OC 0 . 3 I 6 2 2 7 8 E 00 0 . 0 7 7 0 0 6 0 E - O I 0 . 4 A 9 S 2 0 1 E - 0 3 0 . 4 4 9 5 2 0  l E - 0 3 O.OOOOOOOE 00 O.OOOOOOOE 00 0 .3 7 6 0 0 0 0 E 0 3

0 . 2 q 7 * ? 2 7 c 30 0 . 2 2 3 t 0 6 e E 01 0 .6 6 S 1 2 A 5 E 00 C . 3 0 6 0 2 3 6 E - C 2 C .3 5 C S 7 5 « E -C 2 O.20COOOOE 01 0 . 4 4 7 2 I 3 6 E 01 0 . 3 6 2 0 0 0 0 E 0 3

0 . 1 1 S0J7C E 00 0 . 7 0 7 1 OtOE 01 0 .6 1 3 A 3 4 1 E 00 0 . 3 7 4 2 E C 8 E - 0 2 0 . 7 2 5 2 3 6 2 E - 0 2 O.40COOOOE 01 0 . 2 8 2 8 4 2 6 E 02 C .1 4 0 0 0 0 0 E 0 3

0 . lOCB IICF CC 0 . 2 2 3 6 0 4 7 E 02 0.A 2A 4 301E 01 0 .  1 9 b 2 e 0 2 E -0 1 O .2 6 7 0 O 3 8 E -O 1 O.OOOOOOOE 01 0 . 2 0 1 2 4 6 0 E 03 0 . 2 3 1 0 0 0 0 E 0 3

0 .7 2 3 0 H 9 C F - 01 0 .  lOOOOCOE 0 3 0 .7 2 3 0 8 B 9 E Cl 0 . 3 3 2 E  9 3 0 C -0 1 0 . 6 0 0 4 9 6  E E-01 0 . I 4 0 0 0 0 0 E 02 0 . 1 4 0 0 0 0 0 E 04 0 . 8 8 0 0 0 0 0 E 0 2

0 . I 2 2 2 5 3 S E - 0 1 0 .2 E < e A 2 S E 03 0 .3 A 8 6 1 4 3 E 01 0 . 1 6 0 3 S 7 3 E - 0 1 0 . 7 6 0  5 9 3 8 E - 0 I O.OOOOOOOE 01 0 . 2 S 4 S S 8 3 E 04 0 . ISOOOOCE 0 2

C . « 1 C e « b 2 E - •02 0 .1 2 C A < ; i lE OA C .5 I 9 6 B 3 0 E 01 0 . 2 3 9 1 0 6 4 E - 0 I 0 . 9 9 9 9 9 9 E E - 0 I 0 .1 7 C 0 0 0 0 E 02 0 . 2 1 S 0 3 4 7 E OS O.SOOOCOCE 01

C.OOOOCOGE 0 0 0 .OOOOOOOE 00 O.OOOOOOOE 00 0.9000C O O E 00 0 . 9 9 9 9 9 9 9 E  00 0 . S 4 S 0 0 0 0 E 03 O.OOOOOCOE 00 0 . 5 4 S 0 0 0 0 E 0 3

N)



TABLE V I I I - 1 7

F t E L O  SIZE otsrnieürION f o r  n o . o f  wells» zoo

FREQUENCY CLASS NARK PRODUCT PROBABILITY CUM.PRCB. FIELO FIND RESERVE FINO FIE L O

0 . 3 : l 2 S e 3 E 0 0 Q .3 1 6 2 2 7 8 E 0 0 0 . 0 8 4 2 8 4 0 6 - Cl 0 . 5 0 8 6 4 2 5 6 - 0 3 O .S O B 6 4 2 5 E -0 3 O.OOOOOOOE 00 0 . 0 0 0 0 0 0 0 6 00 0 . 3 7 6 0 0 0 0 E 03

0 .2 R 9 6 6 e ê C 00 0 . 2 2 3 6 0 6 8 E 01 0 . 6 7 0 0 7 9 8 E 00 0 . 3 4 6 2 7 3 I E - 0 2 0 . 3 9 7 1 3 7 2 6 - 0 2 0.20COOOOE 01 0 . 4 4 7 2 1 3 6 6 01 0 . 3 6 2 0 0 0 0 6 0 3

0 * l lE e Ç 4 C E 30 0 . 7 0 7 1 068E 01 0 . 9 1 9 4 9 4 4 E 00 0 . 4 2 3 4 8 5 0 6 - 0 2 C . 8 2 0 5 2 2 2 E - 0 2 0 .4 0 0 0 0 0 0 E 01 0 . 2 6 2 B 4 2 6 E 02 0 . 1 4 0 0 0 0 0 6 0 3

0 . : 6 9 5 ( 9 5 E OC 0 . 2 2 3 t 0 t 7 E 02 0 . 4 2 3 6 S 0 2 E 01 0 . 2 1 9 0 5 I 2 E - 0 1 0 . 3 0 1 1 1 3 4 6 - 0 1 O.l lOOOOOE 0 2 0 . 2 4 5 9 6 7 4 6 03 0 .2 2 9 0 0 0 C E 03

0«6670e6CE-0t O.lOOOOOOE 0 3 0 . 6 6 7 0 8 5 9 6 01 0 . 3 5 5 0 6 1 3 6 - 0 1 0 . 6 5 6 1 7 4 4 6 - 0 1 0 .  19COOOOE 02 0 . 1 9 0 0 0 0 0 6 04 0 . 8 3 0 0 0 0 0 6 02

0 . 1 2 4 1 722E -•01 0 . 2 P 2 F 4 2 5 E 03 0 . 3 5 1 2 1 I6E 01 0 . 1 8 1 4 9 3 5 6 - 0 1 0 . 8 3 7 6 6 7 6 6 - 0 1 0 . 9 0 0 0 0 0 0 6 01 0 . 2 5 4 5 5 8 3 6 04 0 , 1 5 0 0 0 0 0 E 0 2

0 . 2 4 8 J 4 4 4 E - 0 2 0 . I 2 6 4 0 1 1 E 0 4 0 , 2 : 4 : 3 3 5 6 01 0 , 1 6 2 3 3 2 8 6 - 0 1 O.lOOOOOOE 00 0 .  1 9 0 0 0 0 0 6 0 2 0 . 2 4 0 3 3 2 9 6 0 5 0 . 3 0 0 0 0 0 0 E 0 1

O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 0 . 9 0 0 0 0 0 0 6  00 O.lOOOOOOE 01 0 . 6 3 6 0 0 0 0 6 03 O.OOOOOOOE 00 0 . 6 3 6 0 0 0 0 F 03

N>
OO



TABLE V I I I - 1 8

r i E L O  SIZE OISTRIQUTION FOR NO.OF WELLS» 0 0 0

FRECUENCV CLASS RARK PRODUCT PROBAEILITV CUN.PROO. FIELD FINO RESERVE FIND FIELD

0 . 3 I 4 3 6 I 2 E 0 0 0 . 3 I 6 2 2 7 8 E 0 0 0 . 9 9 4 I 6 0 8 E - 0 I 0 . S 9 8 4 2 9 5 E - 0 3 0 . 5 9 8 4 2 9 5 E - 0 3 O.OOOOOOOE 0 0 O.OOOOOOOE 00 0 . 3 7 6 0 0 0 0 E 0 3

0 . 3 0 2 6 7 5 S E OC 0 . 2 2 3 6 0 6 8 E 01 0 . 6 7 8 8 0 3 0 E 00 0 . 4 0 7 3 9 7 7 E - 0 2 0 . 4 6 7 2 4 0 4 E - 0 2 0 .2 0 0 0 0 0 0 E 01 0 . 4 4 7 2 1 3 6 E 01 0 . 3 6 2 0 0 0 0 E 0 3

0 . 1 1 TOSCEE OC 0 . 7 0 7 I 0 6 8 E 01 0 . 8 2 7 7 1 6 9 E 00 0 . 4 9 S 2 3 9 7 E - 0 2 0 . 9 6 S 4 8 0  I E - 0 2 0 . 4 0 0 0 0 0 0 E 01 0 . 2 8 2 8 4 2 6 E 02 0 . 1 4 0 0 0 0 0 E 0 3

O . I 8 7 2 « I O E 00 0 . 2 2 3 6 0 6 7 E 0 2 0 . 4 I 8 7 9 S I E 01 0 .  2 S 2 C C IS E -0 I 0 . 3 4 8 6 3 9 S E - 0 I O . I 6 0 0 0 0 0 E 0 2 , 0 . 3 S 7 7 7 0 3 E 03 0 . 2 2 4 0 0 0 0 E 0 3

0 . 6 6 E 8 « 5 e E - C I O.lOOOOOOE 03 0 . 6 6 8 8 9 S 8 E 01 0 . 4 0 2 6 3 8 3 E - 0 1 0 . 7 5 I 2 7 7 E E - 0 1 0 . 2 2 0 0 0 0 0 E 02 0 . 2 2 0 0 0 0 0 E 04 O.OOOOOOOE 0 2

O .I O B 6 9 S 6 E -O I 0 . 2 8 2 8 4 2 S E 03 0 .  3 0  74 3 74E 01 0 .  I 8 5 0 6 0 3 E - O I 0 . 9 3 0 3 3 7 7 E - 0 1 O.l lOOOOOE 02 0 . 3 1 I I 2 0 8 E 0 4 O . I 3 0 0 0 0 0 E 0 2

0 . 8 3 6 I 2 0 2 E - 0 3 0 . I 2 8 A 9 I I E 0 4 0 . I 0 S 7 6 I 7 E 01 0 . 6 3 6 6 2 6 4 E - 0 2 O.lOOOOOOE 00 0 . 2 1 0 0 0 0 0 E 02 0 . 2 6 S A 3 1 1 E 0 5 O.lOOOOOOE 01

0 . OOOOOCCE 0 0 O.OOOOOOOE 0 0 O.OOOOOOOE 00 O.OOOOOOOE 0 0 O.lOOOOOOE 01 0 . 7 2 4 0 0 0 0 E 03 O.OOOOOOOE 00 0 . 7 2 4 0 0 0 0 E 0 3

tsi
iO



TABLE V I I I - 1 9

FIELO SIZE DISTRIBUTION FCR NO.OF WELLS» 900

FREQUENCY CLASS MARK PRODUCT PROBAEILITY CUM.PPGB. FIELD FIND RESERVE FINO FIELD

0.3167650E 00 0 .31622786 00 0.10016986 00 0.64320496-03 0.64320496-03 0.00000006 00 O.OOOOOOOE 00 0.37600006 03

0.304970SE 00 0 .£23eO«eE 01 0.6619347E 00 0.43788036-02 0 .502200P6-02 0.20000006 01 0.44721366 01 0.3620C0C6 03

0.1 17101 SE OC 0.707I066E 01 0.82603556 CO 0.53169356-02 0.10330946-01 0.50000006 01 0.3S3ÜE32E 02 0.13900006 03

0.IB70Z6IE 00 0 «2236067E 02 0.41820296 01 C.26883426-01 0.37192376-01 0.18000006 02 0.40249156 03 0.2220000F 03

0.657116tE- 0 1 0. lOOOOCOE 03 0.65711 OSE Cl 0.42194556-01 0.79386896-01 0.24000006 02 0.24000006 04 0.78000006 02

o . T s e z i j ç c - 02 0.282P425E 0 3 0.21445516 01 0.13770486-01 0.93157356-01 0. 15000006 02 0.42426376 04 0.90000006 0 1

0.8424600E- 03 0.1264911E 04 0.10656376 01 0.68426066-02 0.99999906-01 0.21000006 02 0.2656 3116 05 O.lOOOOOOE 01

C.OOCOOOOE 00 O.OCOOOOCE 00 0.OOOOOOOE 00 0.90000006 00 0.99999996 00 0.81500006 03 O.OOOOOOOE 00 0.8I5000C6 03

C/4O



TABLE V I I I - 2 0

FIE L D  SIZ E  DISTRIBUTION FOR NO.OF * E IL S =  1 0 0 0

FPEOUENCV CLASS PARK PRODUCT PROQAEILITY CUM .PRCe. FIELD FINO RESERVE FIND FIELO

0.32027PÉE 2C 0.3I62Z7BE 00 0.I0I2791E 00 0.7362966E-03 0.736296CF-03 O.OOOOOOOE 00 O.OOOOOCOE CO 0.3760000E 03

O.JOP34 75E OC 0 . z z a e O A E E Cl 0.6894PS9E CO 0.5012:49E-0Z 0.5748840E-02 0.2000000E 01 0.4472136E 01 0.362000QE 03

0«lI"2Sq*E 00 0 •7071C66E 0 1 0.837ZC4ÛE CO 0.60864O1E-02 0.1I8353IE-0I 0.5000000E 01 0.3535S22E 02 0.I390000E 03

0*1es6PSSE OC O.ZZ36067E 02 0.41S2tSIE 01 0.301e606E-01 0.4 20213CE-01 0.22COOOOE 02 0.4919338E 03 0.2I80000E 03

0.6047700F- 0 I 0« lOOOCCOE 03 0.6C47700E Cl 0. 4396667E-01 0.85987O9E-0I 0.3I00000E 02 0.3100000E 04 0.7100000E 02

0«6Bl420eE- c z C .28264256 03 0.1927376E 01 0. 1401 198E-01 0.9999996E-01 0 , lOOOOOOE 02 0.4525477E 04 O.OOOOOOOE 01

C.OCCOOOCE 00 0.I26491IE 04 O.OOOOOOOE 00 O.OOOOOOOE 00 0.999999CE-01 0.2200000E 02 0 . 2 7 8 2 8 0 2 E 05 O.OOOOOOOE 0 0

O.OOOOOOOE OC 0 .OOOOOOOE 00 O.OOOOOOOE 00 C. OOOOOOOE 00 0.9999999E 00 0 « 9 0 2 0 0 0 0 E 03 O.OOOOOOOE 00 0.9020000E 03



TABLE V I I I - 2 1

F IE LD  S IZ E  DISTRIBUTION FOR NO.QF WEILS= 1 0 0

FPEOUENCV CLASS MARK . PRODUCT PROBABILITY CUM.PRCB. FIE LD  FIND RESERVE FINO FIELD

c » 3 o e e o o o E 0 0 0 . 3 I 6 2 2 7 6 E 00 0 . 9 S 1 2 1 2 6 E - 0 1 0 . 3 2 4 4 5 2 3 E - 0 3 0 . 3 2 4 4 S 2 3 E - 0 3 O.OOOOOOOE 00 O.OOOOOOOE 00 o. iaeoQOOE 0 3

0 « 2 a t6 C C C E 00 0 . 2 2 3 6 0 6 8 E 01 0 . 6 4 7 5 6 S 1 E 00 0 . 2 2 0 e e 0 1 E - C 2 0 . 2 5 3 3 2 5 4 6 - 0 2 0 . 10CÛ000E 01 0 . 2 2 3 6 0 6 8 E 01 o . i a i o o o o E 0 3

0 . 1 1360COE 0 0 0 . 7 0 7 1 0 6 9 E 01 0 .B 0 3 2 7 3 0 E CO C. 2 7 3 9 S 1  I E - 0 2 0 . S 2 7 3 I 6 3 R - C 2 O.lOOOOOOE 01 0 . 7 0 7 I 0 6 8 E 01 0 . 7 1 0 0 0 0 0 E 0 2

o . i a e a o o c E 0 0 0 . 2 2 3 6 0 6 7 E 02 0 . 4 2 2 1 6 9 4E Cl 0 . 1 4 3 9 9 9 2 E -0 1 0 . 1 9 6 7 3 0  6 6 - 0 1 0 . 2 0 0 0 0 0 0 E 01 0 . 4 4 7 2 1 3 4 6 02 0 . 1 l e o o o o E 0 3

0 # 7 9 9 9 « 9 f E * 0 1 O.lOOOOOOE 03 0 . 7 9 9 9 9 9 8 E 01 0 . 2 7 2 e 7 4 6 E - 0 l 0.4696054E-01 0 .  lOOOOOOE 01 0 .  lOOOOOOE 03 O.SOOOOOOE 0 2

0 « l9 2 0 0 0 0 E -* O t  - 0 .2 B 2 B 4 2 5 E 0 3 0 .S 4 3 0 5 7 S E Cl C. 1 8 5 2 2 3 3 E - 0 I 0 . 6 5 4 8 3 6 7 6 - 0 1 O.OOOOOOOE 00 O.OOOOOOOE 00 0 .  1 2 0 0 0 0 0 6 0 2

0*799999aE <- 0 2 0 . I 2 6 4 9 I 1 E 04 0 . I 0 I I 9 2 8 E 02 0 . 3 4 S 1 6 2 0 E - O I O.lOOOOOOE 0 0 O.OOOOOOOE 01 0 . 7 5 8 9 4 6 1 E 04 O.SOOOOOOE 01

O.OOOOOOOE 00 O.OOOOOOOE 0 0 O.OOOOOOOE 00 0 . 9 0 0 0 0 0 0 6  00 O.ICOOOOOF 01 0 . 8 9 0 0 0 0 0 E 02 O.OOOOOOOE 00 0 . 8 9 0 0 0 0 0 E 0 2

CN
tvJ



TABLE V I I I - 2 2

FIELD SIZE DfSTPIRUTtON FOR NO.OF WELLS» 200

FREOUE^CY CLASS PARK PRODUCT PROBAEILITV CUM.PROB. FIELD FINO RESERVE FIND FIELD

0 . 3 0 5 6 9 1  CE 00 0 . 3 I 6 2 2 7 8 E 00 O . Q 6 6 6 7 9 5 E - 0 I 0 . 4 7 7 3 P 5 9 E - 0 3 0 .4 7 7 3 R 5 9 E - 0 3 O.OOOOOOOE 00 O.OOOOOOOE 00 O . I 8 6 0 0 0 C E 03

0 . 2 9 4 3 C 6 9 E CC 0 . 2 2 3 6 0 6 6 E 01 0 .6 5 8 0 9 A 6 G 00 0 . 3 2 4 9 9 4 3 E - 0 2 0 . 3 7 2 7 3 2 S E - 0 2 0 .  lOOOOOOE 01 0 . 2 2 3 6 0 6 8 E Cl 0 . 1 e i o o o o E 0 3

0 . 1 1 5 4 4 7 I E 0 0 0 . 7 0 7 1 0 6 9 E 01 0 . e i 6 3 3 A 2 E 00 0 . 4 0 3  I3 9 4 E - 0 2 0 * 7 7 5 8 7 2 2 2 - 0 2 0 . lOOOOOOE 01 0 . 7 0 7 1 0 6 B E 01 0 . 7 I 0 0 0 0 0 E 0 2

0 . t e F 6 1 7 9 E 00 0 . 2 2 3 6 0 6 7 E C2 0 . 4 2 1 7 6 2 2 E 01 0 . 2 0 e 2 e 3 6 E - 0 t 0 . 2 8 5 8 7 0 8 6 - 0 1 0 . 4 0 0 0 0 0 0 E 01 0 . 6 9 4 4 2 6 9 E 02 0 .  1 160Q0CE 03

0 . 7 8 0 4 4 7 7 E - 0 1 0 .  lOOOOOOF 03 0 . 7 a 0 4 8 7 6 E 01 0 . 3 8 S 4 3 7 1 E - 0 1 0 . 6 7 1 3 0 7 4 E - 0 1 0 . 3 0 0 0 0 0 0 E 01 0 . 3 0 0 0 0 0 0 E 0 3 0 . 4 6 0 0 0 0 0 E 0 2

0 . I 6 2 6 0 1 6 E - •01 0 .2B 20A 25E *03 0 . 4 5 9 9 0 6 5 E 01 0 . 2 2 7 1 2 0 B E - 0 1 0 . 8 9 8 4 2 8 C E - 0 1 0 . 2 0 0 0 0 0 0 E 01 0 . 5 6 S 6 B S I E 03 O.lOOOOOOE 0 2

0 . I 6 2 6 0 I 6 E - 0 2 0 . 1 2 E 4 9 1 1 E 04 0 .2 0 5 6 7 6 5 E 01 0 . I 0 1 S 7 I 5 E - 0 I 0 . 9 9 9 9 9 9 0 E - 0 1 O.lOOOOOOE 0 2 0 . 1 2 6 4 9 1 0 E 05 O.lOOOOOOE 01

O.OOOOOOOE OC O.OOOOOOOE 00 O.OOOOOOOE 00 0 . 9 0 0 0 0 0 0 E  0 0 0 . 9 9 9 9 9 9 9 E  0 0 0 .  1790000E 0 3 O.OOOOOOOE 00 0 . 1 7 9 0 0 0 0 E 0 3



TABLE V I I I - 2 3

FIELD S IZ E  DISTRIBUTION FDR NO.QF WELLS» 3 0 0

FPEOUENCV CLASS NARK PRODUCT PROBAEILITY CUM.PRQB. FIELO FIND RESERVE FIN O FIEL D

0 » 3 1 0 2 3 I 0 E 0 0 O .3 1 6 2 2 7 0 E 00 0 . 9 8 1 0 3 6 4 E - O I 0 . 5 6 8 6 9 7 9 E - 0 3 0 . 5 6 8 6 9 7 9 E - 0 3 O.OOOOOOOE 00 O.OOOOOOOE 00 o . i a e o G O O E 0 3

0 . 2 9 * 6 7 9 6 6 OC 0 . 2 2 3 6 0 6 6 E 01 0 .  66 786 8 3 6 CO 0 . 3 8 7 1 S 7 4 E - 0 2 0 . 4 4 4 0 2 7 0 E - 0 2 0 .  lOOOOOOE 01 0 . 2 2 3 6 0 6 6 E Cl 0.18IO O C O E 0 3

O . l l S S l l E E OC 0 . 7 0 7 1 068E 01 0 . 8 I 6 7 8 9 9 E 00 0 . 4 7 3 4 8 5 9 E - 0 2 0 . 9 I 7 5 1 2 9 E - 0 2 0 . 2CC0000E 01 0 . 1 4 I 4 2 I 4 E 02 0 . 7 0 0 0 0 0 0 E 0 2

o . i a e i 1 S6 E 00 0 . 2 2 3 6 0 6 7 E 02 0 . 4 2 0 6 4 6 1 E Cl 0 .  2 4 3 C 4 4 8 E - 0 1 0 . 3 3 S S 9 6 1 E - 0 1 O.OOOOOOOE 01 0 . I 3 4 1 6 4 0 E 03 0 . 1 1 4 0 OOOE 03

0 . 7 2 6 0 7 2 2 E - 0 1 O.IOOOOCOE 03 0 . 7 2 6 0 7 2 1 E 01 0 . 4 2 0 6 9 7 6 6 - 0 1 0 . 7 5 6 4 9 3 2 E - 0 1 0 . 7 0 0 0 0 0 0 F 01 0 . 7 0 0 0 0 0 0 E 03 0 . 4 4 0 0 0 0 OE 0 2

0 . I 4 8 S 1 4 6 E - 0 1 0 . 2 6 2 8 4 2 S E 03 0 . 4 2 0 0 6 3 1 E 01 0 . 2 4 3 E 0 6 9 E - 0 1 0 . 9 9 9 9 9 9 6 E - 0 1 0 . 3 0 0 0 0 0 0 E 01 0 .8 4 B S 2 7 6 E 03 0 . 9 0 0 0 0 0 0 E 01

O.OOOOOOOE 00 0 . I 2 6 4 9 1 1 E 04 O.OOOOOOOE 00 C.OOOOCOOE 00 0 . 9 9 9 9 9 9 6 E - 0 1 0 . 1 lOOOOOE 02 0 . 1 3 9 1 4 0 1 E 05 O.OOOOOOOE 0 0

C.OCOOOOCE 0 0 O.OOOOOOOE 0 0 O.OOOOOOOE 00 O.OOOOOOOE 00 0 . 9 9 9 9 9 9 C E  0 0 0 . 2 7 0 0 0 0 0 E 03 O.OOOOOOOE 00 0 . 2 7 0 0 0 0 0 E 0 3



TABLE V I I I - 2 4

FIELD SIZE DIS1RIBUTI0N F CP NO.OF WELLS» 400

FPEOUENCV CtA^S PARK PRODUCT PROBAEILITV CUM.PROG. FIELD FINO RESERVE FINO FIELO

0.3133333E OC 0.3I6227BE 00 0.9908468E -01 0.5637262E-03 0.58373626-03 0.OOOOOOOE 00 O.OOOOOOOE 00 0.18800006 03
0.300000CF 00 0 .ggJOOCCE 01 0.07C82C2E 00 0.3951997E-02 0.453S731E-02 0.20000006 01 0.44721366 01 O.IGOOOOCE 03

O.llttEftC OC 0.7071C66E 01 0.B249575E CO 0.4B60062E-02 0.939S793E-02 0.20000006 01 0.14142146 02 0.7000COOE 02

0.1e*9P99E 00 0 .223E067E 02 0.41 30723E 01 0. 24370636-01 0.337664 36-01 0.90000006 01 0.20124606 03 0.11100006 03

0.6999999E -01 0 . lOOOOOOE 03 0.6C99999E Cl 0.41229036-01 0.75005416-01 0.90000006 01 0.90000006 03 0.42000006 02

O.ISCOOCOÇ -01 0.20204256 03 0.4242637E 01 0.24994606-01 0.99999966-01 0.30000006 01 0.64852766 03 0.90000006 01

O.OOOOOOOE 00 0.I2649IIE 04 O.OOOOOOOE 00 0# OOOOOOOE 00 0.99999966-01 0. S tOOOOOE 02 0.13914016 05 O.OOOOOOOE 00

O.OCOOOOCE 00 O.OOOOOOOE OO 0.OOOOOOOE 00 0.90000006 OO 0.99999996 00 0.36400006 03 O.OOOOOOOE 00 0. 3640000E 03

W
tn



TABLE V I I I - 2 5

FIELO SIZE OISIRinUTION FOR NO.OF WELLS= 500

FREQUENCY CLASS MARK PRODUCT PROBABILITY CUM.PRQB. FIELD FIND RESERVE FIND FIE L D

0 . 3 : eOAACE 0 0 0 . 3 1 6 2 2 7 0 5 0 0 0 , 1 0 0 7 6 4 1 5 0 0 0 . 6 5 5 3 3 0 0 5 - 0 3 0 . 6 5 5 3 3 0 C 5 - 0 3 0 . 0 0 0 0 0 0 0 5 00 O.OOOOOOOE CO 0 . 1 8 8 0 0 0 0 E 0 3

0 . 3 0 3 3 8 9 6 5 OC 0 . 2 2 3 6 0 6 0 5 01 0 . 6 7 6 4 0 C I E 00 0 . 4 4 1 2 C 4 6 E - 0 2 0 . 5 0 6 7 3 7 5 5 - 0 2 0 .3 C 0 0 0 0 0 5 01 0 . 6 7 0 8 2 0 3 5 01 0 . 1 7 9 0 0 0 0 5 0 3

0 . 1 1 0 6 4 4 1 5 0 0 0 . 7 0 7 1 0 6 8 5 01 0 . 8 3 6 9 4 0 1 5 00 0 . 5 4 5 6 1 3 5 5 - 0 2 0 . 1 0 5 2 3 5 1 5 - 0 1 0 . 2 0 0 0 0 0 0 5 01 0 . 1 4 1 4 2 1 4 5 02 0 .7 C 0 0 0 0 0 E 02

0 . 1 0 4 7 4 5 7 5 OC 0 . 2 2 3 6 0 6 7 5 02 0 . 4 1 3 1 0 3 8 5 01 0 . 2 6 8 6 6 6 S E - 0 I 0 . 3 7 3 9 0 1 6 5 - 0 1 0 . 1 1 0 0 0 0 0 5 02 0 . 2 4 5 9 6 7 4 5 03 0 . 1 0 9 0 0 0 0 5 0 3

O . 6 2 7 1 I 5 3 E - 0 I O.lOOOOOOE 03 0 . 6 2 7 1 1 8 3 5 Cl 0 .4 0 7 E E 3 2 E - 0 1 0 . 7 6 1 7 5 4 3 5 - 0 1 0 .  1400 0 0 0 5 02 0 . 1 4 0 0 0 0 0 E 04 0 . 3 7 0 0 0 0 0 E 0 2

0 . 1 1 0 6 4 4 1 5 - 0 1 0 . 2 8 2 0 4 2 5 5 0 3 0 . 3 3 5 5 7 5 8 5 01 0 . 2 1 6 2 4 5 3 5 - 0 1 0 . 9 9 9 9 9 9 0 5 - 0 1 0 . 5 0 0 0 0 0 0 5 01 0 . 1 4 1 4 2 1 3 5 04 0 . 7 0 0 0 0 0 0 E 0 1

e .o o c o o o c E 00 0 . 1 2 6 4 9 1 1 5 04 O.OOOOOOOE 00 O.OOOOOOOE 00 0 . 9 9 9 9 9 9 0 5 - 0 1 0 . 1 1 0 0 0 0 0 5 02 0 . 1 3 9 1 4 0 1 5 05 0 . 0 0 0 0 0 0 0 5 0 0

O.OOOOOOOE 0 0 O.OOOOOOOE 0 0 O.OOOOOOOE 00 C. 90 0 C 0 0 0 5  00 0 . 9 9 9 9 9 9 9 5  00 0 . 4 5 4 0 0 0 0 5 03 O.OOOOOOOE 00 0 . 4 5 4 0 0 0 0 E 0 3

W
C7V



TABLE V I I I - 2 6

FIELO S12C OlStRlBUTION FOR NO.OF *ELLS=

FREQUENCY CLASS -4ARK PRODUCT P R 06A EILITV CUM.PRCB. FIELD FINO RESERVE RINO FIELD

o « 3 2 3 s e c c e CO 0 . 3 1 8 2 2 7 8 E 00 0 . 1 0 2 J 2 5 0 E CO 0 . 6 9 2 0 3 9 5 E - 0 3 0 . 6 9 2 0 3 9 6 E - 0 3 O.OOOOOOOE 00 O.OOOOOOOE 00 0. l a e o o o c e 03

0*30e06«5E oc 0 . 2 2 3 6 0 6 8 E 01 0 # 6 A 0 9 0 6 9 E 00 0 . 4 6 5 9 J 9 4 E - 0 2 0 . 5 3 5 1 2 3 I E - 0 2 0.30COOOOE 01 0 . 6 7 0 8 2 C 3 E 01 0 . 1 7 9 0 0 0 0 F 0 3

0 * 1 1 7039EE 00 0  * 7 0 7 1 c e a E 01 0 . P 2 7 S 9 4 6 E CO O .S 5 9 7 1 4 Q E -0 2 0 . 1 0 9 4 8 3 8 E - 0 I 0 . 4 0 0 0 0 0 0 E 01 0 . 2 8 2 8 4 2 6 6 02 0 . 6 6 0 0 0 0 0 E 0 2

0 . $ 8 2 4 4 4  CE oc 0 . 2 2 3 6 0 6 7 E 02 0 .4 0 7 9 5 7 X E 01 0 . 2 7 5 9 0 7 7 E - O I 0 . 3 8 5 3 9 1 « F - 0 1 0 .  1400000E 0 2 0 . 3 1 3 0 4 9 1 E 03 O.lOOOOOOE 0 3

0 . 5 6 7 9 6 6 2 E - 01 0  « lOOOOOOE 03 0 . 5 6 7 9 8 6 2 E 01 0 . 3 8 4 1 3 7 8 E -0 1 0 . 7 6 9 5 2 8 7 E - 0 I o\IBOOCOOE 02 0 . 1 8 0 0 0 0 0 E 04 0 . 3 3 0 0 0 0 0 E 0 2

6 . I 2 0 4 8 I 9 E - •01 0 « 2 6 2 e # 2 5 E 0 3 0 . 3 4 0 7 7 4 1 E 01 0 .  2 3 0 4 7 0 7 C -0 1 0 .9 9 9 9 9 9 0 E * O I O.SOOOOOOE 01 0 . 1 4 1 4 2 1 3 E 04 0 .7 0 0 0 0 0 C E 01

O.OOCOOOCE 00 0 . I 2 6 4 9 I I E 0 4 O.OOOOOOOE 00 O.OOOOOOOE 00 0 . 9 9 9 9 9 9 0 E - 0 1 0 . 1 lOOOOOE 0 2 0 . 1 3 9 I 4 0 1 E 05 O.OOOOOOOE 0 0

0«OOCOOOOE 0 0 O.OOOOOOOE 0 0 O.OOOOOOOE 00 O.OOOOOOOE 0 0 O.OOOOOOOE 00 O.S4SOOOOE 03 O.OOOOOOOE 0 0 0 . 5 4 5 0 OOOE 0 3



TABLE V I I I - 2 7

FIELD SIZE OISTRIDUTION FOR NO.OF *EILS= 700

FKEQUEhCr CLASS PARK PRODUCT PROOAeiLITV CUM.PROB. FI6LD FIND RESERVE FIND FIEL O

0 * 3 2 e 6 7 1 3 E 0 0 0 . 3 I 0 2 2 7 8 E 00 0 . 1 0 3 9 3 4 9 6 00 O .7 9 4 7 6 8 0 E -O 3 0 . 7 9 4 7 6 8 6 6 - 0 3 O.OOOOOOOE 00 0 . 0 0 0 0 0 0 0 6 00 o . i a e o o o c E 0 3

0 .3 1 2 Q 3 7 C E oc 0 . 2 2 3 6 0 6 8 5 01 0 . 6 9 9 7 4 8 3 6 00 0 . 5 3 5 0 8 3 2 6 - 0 2 0 . 6 1 4 5 6 0 0 6 - 0 2 0 . 3 0 0 0 0 0 0 F 01 0 . 6 7 0 8 ? C36 01 0 . 1 7 9 0 0 0 0 6 0 3

0 * 1 l e a e t i E 00 0 . 7 0 7 1 06BE 01 0 . 8 4 0 6 1 6 3 6 00 0 . 6 4 2 8 0 I 4 E - 0 2 0 . 1 2 5 7 3 6 1 6 - 0 1 0 .4 C C 0 0 0 0 E 01 0 . 2 8 2 8 4 2 6 6 02 0 . 6 8 0 0 0 0 0 6 0 2

o « i e i e i 0 tE 0 0 0 .2 2 3 6 C 6 7 E 02 O .4 0 6 5 S 7 S E 01 0 . 3 1 0 8 6 6 1 6 - 0 1 0 . 4 3 6 6 2 2 3 6 - 0 1 0 . 1 6 0 0 0 0 0 6 02 0 . 3 5 7 7 7 0 3 6 03 O .I0 4 0 0 C C E 0 3

0 * 4 a q S t O £ E - 0 1 0 .  lOOOOOOE 0 3 0 . 4 8 9 5 1 0 4 6 01 0 . 3 7 4 3 1 8 5 6 - 0 ! 0 . 8 1 0 9 4 0 3 6 - 0 1 0 . 2 3 0 0 0 0 0 6 02 0 . 2 3 0 0 0 0 0 E 04 0 . 2 8 0 0 0 0 0 E 0 2

0 . B 7 4 I 2 5 6 E - 0 2 0 . 2 8 2 8 4 2 6 6 03 0 . 2 4 7 2 3 9 9 6 01 0 . 1 8 9 0 5 9 2 6 - 0 1 0 . 9 9 9 9 9 9 0 6 - 0 1 0 . 7 0 0 0 0 0 0 6 01 0 . 1 9 7 9 8 9 8 6 04 0 . 5 0 0 0  0 0 0 6 01

O.OOOOOOOE 00 0 . 1 2 6 4 9 1 1 6 04 C . OOOOOOOE 00 O.OOOOOOOE 00 0 . 9 9 9 9 9 9 0 6 - 0 1 0 .  1 1 0 0 0 0 0 6 02 0 . 1 3 9 1 4 0 1 6 0 5 0 . 0 0 0 0 0 0 0 6 0 0

O.OCOOOOCE o c 0 . 0 0 0 0 0 0 0 6 0 0 O.OOOOOOOE 00 0 . 9 0 0 0 0 0 0 E  00 0 . 9 9 9 9 9 9 9 6  00 0 .6 3 6 0 0 0 0 E 03 O.OOOOOOOE 00 0 . 6 3 6 0 0 0 0 6 03

WOO



TABLE V I I I - 2 8

FIELO SIZE OISTRIBUTION FOR NO.QF WELLSs flOO

FOF.0UE*«CV CLASS *APK PRODUCT PROBAEILITY CUM.PRCn. FIELO F I N D RESERVE FINO FIELO

0.3357*4JE 00 0.3*622786 00 0. 10616216 00 C.94096556-C3 0.94096556-03 O.OOOOOOOE 00 O.OOOOOOOE 00 0.18800006 03

0.3l564?eE OC 0.22360686 01 0.7I4743CE 00 0.633S102E-02 0,727606(6-02 0.30000006 01 0.67082C3E 01 0.17900006 03

0.119642 00 0.707*0686 01 0.84600276 00 0.749662*6-02 0.14774596-01 0.50COC006 01 0.3535E32E 02 0.67000006 02

0.176S714C 00 0.22360676 02 0.3902976E Cl 0. 35391666-01 0.50166256-01 0.2000000E 02 0.44721266 03 0 . lOOOOOOE 03

0.4 *07143E- 01 0 . lOOLOCOE 03 0.4*071426 01 0.3640 3576-01 0.86569796-01 0.28000006 02 0.26000006 04 0.23000006 02

0.53Î7I43E- 02 0.28284256 03 0. 15152276 01 0 . 1342C18E-01 0.99999966-01 0.90000006 01 0.2545583E 04 0.30000006 01

0.OOOOOOOE 00 0.I2649IIE 04 O.OOOOOOOE 00 0.OOOOOOOE 00 0.99999966-01 0.1 lOOOOOE 02 0.139140*6 05 0.00000006 00

C.COCCOOCF 00 0«OOOOOOOE 00 O.OOOOOOOE 00 0.90000006 00 0.9999999E 00 0.7240000E 03 O.OOOOOOOE 00 0.7240000E 03

iO



TABLE V I i r - 2 9

FIELO SIZE DISTRIBUTIOM FOR NO.OF MELLSc 400

FREQVEKCV CLASS MARK PRODUCT PROOAEILITV CUM.PPGB. FIE LO  FIND RESERVE FINO FIE LD

0 . 3 * I I ^ 7 E E 00 0 . 3 I 6 2 2 7 0 E 00 0 . t 0 7 6 9 6 2 E 00 0 . I 1 0 4 4 0 6 E - 0 2 0 . 1  I 0 4 4 0 C E - 0 2 O.OOOOOOOE 00 O.OOOOOOOE 00 O.IBBOOOOE 0 3

0 . 3 2 3 0 4 6 % 00 0 .2 2 3 6 0 6 C E 01 0 . 7 2 2 3 S 9 3 E CO 0 . 7 3 9 3 9 3 4 E - 0 2 0 . 8 4 9 8 3 3 7 E - 0 2 0 . 4 0 0 0 0 0 0 E 01 0 . 8 9 4 4 2 7 1 6 01 0 . 1 780CCCE 0 3

0 « I 2 1 5 Q I 1 E 00 0 . 7 C 7 t 0 6 B E 01 0 . 6 5 9 6 2 1 OE 00 0 . 8 6 0 0 9 6 S E - 0 2 0 . 1 7 2 9 9 3 0 E - 0 1 O.SOOOOOOE 01 0 . 3 5 3 5 5 3 2 E 02 0 . 6 7 0 0 0 0 0 E 0 2

0 * 1 76 0 4 3 S E 0 0 0  « 2 2 3 6 0 6 7 E 02 0 .  3 9 3 6  451E 01 0 . 4 0 2 9 2 6 0 E - C 1 0 . 5 7 5 9 2 1 CE-Ol 0 .2 3 C 0 0 0 0 E 02 0 . 5 I 4 2 9 4 4 E 03 0 . 9 7 0 0 0 0 0 E 0 2

0 « 3 6 2 9 7 6 4 E - 0 1 0 .  lOOOOCOE 03 0 . 3 6 2 9 7 6 4 6 01 0 . 3 7 I 5 3 6 0 E - 0 1 0 . 9 4 7 4 S 7 0 E - 0 1 0 . 3 1 0 0 0 0 0 E 02 0 . 3 1 0 0 0 0 0 E 04 0 . 2 0 0 0 0 0 0 E 0 2

0 . 1 6 I 4 6 8 2 E - 0 2 0 . 2 0 2 6 4 2 5 E 0 3 0 . 5 1 3 3 2 5 6 E 00 0 . 5 2 5 4 3 0 6 E - 0 2 0 . 9 9 9 9 9 9 C E - 0 1 0 . 1 lOOOOOE 02 0 . 3 1 I 1 2 6 8 E 04 0 . lOOOOOOE 0 1

O.OOOOOOOE 00 0 . 1 2 6 4 9 I I E 04 O.OOOOOOOE 00 O.OOOCCOOE 00 0 . 9 9 9 9 9 9 6 E - 0 1 O.llOOOOOE 02 0 . I 3 9 I 4 0 1 E 05 O.OOOOOOOE 0 0

O.OOOOOOOE 0 0 O.OOOOOOOE 00 0 . OOOOOOOE 00 0 . 9 0 0 0 0 0 0 F  00 0 . 9 9 9 9 9 9 9 E  00 o . a i s o ô o o E 03 O.OOOOOOOE 00 0 .8 1 5 0 0 0 C E 03



TABLE V I I I - 30

F :E L O  S IZ E  OISTRIBUTION FCR NO.OF WELLS» 1 0 0 0

FOEOUENCV CLASS MARK PRODUCT PROBAEILITV CUM.PROB. FIELD FIND RESERVE FINO FIELO

0 . CC 0 . 3 1 6 2 2 7 6 E 0 0 0 .  I1 0 S 0 3 4 E 0 0 C . I 2 6 7 0 9 S E - 0 2 0 . 1 2 6 7 0 9 FE-C 2 O.OOOOOOOE 00 O.OOOOOCOE 00 O.IBBOOOOE 0 3

0 .3 3 C 8 S 5 C E 00 0 . 2 2 3 6 0 6 6 6 01 0 . 7 3 9 6 1 4 2 E 00 0 . 0 4 6 3 1 3 0 E - 0 2 0 . 9 7 S 0 2 2 Î E - 0 2 0 . 4 0 0 0 0 0 0 E 01 0 . 0 9 4 4 2 7 1 6 01 O.I7BOOOOE 0 3

0 . 1 2 2 6 ) 6 C E c c 0 . 7 0 7 I 0 6 8 E 01 0 . 6 6  74542E 00 0 . 9 9 4 6 7 2 3 E - 0 2 0 . 1 9 6 9 6 9 F E - 0 1 O.OOOOOOOE 01 0 . 4 2 4 2 6 3 8 6 02 0 .6 6 0 0 0 0 Q E 0 2

0 . 1 6 3 F  «ETE o c 0 . 2 2 3 6 0 6 7 E 02 0 . 3 6 S 7 5 0 6 E 01 0 . 4 I 9 3 9 0 6 E - O I 0 . 6 I 6 3 6 0 1 E - 0 1 0 . 3 2 0 0 0 0 0 E 02 0 . 7 I S S 3 9 6 E 03 o . a a o o o o o E 0 2

0 . J 3 4 5 7 2 5 E - 01 O.lOOOOOOE 03 0 . 3 3 4 5 7 2 4 E Cl C. 3 8 3 6 2 9 9 6 - 0 1 0 . 9 9 9 9 9 9 6 E - 0 I 0 . 3 3 0 0 0 0 0 E 02 0 . 3 3 0 0 0 0 0 E 04 0 . 1 8 0 0 0 0 C E 0 2

C.OOCOOOCE c o 0 .2 8 2 6 A 2 5 E 03 O.OOOOOOOE 00 O.OOOOOOOE 0 0 0 . 9 9 9 9 9 9 6 E - 0 1 0 . I 2 0 0 0 0 0 E 0 2 0 . 3 3 9 4 I 1 0 E 04 O.OOOOOOOE 0 0

C.OOCOOOOE 00 0 . I 2 6 4 9 I I E 04 O.OOOOOOOE 0 0 O.OOOOOOOE 00 0 . 9 9 9 9 9 9 6 E - 0 I O.l lOOOOOE 02 0 . 1 3 9 1 4 0 I E 05 O.OOOOOOOE 0 0

O.OOOOOOOE 0 0 0 .OOOOOOOE 0 0 O.OOOOOOOE 0 0 C . 9 0 0 0 0 0 0 6  00 0 . 9 9 9 9 9 9 9 E  0 0 0 . 9 0 2 0 0 0 0 E 0 3 O.OOOOOOOE 00 0 . 9 0 2 0 0 0 0 E 0 3



TABLE V I I I - 3 1

FIELO SIZE DISTPIBUTION FOR NO.OF WELLS^ 100

FREQUENCY CLASS MARK PRODUCT PROBABILITY CUM.PRCB* FIEL O  FINO RESERVE FIND FIELD

0 . 2 9 e i 7 6 1 E 00 0 . 3 1 6 2 2 7 6 k 00 0 . 9 4 2 9 1 5 1 6 - Cl 0 . 2 6 7 F 5 4 4 E - 0 3 0 . 2 6 7 8 5 4 4 6 - 0 3 O.OOOOOOOE 00 O.OOOOOOOE 00 0 . 3 7 6 0 0 0 C E 0 3

o . 2 6 7 e 6 e e E 0 0 0 . 2 2 3 6 0 6 6 6 01 0 . 6 4  3 6 6 9 6 6 00 0 .  1 6 2 6 5 3 3 6 - 0 2 0 . 2 0 9 6 3 6 7 E - 0 2 0 . lOOOOOOE 01 0 . 2 2 3 6 0 6 8 E 01 0 . 3 6 3 0 0 0 0 E 0 3

0 . I 1 3 4 0 Z 0 E 0 0 0 . 7 0 7 I 0 6 0 E 01 0 . 8 0 I 8 7 3 3 E 00 0 . 2 2 7 7 6 6 6 6 - C2 0 . 4 3 7 4 2 7 2 E - 0 2 O.lOOOOOOE 01 0 . 7 0 7 1 060E 01 O . I 4 3 0 0 0 0 E 0 3

0 . 1 6 0 7 3 9 1 6 o c 0 . 2 2 3 6 0 6 7 E C2 0 . 4 2 2 0 3 3 2 E 01 0 . 1 1 9 6 6 7 3 6 - 0 1 0 . 1 6 3 6 3 0 0 6 - 0 1 0 . 2 0 0 0 0 0 0 E 01 0 . 4 4 7 2 I 3 4 E 0 2 0 . 2 3 8 0 0 0 0 6 03

0 . 6 0 0 9 5 1 l E - 01 0 . lOOOOOOE 0 3 0 . 6 0 0 9 5 1  IE 01 0 . 2 2 7 S 2 6 7 E - 0 1 0 . 3 9 1 1 5 6  7 E -0 1 0 . lOOOOOOE 01 0 .  lOOOOOOE 03 0 . 1 0 1 0 0 0 0 6 0 3

0 . I 9 0 3 2 5 I E - 01 0 . 2 8 2 8 4 2 5 E 03 0 . ^ 3 6 3 2 0 4 6 Cl C . 1 S 2 C 2 I 0 E - 0 1 0 . 5 4 4 0 7 7 6 E - 0 1 O.OOOOOOOE 00 O.OOOOOOOE 00 0 . 2 4 0 0 0 0 0 E 0 2

0 . 1 2 6 6 6 3 4 F - 01 0 . I 2 6 4 9 I 1 C 0 4 0 .  I 6 0 4 9 6 2 E 02 0 . 4 S 5 S 2 2 6 E - 0 1 O.lOOOOOOE 00 0 . 6 0 0 0 0 0 0 E 01 0 . 7 5 8 9 4 6 1 6 04 0 . 1 6 0 0 0 0 0 6 0 2

c . o o o o o o c e 0 0 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.lOOOOOOE 01 0 . 6 9 0 0 0 0 0 6 02 O.OOOOOOOE 00 0 . 6 9 0 0 0 0 0 E 0 2

4̂
ts)



TABLE V I 1 1 - 3 2

FIEL D  S IZ E  DISTRIBUTION FOR NO.OF WELLSa 2 0 0

FREGUEKCV CLASS NARK PRODUCT PROBAEILITV CUM.PROB# FIELO  FIND RESERVE FIND FIELD

0 . 3 0 0 5 5 9 5 E 00 0 . 3 1 6 2 2 7 8 E 0 0 0 « 9 S 0 4 S 2 7 E - 0 1 0 . 3 I 6 7 4 7 9 E - 0 3 0 # 3 I 6 7 4 7 9 E ^ 0 3 O.OOOOOOOE 00 O.OOOOOOOE 00 0 . 3 7 6 0 0 0 0 E 0 3

0 . 2 9 C 1 6 7 8 E c c C . 2 2 3 6 0 6 8 E 01 0 . 6 4 8 8 3 4 9 E 00 0 . 2 1 6 2 3 0 8 E - 0 2 0 . 2 4 7 9 0 5 6 E - 0 2 0 .  lOOOOOOE 01 0 . 2 2 3 6 0 6 6 8 01 0 .3 6 3 0 0 0 C E 0 3

0 . I t 4 3 0 e 5 E c c 0 * 7 0 7 | 0 6 8 E 01 0«60B 2B 34E 00 0 , 2 6 9 2 6 8 6 2 - 0 2 0 * 5 1 7 2 7 4 I E - 0 2 0«lOOOOOOE 01 0 . 7 0 7 1 066E 01 0 . 1 4 3 0 0 0 0 E 0 3

0 « i a e 6 4 9 t E 00 0  « 2 2 3 6 0 6 7 6 02 0 « 4 2 1 8 3 1 9 E Cl € • 1 4 0 Ï 7 9 7 E - C I 0 . I 9 2 3 0 7 1 E - C 1 0 . 4 0 0 0 0 0 0 E 01 0 . 6 9 4 4 2 6 9 6 02 0 . 2 3 6 0 0 0 0 E 0 2

0 . 7 9 : 3 6 6 ? E - 01 0 . lOOOOOOE 03 0 . 7 9 1 3 6 6 7 E 01 0 « 2 6 3 7 3 0 9 E - 0 1 0 * 4 S 6 0 3 B 0 E - 0 I 0 . 3 0 0 0 0 0 0 E 01 0 .3 0 0 0 0 G 0 E 03 0 . OOOOOOOE 0 2

0 « 1 B 3 e S 2 C E - -01 0 «2e20A25E 03 0 . 5 2 0 0 1 4 2 E 01 0 * 1 7 3 3 0 0 0 E - 0 I 0 * 6 2 9 3 3 a 0 E - C I 0 . lOOOOOOE 0 1 0 . 2 6 2 8 4 2 3 6 03 0 . 2 3 0 0 0 0 0 E 0 2

0 « 8 7 9 2 9 6 3 E - 0 2 0 . 1 2 6 4 9 I I E 04 0 . 1 I I 2 2 3 1 E 02 €• 3 70C C 24E -01 C#IOOOOOOE 00 0 . 1 lOOOOOE 02 0 . 1 3 9 1 4 0 I E OS 0 . 1  lOOOOOE 0 2

C.OOOOOOOE 00 OtOOOOOOOE 00 O.OOOOOOOE 00 0 . 9 0 0 0 0 0 0 E  00 O.lOOOOOOE 01 0 . I 7 9 0 0 0 0 E 03 O.OOOOOOOE 00 0 . 1 7 9 0 0 0 0 E 0 3

■paw



TABLE V I I I - 3 3

FIELO SIZE DISTRIBUTIOM FOR NO.OF WELLS» 300

FREOUEKCV CLASS MARK PRODUCT PROBAEILITV CUM.PRQB. FIELO FIND RESERVE FIND FIELO

0.30PT375E 00 0.3:622706 00 0.9573400a- Ot 0.36172456-03 0.36I724EE-C3 O.OOOOOOOE 00 O.OOOOOOOE 00 0.3760000E 03

C.?92270££ OC 0.222toeeE 01 0.6535366E 00 0.246S345E-02 0 .2031O7CE-O2 O.lOOOOOOE 01 0 .2236068E Cl 0.3630COCE 03

0.1 I4J3I 7F. oc 0.707:0686 01 0 . 8 0 64 4 73E 00 0.30546666-02 0.588573*6-02 0.20COOOOE 01 0.I4I4214E 02 0. I420000E 03

C.I90CI6IE 00 0.22360676 02 0.42488876 01 0. 160*4146-01 0.2I03907E-CI 0.4000000E 01 0.80442696 02 0.2360000E 03

0.77PQ46EE- CI O.lOOOOCOR 03 0.772946t6 01 0.2920S2BE-OI 0.51I451SE-0I 0.60 000006 01 0.60000006 03 O.OOOOOOOE 02

0.I69082IE- o 1 O.20 2B42SE 03 0.47623606 01 0. 1606964E-0I 0.692I494E-01 0.3000000E 01 0.8485276E 03 0.2I00000E 02

0.644I22IE- 02 0.I264911E 04 0.61475706 01 0.307ES06E-01 0.9900Q96E-01 0.1400000E 02 0.1770R74E 05 O.SOOOOOOE 01

C.OOCOOOOE 00 O.OCOOOOCE 00 0.OOOOOOOE 00 0.OOOOOOOE 00 O.OOOOOOOE 00 0.2700000E 03 O.OOOOOOOE 00 0.2700000E 03

H*

4̂



TABLE V I I I - 3 4

FIEL D  S IZ E  DISTRIBUTION FCR NO.OF WELLS" 4 0 0

FREQUENCY CLASS NARK PRODUCT PROBAEILITV CUM.PRCB. FIELO FIND RESERVE FIND FIELD

0»30 4?07IE 00 0.3162278E 00 0.9619868E -01 C.368S900E-03 0.388S900E-03 O.OOOOOOOE 00 O.OOOOOOOE 00 0.3760000E 03

0*2936693E 00 0 .223F068E 01 0.6567092E CO 0. 2 5 K 2 1 5 E - C 2 0.2884805E-02 O.lOOOOOOE 01 O.223AO60E ot 0.3630000E 03

0«tl4077EE 00 0.7071068E ot 0.80C6506E 00 0.3090723E-02 0.5975526E-02 O.lOOOOOOE 01 0.2121320E 02 O.IAIOOOOE 03

0*19CI294E cc 0.2236067E 02 0.42514215 01 0.1628954E-OI 0.2226506E-01 O.SOOOOOOE 01 O.I118034E 03 0.235000CE 03

0.7524370E- ot 0 .lOOOOCOE 03 0.7S24269E 01 0. 2882S62E-01 0.5109468E-0I O.OOOOOOOE 01 O.OOOOOOOE 03 0.9300000E 02

O.I6iai23£- 01 0.28284255 03 0.4576738E 01 0. 1753600E-0I 0.6863064E-01 0.4000000E 01 0.1131370E 04 0.2000000E 02

0.6472491E- 02 0.12649IIE 04 0.8187123E 01 0.3I3CC36E-01 0.99999985-01 0.1400000E 02 0.1770874E 05 O.OOOOOOOE 01

0*OOOCOOCE 00 0 .OOOOOOOE 00 0•OOOOOOOE 00 C.900CCOOE 00 0.9999909E 00 0.3640000F 03 O.OOOOOOOE 00 0.3840000E 03

tn



TABLE V I I I - 3 5

FIELD SIZE DISTRIBUTION FCR NO.OF MELLS» 500

FAEGUCKCV Ct-ASS MARK PRCOtCT PROBAEILI TV CUM.PRCB. FIELD FINO RESERVE FINO FIELD
o.336tee*E OC 0.31622 78E 00 0.Q6 98337E -01 0.4163873E-03 0.4I63873E-03 O.OOOOOOOE 00 O.OOOOOOOE 00 0.3760000E 03
0.2Q526')!F 00 0 .223606BE 01 0.6602A18E 00 0.20346756-02 0.3251062E-02 0.20C0000E 01 0.4472136E 01 0.3620000E 03
0 . 1 i^oceifc CC 0.70710(86 01 0.01323C2E 00 0 . 349IEI3E-02 0.6742S74E-02 0.3000000E 01 0.2121320E 02 0.1410ÛOOE 03
c.i<3cac4cç 00 0.2236067E 02 0.42678S9E 01 0 . 1632358E-01 0.25066ISE-0I 0.60C0000E 01 0.1341640E 03 0.234000CE 03
0.73409446-■01 O.lOOOOOOE 03 0.7340943E 01 0.3IS1752E-C1 0.SAS836EE-01 '0.1200000E 02 0.1200000E 04 O.OOOOOOOE 02
O.I3e6«23C- 0 t 0.2C2842SE 03 0.302IOS9E Cl 0.I663849E-01 0.7342213E-0I 0.7000000E 01 O.1979690E 04 0.170000CE 02
0.4S93^62E- 02 0.126401lE 04 C.61Q0426E 01 0.2657790E-01 O.lOOOOOOE 00 0.1600000E 02 0.20238S6E 05 O.OOOOOOOE 01
O.OOOOOOOE 90 0 .OOOOOOOE 00 O.OOOOOOOE 00 O.OOOCCOOE 00 O.lOOOOOOE 01 0.4540000E 03 O.OOOOOOOE 00 0.4540OOOE 03

4̂O»



TABLE VIII-36

FIELO S IZ E  OISTRIBUTION FOR NO.OF «E LL S°  6 0 0

FREOUENCV CLASS MARK PRODUCT PROBABILITY CUM.PRCB. FIELO FIND RESERVE FIND FIE LD

0 . 3 0 6 9 5 6 4 6 00 0 •3 1 6 2 2 7 6 E 00 0 . 9 7 7 0 0 6 0 E - - 0 : 0 . 4 4 9 5 2 0 1 6 - 0 3 0 . 4 4 9 5 2 0 1 6 - 0 3 O.OOOOOOOE 00 O.OOOOOOOE 00 O.376OC0CE 02

0 .2 9 7 4 S 2 7 E 00 0 . 2 2 3 6 0 6 6 E 01 0 . 6 6 S 1 2 4 5 E 00 0 . 3 0 6 0 2 3 6 6 - 0 2 0 . 3 S 0 9 7 S 6 E - 0 2 0 . 2 0 0 0 0 0 0 6 01 0 . 4 4 7 2 1 3 6 E 01 0 . 3 6 2 0 0 0 0 6 0 3

0 * 1 I5 0 3 7 C E 00 0 . 7 0 7 : 0 6 8 E 01 0 . 6 1 3 4 3 4 1 E 0 0 0 .3 7 4 2 6 0 B E - 0 2 0 . 7 2 5 2 3 6 2 E - 0 2 O.4C0OOOOE 01 0 . 2 8 2 8 4 2 6 6 02 0 . 1 4 0 0 0 0 0 6 0 2

0 * 1 0 5 a t l C E 00 0 .2 2 3 6 0 6 7 E 02 0 . 4 2 4 4 3 0 : 6 e t 0 . 1 9 5 2 6 0 2 6 - 0 1 0 . 2 6 7 6 0 3 6 6 - 0 1 0 . 9 0 0 0 0 0 0 6 01 0 . 2 0 1 2 4 6 0 6 03 0 . 2 3 I 0 0 0 C E 03

0 * 7 2 3 0 6 9 0 6 - 0 1 ’ 0 .  ICOOOOOE 0 3 0 . 7 2 3 0 6 8 9 6 01 0 . 3 3 2 6 9 3 0 6 - 0 1 0 . 6 0 0 4 9 6  6 6 - 0 1 0 .  1 4 0 0 0 0 0 6 02 0 .  1 4 0 0 0 0 0 6 04 0.8BOOOOOE 0 2

0 . I 2 3 2 5 3 9 E - 0 1 0 . 2 6 2 6 4 2 5 6 03 0 . 3 4 8 6 1 4 3 6 01 C. 1 6 0 3 9 7 3 6 - 0 1 0 . 7 6 0 8 9 3 6 6 - 0 1 O.OOOOOOOE 01 0 . 2 5 4 5 5 6 3 6 04 O.tSOOOOOE 0 2

0 . 4 : 0 8 4 6 2 6 - 0 2 0 . t 2 6 4 9 l l E 04 0 . 5 1 9 6 6 3 d E 01 0 . 2 3 9 1 0 6 4 E - 0 1 0 . 9 9 9 9 9 9 6 E - 0 1 0.:700000F 02 0 . 2 1 5 0  347E 05 O.OOOOOOOE 01

CtOOCOOOCE 00 O.OOOOOOOE 0 0 O.OOOOOOOE 00 O.OOOOOOOE 00 0 . 9 9 9 9 9 9 9 E  OC 0 . 9 4 5 0 0 0 0 E 0 3 0 . 0 0 0 0 0 0 0 6 00 O .S 4 5 0 0 0 0 E 03



TABLE V I I I - 3 7

FIELO SIZE DISTRIBUTION FOR NO.OF *ELLS= 700

FREOUEKCY CLASS NARK PRODUCT PROBAEILITV CUM .PR 0 8 . FIELO FIND RESERVE FIND FIELD

0 . 3 l l ? * e 3 E OC 0 . 3 I E 2 2 7 8 E 00 O .O 0 4 2 8 4 9 E - Cl C . S 0 6 C 4 2 5 E - 0 3 U .5 0 8 6 4 2 S E - 0 3 O.OOOOOOOE 00 O.OOOOOOOE 00 0 .3760C O C E 0 3

0.20S6£eeE oc 0 . 2 2 3 6 0 6 6 5 Cl 0 . 6 7 0 0 7 9 8 5 00 0 . 3 4 6 2 7 3 I E - 0 2 0 . 3 9 7 1 3 7 2 E - 0 2 0 . 2 0 0 0 0 0 0 E 01 0 . 4 4 7 2 I 3 6 E 01 0 . 3 6 2 0 0 0 0 6 03

0 . 1 ISeOACE 00 0 . 7 0 7 I 0 6 3 E 01 0.8194044E 00 0.42346505-02 0.P206222E-02 0 . 4 0 0 0 0 0 0 E 01 0 . 2 8 2 S 4 2 6 E 02 C . 1 4 0 0 0 0 0 E 0 3

0 .ie*>E€Ç5E 00 0 . 2 2 3 6 0 6 7 6 02 0 .4 2 3 B S 0 2 E 01 0 .  2 IO O Ï1 2 E -C 1 0 . 3 0 1 1 1 3 4 E - 0 I 0 . 1 lOOOOOE 02 0 . 2 4 5 9 6 7 4 E 03 0 . 2 2 9 0 0 0 0 E 03

0.6P7CP60E -01 0. lOOOOCOE 03 0 .6 8 7 0 H 5 9 E 01 0 . 3 S 5 0 6 I 3 F - 0 1 0 . 6 5 6 I 7 4 4 E - 0 1 0 .  lOOOOOOE 02 0. lOOOOCOE 04 0 . 8 3 0 0 0 0 0 E 02

0 . I 2 4 I 7 2 2 E -01 0.26284256 0 3 0 . 3 5 I 2 I I 6 E 01 0 . 1 8 1 4 9 3 5 E - 0 I 0 . 8 3 7 6 6 7 6 E - 0 1 O.OOOOOOOE 01 0 . 2 5 4 5 S 8 3 E 04 O.ISOOOOOE 02

0 . 2 4 6 3 4 4 4 5 -02 0.1264ÇIIE 04 0 . 3 I 4 I 3 3 S E 01 0 . 1 6 2 3 3 2 6 E - 0 1 O.lOOOOOOE OC O.lOOOOOOE 02 0 . 2 4 0 3 3 2 9 E 05 0 .3 C 0 0 0 0 0 E 01

O.OOOOOOOE 00 O.OCOOOOOE 00 >i
O.OOOOOOOE 00 O.OOOOOOOE 00 O.lOOOOOOE 01 0.0360000E 03 O.OOOOOOOE 00 0.6360000E 0 3

oo



TABLE V I I I - 3 8

FIELD SIZE DISTRIBUTION FOR NO .OF WELLS* 800

FREQUENCY CLASS RARK PRODUCT PRORAEILITV CUM.PROB. FIELD FIND RESERVE FIND FIELD

0.3143ei2E OC 0.3:622786 00 0.90416C8E- 01 C.59842955-03 0.598429ÎF-03 O.OOOOOOOE 00 O.OOOOOOOE 00 0.37600005 03

0*302675£E CO 0.22260665 c: 0.67660305 00 0.40739775-02 0.46724045-02 0.20000005 01 0.44721365 01 0.362000CE 03

0*11705665 OC 0.707:0685 01 0.82771695 00 0.49823975-02 0.965480 15-02 0.4CC000CE 01 0.28294265 02 0. 14000005 03

0.t07291C£ OC 0.22360675 02 0.41679515 01 0.25209155-01 0.34863955-01 0. 1600000F 02 0.35777035 03 0.22400005 03

0#66em956E- 01 0.10000005 03 0.66669565 Cl C.402C2835-C: C.75127765-01 0.22000005 02 0 .22000005 04 0 .80000005 02

0.1066Ç56E- Cl 0.25264255 03 0.30743745 01 0.1B50603E-0: 0.93633775-01 0.1 1000005 02 0.31112685 04 0.13000005 02

0.036:2025- 03 o.:2649::E 04 0.10576:75 01 0.63662645-02 O.lOOOOOOE CO 0.21000005 02 0.26563115 05 0.1C000005 0 1

O.OOOOOOOE 00 0.00000005 00 O.OOOOOOOE 00 C.900CC005 00 0.10000005 01 0.72400005 03 O.OOOOOOOE 00 0.72400005 02

iO



TABLE VIII-39

FIELO SIZE DISTRIBUTION FOR NO.OF WELLS» 900

FREQUENCY CLASS MARK PRODUCT PRDBAEILITY CUM.PRCB. FIELD FIND RESERVE FIND FIELD

0«3I6765CE 00 0.3162278E 00 0*I001698E 00 0.64320496-03 0 .64320496-03 0*00000006 00 0*00000006 00 0* 37600006 03

0.3C497C5E OC 0 .2236066E 01 0.68I9347E 00 0*43766036-02 0*50220066-02 0.20000006 01 0*44721366 01 0*36200006 03

0.II7I0ICE 00 0 .70710696 01 0.52903556 ce 0.53165356-02 0.10338946-01 0*50000006 01 0.35355326 02 0*1390C0CE 02

0«IB70261E oc 0*22360676 02 0*41820296 01 0.26653426-01 0*37192376-0I 0*18000006 02 0.40249156 03 0*22200006 03

0*6571I86E- 01 0 *10000006 03 0,65711856 01 0.421?455E-C1 0*79386896-01 0.2400000F 02 0.24000006 04 0*76000006 02

0.75621396- 02 0*26264256 03 0*21445516 01 0*13770486-01 0*93157356-01 0.15000006 02 0*42426376 04 0*90000006 01

0.642460CE- 03 0.I264911E 04 0*10656376 01 0*68426066-02 0*99999906-01 0*21000006 02 0*26563116 05 0* 1 0000006 01

O.COOOOOOE 00 0 *00000006 00 0*00000006 00 C* 90000006 00 0*99999996 OC 0*81500006 03 O.OOOOOOOE 00 0.815000CE 03

en
o



TABLE V I I I - 4 0

FIELD S IZ E  OISTRIBOTION FOR NO.OF WELLS» 1 000

FREQUEKCV CLASS MARK PROCUCT PROBAEILITV CUM.PROB. FIELO FIND RESERVE FIND FIELD

0.3202726E 00 0.316227EE 00 0. 10127SIE 00 0.7362C66E-03 0.7362966E-03 O.OOOOOOOE 00 O.OOOOOOOE CO 0.3760CCCE 03

0.30e3475E cc 0,223606EE 01 0.68946S9E CO O.S012549E-02 0.S74884EE-02 0.20COOOOE 01 0.4472136E 01 0.3620000E 03

0*1in398CE 00 0 «7071068E 01 0.83720446 00 0.60844616-02 0.1ie3531E-Ct O.OOOOOOOE 01 0.3535S32E 02 0 .1390000E 03

o.iesôeç^e OC 0.223E067F C2 0.4152I5IE 01 0.301E606E-01 0.4202I36E-01 0.2200000E 02 0.49I9338E 03 0.2180CCCE 02

0.6047700E- Cl 0»10CO000E 03 0.6047700E 01 0.4396667E-OI 0.85987996-0 I 0.31000006 02 0.31000006 04 0.71000006 02

0«6ni43C8E- 02 0 «28284256 03 0. I927376E Cl C.1401198E-01 0.9999996E-01 0 . I600000E 02 0.452S477E 04 0.80000006 01

OaOOQOOOCE 00 0«|2649ltE 04 0«COOOOOOE 00 O.OOOOOOOE 00 0.99999986-01 0.2200000E 02 0.27820026 05 O.OOOOOOOE CO

C.OCCOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 0.9000000E 00 0.9999999E OC 0 . 902000C6 03 0.00000006 00 0.90200006 03

M
Ln



TABLE VIII-41

FIELO SIZE DlSTRieUTiaN FOR NO.OF WELLS» 100

FREQUENCY CLASS MARK PRODUCT PROBAEILITV CUM.PROB# FIELD FIND RESERVE FINO FIELO

0.20731lEE 00 0.3I62278E 00 0.9401816E" 01 0.253I356E-03 0.25313SCE-03 0.COOOOOOE 00 O.OOOOOOOE 00 O.S640000E 03

0.2072Q57E 00 O.223C0eeE Cl 0.C424I26E co 0.172S639E-02 0.I9B277ÎE-02 O.lOOOOOOE 0 1 0 .2236068E 01 0.S4S0C0CE 03

0«lt33JCCE oc 0.7071C68E 01 0.a0l4122E 00 0.21577326-02 0.4140S04E-02 0.1OOOOOOE 01 0.7071066E 01 0.215000CE 03

c.iee7iocE 00 0 .2236067E 02 0.4219683E 01 0. 1I3C166E-0I 0.155021CE-01 0.2000000E CI 0.4472I34E 02 0.3580000E 03

0.eOI264<L- c 1 0 . lOOOOCOE 03 0.8012646E 01 0.2I57334E-0I 0.37075SOF-OI O.lOOOOOOE 01 O.lOOOOOOE C3 0 . 15200CCE 03

0.I897733E- 01 0.2n204P5E 03 0.5367S90E 01 0.I44S178E-01 0.515272PE-01 0.0000000F 00 O.OOOOOOOE 00 0.3600000E 02

0.142330CE- 01 0.126A91IE 04 0. I800346E 02 0.4847275E-0I O.ICOOOOCE OC 0.6COOOOOE 01 0.7589461E 04 0.2700000E 02

O.OOCOOOOE 00 O.OOOOOCCE 00 0.COOOOCOE CO O.OOOOOOOE 00 O.lOOOOOOE 01 0.8900000E 02 O.OOOOOOOE 00 0.89000CCE 02

e n
ts3



TABLE VIII-42

FIELD SIZE DISTRIBUTICN FOR NO.OF WELLS* 200

FREQUENCY CLASS MARK PRODUCT PROBAeiLITV CUM.PRCB. FIELO FIND RESERVE FIND FIELD
0.29ee67tE 00 0.31622786 00 0.9451640E- 01 0.2B647S8E-03 0.2864756E-03 O.COOOOOOE 00 O.OOOOOOOE 00 0.56A0C00E 03
0,26881626 00 0.2236066E 01 0.645817CE CO C.1957449E-02 0.2243924E-C2 0. lOOOOOOE 01 0.2236068E 01 0.S45000CE 03
0,1129374E OC 0.70710636 01 0.60S6SÇ3E CO 0.244I925E-02 0.468S849E-02 0 .  lOOOOOOE 01 0.7071068E 01 0.2I60000E 03
0.16666926 00 0.2236067E 02 0.42I8546E 01 0.127E626E-01 0.174721lE-0: 0.4CC00O0E 01 0.6944269E 02 0.35600C0E 03
0.8055I09E- 01 O.lOOOOOOE 03 0.8055108E 01 C.2441474E-CI 0.41866856-01 0 .  lOOOOOOE 01 0 .  lOOOOOOE 03 0.I52O000E 03
o . i a o t e o i E r .01 0.26264256 0 3 0.5096260E 01 0. 1544658E-0I 0.57333436-01 0.2000000E 01 0.S65665IE 03 0.3400000E 02
0.11I2876E- 01 0.I264911E 04 0.1407691E 02 0.4266662E-01 O.lOOOOOOE CC 0.I200000E 02 0.1SI7892E OS 0.2IOOOOOE 02
O.OOOOOOCF 00 0  .OOOOOCOE 00 O.OOOOOOOE CO C.9000C00E 00 O.ICOOOOCE 01 0.1790000E 03 O.OOOOOOOE 00 0.1790000E 03

Ln
W



TABLE VII1-43

Fleet) SIZE OISIRIBUTION FOR NO.OF WEL«.S= 300

FCFoiEKCY CL4SS K4RK ppontCT PROBAEtLITY CUM.PRCB. FIELD FIND RESERVE FINO FIELO
C.23C3I34E c c C.3I6?27«E 00 0.940t>93JF- 01 0.31515166-03 0.31515166-0 3 O.OOOOOOOE CO O.OOOOOOOE 00 0.56400006 03
c#??C2;?3r 0 0 0.22jrObAF 01 0.64691206 00 C.2153387E-02 0.24685326-02 0.1CCOOOOE 01 0.2236068E 01 0.54500006 03

0.1144*35F OC 0.7071CC8F 01 0.^0952046 CO C. 26662586-02 0.51548976-02 O.lOOOOOOE 01 0.70710686 01 0.2150CCCC 03
0.1SÇOJCfc c c 0.2236067R C2 0.42268566 Cl 0.14026646-01 0.19181526-01 0.50000006 01 0.11180346 03 0.35SOOCCE 03
0.7*î’30bPè- 01 0 • lOOCOCOE 03 0.79339686 01 0.26326536-01 0.45510066-01 0.40000006 01 0.4000000E 03 0.1490000E 03

0 . | 7 « 7 i e C E - Cl 0.26264256 03 0.4970075E 01 0. 16492986-01 0.62003046-01 «0.3000000E 01 0.64852766 03 0.330000CE 02

0«90£?1ecc- C 2 O.126491 IF 04 0. 11450206 02 0.37997006-01 O.lOOOOOOE 00 0. I6COOOOE 02 0.20236566 05 0. 1 700000E 02
0.COOOOOOE 00 0.00000006 00 0 .00000006 00 0.90000006 00 O.lOOOOOOE 01 0.2700000E 03 O.OOOOOOOE 00 0.27000006 03

Ln



TABLE V I I I - 4 4

FIELD SIZE DISTRIBUTION FOR NO.OF WELLS= *00

FPEOUEhCV CLASS MARK PRODUCT PROBAeiLlTV CUM.PRCB. FIELD FIND RESERVE FINO FIELD

0.301262CE 00 0.3:622786 00 0.9527373E-OI 0.3253692E-03 0.32536926-03 O.OOOOOOOE 00 0.00000006 00 O.564OCO0E 03

0.29II32EC OC 0.22360666 01 0.6509919E 00 0.222320IE-02 0.2S4e57CE-02 O.lOOOOOOE 01 0.223606EE Cl 0.5450 CODE 03

0.1I43I62E 00 0.707106BE 01 0.80A3377E CO 0.276CS53E-02 0.S3C912C6-02 0.20CO000F 01 0.1414214E 02 0.21400006 03

0.199102EE 00 0.2236067E C2 0.42284596 Cl 0.14440606-01 0.19749726-01 0.60000006 01 0.134I640E 03 0.3S400CCE 03

©•76Î2Ï6CE- 01 O.lOOOOOOE 03 0.7852560E 01 0.26817266-01 0.46566996-01 0.60000006 01 0.60000006 03 0.14700006 03

C«t 709402E:- 01 0.20284256 03 0.4B34914E 01 0. 1651 1706-01 0.63078646-01 0.4000000F 01 0.11313706 04 0.32000006 02

0.3S47CCeE-•02 0.I2649IIE 04 0. 1081120E C2 0*36921326-01 0.99999906-01 0.17000006 02 0.21503476 05 0.16000006 02
C*COOOOOCF OC O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 0.99999996 00 0.36400006 03 O.OOOOOOOE 00 0.36400006 03

tn
t n



TABLE V I I I - 4 5

FIELO SIZE DISTRIBUTION FOR NO.OF WELLS» SCO

FREQUENCY CLASS MARK PRODUCT PROBABILITY CUM.PROB. FIELO FINO RESERVE FINO FIELD

0.302900IE OC 0 .3I62278E 00 0.9578S38E-0I C. 35S777IE-03 0.3S5777IE-03 O.OOOOOOOE 00 O.OOOOOOOE 00 O.S640000E 03

0.292IS9CE CC 0.223C06eC 01 0.6S32S72E 00 0.2426E14E-02 0.278229IE-02 0.2000000E 01 0.4472I36E 01 0.544000 ce 03

0.II493C2E OC 0.707I068E 01 0.8I26789E 00 0.30IBE46E-02 0.S80083fE-02 0.2000000E 01 0.14I42I4E 02 0.2I40000E 03

0.ISSS8ICE 00 0.22360C7E 02 0.4239IS9E Cl 0. IS74ES7E-0I 0.2I6464CE-0I 0.7000000E 01 0.IS65247E 03 0.3S30000E 03

0.7733ei9E- 01 0.lOOOOCOE 03 0.77336I9E 01 0.2872SI0E-0I 0.S027IS0E-0I O.OOOOOOOE 01 0.9000000F 03 0.I440000E 03

0.16II17IE- 01 0.282842SE 03 0.45S7076E 01 0. I692C4IE-CI 0.67I978CE-0I 0.6000000E 01 0.169 70 SSE 04 0.3000000E 02

0.698173eE- 02 0.I264SIIE 04 0.8831276E 01 C. 32802I4E-0I C.999999CE-0I 0.2000000E 02 0.2S29S20E 05 O.I300000E 02

C.OOCOOOCE OC 0.OOOOOCOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 0.9999999E 00 0.4S40000E 03 0.COOOOOOE 00 0.4S400C0E 03

Ln
o\



TABLE V I I I - 4 6

FIELO SIZE DISTRIBUTION FOR NO.OF WEILS= 600

FPEOUEhCV CLASS MARK PRODUCT PROBAEILITV CUM.PRCB. FIELO FINO RESERV6 FINO FIELO

0.3043712F 00 0.31622TBE 00 0.96 250S9E- 01 0.37967206-03 0.37987206-03 O.COOOOOOE 00 O.OOOOOOOE 00 0.56400006 03
0.29J57eCt 00 0.22360666 01 0.6S646C2E 00 0.25906516-02 0.2970 7236-02 0.20000006 01 0*44721366 01 0.S440C0CE 03

O.II54Pe«F oc 0.7071C6BE 01 0.ai66260E 00 Q.32229776-02 0*61936976-02 0*20000006 01 0*14142146 02 0.21400006 03

0.1e9892Çt 00 0 .2236067E 02 0*42235486 Cl 0. I666907E-01 0*22862776-01 0* lOOOOOOE 02 0*22360676 03 0*35000006 03

0.7AC927EF- 01 0. lOOOOCOE 03 0.76092786 Cl 0.30031536-01 0.52894306-01 0.12000006 02 0. 12000006 04 0. 14100006 03

0.15650296- ot 0*20264256 03 0*44265686 01 0* 17470336-01 0*70364596-01 0* 70000006 01 0*19798986 04 0*29000006 02

0.5936317E- 02 0*12649116 04 0*75089126 01 0*29636426-01 0*999999(6-01 0*22000006 02 0.27828026 05 0*11000006 02

O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 C.90000006 00 0.90999996 00 0*54500006 03 O.OOOOOOOE 00 0.S4S000CE 03

1/1



TABLE V I I I - 4 7

F I E L D  S I Z E  D IS T R IB U T IO N  FOR NO .O F WELLS» 7 0 0

FREQUENCY CLASS WARK PRODUCT PROBAEILITV CUM.PRCB. FIELO FIND RESERVE FIND FIELO
o.aosesoeE oc 0.3I02276E 00 0.9672040E- 01 0.4099074E-03 0.4 099074E-03 O.OOOOOOOE 00 O.OOOOOOOE 00 O.S640000E 03

0.29501C8E 00 0.22360665 Cl 0.6S96641E 00 C.279S7C2E-02 0.320S6C9E-C2 0.2000000E 01 0.4472136E 01 0.5440000E 03

O.I160S2CE 00 0.707106BE 01 0.8206116E CO 0.34776096-02 0.6683417E-02 0.2000000E 01 0.I414214E 02 0.2140000E 03
0.iee72C2E 00 0.2236067E 02 0.4219910E 01 0.1786426E-0I 0.2456766E-0I 0 . I2C0000E 02 0.26B3279E 03 0.34800006 03

0.746372TE- 01 O.lOOOOOOE 03 0.7463727E Cl C.3171654E-0I 0.5626422E-01 0 . I500000E 02 0. 1500000E 04 0.1360000E 03

0.14642C6E- Ot 0.26264256 03 0.4I41403E 01 0 . I7S5155E-0I 0.7383573E-01 O.OOOOOOOE 01 0.25455636 04 0.2700000E 02

0.4ee0693E- 02 0»12649I1E 04 0.6I7364IE 01 0.2616431E-01 O.lOOOOOCE OC 0.2400000E 02 0.303S784E OS 0.9000000E 01

OtOOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 C.9000000E 00 O.lOOOOOOE 01 0.6360000F 03 O.OOOOOOOE 00 0.6360000E 03

e n
OO



TABLE V I I I - 4 8

FIELO SIZE DISTRIRUTION PC» NO.OF WELLS» 000

FREOUEKCV CL4SS MARK PRODUCT PR0DA6ILITV CUM.PRCB. FIELO FIND RESERVE FIND FIELD

0.3C7eeC3E 00 0.3I6227AE OC 0.9735394E- 01 0.44676856-03 0.446766:6-03 0.00000006 00 O.OOOOOOOE 00 0.56400006 03
0.29C9432F oc 0.2236066E ot 0.66396516 00 0.30607486-02 C.3£C9S17E-C2 0.2CCOOOOE 01 0.44721366 01 O.S440000E 03
0. 1 166122E oc 0.707I06QE 01 0.82596676 00 0,3607:226-02 0.731703:6-02 0,20000006 01 0.14142146 02 0.214000CE 03

O.I87772<;t co 0.2236067E 02 0.4I98727E 01 0.19354726-01 0.266717:6-01 0.16000006 02 0.35777036 03 0.344000CE 03

0.73689946- 0 1 O.lOOOOOOE 03 0.7368994E 01 0.33966596-01 0.60640346-01 0.18000006 02 0.16000006 04 0.1350000E 03
0.13I0043E- 01 0.20264256 03 0.3705359E Cl 0.17000466-01 0.77720766-01 0.12000006 02 0.33941106 04 0.240000CE 02
0.382CS6lE- 02 0.12649I1E 04 0.4833175E 01 0.22279316-01 O.lOOOOOOE 00 0.26000006 02 0.32887666 05 0.7000000E 01
C.OOCOOOCE 00 0 .00000006 00 O.OOOOOOOE 00 0.900CCOOE 00 0.ICOOOOOE 01 0.72400006 03 O.OOOOOOOE 00 0.72400006 03

en



TABLE V I I I - 4 9

FIELO SIZE DISTPIBUTION FOR NO.OF WELLS* 900

FREQUENCY CLASS m a r k PRODUCT PROBABILITY CUM.PRCB. FIELO FINO RESERVE FINO FIELU
0.3093601E 00 0.31622766 00 0.97634596-01 0.51916766-03 0.51916766-03 0.00000006 00 O.OOOOOOOE 00 0.56400006 03
C.Z9e«092E OC 0.2236C66E 01 0.667263IE 00 0.35408916-02 0.40600566-02 0.2CC0000E 01 0.44721366 01 0.54400006 03

0.1168404E 00 0.70710666 01 0.62616616 CO C.43842276-02 0.64442636-02 0.30C0000E 01 0.21213206 02 0.21300006 03
0.I89IS14E oc 0.22260676 C2 0.42071016 Cl 0.2232E83E-C1 0.30770116-01 0.17000006 02 0.38013096 03 0.343000CE 03
0.7240e0EE- e t 0.10000096 03 0.72406086 01 0.36423996-01 0.69194086-01 0.21000006 02 0.21000006 04 0.1320000E 03
0.131651lE- o t 0.20264256 03 0.37236526 Cl 0.19759896-01 0.66953916-01 0.12000006 02 0.33941106 94 0.24000006 02

0.1645639E- 02 0.12649116 04 0.20615666 01 0.11046126-01 O.lOOOOOOE 00 0.30000006 02 0.37947306 05 0.30000006 Ot

O.OOOOOOCE 90 O.OOOOOOOE 00 O.OOOOOOOE 00 0.90000006 00 O.lOOOOOCE 01 0.61500006 03 O.OOOOOOOE 00 OnSISOOOOE 03

av
o



TABLE V I I I - 5 0

FIELD SIZE DISTRIBUTION FOR NO.OF WELLSa 1000

FREQUENCY CLASS NARK PRODUCT PROBAEILITV CUM.PRCB. FIELO FINO RESERVE FINO FIELO

0 . 3 1 I6C22E 00 0 .3 I 6 2 2 7 8 E 00 0 .9 8 5 3 7 2 7 E - C I 0 .5 5 9 7 E I 4 E - 0 3 0 .5 5 9 7 8 1 4E -0 3 O.OOOOOOOE 00 O.OOOOOOOE 00 O.S640COOE 03

0.30CEE24E cc 0 .223606C E 01 0 .6 7 2 0 SSS E 00 0 . 3 8 I 7 8 9 I E - 0 2 0 . 4 3 7 7 6 7 I E - 0 2 0 .2 0 0 0 0 0 0 E 01 0 .4 4 7 2 1 3 6 E 01 O.544OCO0E 03

0 . 1 1 7 6 7 0 S E OC 0 . 7 0 7 1 0 0 3 E o t 0 . 0 3 2 1 l OO E OO C . 4 7 2 7 2 0 3 E - 0 2 0 . 9 : 0 4 B 7 4 E - 0 2 O . O OOOOOOE O t 0 . 2 t 2 t  3 2 0 E 0 2 0 . 2 1 3 0 0 0 0 E 03

0 .1 8 8 3 0 7 6 6 00 0 .2 2 3 E 0 6 7 E 02 0 .4 2 I 2 7 0 0 E 01 0 .2 3 S 3 I 9 9 E -C I C .3 3 0 1 6 8 7 E -C I O .I9 0 0 0 0 0 E 02 0 .4 2 4 S S 2 I E 03 0 . 3 4 I 0 0 0 0 E 03

0 .6 7 0 S 5 7 Ç E - 01 O.lOOOOOOE 03 0 .6 7 9 5 5 7 9 E 01 0 . 3 8 6 0 E I I E - 0 1 0 .7 1 6 4 I 9 2 E - O I 0 .3 0 0 0 0 0 0 E 02 0 .3 0 0 0 0 0 0 E 04 0 . I2 3 0 0 0 0 E 03

0 . I 2 7 0 7 I R E - 01 0 .2 8 2 8 4 2 5 E 03 0 . 3 5 9 4 I 3 I E 01 0 .2 0 4 I 7 9 S E - 0 I 0 .9 2 0 5 9 8 Î E - C I 0 . I300000E 02 0 .3 6 7 6 9 5 3 E 04 0 .2 3 0 0 0 0 0 E 0 2

O . I I 0 4 9 7 2 E - 02 0 . I 2 6 4 9 I I E 04 0 . I397E 9IE 01 0 .7 9 4  0 I6 2 E -0 2 0 .9 9 9 9 9 9 6 E - 0 I 0 .3 I0 0 0 0 0 E 02 0 . 3 9 2 I 2 2 I E OS 0 .2C 00000E 01

c .o c e o o o c E 00 O.OOOOOOOE 00 O.OOOOOOOE 00 0 .9 0 0 0 0 0 0 E  00 0 .9 9 9 9 9 9 9 E  00 0 .9 0 2 0 0 0 0 E 03 O.OOOOOOOE 00 0 .9 0 2 0 0 0 0 E 03

0\
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in  t h e  a rgum en ts  i n t r o d u c e d  by t h e  o i l  and  n a t u r a l  gas e x 

p e r t s  who c o n te n d  t h a t  i t  i s  h i g h l y  p r o b a b le  t h a t  most o f  t h e  

l a r g e r  f i e l d s  in  t h e  e x p lo r e d  r e g i o n s  o f  t h e  U.S. have a l 

r e a d y  been  found .

The n e x t  s e t  o f  r e s u l t s  i s  shown i n  T ab le  V I I I -5 1 .

T h is  t a b l e  g iv e s  t h e  v a lu e s  o f  c u m u la t iv e  r e s e r v e s ,  cumula

t i v e  f i e l d s  fo u n d , c u m u la t iv e  d ry  f i e l d s  ( h o l e s ) , r e s e r v e s  

fo u n d ,  f i e l d s  fo u n d , d ry  f i e l d s  ( h o le s )  f o u n d ,  r a t i o  o f  r e 

s e r v e s  p e r  number o f  w e l l s  d r i l l e d ,  c u m u la t iv e  dry h o le  f o o t 

age  d r i l l e d ,  c u m u la t iv e  g as  w e l l  f o o ta g e  d r i l l e d ,  f o o ta g e  

d r i l l e d ,  r a t i o  o f  r e s e r v e s  p e r  f o o t  d r i l l e d ,  and r a t i o  o f  

c u m u la t iv e  r e s e r v e s  p e r  c u m u la t iv e  f o o ta g e  d r i l l e d  f o r  a l l  

t h e  c l a s s e s  com bined, and f o r  e a c h  r e g i o n .  The r e s u l t s  f o r  

t h e  m en tio n ed  p a ra m e te r s  (T a b le  V I I I -51) a r e  shown a f t e r  W 

w e l l s  a re  d r i l l e d  w here W ra n g e s  from  1000 t o  10 ,000  w e l l s  

w i t h  in c re m e n ts  o f  1000 w e l l s .  By p l o t t i n g  some o f  th e  r e 

s u l t s  g iv e n  in  T a b le  V I I I -5 1 ,  some i n t e r e s t i n g  r e l a t i o n s  can  

be s e e n .

A g e n e r a l  r e l a t i o n s h i p  can  b e  o b t a i n e d  by p l o t t i n g  

r e s e r v e s  fo u n d  in  B cf o f  g a s  v e r s u s  t h e  num ber o f  w e l l s  d r i l l e d ,  

F ig u re  V I I I - 1 .  T h is  f i g u r e  shows t h a t  i n i t i a l l y  more r e s e r v e s  

a r e  found  p e r  g iv e n  a n n u a l  amount o f  d r i l l i n g  e f f o r t  t h a n  

l a t e r  i n  t h e  e x p l o r a t o r y  p l a y .  D uring  t h e  p l a y ,  t h i s  f a c t o r  

d ro p s  s t e a d i l y ,  w i t h  g r e a t e r  d ro p s  i n  t h e  f i r s t  h a l f  and  

l e s s e r  d ro p s  i n  t h e  seco n d  h a l f  o f  t h e  d r i l l i n g  p rogram . T h is  

i s  a d i r e c t  consequ ence  o f  t h e  f a c t  t h a t  more g i a n t  and l a r g e r



TABLE V I I I - 5 1

R e s u l t s  o f  t h e  C a l c u l a t i o n  i n  P h a s e  I  f o r  O r i g i n a l  M o d e l

AESEPVE CUN • F16LC CUM . DRY 1CL.E CUM. RESERVE INC • FIELO INC • DRV HOLE INC. INC.RES/HELLS CUM.RES/CUM.*

0,6342^4'F 05 O.9e000C0E 02 0.90200006 03 0.63422456 05 0.98000006 02 0.90200006 03 0.63422446 02 0.63422446 02

0«lt34<iteE 06 0. 19500C06 03 0.18050006 04 0.50074116 05 0.97000006 02 0.9C3000CE 03 0.500741 IE 02 0.56748286 02

C*t50nr>4 36 06 0 .30900006 03 0.26910006 04 0.37367696 OS 0.1 14000CE 03 0.88600006 03 0.37367686 02 0.5028P07E 02

0«1660701C 06 O.IQIOOOOF 03 0.36090006 04 0 . I520S86E 05 0.82000006 02 0.91800006 03 0.15205876 02 0.41517526 02

0*1 77J0IPE 06 0 .49000006 03 0.4SIOOOOE 04 0. 1 I23163E 05 0.99000006 02 0.9CIOOOOE 03 0.11231£26 02 0.3S46034E 02

0«18£155fE 06 0 .56300006 03 0.54 170006 04 0.78538136 04 0.93000006 02 0.9C70090E 03 0.78538126 01 0.30859256 02

0 . &92845CE 06 0 .69300006 03 0.63070006 04 0.77294386 04 0.11000006 03 0.8900000E 03 0.77294376 01 0.27554996 02

0 * I99S124Ç 06 0.79300006 03 0.72070006 04 0.66283756 04 0.1OOOOOOE 03 0.9000000E 03 0.66283746 01 0.24939166 02

0,205345SE OC 0 .8P500C0E 03 0.81 150006 04 0.5832E63E 04 0.9200000E 02 0.90800006 03 0.S832562E 01 0.22816216 02

0.21C6 76SE 06 0.98000006 03 0.9C20000E 04 0.53309386 04 0.95000006 02 0.90500006 03 0.53309376 01 0.21067676 02

CUM.OPY HOLE 
FOOT AGE

CUM.GAS WELL 
FQCTAC6

CUM.FüOrAGE 
CR ILLEO

INC.DRY HOLE 
FOOTAGE

INC.GAS HELL 
FOOTAGE

INC.FOOTAGE 
DRILLED

INC.RESERVE 
PEP FOOT

CUM.RESERVE 
PER FOOT

o.i7£2eçir oe 0.15913746 07 0. 19120276 08 0.17526916 08 0.15913746 07 0.19120276 08 0.33170266-02 0.3317028E-02

0.3Î>071 ?jr ce 0.32306726 07 0.38 302406 08 0.17542826 08 0.16392926 07 0.19182116 08 0.26104596-02 0.2963171E-02

0.5245002k 08 0.51236196 07 0.57573636 08 0.17376296 08 0.189294 76 07 0.19271236 08 0.19390406-02 0.2620 3706-02

0.70266545 08 0.65131286 07 0.76601666 08 0.17838536 06 0.13895096 07 0.19228036 08 0.79081796-03 0.2162324E-02

0.87796366 oe 0.81613626 07 0.95957746 08 0.17507846 08 0.16482346 07 0.19156066 08 0.58632206-03 0.18477076-02

0.10537696 09 0.97242206 07 0.11510116 09 0.17560506 08 0.15628566 07 0.19143346 00 0.41026326 -03 0.16086346-02

0.122696 76 09 0.11578196 08 0. I342749E 09 0.17319816 oe 0.18539656 07 0.19I7376E 08 0.40312S8E -03 0. I436494E-02

0 . 14C422S6 09 0.13209676 08 0. 1S363226 09 0.17728866 08 0.16314816 07 0.19357336 00 0.34242196 -03 0.1298643E-02

0.15619336 09 0 . 1472694E 08 0.17292036 09 0.17770806 08 0.15172756 07 0.19288066 08 0.30239236 -03 0.11875186-02

0.17590236 09 0.16316616 00 0. 19221096 09 0.177C8936 08 0.15896716 07 0.19298596 08 0.276234SE -03 0.10960266-02
o\Lh»



164

1 0 ^ 1 -

6
PQ

O
t oU
^  L 
^  1 0

H

!CJ%

1 0

FIGURE V I I I - 1 .  I n c r e m e n t  r e s e r v e s  f o u n d  
v e r s u s  n u m b e r  o f  w e l l s  d r i l l e d .

1000 2000 3000 4000 5000 6000
----------------------------------MT T MVVP n v  U W T T Q  n P T T T P T .

7000 8000 9000 10000



165

f i e l d s  were foun d  a t  th e  b e g in n in g  o f  th e  p l a y ,  and  t h a t  few er 

l a r g e r  f i e l d s  a re  fo und  as  d r i l l i n g  a c t i v i t i e s  c o n t in u e .  As 

t h e  s m a l l e r  f i e l d s  b e g in  t o  d om ina te  th e  mix o f  f i e l d  s i z e s  

o f  t h e  d i s c o v e r e d  f i e l d s ,  t h e  q u a n t i t y  o f  r e s e r v e s  found 

d e c r e a s e s .  By d i v i d i n g  t h e  i n c r e m e n ta l  r e s e r v e s  d is c o v e r e d  

o r  fou nd  by t h e  number o f  w e l l s  d r i l l e d  e a c h  t i m e ,  th e  r a t i o  

o f  i n c r e m e n t a l  r e s e r v e s  p e r  w e l l  d r i l l e d  i s  o b t a i n e d .  These 

v a l u e s ,  w h ich  a re  shown i n  column 7 o f  T a b le  V I I I - 5 1 ,  a re  

som etim es r e f e r r e d  t o  as a re w a rd  r a t e  a s  i t  i n d i c a t e s  rew ard  

in  te rm s  o f  r e s e r v e s  e x p e c te d  t o  be  found  d u r in g  a  g iv en  u n i t  

o f  d r i l l i n g  a c t i v i t y .  A p l o t  o f  c u m u la t iv e  r e s e r v e s  found 

v e r s u s  c u m u la t iv e  number o f  w e l l s  d r i l l e d .  F ig u r e  V I I I - 2 ,  i s  

a n o th e r  im p o r t a n t  r e l a t i o n s h i p .  T h is  cu rv e  i s  r i s i n g  s t e e p l y  

a t  f i r s t .  However, t h e  r a t e  o f  r i s e  d e c r e a s e s  and  by th e  end  

o f  t h e  s i m u l a t e d  e x p l o r a t o r y  p l a y ,  t h e  c u rv e  i s  r i s i n g  much 

more g r a d u a l l y .  The s lo p e  o f  t h i s  curve  r e p r e s e n t s  th e  cumu

l a t i v e  r e s e r v e s  found p e r  c u m u la t iv e  number o f  w e l l s  d r i l l e d .  

The v a lu e s  o f  t h i s  s lo p e  f o r  e ac h  W w e l l s  d r i l l e d  (W ra n g in g  

from 1 0 0 0  t o  1 0 , 0 0 0  w e l l s  w i th  in c re m e n ts  o f  1 0 0 0  w e l l s )  a re  

shown i n  colum n 8  o f  T ab le  V I I I - 5 1 .  F ig u re  V I I I - 3  g iv e s  a 

r e l a t i o n s h i p  be tw een  r e s e r v e s  foun d  v e r s u s  num ber o f  f i e l d s  

fo u n d . A gain  we can se e  t h a t  even  th oug h  a p p ro x im a te ly  th e  

same num ber o f  f i e l d s  a re  fo und  d u r in g  l a t e r  s t a g e s  o f  th e  

d r i l l i n g  a c t i v i t i e s ,  t h e  r e s e r v e s  found  i n i t i a l l y  d u r in g  th e  

d r i l l i n g  o f  t h e  f i r s t  lOOO o r  2000 w e l l s  w ere  m ark ed ly  h i g h e r .  

Again t h i s  b e h a v io r  r e f l e c t s  t h e  f a c t  t h a t  more g i a n t  and
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l a r g e r  f i e l d s  w ere  fo u n d  a t  t h e  b e g in n in g  o f  t h e  p l a y .  F ig u re  

V I I I -4 i s  a c t u a l l y  t h e  same r e l a t i o n s h i p  a s  F ig u re  V I I I - 3 ,  

b u t  on a c u m u la t iv e  b a s i s .  T h is  c u rv e  d e m o n s t r a te s  a  s h a rp  

i n c r e a s e  a t  th e  b e g in n in g  f o l lo w e d  b y  more and more g r a d u a l  

i n c r e a s e s  l a t e r  i n  th e  p l a y .  A t o t a l  o f  980 f i e l d s  were 

fo und  in  d r i l l i n g  10 ,000 w e l l s .  T h ese  f i e l d s  c o n ta in e d  a 

t o t a l  o f  abou t 2 .0 4  x 10^ B cf o f  g a s .  A n o th e r  a p p ro a c h  i s  

shown i n  F ig u re s  V I I I -5  and  V I I I - 6  w h ich  g iv e s  p l o t s  o f  r e 

s e r v e s  foun d  v e r s u s  fo o ta g e  d r i l l e d  and  c u m u la t iv e  r e s e r v e s  

fo u n d  v e r s u s  c u m u la t iv e  f o o ta g e  d r i l l e d  ( t h i s  i n c l u d e s  b o th  

f o o ta g e  d r i l l e d  f o r  g as  and d ry  w e l l s ) . I t  s h o u ld  be men

t i o n e d  t h a t  a l l  t h e  p r e v io u s  f i g u r e s  and  t h e s e  f i g u r e s  must 

go th ro u g h  th e  o r i g i n  b e c a u se  no  e f f o r t  p ro d u c e s  no r e s u l t s .  

F u r th e rm o re ,  th e  c u m u la t iv e  r e s e r v e s  d i s c o v e r e d  o r  found  

v e r s u s  c u m u la t iv e  f o o ta g e  c u rv e  r i s e s  f i r s t  s h a r p l y  and t h e n  

more g e n t l y .  A lso  t h e  s l o p e s  o f  t h e  c u rv e s  on F ig u r e s  V I I I -5 

a nd  V I I I - 6  r e p r e s e n t  t h e  i n c r e m e n t a l  r e s e r v e s  d i s c o v e r e d  p e r  

f o o t  d r i l l e d  and c u m u la t iv e  r e s e r v e s  d i s c o v e r e d  p e r  c u m u la t iv e  

f o o ta g e  d r i l l e d ,  r e s p e c t i v e l y .  The v a l u e s  f o r  t h e  s l o p e s  

m e n t io n e d  above a r e  shown i n  colum ns 5 and  6  o f  t h e  lo w er  

p a r t  o f  T ab le  V I I I - 5 1 ,  A lso  t h e  v a l u e s  o f  t h e  s lo p e  ( i n c r e 

m e n ta l  r e s e r v e s  p e r  i n c r e m e n t a l  f o o t a g e  d r i l l e d )  a r e  p l o t t e d  

v e r s u s  t h e  c u m u la t iv e  f o o ta g e  d r i l l e d .  F ig u r e  V I I I -7 .  T h is  

c u rv e  shows a v e ry  s h a rp  d e c r e a s e  a t  t h e  b e g in n in g  and  th e n  

a v e ry  g e n t l e  d e c r e a s e  d u r in g  t h e  l a t e r  s t a g e s .

Most o f  t h e  v a lu e s  i n  T a b le  V I I I -51  and  th e  f i g u r e s  

w hich  w ere  d i s c u s s e d  ( F ig u r e s  V I I I - 1  t o  V I I I - 7) t o  t h i s  p o i n t
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I n c r e m e n t  r e s e r v e s  f o u n d  
f o o t a g e  d r i l l e d .
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can be u s e d  t o  d e te rm in e  an  econom ic  l i m i t .  (Econom ic l i m i t  

i s  u s u a l l y  u n d e r s to o d  t o  mean t h e  p o i n t  o r  s t a g e  i n  t h e  e x 

p l o r a t o r y  a c t i v i t i e s  when th e  rew ard s  do n o t  j u s t i f y  t h e  e x 

p e n d i t u r e s  f o r  d r i l l i n g  and d e v e lo p in g  t h e  p l a y . )  T h is  i s  

done by c o n v e r t i n g  r e s e r v e s  fo u n d  and  f o o ta g e  d r i l l e d ,  o r  

number o f  w e l l s  d r i l l e d ,  t o  t h e i r  c o r r e s p o n d in g  d o l l a r  v a l u e s .

F o r  Case I ,  T ab le  V I I I -52 i s  c o n s t r u c t e d .  The same 

c o n c lu s io n s  can be drawn from  t h e  r e s u l t s  and p l o t s  ( F ig u r e s  

V I I I - 8  t o  V I I I -1 4 )  f o r  t h i s  c a s e ,  e x c e p t  t h a t  h e r e  e v e r y t h i n g  

i s  t o  a s m a l l e r  s c a l e  w i th  W r a n g in g  from  1 0 0  t o  1 0 0 0  w e l l s  

w i th  in c re m e n ts  o f  100 w e l l s .  The most n o t a b l e  chan ges  f o r  

t h i s  case  can  be  se e n  by lo o k in g  a t  F ig u r e s  V I I I - 8  t o  V I I I -1 4 .  

A gain  f o r  t h i s  c a s e  more r e s e r v e s  w ere  fo u n d  i n  t h e  i n i t i a l  

s t a g e  o f  d r i l l i n g  (W ra n g e s  from 0 to  100 w e l l s ) . But a f t e r 

w ards  t h e  r e s e r v e s  f i n d i n g  r a t e  o s c i l l a t e d  w i l d l y  f o r  t h e  

r e s t  o f  t h e  d r i l l i n g  a c t i v i t i e s .  T h is  i n c r e a s e d  amount o f  

d i s p e r s i o n  i n  t h e  r e s u l t s  i s  due t o  t h e  s m a l l e r  d r i l l i n g  i n 

c rem en t sam ple  s i z e  ( 1 0 0  w e l l s  v e r s u s  1 0 0 0  w e l l s  p r e v i o u s l y )  

w hich  in  t u r n  c a u s e d  th e  f i n d i n g  o f  t h e  g i a n t  and  l a r g e r  f i e l d s  

t o  be s p r e a d  more e v e n ly  th r o u g h o u t  a l l  t h e  s t a g e s  o f  d r i l l i n g  

a c t i v i t i e s .  To t h e  e x t e n t  t h a t  t h e  number o f  l a r g e r  f i e l d s  

i n  t h e  sam ple  t e n d s  t o  dom ina te  t h e  f i e l d  s i z e  mix r e s e r v e s  

a t t r i b u t a b l e  t o  t h e  sam ple a r e  g r e a t e r .

F o r  Case I I ,  in  w hich  t h e r e  w ere  t h r e e  d i f f e r e n t  r e 

g i o n s ,  t h e  r e s u l t s  f o r  e a c h  r e g io n  a re  shown i n  T a b le s  V I I I -S3 

t o  V I I I - S S .  The r e s u l t s  from  t h i s  c a se  a r e  p l o t t e d  i n  F ig u r e s



T a b l e  V I I I - 5 2  

R e s u l t s  o f  t h e  C a l c u l a t i o n  i n  P h a s e  I  f o r  C a s e  I

PES&PVF CUM. FIELD CUM. DRY HOLE CUM. RESERVE INC • FIELD INC DRV HOLE INC. INC.RES/WELLS CUM.RES/CUM.M
0.7743466E C4 O.llOOOCQE 02 o.eooooooE 02 0.77424666 C4 0.11OOOOOE 02 0.6900000E 02 0.77434686 02 0.77434886 02
o.i4«9teoE 05 0.2IOOOCOE 02 0.1790000E 03 0.6852II3E 04 O.IOOOOOOK 02 0.9000000E 02 0.6852II2E 02 0.7297800E 02
0.IQ26309E 05 0.3000000E 02 0.2700000E 03 0.4667466F 04 C.QOCOOOCE Cl o.Qiooooor 02 0.4667486E 02 0.64210306 02
0*l9K7-i3eE 05 0.36COOOOE 02 0.3640000E 03 0.6I22734E 03 0.6000000E 0 1 0.9400000E 02 0.6I22734E 01 0.496B64CE 02
0.23E76J1C 05 0.4600000E 02 0.4S40000E 03 0.370294SE 04 O.IOOOOOOE 02 0.9000000E 02 0.3702945E 02 0.47:066 26 02
0.256m30EE OS O.SSOOOOOE 02 0.5450000E 03 0.2I04746E 04 O.OOOOOOCE 01 0.9I00000E 02 0.210474SE 02 0.42805086 02
0.267S760E 05 0.6400000E 02 0.C360000E 03 0.3074S43E 04 0.9000000E 01 0.9100000E 02 0.3074542E 02 0.4I08228E 02
0.222649:6 OS 0.7600000E 02 0.7240000E 03 0.3507209E 04 0.I200000E 02 o.eaoooooE 02 0.3S07307E 02 0.40331136 02
0.3364 f>07fc 05 O.Q500000E 02 O.aiSOOOOE 03 0. 1302I6OE 04 0.9000000E 01 0.9100000E 02 0.13B3160E 02 0.37386736 02
0.359RE2CE 05 C.980CO00E 02 0.9020000E 03 0.2337I91E 04 0.1300000E 02 0.D700000E 02 0.2337I90E 02 0.3S98E24E 02

CUM.DRV HOLE 
F00T4GE

CUM.CAS W6LL 
FOOTAGE

CUM.FUOTAGE
DRILLED

INC.DRV HOLE 
FOOTAGE

INC.GAS HELL 
FOOTAGE

INC.FOOTAGE 
DRILLED

INC.RESERVE 
PER FOOT

CUM.RESERVE 
PER FOOT

0.17439776 07 0.I73I8C0E 06 0. 1917137E 07 0.1743977E 07 0.17316006 06 0.19171376 07 0.40390866-02 0.403908CE-02
0.34P3E17F 07 0.3357942E 06 0.38196116 07 0.17398406 07 0.162634 26 06 0.19024746 07 0.36016866-02 0.38212276-02
0.52516716 07 0.47964196 06 0.57313126 07 0.17678546 07 0.14294776 C8 0.19117016 07 0.2441S37E-02 0.33610266-02
0.712717CE 07 0.58041766 06 0.77075876 07 0. 1B75499E 07 0.1007758E 06 0.19762746 07 0.30981196-03 0.25786756-02
0.89006826 07 0.73295666 06 0.96336386 07 0,17735126 07 0.15253896 06 0.19260506 07 0.19225596-02 0.24474986-02
0.10642656 08 0.86 754 I9E 06 0.1I51019E 08 0.174 19676 07 0.13458546 06 0.18765526 07 0.11216036-02 0.2231332E-02
0.12411696 08 0. 10285496 07 0.13440246 08 0.17690396 07 0.16100696 06 0.19300456 07 0.15929906-02 0.21396646-02
0.14121816 08 0.12I7CCSE 07 0.15339416 08 0.17101176 07 0.18905626 06 0. 18991736 07 0.18467566-02 0.2103399E-C2
o.iseeiicE 08 0.13682666 07 0.17249416 08 0.17593516 07 0.15066106 06 0.19100126 07 0.72416296-03 0.19606796-02
0.17528916 08 0.1591374.6 07 0.19120276 08 0.16477566 07 0.223108CE C6 0.18708646 07 0.12492586-02 0.18820476-02
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10
FIGURE V I I I - 8 .  I n c r e m e n t  r e s e r v e s  f o u n d  v e r s u s  

n u m b e r  o f  w e l l s  d r i l l e d  f o r  c a s e  I .
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FIGURE V I I I - 1 0 .  I n c r e m e n t  r e s e r v e s  f o u n d  
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Table V III-53

R e s u l t s  o f  t h e  C a l c u l a t i o n  i n  P h a s e  I  f o r  C a s e  I I ,  R e g i o n  1

PESEPVE CUM. FICLC CUM. ORV HOLE CUM. RESERVE INC. FIELD INC. DRY HOLE INC. INC.RES/MELLS CUM.RES/CUM•«
0.77424PPE C4 0.1 :OOOOOE 02 0.6900000E 02 0.77434686 04 0.1 IOOOOOE 02 0.8900000E 02 0.7743486E 02 0.77434686 02
0. C5 0*2lOOOOOE 02 0.1 790000E 03 0.58700476 04 O.IOOOOOOE 02 O.90C0O00E 02 0.S670045E 02 0.6806767E 02
o.ibfti3cet 05 0 «300O0C0E 02 0.2700000E C3 0.199ÇC43E 04 0.900000CE 01 0.91OOOOOE 02 0.I999542E 02 0.52043586 02

0* isea?4CE 05 0.i6000C3£ 02 0.3640000E 03 0,26932036 03 0.6COOOOOE 0 1 0.9400000E 02 0.2693203E 01 0.3970S99E 02

O.I6Q9504C 05 0.4600000E 02 0.4540000E 03 0«1112£4]E 04 O.IOOOOOOE 02 0.9OC000OE 02 0.11126416 02 0.3399007E 02
0. 1747C27F 05 0.55000COE 02 O.S4SOOOOE 03 0.46:2266E 03 C.9000000E 01 O.9I00000E 02 0.4812265E 01 0.291271 IE 02

0.1356C67E OS 0.64000COE 02 0.6360000H 03 0.1110406E 04 0.9000000E Ot 0.91000006 02 0.11104006 02 0.2655238E 02
0.1974MB7E 05 0.76000006 02 0.7240000E 03 0. 116219SE 04 0.I20000CE 02 0.6800000E 02 0.11621956 02 0.2468608E 02
0.2068387E 05 0.85000COE 02 O.eiSOOOOE 03 0.935C039E 03 0.9000000E Ot 0.9IOOOOOE 02 0.9350039E 01 0.2298207E 02

0.2I37E03E 05 0.9R00000E 02 0.9020000E 03 0.0911602E 03 0.I300000E 02 0.8700000E 02 0.691160IE 01 0.2137503E 02

CUM.ORV HOLE 
FOOTAGE

CUM.GAS WELL 
FOOTAGE

CUM.FOOTAGE 
DRILLED

INC.DRY HOLE 
FOOTAGE

INC.GAS VELL 
FOOTAGE

INC.FOOTAGE 
DRILLED

INC.RESERVE 
PER FOOT

CUM.RESERVE 
PER FOOT

0.17439776 07 0. 1721ecoE 06 0.1917:376 07 0.17439776 07 0.173I600E 06 0.19171376 07 0.40390866-02 0.40390866-02
C.3483EI76 07 0.33579426 06 0.38196:IE 07 0.17398406 07 0.16263426 06 0.19024746 07 0.30854816-02 0.356411:6-02
0.525167IF 07 0.47964196 06 0.57313126 07 0.17676546 07 0.1438477E 06 0.19117016 07 0.10459506-02 0.27241726-02

0.7I27I7C6 07 0.58041766 06 0.77075876 07 0.18754996 07 0.10077566 06 0.1976274E 07 0.1362768E-03 0.20606I9E-02

C.89C06826 07 0.73295666 06 0,96336386 07 0.17735126 07 0.15293896 06 0.19260506 07 0.57767986-03 0.17641356-02

0.10642656 on 0 .86754196 06 0.11510196 08 0. 174I967E 07 O.134S054E 06 0.I876S52E 07 0.25644186-03 0.15183306-02
0.12411696 08 0.10265496 07 0.13440246 08 0.17690396 07 0.16100696 06 0.1930045E 07 0.57532646-03 0.13829136-02
0.14121016 ce 0.12:76056 07 0. 15339416 08 0.17101176 07 0.1890562E 06 0.18991736 07 0.61194816-03 0. 12074596-02
0.15881:66 08 0.I368266E 07 0.I724941E 00 0.175935JE 07 0.180661 CE 06 0 . I910012E 07 O.409S276E-O3 0.11991066-02
0.17528916 08 0 .1591374E 07 0.19120276 08 0.16477S6E 07 0.223108CE 06 0.1870864E 07 0.36943356-03 0.11179256-02 00

tsJ



Table V III-54

R e s u l t s  o f  t h e  C a l c u l a t i o n  i n  P h a s e  I  f o r  C a s e  I I ,  R e g i o n  2

RESERVE CUM. FIELD CUM. DRY K)LE CUM. RESERVE INC FIELD INC:. DRY HOLE INC. INC.RES/WELLS CUM,RES/CUM.W
0.77434ECE C4 O.IIOOOCOE 02 o .esoooooE 02 0.7743408E 04 0.* *OOOOOE 02 0.8900000E 02 0.77424686 02 0.77434666 02
0.!4E9S6CC 05 O.21OOCO0E 02 0.1790000E 03 0.6652**36 04 O.IOOOOOOE 02 0.90000006 02 0.6852*126 02 0.72976006 02
0.1926J09E 05 0 .30000COE 02 0.7700000E 03 0.4667466E 04 0.900000CE Cl 0.9I00000E 02 0,46674886 02 0.64210306 02
0.*9675366 05 O.36OCO0OE 02 0.36400COE 03 0.6I22734E 03 0.6COOOOOE 0 * 0.9400000E 02 0.61227346 0* 0.49686406 02
0.235763*6 05 0.4600000E 02 0.4S40000E 03 0.370294SE 04 O.IOOOOOOE 02 0.90000006 02 0.37029456 02 0.47*56626 02
0.25683C5E 05 0 .55000COE 02 O.S4SOOOOE 03 C.2104746E 04 C.9COOOOCE 0* 0.9*OOOOOE 02 0.2:04 7456 02 0.42805086 02

0.2675360E 05 0.64000COE 02 0.6360000E 03 0.3074543E 04 0.9000000E 0* 0.91000006 02 0.30745426 02 0.41082286 02
0.3226491E 05 0.7600000E 02 0.7240000E 03 0.3507309E 04 0.*2000006 02 0.68000006 02 0.35073076 02 0.4033**36 02
0.3364e07E 05 0.05000COE 02 O.aiBOOOGE 03 0.I3B3*60E 04 0.900000CE 0* 0.9*000006 02 0,1383*606 02 0.37386736 02
0 . 3 S 9 8 S 2 6 E OS 0.9800000E 02 0.9020000E 03 0.2337*9*6 04 0.*3000006 02 0.67000006 02 0.2337*906 02 0 . 3 5 9 8 5 2 4 6 02

CUM.OPV MOLE 
FOOTAGE

CUM.GAS WELL 
FOCTACE

CUM.FOOTAGE 
GRILLED

INC.DRY HOLE 
FOOTAGE

INC.GAS AELL 
FOOTAGE

INC.FOOTAGE 
DRILLED

INC.RESERVE 
PER FOOT

CUM.RESERVE 
PER FOOT

0.17439776 07 O.I7318COE 06 0.1917137E 07 0. 1743977E 07 0.17316006 06 0.1917137E 07 0.40390806-02 0.40390886-02
0.34E3EI7E 07 0.3357942E 06 0.38*96*IE 07 0.*7398406 07 0.162634 26 06 0. I902474E 07 0.260*6866-02 0.38212276-02
0.525*67*6 07 0 .4796419E 06 0.57313I2E 07 0.*7676546 07 0.14284776 C< 0.19**70*6 07 0.244*5376-02 0.33610206-02

0.7*27*706 07 0.5004*76E 06 0.77075876 07 0,*87 54996 07 0.10077586 06 0.19762746 07 0.30981*96-03 0.25786756-02

0.89006826 07 0.7329566E 06 0.96336386 07 0.17735*26 07 0.15253896 00 0.19260506 07 0.*9225596-02 0.24474986-02

0.*0642656 06 0.86754196 06 0.* 15*0196 08 0.*74*9676 07 0.13458546 08 Oo *8765526 07 0.1*2*6036-02 0.223*3326-02
0.124**696 08 0.*0285496 07 0»1344024E 08 0. 1769039E 07 0.16*00696 06 0.19300456 07 0.15929906-02 0.2I39664E-02

0.14*218*6 08 0.12*76056 07 0.15339416 08 0. 1710117E 07 0.18905626 06 0.18991736 07 0.*8467506-02 0.21033996-02

0.1588**86 08 0.13082666 07 0. 172494*6 08 0.175935*6 07 0.15006106 06 0.19100*26 07 0.72410296-03 0.19800796-02
0.175269*6 08 0.15913746 07 0. *9*20276 08 0.16477566 07 0.223*0806 CO 0.18708646 07 0.*2492586-02 0.18820476-02 C»w



Table V III-55

R e s u l t s  o f  t h e  C a l c u l a t i o n  i n  P h a s e  I  f o r  C a s e  I I ,  R e g i o n  3

hESEOve Cu m FIELD CUM1. DPY HOLE CUM. PE SERVE INC • FIELD INC • DRV HOLE INC. INC.RES/MELLS CUM.RES/CUNl.«

0*77434»CE C4 0 . M O O O O O E 02 0.8900000E 02 0.7743488E C4 0.1lOOOOOE 02 0.eocooocE 02 0.774348EE C2 0.7743468E 02

0.15943J0E 05 0.2100000E 02 0 . 1790000E C3 C.81996676 04 O.IOOOOOOE 02 0.9000000E 02 0.81998666 02 0.797I677E 02

o,2:6ce%CE 05 O.300OC00F 02 0.2700000E 03 0.5664C44E 04 0.9000000E 01 0.9IOOOOOE 02 0.56648446 02 0.72027336 02
0.232853(6 05 S.3600000E 02 0.3640000E 03 0. I777104E 04 0.600000CE 01 0.9400000E 02 0 . 1777I84E 02 0.5846 3466 02

0.2807039E CS 0 «4600000E 02 0.4540000E C3 C.4685C12E 04 0.1OOOOOOE 02 0.9000000E 02 0.468501 IE 02 0.56140786 02
0.3I2S0I4E OS G.SSCC0C06 02 O.S4SOOOOE 03 0.3:797466 04 0.9000000E 01 0.91000006 02 0.31797456 02 0.52083S6E 02

0.3409037E 05 0.64 OOOOOE 02 0.6360000E 03 0.3440227E 04 0.90000006 01 0.91OOOOOE 02 0.344022SE 02 0.4955766E 02
0.304561(E OS O.760C0C0E 02 0.7240000E C3 0.37677896 04 C.120000C6 02 0.80000006 02 0.37677896 02 0.4807269E 02

0.4384723E C5 C.ASOOOCOE 02 0.8150000E 03 0.5389074E 04 0.9000000E 01 0.91000006 02 0.S389073E 02 0.48719136 02

0.463307CE C5 0.9800000E 02 0.9020000E 03 0.24924736 04 C. 130000CE 02 0.87000006 02 0.24924716 02 0.4633969E 02

CUM.DRY h o l e  
FOOTAGE

CUM.GAS WELL 
FOOTAGE

CUM.FOOT AGE 
DRILLED

INC.DRY HOLE 
FOOTAGE

INC.GAS HELL 
FOOTAGE

INC.FOOTAGE
DRILLED

INC.RESERVE 
PER FOOT

CUM.RESERVE 
PER FOOT

0.17439776 C7 0.17316006 06 0.19I7137E 07 0 . 1743977E 07 0.173160CE 08 0.19171376 07 0.40390866-02 0.40390066-02

0.34838176 07 0.33579426 06 0.38 196116 C7 0.17398406 07 0 . 1626342E 06 0 . 1902474E 07 0.43101056-02 0.41740766-02

0.52516716 07 0.47984196 06 0.573I312E 07 0.17678546 07 0.14384776 08 0.19117016 07 0.29632486-02 0.37702016-02

0.712717CE 07 O.50O4176E 06 0.7707587E 07 0.18754996 07 0.10077586 06 0.19762746 07 0..8992E97E-C3 0.30340736-02

0.69C0682E 07 0.73295666 06 0.96336386 C7 C. 1773:126 07 O.1525309E 06 0.19260506 07 0.24324466-02 0.29137906-02

0. 10642656 06 0.86754 196 06 0,11510196 08 0.17419676 07 0.1345854E 08 0.16765526 07 0.1694 4626-02 0.27149986-02

0.12411696 08 0.10285496 07 0 . 1344024E 08 0 . 1769C39E 07 0.16100696 06 0.19300456 07 0.17824596-02 0.25010836-02

0.14121816 00 0.1217605E 07 0. 1533941E 06 0 . 17101I7E 07 O.109OS62E 08 0.1699173E o r 0.19039106-02 0.25071476-02

0.15801166 08 0.13602666 07 0.1724941E 08 0 . 17593SIE 07 0.1S0661CE 06 Ô.1910012E 07 0.2821487E-02 0.25419566-02

0.17520916 00 0.1591374E 07 0 . 1912027E 08 0.16477566 07 0.223l08Ce 06 O.107O664E 07 0.13322576-02 0.24235906-02 004S.
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V I I I -15 t o  V I11-21  w i th  e ac h  f i g u r e  r e p r e s e n t i n g  th e  p l o t t e d  

p a ra m e te r s  f o r  a l l  t h r e e  r e g i o n s .  Again t h e  c h a r a c t e r i s t i c  

b e h a v io r  i s  o b se rv e d  f o r  e a c h  o f  t h e  r e g i o n s .  F ig u r e s  V I I I -15 

and  V I I I -17 show t h a t  more r e s e r v e s  a re  fo u n d  when more g i a n t  

and  l a r g e r  f i e l d s  a r e  fo u n d .  T h is  o c c u rs  f o r  e ac h  o f  t h e  

r e g i o n s .  F ig u r e s  V I I I -16 an d  V I I I - 1 8  show t h e  sm ooth i n c r e a s e  

o f  c u m u la t iv e  r e s e r v e  f o r  R eg ion  I and s h a r p e r  i n c r e a s e s  f o r  

R egions I I  and  I I I .  F ig u re  V I I I -19 shows t h e  r e s e r v e s  found  

f o r  t h e  i n i t i a l  s t a g e  o f  d r i l l i n g  ( i . e . ,  t h e  d r i l l i n g  o f  th e  

f i r s t  100 w e l l s  o r  1 .92  x 10^ f e e t )  was t h e  same f o r  a l l  t h r e e  

r e g i o n s .  But as  d r i l l i n g  a c t i v i t i e s  c o n t in u e d ,  more r e s e r v e s  

w ere found  in  R egion I I I  t h a n  R eg ions  I and  I I ,  and more 

r e s e r v e s  from Region I I  th a n  R egion  I .  T h is  i s  what i s  r e a l l y  

e x p e c te d  b e c a u se  we have  more f i e l d s  a v a i l a b l e  i n  R eg ion  I I I  

th a n  R egions I  an d  I I ,  and more f i e l d s  i n  R eg ion  I I  t h a n  Re

g io n  I .  F ig u re  V I I I -20 shows a  smooth i n c r e a s e  i n  c u m u la t iv e  

r e s e r v e s  cu rv e  f o r  Region I  and  v e ry  sh a rp  i n c r e a s e  f o r  t h e  

cu m u la t iv e  c u rv e s  o f  R eg ions  I I  and  I I I .  F ig u re  V I I I - 2 1  shows 

a much s h a r p e r  d rop  f o r  t h e  in c re m e n t  o f  r e s e r v e s  p e r  i n c r e 

ment o f  f o o ta g e  d r i l l e d  c u rv e  f o r  Region I t h a n  f o r  R egions 

I I  and  I I I .

These f i g u r e s  ( V I I I - 8  t o  V I I I - 2 1 )  i n d i c a t e  t h a t  th e  

r e s u l t s  f o r  Cases I and I I  a lm o s t  fo l lo w  th e  same p a t h  as th e  

o r i g i n a l  p a th  g iv e n  in  F ig u r e s  V I I I - 1  t o  V I I I - 7 .  T h is  te n d s  

to  su p p o r t  t h e  v a l i d i t y  o f  t h e  r e s u l t s  o f  t h e  m odel.
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FIGURE V I I I - 1 5 .  I n c r e m e n t  r e s e r v e s  
f o u n d  v e r s u s  n u m b e r  o f  w e l l s  d r i l l e d  

f o r  C a s e  I I .
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CUMULATIVE NUMBER OF WELLS DRILLED

FIGURE V III-16 . Cumulative reserves found versus cumulative
number of w ells  d r i l le d  fo r  Case I I .



FIGURE V I I I - 1 7 .  I n c r e m e n t a l  r e s e r v e s  f o u n d
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O REGION I  

A REGION I I  

□  REGION I I I

3 . 8

1 . 3

1004 02010
CUMULATIVE NUMBER OF F IE L D S  FOUND

FIGURE V III-18 . Cumulative re se rv es  found versus cumulative
number of f ie ld s  found fo r Case I I .
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O REGION I

A  REGION I I  

□  REGION I I I

i

CUMULATIVE FOOTAGE DRILLED (x 10®)
FIGURE V III-20. Cumulative rese rv es  found versus cumulative

footage d r i l le d  fo r Case I I .
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FIGU RE V I I I - 2 1 .  I n c r e m e n t a l  r e s e r v e s / i n c r e m e n t a l  f o o t a g e  d r i l l e d  
v e r s u s  c u m u l a t i v e  f o o t a g e  d r i l l e d  f o r  C a s e  I I .



CHAPTER IX

DISCUSSION OF RESULTS OF THE SECOND PHASE FOR 

THE ORIGINAL MODEL AND OTHER REALISTIC

SYSTEMS

The r e s u l t  o f  t h i s  p h a se  o f  t h e  s tu d y  i s  a c t u a l l y  a 

p r e d i c t i o n  and  f o r e c a s t  o f  t h e  f u t u r e  r e s e r v e s  d i s c o v e r i e s .  

T h is  i s  a c c o m p l ish e d  by  u s in g  t h e  r e s u l t s  o f  p h a se  one and  

assum ing  t h a t  t h e  f u t u r e  d r i l l i n g  a c t i v i t i e s  w i l l  fo l lo w  a 

m a th e m a t ic a l  f u n c t i o n ,  i . e . ,  h y p e r b o l i c  c u rv e .  O th e r  ru n s  

w ere made b a s e d  on th e  r e s u l t s  o f  Case I and  Case I I  u s in g  

o t h e r  m a th e m a t ic a l  f u n c t i o n s  t o  g e t  a  b r o a d e r  r a n g e  o f  f o r e 

c a s t s  and p r e d i c t i o n s .  The r e s u l t s  o f  each  o f  t h e s e  ru n s  w i l l  

be  d i s c u s s e d  i n  d e t a i l  in  t h i s  c h a p t e r .

The r e s u l t s  o f  t h i s  p h a se  a re  e x p re s s e d  i n  te rm s  o f  

such  p a ra m e te r s  a s  f u t u r e  r e s e r v e s ,  f u t u r e  c u m u la t iv e  r e s e r v e s  

f u t u r e  d i s c o v e r y  r a t e  ( r a t i o  o f  in c re m e n t  r e s e r v e s  p e r  i n c r e 

ment f o o t a g e ) , and  f u t u r e  c u m u la t iv e  d i s c o v e ry  r a t e  ( r a t i o  

o f  c u m u la t iv e  r e s e r v e s  p e r  c u m u la t iv e  fo o ta g e )  f o r  e a c h  r e 

g i o n ,  and a l s o  f o r  a l l  ( t h r e e )  r e g io n s  combined a s  f u n c t i o n s  

o f  t im e .  The r e s u l t s  a re  a c t u a l l y  a p r e d i c t i o n  and  f o r e c a s t  

o f  t h e s e  m e n t io n e d  p a r a m e te r s  f o r  t h e  n e x t  20 y e a r s .  And 

th e y  a re  a l s o  p l o t t e d  f o r  e a c h  r e g io n  and f o r  a l l  t h e  r e g io n s

193
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combined f o r  a l l  ru n s  made i n  t h e  s t u d y .  However, i t  was n o t  

f e a s i b l e  t o  in c lu d e  a l l  f i g u r e s  g e n e r a t e d  d u r in g  t h e  c o u rs e  

o f  t h e  s t u d y  i n  t h e  d i s s e r t a t i o n  b e c a u s e  o f  b o th  t h e  number 

o f  f i g u r e s  in v o lv e d  and  t h e  s i m i l a r i t y  o f  t h e  r e s u l t s  from 

v a r i o u s  c a s e s .  In  p a r t i c u l a r ,  p l o t s  f o r  t h e  i n d i v i d u a l  r e g io n s  

were o m i t t e d  a f t e r  t h e  t h i r d  ru n .

F i r s t  Run

The r e s u l t s  o b t a i n e d  from  t h e  f i r s t  ru n  a r e  shown in  

T a b le s  IX-1 t o  IX-4 and  F ig u r e s  IX -1  t o  IX -24 . T h is  run  i s  

b a s e d  on t h e  r e s u l t s  o f  t h e  o r i g i n a l  m odel from P h a se  one 

u s in g  a h y p e r b o l i c  c u rv e  f o r  f u t u r e  d r i l l i n g  a c t i v i t i e s .

T a b le s  IX-1 t o  IX -3  a r e  r e s u l t s  f o r  r e g io n s  one t o  t h r e e ,  

r e s p e c t i v e l y .  T a b le  IX-4 c o n t a i n s  t h e  r e s u l t s  f o r  a l l  r e 

g io n s  ( t h r e e )  com bined. As shown i n  t h e s e  t a b l e s ,  some o f  

t h e  v a lu e s  in  i n i t i a l  rows a r e  z e r o s .  T h is  h ap p en e d  b e ca u se  

o f  t im e  o f  i n i t i a t i o n  o f  d r i l l i n g ,  t ^ ,  was n o t  e q u a l  t o  z e r o ;  

i . e . ,  i t  d i d  n o t  c o r r e s p o n d  t o  t h e  t im e  r e f e r e n c e  f o r  t h e  

ru n .  F o r exam ple . R egion 1 h a s  t h e  f i r s t  2 rows ( y e a r s )  z e r o s ,  

o r  R egion 2 h as  t h e  f i r s t  4 rows ( y e a r s )  z e r o s ,  b e c a u s e  t ^  

was e q u a l  t o  2 f o r  R egion 1 and  e q u a l  t o  4 f o r  R egion  2. By 

p l o t t i n g  t h e  r e s u l t s  v e r s u s  e i t h e r  t im e  o r  f o o t a g e ,  o r  cumu

l a t i v e  f o o t a g e ,  f o r  each  r e g io n  an d  a l l  r e g io n s  com bined , 

some i n t e r e s t i n g  r e l a t i o n s h i p s  a r e  o b t a i n e d .  I t  s h o u ld  be  

m e n t io n e d  t h a t  f o r  a l l  p l o t s  t h e  z e r o  v a lu e s  f o r  e a c h  o f  th e  

rows w ere  n o t  i n c lu d e d .



TABLE IX-1

P r e d i c t i o n  o f  F u t u r e  D i s c o v e r i e s  f o r  R e g i o n  1  
( H y p e r b o l i c  C u r v e )

IWE I4C.F00T40E INC.RESERVE CU7.F00TACE CUF.RESERVE DISCCVERV RATE 
(INC.RE S/INC.FT)

CUF.DISCOVERY RATE 
(CUV.R6S/CUF.FT)

1 O.CCCCOOCE CO 0.00000006 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.CCOOOCCE 00

a O.COOO0O9E 09 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE OO O.OOOOOOOE 00 0.00009006 00

3 0.IW4762E OB 0.63I814SE OS 0. I904762E 08 0.63181456 05 0.33170266-02 0.33170266-02

« 0.IT3I602E OS 0.4S2S399E 09 0.3636363E 08 0.IC843:4E 06 0.26134186-02 0.29819756-02

9 o.isaioaTE 09 0. 31968606 09 0.52I7390E 08 O.I403939E 06 0.20213766-02 0.26908846-02

6 0.I449277E 08 0.1766:2:6 05 0.6C6666TE OS 0.1!8C::2E 06 O.121862SE-02 0.23798286-02

7 0.133333 6E ca 0.9S90IS8E 04 0.8000003E OS 0. 16794:4E 06 0.74176266-03 0.20993166-02

8 0.12307666 OS 0.72162506 04 0.9230770E OS 0.17516166 06 0.58632166-03 0.18975946-02

9 0.II3960SE OS O.S3IROOOE 04 O.I037037C 09 0.18047966 06 0.46665296-03 0.17403396-02

10 O.IOSEI97E OS 0.43413756 04 0.1 1428576 09 0.1848210E 06 0.41026166-03 0. 16171846-02

II o.onsaasoE 07 0.39775006 04 0.12413806 09 0.18879856 06 0.40371466-03 0.15208766-02

la 0.9I9E456E 07 0.37069386 04 0.13333346 09 0.19250 546 06 0.40312696-03 0. 14437906-02

13 0.86020966 07 0.30026886 04 0.14193556 09 0.19550616 06 0.34906466-03 0.13774436-02

14 0.e064S60E 07 0.27615006 04 0.1500001E 09 0.19826966 06 0.34242406-03 0.1321 7976 - 02

IS 0.797S7I2E 07 0.24362506 04 0. If 757586 09 0.20070596 06 0.32158686-03 0.12737106-02

16 0.71301 766 07 0.21560636 04 0.16470606 09 0.2C28619E 06 0. 3023 8556 - 03 0. 12316616-02

17 0.67226246 07 0.20328756 04 0.17142866 09 0.2048948E 06 0.3023930F-03 0.11952206-02

IS 0.63492646 07 0,17929386 04 0.17777796 09 0.206687(6 06 0.28238496-03 0.II626I8E-02

19 0.60069366 07 0.16590636 04 0.18378386 09 0.20834686 06 0.27623706-03 0. 11336526-02

ao 0.96899606 07 O.I871780E 04 0.18947386 09 0.20991 8(6 06 0.27623176-03 0.11079036-02
(O
L n
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FIGURE IX -1. P lo t o f  increm ent re se rv e  v s . time fo r  Region 1.
(H yperbolic curve)
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P lo t o f cum ulative d iscovery  r a te  v s . tim e fo r  Region 1.
(H yperbolic curve)
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P lo t o f Increment re se rv e  v s . foo tage fo r  Region 1.
(H yperbolic curve)
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FIGURE IX -5. P lo t o f  cum ulative re se rv e  v s . cum ulative footage fo r  Region 1.
(H yperbolic curve)
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Cumulative Footage
FIGURE IX-6, P lo t o f  cum ulative d iscovery  r a te  v s . cum ulative footage fo r  Région 1.

(H yperbolic curve)



TABLE IX-2

P r e d i c t i o n  o f  F u t u r e  D i s c o v e r i e s  f o r  R e g i o n  2 
( H y p e r b o l i c  C u r v e )

TINE IKCeFCOTAGC INC.R6SERV6 CUM.FOOT AGE c u n . r e s e r v e . DISCOVERY PATE 
( IN C * P 6 9 /IN C * F T >

CUM.01SC0V6RV RATE 
(CUM .RES/CUM .FT)

1 0  « 0 0 0 0 0 0 0 6 00 0 * 0 0 0 0 0 0 0 6 00 0 * 0 0 0 0 0 0 0 6 00 O.OCOCOCCE CO 0 * 0 0 0 0 0 0 0 6  0 0 0 * 0 0 0 0 0 0 0 6  0 0

2 0« CC0C009E 00 0.0000({OOE 00 0 * 0 0 0 0 0 0 0 6 00 0 . 0 0 0 0 0 0 0 6 0 0 0 * 0 0 0 0 0 0 0 6  0 0 0 * 0 0 0 0 0 0 0 6  0 0

3 0 * 0 0 0 0 0 0 0 6 00 0 * 0 0 0 0 0 0 0 6 00 0 * 0 0 0 0 0 0 0 6 0 0 0 * 0 0 0 0 0 0 0 6 00 0 * 0 0 0 0 0 0 0 6  00 0 * 0 0 0 0 0 0 0 6  0 0

4 0 * 0 0 0 0 0 0 0 6 00 0 * 0 0 0 0 0 0 0 6 00 0 * 0 0 0 0 0 0 0 6 00 0 * 0 0 0 0 0 0 0 6 CO C.OCOOOCCE 00 O.OOOOOOOE 0 0

s 0 * 1 9 1 6 2 8 0 6 08 0 * 6 3 5 8 5 6 8 6 09 0* 1 9 1 8 2 8 0 6 08 0 * 6 2 5 8 5 6 8 6 05 0 * 3 3 1 4 7 2 3 6 * 0 2  . 0 * 3 3 1 4 7 2 3 6 - 0 2

6 0 * 1 7 6 7 6 7 9 6 08 0 * 4 6 1 4 4 3 9 6 05 0 * 3 6 8 5 9 5 5 6 08 0 . I C 9 7 3 C I 6 06 0* 2 6 1 0 4 5 6 6 * 0 2 0 . 2 9 7 6 9 7 7 6 - 0 2

7 O * I6 3 4 1 3 0 E ca 0 * 3 2 6 5 5 2 5 6 CS 0 * 5 3 2 0 0 9 1 6 0 8 0 . 1 4 2 3 8 5 3 E 06 0 * 1 9 9 8 3 1 9 6 * 0 2 0 * 2 6 7 6  3 7 06 -  02

6 0 . 1 9 1 5 1 7 8 6 08 0 * 1 7 0 0 3 1 9 6 05 0 * 6 8 3 5 2 6 9 6 08 0 * 1 8 9 3 8 6 6 6 06 0 * 1 1 2 2 1 9 1 6 * 0 2 0 * 2 3 3 1 8 5 4 6 - 0 2

9 0 * 1 4 0 6 7 5 4 6 08 0 * 9 9 8 7 6 2 5 6 0 4 0 * 8 2 4 4 0 2 2 6 08 0 * 1 6 9 3 7 6 1 6 06 0 * 7 0 8 9 6 8 8 6 - 0 3 0 * 2 0 5 4 5 3 3 6 - 0 2

to 0 * 1 3 1 3 1 6 9 6 06 0 * 7 6 9 9 3 7 5 6 C4 0 * 9 S £ 7 I 8 7 £ 08 0 * 1 7707S5E 06 0 . 5 8 6 3 2 2 Q E * 0 3 0 . 1 8 5 2 7 9 9 6 - 0 2

11 0 * 1 2 2 6 9 8 2 6 ca 0 * 9 1 0 1 7 5 0 6 04 0 * 1 0 7 8 4 1 7 6 0 9 0 * 1 8 2 1 7 7 3 6 06 0 * 4 1 5 7 9 6 4 6 * 0 3 0 * 1 6 8 Q 3 0 3 F - 0 2

12 0 * 1 1 4 9 0 0 6 6 ce 0 * 4 6 8 3 7 5 0 6 C4 0 * 1 1 9 3 3 1 7 6 09 0 * 1 6 6 8 6 1 0 6 06 0 * 4 0 7 6 3 5 2 6 - 0 3 0 . 1 5 6 5 8 9 S C - 0 2

13 0 * 1 0 7  0 2 9 1 6 08 0 * 4 3 4 6 7 5 0 6 04 0 * 1 3 0 1 1 4 3 6 09 0 * 1 9 1 2 0 7 8 6 06 0 * 4 0 3 1 2 9 5 6 - 0 3 0 * 1 4 6 9 5 3 7 6 - 0 2

14 0 * 1 0 1 3 6 2 9 6 ce 0 . 3 7 2 4 1 2 5 6 C4 0* 1 4 0 2 5 2 5 6 09 0 * 1 9 4 0 3 1 9 6 06 0 * 3 6 7 3 3 2 7 F * 0 3 0* 1 3 8 9 8 6 1 6 * 0 2

IS 0 * 9 5 5  0 0 0 0 6 07 0 * 3 2 7 0 1 2 5 6 04 0 * 1 4 9 8 0 2 5 6 09 0 * 1 9 9 2 0 2 0 6 06 0 * 3 4 2 4 2 1 2 6 - 0 3 0 * 1 3 2 3 0 8 8 6 - 0 2

16 0 * 9 0 1 1 7 1 2 6 07 0 * 2 8 7 8 3  756 C4 0 .  1 5 8 8 1 4 3 6 0 9 0 * 2 0 1 0 8 0 4 6 06 0* 3 I 9 4 0 3 6 E - 0 3 0 * 1 2 6 6 1 3 5 6 - 0 2

17 0 * 6 9 1 7 5 5 2 6 07 0 * 2 5 7 5 6 2 5 6 C4 0 * 1 8 7 3 3 1 8 6 0 9 0 * 2 0 3 6 5 8 0 6 06 0 * 3 0 2 3 9 0 2 6 - 0 3 0*  1 2 1 7 0 7 9 6 - 0 2

10 0 * 6 0 6 2 8 6 4 6 07 0 * 2 3 7 3 4 3 8 6 04 0 * 1 7 5 3 9 4 7 6 0 9 0 * 2 0 6 0 2 9 4 6 06 0* 2 9 4 3 6 6 4 6 - 0 3 0* 1174  6  626 -  02

19 0 * 7 6 4 3 8 4  06 07 0 * 2 1 1 1 5 0 0 6 04 0 * 1 8 3 0 3 6 5 6 09 0 .2 C 8 1 4 C 9 E 06 0 * 2 7 6 2 3 8 4 6 - 0 3 0 * 1 1 3 7 1 4 3 6 - 0 2

20 0 * 7 2 5 6 4 3 2 6 07 0 * 2 0 0 4 4 3 8 6 04 0 * 1 9 0 2 9 4 9 6 09 0 * 2 1 0 1 4 8 4 6 06 0* 2 7 6 2 2 8 9 6 - 0 3 0 * 1 1 0 4 3 1 4 6 - 0 2 tsj
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FIG U R E I X - 7 .

T i m e ,  y e a r s

P l o t  o f  I n c r e m e n t  r e s e r v e  v s .  
( H y p e r b o l i c  c u r v e )

t i m e  f o r  R e g i o n  2 ,



•H

5 5 s» 5 8
2 5 ? t. ï S

T i m e ,  y e a r s

FIG U R E  l X - 5 .  P l o t  o f  c u m u l a t i v e  r e s e r v e  v a .  t i m e  f o r  R e g i o n  2 .
( H y p e r b o l i c  c u r v e )
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FIGURE IX -9.

T i m e ,  y e a r s

P lo t o f  cum ulative d iscovery  r a te  v s . tim e fo r  Region 2.
(H yperbolic curve)
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FIGURE IX -10.

Footage

P lo t o f  Increm ent re se rv e  v s . footage fo r  Region 2.
(H yperbolic curve)
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FIGURE IX-11.

C u m u l a t i v e  F o o t a g e

P l o t  o f  c u m u l a t i v e  r e s e r v e  v a .  c u m u l a t i v e  f o o t a g e  f o r  R e g i o n  2 .  
( H y p e r b o l i c  c u r v e )
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FIGURE IX-12.

C u m u l a t i v e  F o o t a g e

P lo t o f cum ulative d iscovery  r a te  v s . cum ulative footage fo r  Region 2
(H yperbolic curve)
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TABLE IX-3

P r e d i c t i o n  o f  F u t u r e  D i s c o v e r i e s  f o r  R e g i o n  3  
( H y p e r b o l i c  C u r v e )

t m IKC.FCOTAGE IKC.CESERVE CUM .FOOT ACE CUM.RESERVE DISCOVERY PAT6 
I I K C .R E S / I N C .F 1  »

CUM.DISCOVERY RATE 
(CUM.WES/CUM.FTl

1 O.OOOOOOOE 00 O.OOOOOOOE 00 0 . OOCOOOOE 0 0 O.OCOCOCCE 00 O.OOOOOOOE 00 O.OOOOOOOE 0 0

2 O.COOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 0 0 O.OOOOOOOE 00 O.OCOOpOOE 00 O.COOOOOOE 0 0

3 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 C.OOOOOOOE 0 0

4 0 . 1 9 1 2 0 4 5 E 0 8 0 . 6 3 4 2 2 9 1 6 05 0 . 1 9 1 2 0 4 5 6 08 0 .A 3 4 2 2 C 1 E OS 0 . 3 3 1 7 0 2 0 6 - 0 2 0 . 3 3 1 7 0 2 0 E - 0 2

5 0 . 1 7 3 0 9 5 8 E 08 0 . 4 5 7 0 7 9 7 6 05 0 . 3 6 6 3 0 0 3 6 0 8 0 . 1 0 9 1 3 0 9 6 06 0 . 2 6 1 0 4 5 4 6 - 0 2 0 .  29  7 9  2 7 36 - 0 2

6 0 . 1 6 0 9 4 0 3 E 08 0 . 3 2 3 2 9 8 1 6 OS 0 . 5 2 7 2 4 0 6 6 00 0 .  1 4 1 46C 76 06 0 . 2 0 0 8 6 0 7 6 - 0 2 0 . 2 6 9 3 0 3 8 6 - 0 2

7 0 . 1 4 8 4 3 5 0 6 c a 0 . 1 7 3 0 6 9 4 6 05 0 . 6 7 5 6 7 5 7 6 08 0 . 1 5 8 7 6 7 6 6 06 0 . 1 1 6 S 9 6 0 F - 0 2 0 . 2 3 4 9 7 6 I H - 0 2

8 0 .1 3 7 3 3 2 6 6 08 0 . 9 9 4 0 4 3 6 6 C4 0 . 8 1 3 0 0 8 3 6 08 0 . 1 6 8 7 0 8 1 6 06 0 . 7 2 3 8 2 1 8 6 - 0 1 0 . 2 0 7 5 1 0 8 6 - 0 2

9 0 . 1 2 7 4 3 0 9 E 08 0 . 7 4 7 I 5 6 3 E 04 0 . 9 4 0 4 3 9 2 6 0 8 0 . 1 761 7 9 4 E 06 0 . 5 8 6 3 2 2 7 6 - 0 1 0 .  1 8 7 3 3 7 6 6 - 0 2

10 0 . 1 I 8 S 6 2 7 E 08 0 . S 2 0 I 1 2 S E 04 0 . 1C S90026 09 0 .1  8 1 3 8 0 3 6 06 0 . 4 3 8 6 8 1 1 6 - 0 3 0 . 1 7 1 2 7 5 2 E - C 2

11 0 . 1 1 0 6 8 9 1 6 08 0 . 4 5 2 3 8 I 3 E 04 0 . 1  1 6 9 5 9 1 6 0 9 0 . 1 8 5 9 0 4 5 6 06 0 . 4 0 9 0 6 4 8 6 - 0 3 0 . 1 5 8 9 4 8 3 6 - 0 2

12 0 . I0 3 3 9 3 9 G 08 0 . 4 1 6 6 0 6 3 6 04 0 . 1 2 7 2 9 8 5 6 09 0 . 1 9 0 0 7 2 6 E 06 0 . 4 0 3 1 2 4 4 6 - 0 3 0 .  1 4 9 3 1 2 5 6 - 0 2

13 0 . 9 6 8  7 8 5 6 E 07 0 . 3 7 4 0 8 1 3 E 04 0 . 1 3 6 9864E 0 9 0 .  1 C 3 P I3 4 E 06 0 . 3 8 6 1 3 4 0 6 - 0 3 0 . 1 4 1 4 8 3 8 6 - 0 2

14 0 . 9 0 9 6 0 4  SC 07 0 .3 1 1 4 6 B 8 E 04 0 . 1 4 6 0 8 2 4 E 0 9 0 . 1 9 6 9 2 8 I E 06 0 . 3 4 2 4 2 1 9 C - 0 3 0 .  1 3 4 6 0 6 2 6 - 0 2

18 0 . 8 5 5 6 8 3 2 6 0 7 0 . 2 8 8 9 7 5 0 6 04 0 . 1 S 4 6 3 9 2 E 0 9 0 . 1 9 9 8 1  796 06 0 . 3 3 7 7 1 2 5 6 - 0 3 0 . 1 2 9 2 1 5 5 6 - 0 2

16 0 .8 G 6 4 2 2 4 E 07 0 . 2 4 3 8 5 6 3 E 04 0 . 1 6 2 7 0 3 5 E 0 9 0 . 2 0 2 2 5 ( 4 6 06 0 . 3 0 2 3 9 2 5 6 - 0 3 0 .  1 2 4 3 0 9 B F - 0 2

17 0 . 7 6 1 2 9 1 2 6 07 0 . 2 3 0 2 0 6 3 E 04 0 .  17C 3 1 6 4 6 09 0 . 2 0 4 5 5 8 5 6 06 0 . 3 0 2 3 8 9 0 6 - 0 3 0 .  1 2 0 1 0 5 0 6 - 0 2

18 0 . 7 1 9 8 4 9 6 6 07 0 .2 0 5 6 5 6 3 C 04 0 . 1 7 7 5 1 4 9 E 0 9 0 .2 Q 6 6 1 E 1 E 06 0 # 2 8 5 6 9 3 2 6 - 0 3 0 . 1 1 6 3 9 3 1 6 - 0 2

19 0 . 6 8 1 7008E 07 0 .  1 8 8 3 1 2 5 6 04 0 . I 8 4 3 3 1 9 E 0 9 0 . 2 0 8 4 9 8 2 E 06 0 . 2 7 6 2 3 9 1 6 - 0 3 O . U 3 1 1 0 2 C - 0 2

20 0 . 6 4 6  5 0 7 2 6 07 0 . 1 7 8 5 8 7 5 6 04 0 . 1 9 0 7 9 6 9 6 0 9 C . 2 1 0 2 8 4 1 6 06 0 . 2 7 6 2 3 4 2 6 - 0 3 0 . 1 1 0 2 1 3 5 6 - 0 2 ts»
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T i m e ,  y e a r s

FIGURE IX-13. P lo t o f increm ent re se rv e  v s . tim e fo r  Region 3.
(H yperbolic curve)
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FIGURE IX -14.

Time, years

P lo t o f cum ulative re se rv e  v s . time fo r  Region 3.
(H yperbolic curve)
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FIGURE IX -15.

T i m e ,  y e a r s

P lo t o f cum ulative discovery  r a te  v s . time fo r  Region 3.
(H yperbolic curve)
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F o o t a g e

FIGURE IX -16. F lo t o f Increm ent rese rv e  v s . footage fo r  Region 3.
(H yperbolic curve)
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FIGURE IX -17.

C u m u l a t i v e  F o o t a g e

P lo t o f  cum ulative reserve  v s . cum ulative footage fo r  Region 3.
(H yperbolic curve)
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FIGURE IX -18.

Cumulative Footage

P lo t o f cum ulative discovery  r a te  v s . cum ulative footage fo r  Region 3.
(H yperbolic curve)
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TABLE IX -4

COMPOSITE PARAMETERS FOR ALL K BASINS
(Hyperbolic Curve)

IME IKCeFOOTAOE IN C .R E S E n v e TOTAL FCIOTAOE 
DRILLED

CUM.DISCOVERT DISCOVERY RATE 
(INC.RES/INC.FTl

CUM.OISCCVERV R 
(CUM.RES/TOTAL

1 0 . 0 0 0 0 0 0 0 2 00 O.OOOOOOOE CO 0 . OCCOOOOE 0 0 o . o o o o o c c c 00 O.OOOOOOOE 00 O.OOOOOOOE 00

2 O.COOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 0 0 C.COOCOOCE 00

3 0 . I 9 0 4 7 6 2 E 08
V

0 . 6 ? i a i 4 5 £ C5 C« 19C 4762E 08 0 . 6 3 1  81 45F 05 0 . 3 3 I 7 0 2 6 E - 0 2 0 . 3 3 I 7 0 2 6 E - 0 2

4 0 . 3 6 4 3 6 4 6E c a 0 . 1 0 8 6 7 6 8 E 06 0 . 5 5 4 8 4 0 6 E 0 8 0 .1 7 1 B 5 6 3 E 06 0 . 2 9 B 2 6 3 9 E - 0 2 0 . 3 0 9 7 4 3 5 E - 0 2

9 0 . S 2 9 0 2 6 4 E 00 0 . I 4 1 2 5 2 1 E CO 0 . 1 0 7 9 8 6 7 6 0 9 0 . 3 1 3 1 1 04E 06 0 . 2 6 9 0 3 B 0 E - 0 2 0 . 2 8 9 9 5 2 7 5 - 0 2

6 0 . 4 8 2 6 3 5 5 2 08 0 . 9 6 1 35 5 0 E CS 0 . 1 S 6 2 9 0 J E 0 9 0 .4 C 9 2 4 5 9 E 0 6 0 . 1 9 9 I 8 8 6 E - 0 2 0 . 2 6 1 9 1 6 9 E - 0 2

T 0 . 4 4 9 1 0 2 2 E 0 6 0 . 5 9 8 S 2 3 6 E 05 0 . 2 0 0 7 6 8 S E 09 0 . 4 6 9 0 9 6 3 E 0 6 0 . I 3 4 4 4 4 7 E - 0 2 0 . 2 3 3 6 5 1 3 E - 0 2

a 0 . 4 1 1 9 2 7 % 06 0 . 3 4 1 5 9 8 6 2 05 0 . 2 4 1 9 6 1 2 E 0 9 0 . S 0 3 2 5 8 2 E 06 0 . 8 2 9 2 6 9 9 C - 0 3 0 .  2 0 7 9 9 1  2 E -0 2

9 0 . 3 B 2 2 6 4 3 E 00 0 . 2 2 7 7 7 1 9 E OS 0 . 2 8 0 1 8 7 6 6 09 0 . 5 2 6 0 3 54C 06 0 . 5 9 S 6 4 9 0 E - 0 3 0 . I 8 7 7 4 3 9 E - 0 2

10 0 . 3 9 S 6 9 9 2 E 00 0 . 1 7 2 4 1 6 6 2 CS 0 . 3 1 S7 5 7 6 E 0 9 0 . 5 4 3 2 7 7 3 E 06 0 . 4 F 4 7 3 1 7 E - 0 3 0 . I 7 2 0 5 S 2 E - 0 2

I t 0 . 3 3 1 6 1 1 6 6 00 0 . 1 3 6 0 3 0 6 E 09 0 . 3 4 6 9 3 8 OE 0 9 0 .S 5 6 8 8 C 3 E 06 0 . 4 0 9 9 6 3 1 E - 0 3 0 . 1 5 9 9 9 2 6 E - 0 ?

t 2 0 .3 I0 2 4 9 C E 08 0 . 1 2 5 5 8 75E OS 0 . 3 7 9 9 6 3 6 E 0 9 0 . 5 6 9 4 3 9 1 E 06 0 . 4 0 4 7 9 5 9 F . - 0 3 0 . 1 4 9 8 6 6 7 E - 0 2

13 0 . 2 9 0 7 2 1 3 E 0 6 0 . 1 10902SE 05 0.4C903SOE 09 0.560S293E 06 0 . 3 6 1 4 7 3 S E - 0 3 0 .  1 4 1 9 2 6 3 E - 0 2

14 0 . 2 7 2 99 0 7 E 00 0 . 9 6 0  9 3 13E 04 0 . 4 2 6 3 3 4 8 E 0 9 0 . 5 9 0 1 296E 06 0 . 3 S I 6 7 1 6 E - 0 3 0 . 1 3 9 2 4 6 9 E - 0 2

19 0 . 2 5 6 6 2 4 3 6 06 0 . 8 5 9 6 1 25E C4 0 . 4 6 2 0 1 7 3 E 0 9 0.S9872SSE 06 0 . 3 3 4 7 C 8 3 R - 0 3 0 .  1 2 9 5 8 9 S E -C 2

16 0 .2 4 2 0 6 0 B C 06 0 . 7 4 7 3 0 0 0 E 04 0 . 4 6 6 2 2 3 4 6 0 9 0 . 6 C 6 I 9 6 6 E 06 0 . 3 0 R 7 2 3 9 E - 0 3 Û .1 2 4 A 7 4 9 E -0 2

17 0 . 2 2 8 S 3 1 2 E OS 0 . 6 9 1 0 S 6 3 E 04 0 .S 0 C 0 7 6 5 E 0 9 0 . 6 1 3 1 0 9 3 E 06 0 . 3 0 2 3 9 0 2 E - 0 3 0 .  I 2 0 4 3 S 6 F - 0 2

18 0  .2 1 6 1 0 7 S E 08 0 . 6 2 2 2 9 3 8 E C4 0 . 93C 6872E 09 0 . 6 I 9 3 3 2 3 E 06 0 . 2 8 7 9 5 5 4 E - 0 3 0 . 1 I 6 7 0 3 8 E - 0 2

19 0 . 2 0 4 6 6 6 9 E 08 0 . S 6 5 3 6 8 8 E 04 0 .S S 1 1 5 3 Q E 0 9 0 . 6 2 4 9 8 S 9 E 06 0 . 2 7 6 2 3 8 4 E - 0 3 0 .  1 1 3 3 9 5 9 E - 0 2

2 0 0.1941146E 08 0 . 8 2 6 2 0 6 3 E 04 0 . 57CS6S4E 09 0 . 6 3 0 3 4 6 0 E 06 0 . 2 7 6 2 3 1 7 E - 0 3 0 . 1 1 0 4 7 7 8 E - 0 2
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FIGURE IX-19.

T i m e ,  y e a r s

Composite p lo t  o f increm ent reserv e  v s . tim e fo r  o r ig in a l  model.
(H yperbolic curve)
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T i m e , y e a r s

FIGURE IX-20. Composite p lo t  o f cum ulative d iscovery  v s . tim e fo r  o r ig in a l  model.
(H yperbolic curve)
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FIGURE IX-21,

T i m e ,  y e a r s

Composite p lo t  o f cum ulative discovery  r a te  v s . tim e fo r  o r ig in a l  model.
(H yperbolic curve)
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FIGURE IX-22.

Footage

Composite p lo t  o f  increm ent re se rv e  v s . footage fo r  o r ig in a l  model.
(Hyperbolic curve)
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FIGURE IX-23.,

C u m u l a t i v e  F o o t a g e

Composite p lo t  o£ cum ulative d iscovery  v s .
(H yperbolic curve)

cum ulative foo tage fo r  o r ig in a l  model.
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FIGURE IE-24:.

C u m u l a t i v e  F o o t a g e

Composite p lo t  o f  cum ulative d iscovery  r a te  v s . cum ulative foo tage fo r  o r ig in a l  model.
(H yperbolic curve)
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The p l o t s  o f  i n c r e m e n t  r e s e r v e s  i n  Bcf  o f  gas  v s ,  

t im e  in  y e a r s  w ou ld  g iv e  t h e  g e n e r a l  r e l a t i o n s h i p s  w hich  a r e  

shown i n  F i g u r e s  IX -1 ,  I X - 7 ,  and IX-13 f o r  R eg ions  1,  2 ,  and 

3 r e s p e c t i v e l y .  These  f i g u r e s  show t h a t  more r e s e r v e s  were 

d i s c o v e r e d  o r  fo u n d  in  t h e  f i r s t  1 0  y e a r s  t h a n  t h e  l a s t  1 0  

y e a r s .  A l l  t h r e e  c u rv e s  show a v e r y  s h a r p  drop  i n  r e s e r v e  

d i s c o v e r y  f o r  t h e  f i r s t  h a l f ,  and  a more g r a d u a l  drop  f o r  

t h e  second  h a l f .  F ig u r e s  IX -2 ,  I X - 8 , and IX-14 g i v e  t h e  cumu

l a t i v e  r e s e r v e s  v s .  t im e f o r  Regions  1, 2 ,  and  3 r e s p e c t i v e l y .  

F o r  t h e s e  c u r v e s  t h e  r a t e  o f  i n c r e a s e  i s  v e r y  s t e e p  f o r  t h e  

f i r s t  few y e a r s .  However,  t h e  r a t e  o f  i n c r e a s e  d e c r e a s e s  

and  i s  much more g r a d u a l  o v e r  t h e  r e m a in in g  y e a r s .  A p l o t  o f  

c u m u la t iv e  d i s c o v e r y  r a t e  which i s  a r a t i o  o f  c u m u la t iv e  

r e s e r v e s  d i s c o v e r e d  p e r  f o o t  d r i l l e d  in  B c f / f t  v e r s u s  t im e  

i n  y e a r s  i s  a l s o  a n o t h e r  i m p o r t a n t  r e l a t i o n s h i p .  These  p l o t s  

a r e  shown i n  F i g u r e s  I X - 3 ,  I X - 9 ,  and I X - 15 f o r  Regions  1,

2, and 3 r e s p e c t i v e l y .  T h ese  c u r v e s  show t h a t  we have found  

more r e s e r v e s  p e r  f o o t  i n  t h e  f i r s t  h a l f  o f  t h e  t im e  p e r i o d  

t h a n  th e  s e c o n d  h a l f .  T hese  c u r v e s  d e c r e a s e  s t e a d i l y  w i t h  

g r e a t e r  d e c r e a s e  d u r in g  t h e  f i r s t  t e n  y e a r s  and l e s s e r  d e 

c r e a s e  d u r i n g  t h e  l a t t e r  p e r i o d s .  The s l o p e s  o f  t h e s e  c u rv e s  

a r e  n o t  as g r e a t  as t h o s e  f o r  t h e  c u rv e s  o f  in c r e m e n t  r e s e r v e s  

v e r s u s  t i m e .

A n o th e r  a p p ro ach  i s  shown in  F i g u r e s  I X - 4 ,  IX -1 0 ,  and 

I X - 16 which  g iv e  p l o t s  o f  i n c r e m e n t  r e s e r v e s  fo un d  v e r s u s  

f o o t a g e  f o r  Region 1 ,  2 ,  and  3 r e s p e c t i v e l y .  These  c u rv e s
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a lm o s t  f o l l o w  t h e  same p a t h  as  c u r v e s  p r e v i o u s l y  d i s c u s s e d  

f o r  i n c r e m e n t  r e s e r v e s  v s .  t im e .  A ga in  i t  can be  s e e n  t h a t  

i n i t i a l l y  more r e s e r v e s  a r e  found  w i t h  l e s s  f o o t a g e  b e in g  

d r i l l e d .  The l a t t e r  p a r t  o f  t h i s  t i m e  p e r i o d ,  t h e  s l o p e  o f  t h e  

c u rve  d e c r e a s e s  and  t h e  c u rv e  d e c r e a s e s  more g r a d u a l l y .  The 

p l o t s  o f  c u m u l a t i v e  r e s e r v e s  fo un d  i n  Bcf  o f  gas v s .  f o o t a g e  

a r e  shown i n  F i g u r e s  IX -5 ,  IX -1 1 ,  a n d  IX-17 f o r  Regions  1,

2, and 3 r e s p e c t i v e l y .  These  c u r v e s  r i s e  more r a p i d l y  i n  

th e  i n i t i a l  s t a g e s  o f  d r i l l i n g  and t h e  r a t e  o f  i n c r e a s e  goes  

much more g r a d u a l l y  i n  t h e  l a t t e r  s t a g e s  o f  d r i l l i n g .  The 

p l o t s  o f  c u m u l a t i v e  d i s c o v e r y  r a t e  v s .  c u m u l a t i v e  f o o t a g e  

a r e  shown i n  F i g u r e s  IX - 6 , IX -1 2 ,  a n d  I X - 18 f o r  Regions  1 ,

2,  and 3 r e s p e c t i v e l y .  I n i t i a l l y  t h e  c u rv e  r i s e s  and we f i n d  

more r e s e r v e s  p e r  f o o t a g e  d r i l l e d ,  b u t  a f t e r  a w h i l e  i t  s t a r t s  

d e c r e a s i n g  a lm o s t  a t  t h e  same r a t e  as  i t  r o s e  and c o n t i n u e s  

t o  d e c r e a s e  a l l  t h e  way t o  t h e  en d  o f  d r i l l i n g  a c t i v i t i e s .

The n e x t  s e t s  o f  r e s u l t s  a n d  p l o t s  a re  from T ab le  

IX-4 which i s  t h e  c o m po s i te  p l o t  o f  a l l  r e g i o n s .  F ig u r e  

I X - 19 shows t h e  p l o t  o f  i n c r e m e n t  r e s e r v e s  i n  B c f  o f  gas v s .  

t im e  i n  y e a r s .  T h i s  cu rve  shows t h a t  when t  = 5 y e a r s  t h e  

maximum i n c r e m e n t a l  r e s e r v e s  a r e  fo u n d .  T h i s  r e s u l t s  from 

th e  v a l u e s  u s e d  f o r  t ^ .  I t  was e q u a l  t o  2 y e a r s  f o r  Region 1 ,  

4 y e a r s  f o r  Region  2 and 3 y e a r s  f o r  Region  3. Thus t h e  

v a lu e  f o r  i n c r e m e n t a l  r e s e r v e s  o f  y e a r  3 r e f l e c t s  o n ly  t h e  

i n i t i a l  c o n t r i b u t i o n  o f  Region 1  ; t h e  i n c r e a s e  i n  y e a r  4 r e 

f l e c t s  t h e  i n i t i a l  c o n t r i b u t i o n  f rom  Region 3 which  e x c e e d
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th e  d e c l i n e  i n  i n c r e m e n t a l  r e s e r v e s  f rom  Region 1; f i n a l l y  

t h e  i n c r e a s e  i n  y e a r  5 r e f l e c t s  t h e  i n i t i a l  c o n t r i b u t i o n  from 

Region 2 which  e x c e e d s  t h e  combined d e c l i n e s  from Regions 1 

and 3. E x p l o r a t i o n  a c t i v i t i e s  a r e  n o t  expanded  i n t o  a d d i 

t i o n a l  r e g i o n s  a f t e r  y e a r  4 and  t h e  d e c r e a s e s  a f t e r  y e a r  5 

r e f l e c t  t h e  combined d e c l i n e s  f rom a l l  t h r e e  r e g i o n s .  For  

t h e  p e r i o d  from t  = 5 t o  5 = 20 y e a r s  t h e  r e s e r v e  d i s c o v e r i e s  

d e c r e a s e  w i t h  s h a r p e r  d e c r e a s e s  from t  = 5 t o  t  = 10 y e a r s  

and more g r a d u a l  d e c r e a s e  i n  r e s e r v e  d i s c o v e r i e s  i n  t h e  p e r i o d  

from t  = 10 t o  t  = 20 y e a r s .  F i g u r e  IX-20 i s  a com pos i te  

p l o t  o f  c u m u l a t i v e  d i s c o v e r i e s  i n  B c f  o f  gas  v s .  t im e  in  y e a r s .  

T h is  c u rv e  i n c r e a s e s  s h a r p l y  from t  = 3 t o  t  = 10 y e a r s  and 

t h e n  t h e  r a t e  o f  i n c r e a s e  d e c l i n e s  and  t h e  curve  r i s e s  more 

g r a d u a l l y .  The p l o t  o f  c u m u la t iv e  d i s c o v e r y  r a t e  i n  Bcf  o f  

gas p e r  f o o t  d r i l l e d  v e r s u s  t im e  i s  shown i n  F ig u re  IX-21 .

T h is  c u rve  d e c r e a s e s  s t e a d i l y  a l l  t h e  way th ro u g h  t h e  whole 

p e r i o d  o f  i n v e s t i g a t i o n .  A p l o t  o f  in c r e m e n t  r e s e r v e  v e r s u s  

f o o t a g e .  F i g u r e  I X -22 shows a lm o s t  t h e  same resp o n se  as  t h e  

p l o t  o f  i n c r e m e n t  r e s e r v e  v e r s u s  t i m e ,  F ig u r e  IX -19. The 

p l o t  o f  c u m u l a t i v e  d i s c o v e r y  v e r s u s  c u m u la t iv e  f o o t a g e ,  F i g 

u re  IX -23 ,  shows a v e r y  s h a r p  i n c r e a s e  in  t h e  i n i t i a l  s t a g e s  

o f  d r i l l i n g ,  b u t  i t  g e t s  sm o o th e r  a s  t h e  d r i l l i n g  a c t i v i t i e s  

c o n t i n u e  to w a rd  t h e  l a t e r  s t a g e s  o f  e x p l o r a t i o n .  The p l o t  

o f  c u m u l a t i v e  d i s c o v e r y  r a t e  i n  B c f  o f  gas p e r  f o o t  d r i l l e d  

v s .  c u m u la t iv e  f o o t a g e .  F ig u r e  I X - 2 4 ,  shows a s t e a d y  drop 

a lm o s t  t h r o u g h  t h e  whole c o u r s e  o f  t h e  d r i l l i n g  a c t i v i t i e s .
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Second Run

The r e s u l t s  o b t a i n e d  from t h e  second  ru n  a r e  shown 

in  T a b le s  IX-5 t o  IX - 8  and  F i g u r e s  IX-25 t o  IX-48 .  T h is  run  

i s  b a s e d  on t h e  r e s u l t s  o f  Case I o f  Phase  one u s i n g  t h e  

h y p e r b o l i c  c u rv e  f o r  f u t u r e  d r i l l i n g  a c t i v i t i e s .  T a b l e s  IX -5 ,  

I X - 6 , an d  IX-7 a r e  r e s u l t s  f o r  Regions  1 ,  2,  and 3 r e s p e c 

t i v e l y ,  and t h e y  a r e  p l o t t e d  in  F i g u r e s  IX-25 t o  IX-42 .

T ab le  IX - 8  and F i g u r e s  IX-43 t o  IX-48 a r e  r e s u l t s  f o r  a l l  

r e g i o n s  combined.  For t h i s  r u n ,  a l l  r e s p o n s e s  f o l lo w  a lm o s t  

t h e  same p a t h  as  t h o s e  f o r  t h e  f i r s t  ru n  and t h e  r e s u l t s  

a r e  in  v e r y  c l o s e  ag reem en t  w i t h  t h e  r e s u l t s  o f  t h a t  r u n .  

However, t h e  r e s p o n s e  c u rv e s  a r e  t o  a s m a l l e r  s c a l e ,  t h e  

p a r a m e t e r s  su c h  as in c re m e n t  f o o t a g e ,  in c re m e n t  r e s e r v e s ,  

c u m u la t iv e  r e s e r v e ,  and c u m u l a t i v e  f o o t a g e  a re  a l l  a lm o s t  

1/10 l e s s  t h a n  t h e  same p a r a m e t e r s  f o r  t h e  f i r s t  ru n .  The 

most n o t a b l e  changes  f o r  t h i s  ru n  can be  seen  by o b s e r v i n g  

t h e  p l o t  o f  c u m u l a t i v e  r e s e r v e  v s .  t i m e .  F ig u r e s  IX -26 ,  IX -3 2 ,  

and IX-38 f o r  Regions  1, 2 ,  and 3 r e s p e c t i v e l y .  For t h e  

second  r u n ,  t h e  r a t e  o f  i n c r e a s e  i n  cum ula t iv e  r e s e r v e s  d i s 

c o v e r i e s  f o r  t h e  i n i t i a l  p a r t  i f  n o t  as sha rp  as i t  was f o r  

t h e  f i r s t  r u n .  A c t u a l l y  f o r  t h i s  run  t h e  r a t e  o f  i n c r e a s e  

i s  v e r y  s t e a d y  a l l  t h e  way from t  = 3 t o  t  = 20 y e a r s .  An

o t h e r  n o t a b l e  change  f o r  t h i s  r u n  a s  compared t o  t h e  f i r s t  

run i s  t h e  p l o t  o f  c u m u la t iv e  r e s e r v e s  v s .  c u m u la t iv e  f o o t 

age .  The p l o t  o f  c u m u la t iv e  r e s e r v e s  v s .  f o o t a g e  f o r  t h e  

se c o n d  run  i s  shown i n  F i g u r e s  IX -29 ,  IX-35,  and  IX-41 f o r
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( C a s e  I )
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FIG U RE I X - 2 5 .  P l o t  o f  I n c r e m e n t  r e s e r v e  v s .  t i m e  f o r  R e g i o n  1
( C a s e  I )
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P lo t o f cum ulative reserv e  v s . time fo r  Region 1.
(Case I)
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FIGURE IX-27. P lo t o f cum ulative d iscovery  r a te  v s . tim e fo r  Region 1.
(Case I)
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FIGURE IX-28. P lo t o f increm ent rese rv e  v s . footage fo r  Region 1.
(Case I)
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P lo t o f cum ulative re se rv e  v s . cum ulative footage fo r  Region 1.
(Case I )
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FIGURE IX -30,
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P l o t  o f  c u m u l a t i v e  d i s c o v e r y  r a t e  v s .  c u m u l a t i v e  f o o t a g e  f o r  R e g i o n  1 .
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P r e d i c t i o n  o f  F u t u r e  D i s c o v e r i e s  f o r  R e g i o n  2
(Case 1)

TIME IKC.FOOTAGE INC.RESERVE CUf.FOOTAGE CUM.r e s e r v e DISCOVERY PATE 
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FIG U RE I X - 31.. P l o t  o f  i n c r e m e n t  r e s e r v e  v s .  t i m e  f o r  R e g i o n  2 .
( C a s e  I )
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FIGURE IX -32. P lo t o f  cum ulative re se rv e  v s . time fo r  Region 2.
(Case I)
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FIGURE IX-33,
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P lo t o f cum ulative d iscovery  r a te  v s . tim e fo r  Region 2.
(Case I)
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FIGURE IX-34. P lo t o f  increm ent reserv e  vs. footage fo r  Region 2.
(Case I)
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Cumulative Footage

h :i'FIGÜRE iIX -35,, P lo t p,g,.cumulative rese rv e  v s . cum ulative fo o tagç fo r  Regtpn.Z.
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FIGURE IX-36. Plot  of cumulative discovery ra te  vs. cumulative footage for  Region 2.
( C a s e  I )
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P r e d i c t i o n  o f  F u t u r e  D i s c o v e r i e s  f o r  R e g i o n  3
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FIGURE I X - 3 7 ' .  P l o t  o f  I n c r e m e n t  r e s e r v e  v s .  t im e  f o r  R e g io n  3 .
(Case I)
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FIGURE IX-38. Plot o£ cumulative reserve vs. time for Region 3.

(Case I )
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FIGURE IX-39.

Time, years
Plot of cumulative discovery rate vs. time for Region 3.

(Case I)
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FIGURE IX-40.

Footage

Plot of Increment reserve vs. footage for Region 3.
(Case I)
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C u m u l a t i v e  F o o t a g e

FIGURE IX-41. Plot of cumulative reserve vs. cumulative footage for Region 3.
(Case I )
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FIGURE IX-42

Cumulative Footage

Plot of cumulative discovery rate v s. cumulative footage for Region 3.
(Case I)
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FIGURE IX-43.

T i m e ,  y e a r s

Composite p lo t o f  Increment rese rv e  v s . time.
(Case I ,  H yperbolic Curve)
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FIGURE IX-44.

Time, years

Composite plot of cumulative discovery vs. time.
(Case I , Hyperbolic Curve)
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FIGURE IX-45.

Time, years

Composite plot of cumulative discovery rate vs. time.
(Case I ,  Hyperbolic Curve)
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FIGURE IX-46.

Footage

Composite plot of increment reserve vs. footage.
(Case I ,  Hyperbolic Curve)
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FIGURE IX-47.

C u m u la t iv e  F o o t a g e

Composite p lot o f cumulative discovery vs,
(Case I ,  Hyperbolic Curve)

cumulative footage.
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FIGURE IX-48.

C u m u la t iv e  F o o t a g e

Composite p lot o f cumulative discovery rate vs. cumulative footage.
(Case I ,  Hyperbolic Curve)
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R eg ions  1, 2 ,  an d  3 r e s p e c t i v e l y .  H ere a g a in  t h e  r a t e  o f  

i n c r e a s e  i n  t h e  i n i t i a l  o r  f i r s t  h a l f  o f  d r i l l i n g  a c t i v i t i e s  

i s  n o t  a s  g r e a t  a s  t h a t  on th e  f i r s t  r u n .  The r a t e  o f  i n c r e a s e  

f o r  t h e  s e c o n d  ru n  i s  s t e a d y  th r o u g h  t h e  w hole  c o u r s e  o f  

d r i l l i n g  a c t i v i t i e s .  A nother n o t a b l e  change f o r  t h i s  ru n  as 

com pared  t o  t h e  f i r s t  ru n  i s  shown on th e  p l o t  o f  c u m u la t iv e  

d i s c o v e r y  r a t e  v s .  c u m u la t iv e  f o o ta g e .  The p l o t s  o f  cum ula

t i v e  d i s c o v e r y  r a t e  v s .  c u m u la t iv e  fo o ta g e  f o r  t h e  s e c o n d  

run  a r e  shown in  F ig u r e s  IX -3 0 , IX -3 6 , and IX-42 f o r  R egions 

1 , 2 ,  an d  3 r e s p e c t i v e l y .  The c u rv e s  f o r  t h i s  ru n  i n i t i a l l y  

a r e  n o t  d ro p p in g  a s  r a p i d l y  a s  t h e  c u rv e s  f o r  t h e  f i r s t  ru n .  

Com parison  o f  t h e  r e s u l t s  o f  c o m p o s ite  p a ra m e te r s  f o r  t h i s  

ru n  t o  t h o s e  f o r  t h e  f i r s t  ru n  i n d i c a t e s  t h a t  t h e  m ost n o t a b l e  

ch an g es  o c c u r  i n  p l o t s  o f  c u m u la t iv e  d i s c o v e r y  v s .  e i t h e r  

t im e  o r  c u m u la t iv e  f o o ta g e  and  a l s o  t h e  p l o t  o f  c u m u la t iv e  

d i s c o v e r y  r a t e  v s .  c u m u la t iv e  f o o t a g e .  The p l o t s  o f  cumu

l a t i v e  d i s c o v e r y  v s .  t im e  o r  v s .  f o o ta g e  f o r  t h i s  ru n  a r e  

shown in  F i g u r e s  IX-44 and IX -47 r e s p e c t i v e l y .  T h ese  c u rv e s  

do n o t  i n c r e a s e  as f a s t  o r  as s h a r p l y  as t h e  c o r r e s p o n d in g  

c u rv e s  i n  t h e  f i r s t  ru n  and t h e  r a t e  o f  i n c r e a s e  f o r  t h e s e  

c u rv e s  i s  s t e a d y  a l l  t h e  way th r o u g h  t h e  w hole  p e r i o d  o f  

d r i l l i n g  a c t i v i t i e s .  The p l o t  o f  c u m u la t iv e  d i s c o v e r y  r a t e  

v s .  c u m u la t iv e  fo o ta g e  f o r  t h i s  ru n  i s  shown in  F ig u r e  IX -48. 

T h is  c u rv e  i s  n o t  d ro p p in g  o r  d e c r e a s in g  as sm o o th ly  a s  th e  

c o r r e s p o n d in g  c u rv e  f o r  th e  f i r s t  ru n .
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T h i r d  Run

The r e s u l t s  o b t a i n e d  from  t h e  t h i r d  run  a r e  shown in  

T a b le s  IX-9 t o  IX -12  and  F ig u r e s  IX-49 t o  IX -72 . T h is  run  

i s  b a s e d  on th e  r e s u l t s  o f  Case I I  o f  P hase  one u s in g  t h e  

h y p e r b o l i c  c u rv e  f o r  f u t u r e  d r i l l i n g  a c t i v i t i e s .  T a b le s  IX -9 ,  

IX - 10, and  IX -11 a r e  r e s u l t s  f o r  R eg ions 1 , 2 ,  and 3 r e s p e c 

t i v e l y ,  and  th e y  a r e  p l o t t e d  i n  F ig u r e s  IX-49 t o  IX - 6 6 .

T a b le  IX-12 and F ig u r e s  IX-67 t o  IX-72 a r e  r e s u l t s  f o r  a l l  

( t h r e e )  r e g io n s  com bined. For t h i s  ru n  we can o b se rv e  a lm o s t  

t h e  same r e s p o n s e  a s  t h a t  from t h e  l a s t  two ru n s  w i th  t h e  

e x c e p t i o n  o f  few p l o t s .  B ut a s  a  w hole a lm o s t  th e  same con

c l u s i o n s  can be drawn f o r  t h i s  ru n  as  f o r  t h e  l a s t  two ru n s  

e x c e p t  f o r  m in o r  d i f f e r e n c e s  and  c h a n g e s .  One o f  t h e  m ost 

n o t a b l e  ch an ges  in  t h i s  ru n  a s  compared w i th  t h e  l a s t  two 

ru n s  l i e s  in  t h e  p l o t s  o f  c u m u la t iv e  r e s e r v e s  v e r s u s  e i t h e r  

t im e  o r  c u m u la t iv e  f o o t a g e .  The p l o t s  o f  c u m u la t iv e  r e s e r v e s  

v s .  t im e  a re  shown i n  F ig u re s  IX -5 0 ,  IX -5 6 , and  IX-62 and 

v s .  c u m u la t iv e  f o o ta g e  a re  shown i n  F ig u r e s  IX -5 3 , IX -59 ,

IX-65 f o r  R eg io n s  1 ,  2 ,  and  3 r e s p e c t i v e l y .  The changes on 

t h e s e  c u rv e s  f o r  t h i s  run com pared t o  t h e  c u rv e s  f o r  th e  

p r e v io u s  run  a r e  r e f l e c t e d  p r i m a r i l y  i n  t h e  r a t e  o f  i n c r e a s e  

o f  th e  c u rv e  in  th e  i n i t i a l  s t a g e s  o r  f i r s t  h a l f .  For t h i s  

run  th e  r a t e  o f  i n c r e a s e  o f  t h e s e  c u rv e s  i s  n o t  as s h a r p  as 

t h a t  o f  t h e  c u rv e s  f o r  th e  f i r s t  r u n ,  b u t  th e y  a r e  s h a r p e r  

th a n  th e  c u rv e s  f o r  t h e  se co n d  r u n .  T h u s ,  t h e  r a t e  o f  i n 

c r e a s e  f o r  t h e  c u r v e s  o f  t h i s  ru n  l i e s  be tw een  th o s e  f o r  t h e
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Time, years

FIGURE IX-49. Plot o f Increment reserve vs. time for Region 1.
(Case II)
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FIGURE IX-50

Time, years

Plot of cumulative reserve vs. time for Region 1.
(Cose II)
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FIGURE IX-5L.

T i m e ,  y e a r s

Plot of cumulative discovery rate vs. time for Region 1,
(Case II)
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FIGURE IX-52.

Footage

Plot of Increment reserve vs. footage for Region 1.
(Case II)
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FIGURE IX-53.

Cumulative Footage

Plot o f cumulative reserve vs. cumulative footage for Region 1.
(Case II)
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C u m u l a t i v e  F o o t a g e

FIGURE IX-54. Plot o f cumulative discovery rate vs; cumulative footage for Region 1.
(Case II)

N>
o\
w



TABLE IX-10

P r e d i c t i o n  o f  F u t u r e  D i s c o v e r i e s  f o r  R e g io n  2
(C a s e  I I )

ri« I M . r 0 O 7 » 6 t INC.RESeNVC C U O .F O C ir * * CWK.9 6 1 0 0 9 6 OtSCCVFPV 9 4 7 6  
I I N C . P 6 8 / I N C . F T I

c u E . o i s c c v E o r  n  
( C U V . 0 P S / C U 4 . F

o . o o o o o o o e po 0 0 0 0 0 0 0 * CO O.OCCOOOOE 0 0 0 0 O.OOOOOOOE 0 0 O.OOOOOOOE 0 0

o . o o o o o o o e 0 0 0 o o o o o o o e 0 0 O.OOOOOOOE 0 0 o . c c o o o c * 0 0 C. OOOOOO* 0 0 O.OOOOOOOE 0 0

O.OOOOOOOE 0 0 0 OOOOOOCE 0 0 O.OOOOOOCE 0 0 O.OOOOOOOE 0 0 O.OOOOOOOE 0 0 O.OOOOOOOE 0 0

o . o o o o o o o e 0 0 0 o o o o o o o e 0 0 O.OCCOOOOE 0 0 e . o c o o o e c E 0 0 O.OOOOOOOE 0 0 0 . 0 0 0 0 0 0 0 6  0 0

0 . I 0 I C 3 0 I E o r 0 7 7 4  7 6 0 * 0 4 0 . 1 9 1 9 2 0 1 6 o r 0 . 7  7 4 7 6 0 9 6 0 4 0 . 4 0 3 6 0 2 ( 6 - 0 2 0 . 4 0 3 0 0 2 ( 6 - 0 2

o . i r o r o r s E o r 0 0 3 6 6 6 0 * 0 4 0 . 3 C E 9 9 9 * o r 0 .  I 4 I I 4 2 I E 0 9 0 . 3 6 0 I 6 0 9 E - 0 2 0 . 3 0 2 9 1 0 7 6 - 0 2

o r 0 4 I 6 4 0 0 3 E 0 4 0 . 9 3 2 0 0 9 2 6 o r 0 . I 0 2 S 9 C 0 E 0 9 0 . 2 9 3 « 4 2 * - 0 2 0 . 3 4 3 2 0 9 ( 6 - 0 2

o . i o i o i r o e o r 0 1 3 4 0 0 8  r e C4 0 . 0 6 3 : 2 7 * o r 0 . 1 9 6 0 9 1  IE OS 0 . 6 0 0 3 6 2 3 6 - 0 3 0 . 2 0 6 6 2 2 7 6 - 0 2

O . I 4 0 0 7 9 X o r 0 I 3 0 I 8 0 0 E 04 0 . 8 2 4 4 0 2 3 E o r 0 . 2 C 9 0 6 6 9 E 0 9 0 . 9 2 3 9 2 7 C E - 0 3 0 . 2 : 3 : 9 ( 2 6 - 0 2

o . i s i a i e i e o r 0 2 8 8 4 0 2 * 0 4 o . o e s r i e o E o r 0 . 2 3 4 3 1 3 2 6 OS 0 . I 9 2 2 S S 9 E - 0 2 0 . 2 4 9 1 6 9 7 6 - 0 2

0 . I M 6 O 7 O E o r 0 1 4 3 7 4 1 e e 0 4 0 . 1 0 7 0 4 1 0 6 0 0 0 . 2 4 6 6 6 7 4 6 0 9 . 0 .  l i r i S I 0 E - C < 2 0 . 2 3 0 6 0 4 2 6 - 0 2

O . I I 4 0 0 I  IE o r 0 1 4 0 0 1 2 * 04 0 . 1 1 9 3 3 1 7E 0 0 0 . 2 6 3 5 6 E 6 E 0 9 0 . I 2 9 9 I 3 S E - C 2 0 . 2 2 0 0 7 0 K - 0 2

o . i o r a s o T E o r 0 i r i r o 3 3 E 04 0 . I 3 0 I I 4 2 E 0 0 0 . 2 C 0 7 4 S O E 09 0 . I 5 9 2 9 0 6 E - 0 2 0 . 2 I 9 7 6 9 I E - 0 2

O .I O I 3 E 2 S E o r 0 1 7 0 3 4 0 0 6 0 4 O . I 4 0 2 9 2 9 E 0 0 0 . 2 9 0 3 7 9 6 6 0 5 0 . 1 7 3 9 4 2 1 6 - 0 2 0 . 2 I 2 7 4 4 7 E - 0 2

o . o s s o o r o c 00 0 1 7 0 3 6 6 4 6 0 4 0 .  I 4 C 0 0 2 9 E 0 0 0 . 3 I 6 0 I 6 3 E OS 0 . 1 8 4 6 7 9 9 6 - 0 2 0 . 2 1 0 9 9 9 2 6 - 0 2

0 . 0 0 1  1 0 0 * 0 0 0 1 0 5 9 7 8 IE 0 4 O . I 9 0 0 I 4 2 E 0 0 0 . 3 : 6 : 7 4 1 6 C9 0 . I I 7 I S 7 2 E - 0 2 0 . 2 0 9 6 3 2 ( 6 - 0 2

O .C e iT O lO E 0 6 0 6 1 6 0 1 2 * 0 3 0 .  1 6 7 3 3 1  7E 0 0 0 . 3 3 2 7 4 2 2 E 0 9 0 . 7 2 4 I 6 9 9 E - 0 3 0 . I 9 E P 9 I 9 C - 0 2

o . e o o z a e o R 0 0 0 7 3 0 1 0 7 9 6 0 3 0 . I 7 E 3 9 4 0 E 0 0 0 . 3 4 0 I 0 4 I E 0 9 0 . 9 I 3 0 S 9 8 E - 0 3 0 . 1 9 3 9 0 0 0 6 - 0 2

0 . 7 0 * 3 0 4 * 0 0 0 9 9 4 9 1 02E 0 3 0 . I 0 3 0 3 B 4 E 0 0 0 . 3 4 9 6 9 3 2 0 0 9 0 . I 2 4 9 2 9 4 E - 0 2 0 .  I 9 I 0 2 7 2 E - 0 2

0 . 7 2 9 0 4 0 0 e 0 0 0 0 0 6 9 2 3 4 6 0 3 0 . 1 9 0 2 9 4 * 0 0 0 . 3 : 0 7 1 1 4 6 0 9 0 .  1 2 4 9 2 6 1 6 - 0 2 0 . 1 0 0 9 0 6 6 6 - 0 2 ts>o\
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FIGURE IX-55

T i m e ,  y e a r s

Plot o£ increment reserves vs. time for Region 2.
(Case II)

to
ONcn



n

i
s
&

C9

U
Ht

Kl

Time, years

FIGURE IX-56. Plot of cumulative reserve vs. time for Region 2.
(Case II)
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FIGURE IX-57,

T i m e ,  y e a r s

Plot of cumulative discovery rate vs. time for Region 2
(Case II)
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FIGURE IX-58. Plot o f Increment reserve vs. footage for Region 2.
(Case II)
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FIGURE IX-59. Plot of cumulative reserve vs. cumulative footage for Region 2.
(Case II)
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FIGURE IX-60. Plot of cumulative discovery rate vs. cumulative footage for Region 2.
(Case II)
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TABI£ IX-11

P r e d i c t i o n  o f  F u t u r e  D i s c o v e r i e s  f o r  R e g i o n  3
(Case I I )

Tia IM.PCOTACE IkC.RESERVE CUR .FOOT *0 6 CUH.RES6RV6 DISCCVCRV PATE 
I IN C .P E 8 /I N C.FT I

CUF.OISCOVERV RATE 
ICUM.RES/CUH.FTI

O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 o . o o o o o o o e  00 0 . 0 0 0 0 0 0 0 6  0 0

O.OOOOOOOE 00 O.OOOOOOCE 00 O.OOOOOOOE 0 0 O.OOOOOOOE 0 0 0 . 0 0 0 0 0 0 0 6  0 0 o . o o o o o o o e  00

O.OOOOOOOE 00 , 0 . 0 0 0 0 0 0 0 6 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 0 0 O.OOOOOOOE 0 0

0 . 1 9 1 EOASE 07 0 . 7 7 2 2 9 I 0 E 04 0 . 1 9 1 2 0 4 9 6 07 0 . 7 7 2 2 9 1 8 E 04 1 0 . 4 0 3 9 0 8 6 6 - 0 2 0 . 4 0 3 9 0 8 6 8  -  02

0 . I 7 9 0 9 S W 07 0 .7 S 6 S 4 3 E E 04 0 . 3 8 8 3 0 0 3 6 07 0 . 1 S 2 6 8  3CE 0 9 0 . 4 3 0 9 3 1 9 6 - 0 2 0 . 4 1 6 8 2 6 1 6 - 0 2

0 . I 6 0 9 9 0 S C 07 0 . 4 9 7 9 9 9 6 6 04 0 . 5 2 7 2 4 0 8 6 0 7 0 . 2 0 2 4 8 3 : 6 08 0 .  3 0 9 4 3  0 96 - 0 2 0  .  3 8 4 0 4  376  - 0 2

O.MOASAEE 07 0 . 2 2 9 1 9 8 4 6 04 0 . 8 7 : 6 7 5 6 6 07 0 . 2 2 S 3 0 3 4 E OS 0 . 1 5 3 7 3 6 5 6 - 0 2 0 . 3 3 3 4 4 9 0 6 - 0 2

0 . I 3 T 3 3 2 S E 07 0 . 1 8 8 2 7 3 8 6 04 0 . 8 1 3 0 0 8 1 6 07 0 . 2 4 4 1 3 ( 7 6 05 0 . I 3 7 0 9 3 4 E - 0 2 0 . 3 0 0 2 8 0 8 6 - 0 2

O .I2 7 4 3 0 E E C7 0 . 3 C 996846 04 0 . 9 4 0 4 3 8 9 6 07 0 . 2 7 5 1 2 7 6 6 0 5 0 . 2 4 3 2 4 4 4 6 - 0 2 0 .  29 2 5 5 2 36 -  02

0 . l t S 9 6 2 7 E 07 0 . 2 1 7 8 1 8 0 6 04 0 . 1 0 : 9 0 0 2 6 0 8 0 . 2 9 6 9 0 9 4 6 05 0 . 1 8 3 7 1 5 4 6 - 0 2 0 . 2 8 0 3 6 7 3 6 - 0 2

0 . 1 1 0 : 0 9 0 6 07 0 . 1 8 9 0 2 JOE 04 0 . 1 1 6 9 5 9 1 6 0 8 0 . 3 1 5 8 1 1 7 6 05 0 .  170 9 2 3 9 6  - 0 2 0 . 2 7 0 0 1 9 0 6 - 0 2

O .I 0 3 3 9 3 0 E 07 0 . I8 4 2 9 S 3 E 04 0 . 1 2 7 2 9 8 4 6 08 0 . 3 3 4 2 4 1 2 6 OS 0 . 1 7 8 2 4 6 0 6 - 0 2 0 . 2 6 2 5 6 5 0 6 - 0 2

0 . 9 6 0 7 0 7 0 6 0 6 0 . 1 7 7 6 6 7 9 6 0 4 0 . 1 3 6 9 6 6 3 6 0 8 0 . 3 S 2 O 3 C 0 6 0 9 0 . 1 8 3 4 1 8 8 6 - 0 2 0 . 2 6 6 9 8 1 6 6 - 0 2

0 . 9 0 9 0 0 3 0 6 0 6 0 . 1 8 0 4 S 7 0 C 04 0 .  1 4 4 0 8 2 3 6 08 0 . 3 7 0 0 7 5 7 6 OS 0 . 1 9 8  39 1 0 6 - 0 2 0 . 2 : 3 3 3 3 6 6 - 0 2

0 . 0 5 9 0 0 3 0 6 0 6 0 . I 8 0 I 8 8 7 E 04 0 . 1 : 4 6 3 9 2 6 0 8 0 . 3 8 8 0 9 4 : 6 05 0 . 2 1 0 5 7 0 6 6 - 0 2 0.25096786-02

O.O0642IOE 06 0 . 2 2 7 : 3 2 0 6 04 0 . 1 6 2 7 0 3 4 6 08 0 . 4 1 0 8 4 7 7 6 0 5 0 . 2 8 2 1 5 0 4 6 - 0 2 0 .  2 5  2 5 1 336 -  02

0 . 7 6 1  27O0E 06 0 . 2 1 4 7 9 5 3 6 04 0 . 1 7 0 3 1 6 2 6 0 8 0 . 4 3 2 3 2 7 3 6 05 0 . 2 8 2 1 5 0 9 6 - 0 2 0 . 2 5 3 8 3 8 1 6 - 0 2

0 . 7 1 9 0 5 6 0 6 06 0 . 1 2 8 3 3 7 9 6 04 0 . 1 7 7 5 1 4 7 6 0 8  . 0 . 4 4 5 I 6 I I E 0 5 0 . 1 7 8 2 8 2 7 6 - 0 2 0 . 2 5 0 7 7 4 2 6 - 0 2

0 . 6 0 1 6 9 6 0 6 0 6 0 . 9 0 8 1 9 6 3 6 03 0 . I C 4 3 3 I 7 6 08 0 . 4 5 4 2 4 3 0 6 05 0 . 1 3 3 2 2 5 8 6 - 0 2 0 . 2 4 6 4 2 7 0 6 - 0 2

0 . 6 4 6 5 1 2 0 6 06 0 . 8 6 1 3 2 0 3 6 03 0 . 1 9 0 7 9 6 8 6 0 8 0 . 4 6 2 8 5 6 2 6 OS 0 . 1 3 3 2 2 5 7 6 - 0 2 0 . 2 4 2 5 9 1 2 6  - 0 2 tv)
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FIGURE IX -61. P lo t o f increm ent rese rv e  v s . time fo r  Region 3.
(Case I I )
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FIGURE IX-62. P lo t o f  cum ulative reserve  vs. tim e fo r  Region 3.
(Case I I )
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FIGURE IX-63.
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T i m e ,  y e a r s

P lo t o£ cum ulative d iscovery  r a te  v s . tim e fo r  Region 3.

(Case I I )
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FIGURE IX-64,

F o o t a g e

P lo t o f Increm ent re se rv e  vs. footage fo r  Region 3.
(Case I I )
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FIGURE IX-65.

C u m u l a t i v e  F o o t a g e

P lo t o f  cum ulative rese rv e  vs. cum ulative footage fo r  Region 3.
(Case I I )
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FIGURE IX -66. P lo t o f  cum ulative discovery  r a te  v s . cum ulative footage fo r  Region 3.
(Case I I )



TABLE IX-12

C o m p o s i t e  P a r a m e t e r s  f o r  A i l  k  B a s i n s  
( C a s e  I I ,  H y p e r b o l i c  C u r v e )

TIHC INC.FOOTACE I N C .  RESERVE TOTAL FOOTAGE 
DRILLED

( U N . DISCOVERT DISCOVERT RATE 
( I N C . R 2 S / I N C . F T I

CLIM.DISCOVERT 1 
ICUM.RES/TOTAL

0«OOOOOOOE 00 O.OOOOOOOE 00 0 . 0 0 0 0 0 0 0 2 0 0 C.OCOOCCC2 0 0 O.CCCOOOCE 0 0 O.COOOOOOE 0 0

0*COOOOOO£ 00 O.OOOOOOOE 0 0 O.OOOOOOOE 0 0 0 . 0 0 0 0 0 0 0 2 0 0 O.OOOOOOOE 0 0 O.OOOOOOOE 0 0

O . I 9 0 « r 6 2 E o r 0 . r O 9 3 3 0 4 E 0 4 0 . 1 9 0 4 7 6 2 2 0 7 0 . 7 6 9 3 5 0 4 2 04 0 . 4 0 3 9 0 0 6 2 - 0 2 0 . 4 0 3 9 0 0 6 2 - 0 2

CT 0 ,  i 3 o r r s 4 E C9 0 . 9 9 4 0 4  0 8 2 0 7 0 . 2 0 7 7 1 0 4 2 0 9 0 . 3 5 0 9 1 3 5 2 - 0 2 0 . 3 7 4 3 6 0 4 2 - 0 2

0 . S 2 5 0 2 6 T E o r 0 . 1 7 3 2 0 4 6 0 0 9 0 . 1 0 7 9 0 6 6 2 0 0 0 . 3 0 0 9 1 5 0 2 09 0 . 3 2 9 0 9 6 7 2 - 0 2 0 . 3 9 2 7 4 2 3 2 - 0 2

0 . 4 0 2 63S 6E c r 0 . I 2 0 I 1 6 I E 0 9 0 . 1 5 6 2 9 0 3 2 0 0 0 . 9 0 I 0 3 I I E 0 9 0 . 2 4 0 0 7 9 3 2 - 0 2 0 .  3 2 0 6 5 9  32 -  02

0 . 4 4 9 1 0 1  TE o r 0 . 6 7 3 7 6 2 1 2 04 0 . 2 0 0 7 6 9 5 2 00 0 . 9 2 0 4 0 7 3 2 09 0 . 1 5 1 3 4 9 4 2 - 0 2 0  .  2 8 3 1 1 5 0 2  - 0 2

0 . 4 I I 9 2 0 4 E o r 0 . 3 9 3 9 7 9 0 6 04 0 . 2 4 1 9 6 1 1 2 0 0 0 . 6 C 7 0 0 4 9 2 05 0 . 9 9 6 4 2 2 2 2 - 0 3 0 . 2 5 1 1 9 9 4 2 - 0 2

0 . 3 0 2 2 0 S 6 E c r 0 . 4 0 2 2 0 6 7 2 04 0 . 2 0 0 1 0 7 7 2 0 0 0 . 6 5 6 0 3 3 0 2 0 9 0 . 1 2 6 1 6 5 9 2 - 0 2 0 . 2 3 4 1 4 0 0 2 - 0 2

0 . 3 5 S 6 9 9 2 E o r 0 . 4 9 7 4 1 OOE 04 0 . 3 1 2 7 9 7 6 2 00 0 . T C S 7 7 Ï 2 2 e s 0 . 1 3 9 0 4 2 5 2 - 0 2 0 . 2 2 3 5 1 0 2 2 - 0 2

0 . 3 3 I 0 0 9 6 E o r 0 ,  3 0 6 0 4 3 0 2 04 0 . 3 4 0 9 3 0 6 2 0 0 0 . 7 4 4 4 6 0 0 2 0 9 0 . 1 1 6 5 8 2 1 2 - 0 2 0 .  2 1 3 3 4 9 92 -  0 2

0 . 3 I 0 2 4 0 0 E o r 0 . 3 0 6 0 1 2 9 2 04 0 . 3 7 9 9 6 3 4 2 00 0 . 7 0 3 0 6 1 3 2 09 0 . 1 2 4 4 2 0 6 2 - 0 2 0 . 2 0 6 0 0 0 6 2 - 0 2

C .2 9 0 T 2 4 E E o r 0 . 4 0 1 9 0 0 0 2 04 0 . 4 0 9 0 3 5 0 2 0 0 0 . 0 2 3 2 5 1 3 2 09 0 . 1 3 0 2 4 0 7 2 - 0 2 0 . 2 0 1 2 6 6 3 2 - 0 2

0 .2 T 2 9 8 T 2 E 07 0 . 4 0 6 1 9 6 3 2 04 0 .  4 3 2 3 3 4 6 2 00 0 . 0 6 3 0 6 6 9 2 0 9 0 . 1 4 0 7 0 2 2 2 - 0 2 0 .  1 9 7 9  0 2 72 -  0 2

0 . 2 9 6 0 2 7 2 E o r 0 . 3 9 7 7 9 3 0 2 04 0 . 4 6 2 0 1 7 3 2 0 8 0 . 9 0 3 6 4 2 3 2 09 0 .  1 9 4 0 0 7 7 2 - 0 2 0 . 1 9 3 9 8 7 1 2 - 0 2

0 . 2 4 2 0 0 0 ( E o r 0 , 3 6 0 0 1 2 9 2 04 0 . 4 0 2 2 2 3 4 2 00 0 . 9 4 0 4 4 7 5 2 09 0 . 1 5 2 0 3 3 1 2 - 0 2 0 .  1 9 3 4 1 6 2 2 - 0 2

0 . 2 2 0 9 2 9 0 2 o r 0 , 3 0 9 3 0  792 04 0 . 9 0 9 0 7 6 3 2 0 8 0 . 9 7 1 3 0 2 3 2 05 0 . 1 3 9 3 0 1 8 2 - 0 2 0 . 1 9 0 0 1 3 9 2 - 0 2

0 . 2 I 6 I 0 7 2 E o r 0 ,  2 2 6 6 9 3 0 E 04 0 . 9 3 0 6 0 7 0 2 0 0 0 . 9 9 4 0 9 5 6 2 09 0 . 1 0 4 0 9 0 7 2 - 0 2 0 .  1 0 7 3 1 4 8 2  -  02

0 . 2 0 4 0 0 T 2 E o r 0 . 2 0 0 9 0 0 0 2 0 4 0 . 9 5 1 1 9 3 0 2 0 0 0 .  I C I 4 9 C 2 E 06 0 . 1 0 1 0 7 2 7 2 - 0 2 0 . 1 0 4 1 4 2 0 2 - 0 2

0 . I 9 4 I I 9 2 E o r 0 . 1 9 7 0 0 0 0 2 04 0 . 9 7 0 9 6 9 3 2 0 0 0 . 1 0 3 4 6 0 6 2 06 0 .  1 0 1 0 9 0 2 2 - 0 2 0 .  1 0 1 3 4 3 9 2 - 0 2 tsJ
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FIGURE IX -67.

T i m e ,  y e a r s

Composite p lo t  o f Increm ent re se rv e  vs,
(Case I I ,  H yperbolic Curve)
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FIGURE IX-68.

T i m e ,  y e a r s

Composite p lo t  o f  cum ulative discovery  vs.
(Case I I ,  H yperbolic Curve)
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FIGURE IX-69,

Time, years

Composite p lo t o f  cum ulative d iscovery  r a te  v s . tim e.
(Case I I ,  H yperbolic Curve)
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FIGURE IX-70.

F o o t a g e

Composite plot o f Increment reserve vs.
(Case I I , Hyperbolic Curve)

footage.
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FIGURE IX-71

C u m u l a t i v e  F o o t a g e

Composite p lo t  o f  cum ulative d iscovery  v s . cum ulative foo tage.
(Case I I ,  H yperbolic Curve)
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FIGURE IX-72 , Composite p lo t  o f cum ulative d iscovery  r a te  vs.

(Case I I ,  H yperbolic Curve)
cum ulative foo tage.
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two previous runs. Comparison of the results or plots of 
composite parameters for this run with those for the last 
two indicates notable changes in only the plots of cumulative 
discovery vs. either time or cumulative and cumulative dis
covery rate vs. cumulative footage. The plot of cumulative 
reserves vs. either time. Figure IX-68, or cumulative foot
age, Figure IX-71, and cumulative discovery rate vs. cumula
tive footage. Figure IX-72, for this run are very similar to 
the corresponding plots for the second run and have corre
sponding differences with the first run.

Fourth Run

The results obtained from the fourth run are shown 
in Tables IX-13 to IX-16 and Figures IX-73 to IX-78. This 
run is based on the results of the original model from Phase 
one using the straight line extrapolation for future drilling 
activities. Tables IX-13 to IX-IS are results for Regions 
1, 2, and 3, respectively. Table IX-16 and Figures IX-73 
to IX-78 are results for all (three) regions combined. From 
the figures for this run as compared to the figures IX-19 
to IX-24 for the first run, the same type of response can be 
observed for all the curves, so the same conclusions can be 
drawn for the plots for this run.

Fifth Run

The results obtained from the fifth run are shown in 
Tables IX-17 to IX-20 and Figures IX-79 to IX-84. This run



TABLE IX-13

P r e d i c t i o n  o f  F u t u r e  D i s c o v e r i e s  f o r  
( S t r a i g h t  L in e )

Region 1

ri«

ao

IM*aOOT«SC INCrOEOCRVe cur .7007*60 CUN.PESORVE OtSCOVORV RATE 
(INC.POS/lNC.FTl

CU2.016CCVERT RATE 
(CUR.RGS/CUW.FTl

o.aMoooee M O.OOOOOOOE 00 o.eccooooe 00 o.ocoflocce 00 O.OOOOOOOE 00 O.OOOOOOOE 00
••CMMOOe M O.OOOOOOOE 00 0.00000000 00 0.00000000 00 O.OOOOOOOE 00 c.oooooorc 00

Of 0.331Toaoe 09 e.«Cf99970 07 0.33170290 OS 0.33I70Ü6E-02 0.33:70260-02
0.«f««MTC •r 0.300*aoam OS 0.19999990 09 0.69719(20 OS 0.328*9666-02 0. 32269*60-02
• « I M M O M CO 0. to t0*000 09 0.29999990 09 0.91923**0 OS 0.2610*960-02 9.30607930-02
o*i««Mooe 00 0.0*90*790 09 0.39999990 09 0.11679220 06 0.2*96*760-02 0.29197060-02
«•icaooeoc eo 0.19390**0 OS 0.99999990 09 0.13617220 C6 0.19390**0-02 0.27235730 -02
# .a # * w # 4 a or 0.1000*390 00 0.99999970 OS 0.19270300 06 0.1(60**00-02 0.2646364E-02
••iMoaeac CO 0. rooeioeo 0* 0.69999976 09 0.16069120 06 0.79061860-03 0.229 6 6890 -02
OalOOMOOC 00 0.730*1200 0* 0.79999970 OS 0.1279*930 06 0.726*1230-03 0.20993170-02
e.ieoMoee 00 0.00032000 0* 0.8999997E OS 0.17360(20 06 0.08632*60-03 0.19312070-02
e.teooooM 00 o.oistaese 04 0.99999970 OS 0.17996010 06 0.SI6I662E-03 0.17906020-02
o*«9994a«e or 0.*102«29E c* 0.11000000 09 0.16306220 06 0.410263CF-03 0.166*2070-02
O.IOOOOOW 00 0.*0670296 0* 0.12000000 09 0.127130*0 06 0.*06762*0-03 O'. ISSO4200-02

odooooooe 00 0.*0312900 c* 0.13C0000E 09 0.191121(6 06 0.403I2480-03 0.1*70*750-02
odcoooooe 00 0.39037900 e* 0.1*000000 09 0.19*6*946 06 0.36637*96-03 0.l39l753=-02
ociooooooe 00 0.3*2*1090 c* 0.19900000 09 0.190269(0 06 0.3*2*1676-03 0.13217970-02
o.icoeeooe 00 0,31093130 0* 0.19000000 09 0.201*3690 06 0.31693I2E-03 0.12589930-02
0 .awwaw or 0.30239390 c* 0.1<999990 09 0.20**6290 06 0.30239*20-03 0.12027230-02
odooooooe 00 0.29307900 0* 0.17999990 09 0.207301(0 06 0.28367420-03 0.11616760-02 ls>
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TABLE IX-14

P r e d i c t i o n  o f  F u t u r e  D i s c o v e r i e s  
( S t r a l ( ^ t  L in e )

ne«ioM t

ttm I K .  FOOT «CC INC.OESERVE CUM .FOOT4CE CUM.RElERVE OISCCVERV RATE 
CINC.RE8/INC.FT1

CUW.OISCCV8RV RATE 
CCUM.RES/CUR.FT1

1 O.OOOOOOOE 00 O.OOOOOOOE CO O.OCCOOOOE 00 o . o c c o o c o e  0 0 O.OOOOOOOE 00 O.OOOOOOOE 00
2 o.ceocoooe 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OCCOOOOE 00 O.OOOOOOOE 00 o . c o o o o c o e  0 0

» O.OOOOOOOE 00 •O.COOOOOOE 00 O.OCCOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00
« o.ecoeoeoe 00 O.OOOOOOOE 00 O.OCCOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.COOOOOOE 00
S 0.II3C3C4E 0 0 0.3T60340E OS 0.II36364E 00 0.3769349E OS 0.33I7024E-02 0.33IT024E-02
« 0.II36J63E OS 0.3SI4002E OS 0.22T2T26E 00 0.70030318 08 0.30927478-02 0.3204087E-02
» O.II3036EE OS 0.296643IE OS 0.34C909IE OS 0.I028026E 06 0.86I048TE-02 0.3006743E-02
# 0.II30363E 00 0,240e2IOE OS 0.4E484S4E 00 0.12730408 00 0.2IS7673E-02 0.2802026E-02
« 0.II30S68E eo 0.22034SOE OS 0.S6010I9E OS 0.I493994C 00 0.I939039E-02 0.26294 2 88 -02
10 0.II3C363E 0 0 0.90S40COE 04 0.6EISIS2E OS 0.I892S34E 06 0.667I82IE-03 0.23387I6E-02
t l 0.11363096 0 0 O.O42SS00E 04 0.TC8494TE 00 0.I076729E 06 0.74144318-03 0.21079636-02
IS 0.II363C3E 00 o.eoozoeoE 04 0.90909I0E OS 0.17434160 06 0.9063I67E-03 0.I9I77S7E-02
13 0.II36303E OS O.SS80930E 04 0.I022T27E 09 0.I790929E 06 0.46R4S26C-03 0.17999496-02
I* O.II363eSE OS 0.4662129E 04 0.1136364E 09 0.10489440 06 0.41026496-03 ,0.162400%-02
IS 0.II30363E 00 0.4S9I43EE 04 0.12800OOE 09 0.I89I4CIE 06 0.40404668-03 0.191II60E-02
16 O.II36309E CO 0.4484I00E 04 0.I3C3637E 09 O.I936003E 00 0. 391948 IE-03 O.I4I973SE-02
IT 0.II30363E OS 0.309II2SE C4 0. I4T7273E 09 0.I9749I4E 06 0.34241098-03 0.13368448-03
10 0.II3630SE 00 0.3672625E 04 0.I890909E 09 0.20II640E 04 0.32319068-03 0. 12644898-02
19 O.II30303C 00 0.343C313E 04 O.I704846E 09 0.2046003E 06 0.3023986E-03 0.I200322E-OZ

20 0.II30369E 00 O.32O3S0OE 04 0.I8I0I82E 09 ( .2C70030E 06 0.28I9076E-03 0.I14292IE-02
tsj
00



TABLE IX-15

P r e d i c t i o n  o f  F u t u r e  D i s c o v e r i e s  
( S t r a i g h t  L i n e )  

Rectrn 3

INC INC.FOOTSCe INC.RESERVE CU N .F00TA 6E CUR.RE SERVE OISCOVERV RATE
« IN C .R E S /IN C .F T I

CUM.DISCOVERY RA 
(CUM.RES/CUM.FT

1 o.ococoooe 0 0 O.OOOOOOOE CO O.OOOOOOOE 0 0 O.OOOOOOOE 0 0 O.OOOOOOOE 0 0 O.OOOOOOOE 0 0

2 O.COOOOOOE 00 O.OOOOOOOE 00 O.OCCOOOOE 0 0 O.OCCOOCOE 0 0 O.OOOOOOOE 0 0 O.OOOOOOOE 00

3 O.COOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 0 0 O.OOOOOOOE 0 0 O.OOOOOOOE 0 0 O.OOOOOOOE 0 0

4 0 . I 0 S 2 S 3 I E 0 0 0 . 3 4 9 t o o e e OS O .I O ( 2 6 3 I E  0 0 0 .3 4 9 K C 9 E 09 0 .3 3 I 7 0 2 6 E - 0 2 0 .3 3 I 7 0 2 6 E - 0 2

S 0 . I 0 5 2 S 3 I E OS 0 .3 3 8 9 0 7 C E OS 0 .2 1 0 8 2 6 2 E  0 8 0 .6 0 4 0 6 7 8 E 0 8 0 .3 I 8 7 3 I 7 E - 0 2 0 .  3 2 8 2 1  7 2 E -0 2

* O .IO S 2 S 3 0 E 08 0 . 2 7 4  7844E OS 0 .3 I S 7 8 9 3 E  0 0 0 .9 E 9 4 S I 9 E OS 0 .2 6 I 0 4 9 4 E - 0 2 0 .3 0 3 8 2 6 6 E -C 2

T 0 .1 0 8 2 6 3 2 2 08 0 .2 4 9 2 5 I 9 E 08 0 .4 2 I 0 8 2 8 E  0 8 0 .I2 0 0 7 C 4 E 06 0 .2 3 6 7 8 9 2 E - 0 2 0 .2 8 7 0 6 7 2 E -0 2

• 0 .I 0 S 2 6 3 0 E 0 0 O .2 0 4 I0 S 4 E 00 0 .8 2 6 3 I 9 9 C  0 8 0 . I 4 I 2 8 I 3 E 06 0.193904 IE-02 0 .2 6 9 4 3 4 6 E - 0 2

9 0 .I 0 S 2 6 3 2 E OS O .I 3 9 9 9 0 0 E 0 8 0 .6 3 I 8 7 8 7 E  00 0 .1 E 8 2 8 C 3 E 06 0 . I 3 2 9 9 0 4 F - 0 2 0.24S8606E-02

*9 0 .I 0 S 2 0 3 C E 0 8 O .0 3 2 4 4 3 2 E 04 0 .7 3 6 0 4  I 8 E  0 8 0 .I 6 3 6 0 4 E E 0 6 0 .7 9 0 2 2 2 3 E - 0 3 0 .2 2 2 0 3 8 I E - 0 2

I I 0 .I 0 S 2 0 3 2 E OS 0 .6 8 0 9 3 1 3É 04 O .B 4 2 I0 8 0 E  0 8 O . I 7 0 4 I 4 I E 06 0 .6 4 6 8 8 4 3 7 - 0 3 0 .2 0 2 3 6 6 R E - 0 2

12 0 .1 0 S 2 6 3 2 E 0 8 0 . 6 I 7 I 8 I 3 E 04 0 .9 4 7 3 6 8 2 E  0 8 0 .I 7 6 8 8 C 9 E 06 0 .3 8 6 3 2 1 8 2 - 0 3 0 . I 8 6 3 9 6 3 F - 0 2

13 0 . I 0 S 2 0 3 0 E 08 0 .4 S 3 3 6 0 0 E 04 0 . IO e 2 6 3 IE  09 0 . I C I I I 9 4 E 06 0 .4 3 0 6 8 2 9 E - 0 3 0 .I 7 2 0 6 3 B E -O 2

1« 0.1092632e OS 0 . 4 3 1 362S E 04 0 .  1 1 9 7 8 * 4 6  0 9 o.ies4330e 06 0 .4 0 9 7 9 4 0 E - 0 3 C .1 6 0 I 4 6 T E - 0 2

IS 0 .1 0 S 2 0 3 0 E 08 0 .4 2 4 3 4 3 8 E 04 0 .1  2 6 3 1 S7E  0 9 O .I0 9 6 7 6 4 E 06 0 .4 0 3 I 2 6 9 E - 0 3 C .1 S 0 I6 C 6 E -0 2

IS 0 . I 0 S 2 0 3 2 E 0 8 0 .4 0 8 7 6 2 S E 04 0 . 1 3 ( 8 4 2 1 8  09 0 . I 9 3 7 6 4 I E 06 0 .3 8 8 3 2 4 0 E - 0 3 0 . I 4 I S 9 6 S E - 0 2

17 O .IO S 2 6 3 0 E 08 0 .3 6 0 4 4 3 C E 04 0 .1 4 7 3 6 8 4 E 0 9 O .I 9 7 3 6 ( S E 06 0 .3 4 2 4 2 I 9 E - 0 3 0 .I 3 3 9 2 8 7 E - C 2

IS 0 . I 0 5 2 6 3 2 E 08 0 .3 4 3 3 8 1 3 E 04 0 . IS 7 8 9 4 7 E  0 9 0 .2 C 0 8 0 2 3 E 06 0 .3 2 6 2 I 2 0 E - 0 3 O .I 2 7 1 7 4 8 E - 0 2

19 0 .1 0 8 2 6 3 2 8 08 0 .3 1 8 3 0 6 3 E 04 0 . I6 0 4 2 IO E  0 9 0 .2 0 3 9 8 S 4 E 06 0 . 3 0 2 3 9 0 7 E -0 3 0 .  I 2 I I I 6 3 E - 0 2

2 0 0 . 1 0 8 2 6 3 OE 08 0 .3 0 2 B 4 3 8 E 04 0 . 1 7 0 9 4 7 3 E  0 9 0 .2 C 7 0 I  COE 06 0 . 2 8 7 4 1 6 9 E -0 3 0 . t l 9 ( 0 2 5 E - 0 2

ts)
00
00



TABIE IX-16

COMPOSITE PPPAMETERS FOR ALL K BASIFS(Straight Line)
TIME IKC.FOOTACE INC.RESERVE TOTAL FOOTAGE 

DRILLED
CUM.DISCOVERT DISCOVERT RATE 

(IN C .R E S /IN C .F T I
CUM.DISCOVERT R 
(CUM.RES/TOTAL

I O.GCCCOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 C.COCOOCOE 00

2 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 o .o c c o o c c e 00 O.OOOOOOOE 00 O.OOOOOOOE 00

3 0.Ç 09S997E 07 0 .3 3 1 7 0 2 5 E OS 0 .9 9 9 9 9 9 7 E 07 0 .3 3 1  702SE OS 0 . 3 3 I702C E -02 0 .33I7026E -O i>

4 0 .2 0 9 2 6 2 9 E 08 0.674C4SO E cs 0 . 30S2629E 08 0 . ICQ6349E 00 0 .3 2 8 6 7 3 9 E -0 2 0 .3 2 9 6 0 0 3 E -0 :!

5 0 .3 1 8 8 9 9 S E 08 0 .9 7 3 4 8 7 S E 05 0 .6 2 4 I0 2 4 E 08 0 .I9 7 9 8 3 8 E 00 0 .3 0 5 2 0 4 ^ - 0 2 0 .3 I7 I9 0 9 E -0 :?

6 0 .3 I8 € 9 C 4 E 08 o .E T se ac o E CS 0 .9 4 2 0 0 IO E 08 0 .2 8 S S 7 I7 E 00 0 .2 7 4 6 5 7 4 E -0 2 0 .3 0 2 8 I3 3 E -0 2

7 0 .3 I8 8 9 9 7 E 08 0 .7 3 9 7 9 9 4 E OS 0 .1 2 C I9 6 IE 09 0 .3 !9 S e i8 E 06 0 .2 3 I9 8 S 0 E -O 2 0 .2 8 4 9 I4 9 E -0 I!

8 0 .3 I8 E 9 9 2 E 08 0 .6 I8 7 7 S O E OS 0 .IS 8 0 8 6 IE 09 0 .4 2 I4 2 9 I E 06 0 .1 9 4 0 3 4 7 E -02 0 .2 6 6 S 8 2  IE -0 2

9 0 .3 1 8 8 9 9 7 E 08 0 .4 3 9 4 I7 S E 03 0 . IE99700E 09 0.48S37C 9E 06 O .I 3 7 7 9 I8 E -0 2 0 .2 4 4 9 0 2 9 E -0 2

10 0 ,3 I8 2 9 9 4 E 08 0 .2 5 4 3 2 SOE OS 0 .2 2 1 8 0 6 0 E 09 0 .4 9 0 8 0 3 4 E 06 0 .7 9 7 S I0 C E -0 3 0 .2 2 1 2 1 6 2 E -0 I!

I I 0 .3 I8 8 9 9 7 E 08 0 .2 I0 9 8 0 0 E CS 0 .2S37SS 9E 09 O .S II9 0 IS E 06 0 .6 6 1 SB 92E-03 0 .2 0 I7 2 9 8 F -0 S '

12 0 .3 I8 8 4 8 9 E 08 0 .1 7 9 0 6  OOE 05 0 .2 8 S 6 4 S 8 E 09 0 .S 2 9 8 S 7 6 E 06 O.S64O0SOE-O3 0 .  l8 5 9 0 S IE -0 i>

13 0 .3 I8 2 9 9 2 E 08 0 .1 4 I8 7 0 6 E OS 0 .3 I7 S 3 S 7 E 09 0 .5 4 4 0 7 4 6 E 06 0 .4 4 4 8 7 6 0 E -0  3 0 .I7 1 3 4 2 8 E -O 2

14 0 .3 I8 8 9 9 2 E 08 0 .1 3 0 4 3 3 8 0 CS 0 .3 4 9 4 2 S 7 E 09 0 .5 :7 1 1  EOE 06 0 .4 0 9 0 I2 4 E -0 3 0 . 1 S 943 8 2 E -0 2

IS 0 « 3 ie e 9 9 2 E 08 0 . I28C 6I3E c s 0 .3 6 I3 I 9 6 E 09 O .S 0 9 9 8 4 IE 06 0 .4 0 3 4 S 4 IE -0 3 0 . I4 9 4 7 8 3 E -0 2

I * 0 .3 1 0 8 9 9 2 E 08 0 .I2 2 2 5 9 0 E c s 0 .4 I3 2 0 5 S E 09 0 .S E 22097E CO 0 .3 P 3 3 6 7 S E -0 3 0 . I4 0 9 0 0 7 E -0 2

17 0 .3 ia e 9 9 2 E 08 0 .I0 9 I9 7 S E OS 0 .4 4 S 0 9 5 4 E 09 0 .5 9 3 I2 9 4 E 06 0 .3 4 2 4 2 0 IE -0 3 0 . I3 3 2S C 9E -02

18 0 .3 I8 8 9 9 2 E 08 0 . 102/57SE cs 0.47C 98S3E 09 0 .6 0 3 4 0 S 2 E C6 0 .3 2 2 2 2 5 S E -0 3 O .I2 0 S 0 3 9 E -0 2

19 0 .3 I8 E 9 9 2 E 08 0 .9 6 4 3 3 I3 E 04 0 .S 0 8 8 7 S 3 C 09 0 .6 l3 0 4 e C E 06 0 .3 0 2 3 9 3 7 E -0 3 0 . I2 0 4 7 1 3 E -0 2

20 0 .3 I8 8 9 9 2 E 08 0 .9 0 0 7 6 8 S E 04 0.84C 76S2E 09 0 .6 2 2 I I 6 2 E 06 0 .2 8 4 3 4 3 3 E -0 3 0 . I IS 0 4 3 7 E -0 2 Is)
COto
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FIGURE IX-73.

T i m e ,  y e a r s

Composite plot: o f  Increm ent rese rv e  v s . tim e.
(S tra ig h t l in e )

I i

ts)
O



bm
g«

«

I

FIGURE IX -74

Time, years

Composite p lo t  o f cum ulative d iscovery  v s . tim e,
(S tra ig h t l in e )
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Time, years

FIGURE IX-75. Composite p lo t  o f cum ulative d iscovery  r a te  v s . time,
( s t r a ig h t  l in e )
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FIGURE IX-76.

Footage

Composite p lo t  o f  increm ent re se rv e  v s . footage.
(S tra ig h t l in e )

NJ
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FIGURE IX-77.

C u m u l a t i v e  F o o t a g e

C o m p o s i t e  p l o t  o f  c u m u l a t i v e  d i s c o v e r y  v s .  c u m u l a t i v e  f o o t a g e .  
( S t r a i g h t  U n e )
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FIGURE IX-78.

C u m u l a t i v e  F o o t a g e

Composite p lo t  o f  cum ulative d iscovery  r a te  v s . cum ulative footage.
(S tra ig h t l in e )
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TABIE IX-17

P red ic tio n  o f Future D iscoveries 
( C a s e  I ,  S t r a i g h t  L i n e )

r e g ' i w i  1

TI»

19

20

(ftCcFCOrM C INC.RESERVE CUN.FOOTACE GUM.RE SERVE OISCOVERV RATE 
1INC.RES/INC.FT>

CUM.DISCOVERV RATE 
1 CUM.RES/CUM.FTI

O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 C.OCOOOCCE 00 O.OOOOOOOE 00 O.OOOOOOOE 00
O.COOOOOOE 00 O.OOOOOOOE CO O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00

0.9999990E 06 0.403908EE 04 0.9C99996E 06 0.4C390eeE 04 0.4039086E-02 0.4039086E-02
C.C999994E 06 0.4002842E 04 0.I999999E 07 0.8C4I930E C4 0.4002843E-02 0.4020967E-02
0.9999990E 06 0.360I6BOE 04 0.2999998E 07 0.1I643C1E OS 0.360I6B3E-02 0.3881206E-02

OtlOOOOOOE 07 0.33924I0E 04 0.3999998E 07 0.IE036C2E OS 0.33924 ICE-02 0.3759007E-02
o.iooooooe 07 0.244I53CE 04 0.4999998E 07 0.I747756E OS 0.244IS39E-02 0.34955I3E-02
0.9999990E 06 O.1868770E 04 0.S949997E 07 0.I934633E OS 0.186e77IE-02 0.3224390E-02

O.ICOOOOOE 07 0.300ei2SE 03 0.6999997E 07 0.I9686I4E 09 0.3096I24E-03 0.280802IE-02

o.iooooooe 07 0.78I3946E C3 0.79C999TE 07 0.20437S4E CS 0.78I3943E-03 0.2SS4693E-02

0 .C 999990E 06 0.1922SS9E 04 0.8999996E 07 0.2236009E OS 0.I922S60E-02 0.2484496E-02

O.IOOOOOOE 07 0.I629I2IE C4 0.9C09996E 07 0.239892IE OS 0.I629I2IE-02 0.2398922E-02

0.C999990E 06 0.I12I602E 04 O.IIOOOOOE 08 o.zsiioezE OS 0.II2I602E-02 0.22128020-02

O.IOOOOOOE 07 0.I3B2492E 04 0.1200000E 08 0.264633IE OS 0.I352492E-02 0.220S277E-02

O.ICOOOOOE or 0.IS92980E 04 0.I300000E 08 0.2E0S63CE OS 0 . IS92988E-02 0.21S8I77E-02

0.C999990E 06 0.I73S03SE C4 0.I3C9999E 08 0.2979133E 05 0.173S037E-02 0.2I279S3E-02

O.IOOOOOOE 07 0.I8467S4E 04 0 . 1499999E OS 0.3I638C9E OS 0 . 1B467S4E-02 0.2I09207E-02
O.ICOOOOOE 07 0.II0SI9IE 04 0.I399999E 08 0.327432EE OS 0.I105I9IE-02 Q.204e4SSI;-02
0.9999900E 06 0.7241602E C3 0.IC99998E 08 0.334E744E OS 0.724I673E-03 0.I96867SE-02

O.IOOOOOOE 07 0.III8289E 04 0.IT99998E 08 0.34S8S73E OS 0.11182890-02 0. 192I43IE-02 tsj
iOa\



TABLE IX-18

P r e d i c t i o n  o f  F u t u r e  D i s c o v e r i e s  
( C a s e  I ,  S t r a i g h t  L i n e )

REGION t

T»« INC*FOOTAGE INC.RESERVE CUM.FOOTACE CUV.RE SERVE OISCCVERV RATE 
(INC.RES/INC.PTI

CUM.DISCOVERY RATE 
ICUM.RES/CUM.FTt

1 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 0.00000006 00 O.OOOOOOOE 00
e O.COOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00
3 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00
A O.OOOOOOOE 00 O.OOOOOOOE CO 0.CCCOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00
s 0.IISCS63E 07 O.AS09O7IE 04 0.I136363E or 0.4E8987IE 04 0.403908(6-02 0.40390866-02
« 0.II36SC3E 07 0.4A34336E 04 0.22727266 or 0.90242076 04 0.39022186^2 0.39706536-02
7 0.II36363E or 0.8092820C 04 0.3409089E or 0.13117036 09 0.36016846-02 0.38476636-02
a 0.1I3C3C3C 07 o.asEorscE 04 0.4S45452E or 0.18367776 09 0.28606516-02 0.36009106-02
« 0.H3E3E3E or 0.27r4A73E 04 0.56810156 or 0.19142246 09 0.24419376-02 0.33690366-02
10 O.H3E3(3E or 0.457Sr*2E 03 0.68181786 or 0.19599816 OS 0.40266556-03 0.28746416-02

II 0.II3E3E3E or 0.7S03320E 03 0.79545416 or 0.20350146 05 0.66029236-03 0.25583056-02

1C O.II3E303E or 0.CI04r23E 04 0.90909046 or 0.22534(76 09 0.19229576-02 0. 24788376 -02
IS 0.II3G363E or 0.I709294E 04 0.102272 76 00 0.24244126 OS 0.15041446-02 0.23705376-02
I* O.II36303E or 0.12745516 04 0.II36363E 00 0.25918(76 05 0.112160SE-02 0.22456446-02
IS 0.1I3C3C3E or 0.IT4I12SE 04 0.1249999E 00 0.272S9E0E OS 0.16321916-02 0 . 2180 7 856 - 02
16 0.II363E3E or 0.18599646 04 0.1303636E 08 0.29119786 05 0.16367876-02 0.21354526-02
IT 0.1136363E or 0.2098582E 04 0.14772726 08 0.31218366 05 0.18467536-02 0 . 21132446 -02
18 0.1I36363E or * 0.I469078E 04 0.1S90900E 08 0.32677446 05 0.12839896-02 0.20540126-02
19 0.II363S8E cr 0.0229I4IE 03 0.1704544E 08 0.33500366 05 0.72416786-03 0.19653566-02
20 0.11363686 or 0.I312B16E 04 0. leioiaiE 08 0.34812876 09 0.11550096-02 0.19147096-02

ts)



TABLE IX-19

P r e d i c t i o n  o f  F u t u r e  D i s c o v e r i e s  
( C a s e  I ,  S t r a i g h t  L i n e )

Rcaioii 3

iM e INC.FOOTASE INC.RESERVE CUV .F00TAC6 CUV.RESERVE OISCCVERV RATE 
« IN C .R E S /IN C .F T *

CUM.DISCOVERT RATE 
fCU M .RES/CU M .FT*

1 e . c c o c o c o E 00 O.OOOOOOOE 00 O.OOOOOOOE 0 0 O.OOOOOOOE 0 0 O.OOOOOOOE 0 0 C.COCOOCCE 00

2 O.OOOOOOOE 00 O.OOOOOOOE CO O.OOOOOOOE 0 0 O.OOOOOOOE 00 O.OOOOOOOE 0 0 0 .0 0 0 0 0 0 0 6  0 0

3 O.OOOOOOOE 00 O.OOOOOOOE 0 0 O.OOOOOOOE 0 0 O.OOOOOOOE 0 0 O.OOOOOOOE 0 0 O.OOOOOOOE 0 0

« 0 . I 0 S 2 6 3 1 E CT 0 .4 2 9 l 6 0 e E 04 0 . I0 8 2 6 3 IE 07 0 .4 2 5 1 6 6 8 6 04 0 .4 0 3 9 0 8 6 6 - 0 2 0 .4 0 3 9 0 8 6 6 - 0 2

S 0 .1 0 S 2 6 3 I E 07 0 .4 1 6 9 3 8 7 6 04 0 .2 I 0 5 2 6 2 E 0 7 0 .8 4 2 I 0 S 5 E 04 0 .3 9 6 0 9 1 9 E -0 2 0 .4 0 0 0 0 0 1 6 - 0 2

6 e .lO S 2 C 3 I E CT 0 .3 7 9 I2 4 C E C4 0 .3 1 8 7 8 9 3 6 07 0 .1 : 2 1 2 3 0 6 OS 0 .3 6 0 1 6 8 6 6 - 0 2 0 .3 8 6 7 2 3 1 6 - 0 2

T o . t o s z e s i E 07 0 .3 3 3 7 7 2 7 E C4 0 .4 S I0 S 2 4 E 0 7 0 .I5 5 5 0 C 3 E 0 5 0 .3 1 7 0 8 4 2 6 - 0 2 0 .3 6 9 3 1 3 3 E -0 2

0 0 . I 0 S 2 6 3 I E 07 0 .2 S 7 0 0 3 S E 04 0 .S 2 6 3 I 5 5 E 0 7 0 . I 8 I 2 0 0 7 E OS 0 .2 4 4 1 5 3 8 6 - 0 2 0  .  3 4 4 2 8 1 4 6  -  0 2

9 0 . I 0 S 2 O 3 I E OT 0 .1 3 2 4 0 9 8 6 04 0 .6 3 1 5 7 8 6 6 07 0 .1 9 4 4 4  166 OS 0 .1 2 5 7 8 9 3 6 - 0 2 0 .3 0 7 8 6 6 1 6 - 0 2

10 0 .1 0 S 2 6 3 I E 07 0 .3 2 6 1 1 7 2 6 03 0 .7 3 6 8 4 1 7E 0 7 0 . I 9 7 7 0 2 8 E OS 0 . 3 0 9 8 1 1 4 E -0 3 0 .2 6 8 3 1 I I G - 0 2

t l 0 .1 0 5 2 6 3  IE 07 0 .I 4 7 8 7 S 0 E C4 0 .8 4 2 1 0 4  86 07 0 .2 I 2 4 7 C 3 E OS 0 .1 4 0 2 9 1 3 E -0 2 0 .2 5 2 3 0 8 6 6 - 0 2

>2 O .IO S 2 6 3 IE 0 7 0 .2 0 2 3 7 4 6 6 04 0 .9 4 7 3 6 7 9 E 0 7 0 . 2  327 0  786 OS 0 .I 9 2 2 S 6 C E - 0 2 0 .2 4  5  6  3 616 - 0 2

13 0 .1 0 S 2 6 3 1 E 07 0 .1 3 0 8 7 8 4 6 C4 0 . 1 0 8 2 6 3 IE 08 0 .2 4 5 7 9 5 3 E 03 0 . 1 2 4 3 3 1 7 E -0 2 0 . 2 3  3 5 0 5 7 6 -0 2

14 0 .1 0 S 2 6 3 I E 07 0 .1 2 1 3 0 4 3 6 04 0 .1  1 8 7 8 9 4 6 08 0 .2 8 7 9 2 8 7 6 OS 0 .1 1 5 2 3 9 1 6 - 0 2 0 .2 2 2 7 5 4 2 6 - 0 2

IS 0 . 1 0 5 2 6 3 IE 07 0 .1 6 7 6 8 2 8 6 04 0 .1 2 6 3 1 5 7 6 0 8 0 .2 7 4 6 9 4 0 6 0 5 0 .1 5 9 2 9 8 7 6 - 0 2 0 .2 1 7 4  6 826 - 0 2

16 O .I 0 5 2 6 3 I E 07 0 .1 7 3 8 7 4 2 6 04 0 .I3 C 8 4 2 0 E 08 0 .2 9 2 0 8 1 4 6 05 0 .1 6 5 1 8 0 6 6 - 0 2 0 .2 1 3 4 4 4 2 6 - 0 2

IT 0 . I 0 9 2 6 3 I E 07 0 .I 9 4 3 9 4 9 E 04 0 .1 4 7 3 6 8 3 6 0 8 0 .3 1 1 5 2 0 9 6 OS 0 .1 8 4 6 7 5 3 6 - 0 2 0 .2 1 1 3 8 9 3 6 - 0 2

18 O .I 0 9 2 6 3 I E 07 0 .1 4 3 8 7 2 7 6 04 0 .1 8 7 8 9 4 7 6 0 8 0 .3 2 5 9 0 8 2 6 0 9 0 .1 3 6 6 7 9 1 6 - 0 2 0 . 2 0  0 4  0 8 6 6 —0 2

19 O .IO S 2 6 3 IE 07 0 .7 6 2 2 8 1 3 6 03 0 . I6 8 4 2 I0 E 0 8 0 .3 : 3 5 3 1 0 6 OS 0 . 7 2 4 1 6 7 6 6 - 0 3 0 .1 9 8 0 3 4 1 6 - 0 2

2 0 0 . I 0 5 2 6 2 4 E 07 0 .I1 O I1 2 S E C4 0 .1 7 8 9 4 7 2 6 08 0 .3 4 4 S 4 2 3 E OS 0 .1 0 4 6 0 7 6 6 - 0 2 0 .1 9 2 5 3 8 5 6 - 0 2 roU3
00



TABLE I X - 2 0

COMPOSITE PAKAMETEPO FCR M X .  M 8«SIMS
( C a s e  I ,  S t r a i g h t  L i n e )

IHE INC.FOOTACE INC.RESERVE TOTAL FOOTAGE 
DRILLED

CUM.D1SCCV6RV DISCOVERT RATE 
(INC.RES/INC.FTI

CUM.DISCOVERT R 
(CUM.R6S/T0TAL

1 OcOCOCOOOE 00 O.OOOOOOOE 00 0.00000006 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00
2 O.OOOOOOOE 00 O.OOOOOOOE 00 0.OCCOOOOE 00 o .o o o o o c c e 00 O.OOOOOOOE 00 O.OOOOOOOE 00
3 0.9*99996E 06 0.40390886 04 0.99999966 06 0.4C390226 04 0.40390826-02 0.4 0 39 0866 -02
« 0.209263CE 07 0.02949026 C4 0.30826306 07 0.12293206 09 0.40214296-02 0.40272146-02
s 0.31029*36 07 0.12360946 09 0.62416236 07 0.24654846 09 0.38761286-02 . 0.39500186-02
« 0.31029946 07 0.11617996 09 0.94306176 07 0.36272536 09 0.32431936-02 0 . 38462826 - 02
7 0.31009946 07 0.90720866 04 0.12219616 08 0.42144216 OS 0.30956746-02 0.36965806-02
a 0.31009936 07 0.76899476 04 0.15808606 08 0.93034166 09 0.24112776-02 0.34053716-02
9 0.31009006 07 0.44003836 C4 0.18997986 00 0.98242246 09 0.13823806-02 0.30657876-02
10 0.31090(06 07 0.16690866 04 0.22186996 08 0.59807236 05 0.49077516-03 0.26956656-02
II 0.31029766 07 0.414964 IE 04 0.28379576 00 0.63997276 05 0.13012496-02 0.29204276-02

12 0.31009926 07 0.98379436 04 0.28564966 08 0.69794216 09 0.18309296-02 0.24434066-02

13 0.31029926 07 0.41396256 04 0.31753956 08 0.7393444E OS 0.12980986-02 0.23253836-02
14 0.31009926 07 0.38400636 04 0.34942546 08 0.7T774SCE 09 0.12041626-02 0.22257826-02

19 0.3I89008E 07 0.50109386 C4 0.38131596 08 0.02785446 05 0.15713156-02 0.21710486-02
16 0.31009766 07 0.83338136 04 0.41220536 08 0.02119286 05 0.16725786-02 0.21325786-02
17 0.31090006 07 0.90092906 04 0.44809546 08 0.94000806 05 0.18467346-02 0.2112 0 986 -02
10 0.31089926 07 0.400300CE 04 0.47698936 06 0.98011806 05 0.12592996-02 0.20948126-02
19 0.31009926 07 0.23093136 04 0.90887926 08 0.10032086 06 0.72415106-03 0.19714236-02
20 0.31089926 07 0.39319326 04 0.94076516 00 0.10389286 06 0.11075406-02 0.1920 4 7 66 - 02 N)

VOiO



M

T i m e ,  y e a r s

FIGURE IX -79. Composite p lo t  o f  increm ent re se rv e  v s . tim e.
(Case I ,  S tra ig h t l in e )
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FIGURE IX-80i.

Time, years

Composite p lo t  o f cum ulative discovery  vs.
(Case I ,  S tra ig h t l in e )

tim e.
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FIGURE IX -81.

Time, years
Composite p lo t  o£ cum ulative discovery  r a te  v s . tim e.

(Case I ,  S tra ig h t l in e )
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FIGURE IX-82.

F o o t a g e

Composite p lo t  o f  increm ent reserv e  v s . footage.
(Case I ,  s t r a ig h t  l in e )
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FIGURE IX-83.

C u m u l a t i v e  F o o t a g e

Composite p lo t o f  cum ulative d iscovery  vs. cum ulative foo tage.
(Case I ,  s t r a ig h t  l in e )
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FIGURE IX -84.

C u m u l a t i v e  F o o t a g e

Composite p lo t o f cum ulative d iscovery r a te  vs . cum ulative footage.
(Case I ,  s t r a ig h t  l in e )
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i s  b a s e d  on t h e  r e s u l t s  o f  Case I o f  Phase  one u s i n g  a s t r a i g h t  

l i n e  e x t r a p o l a t i o n  f o r  f u t u r e  d r i l l i n g  a c t i v i t i e s .  T a b l e s  

IX -17 ,  IX-18 and IX-19 a re  r e s u l t s  f o r  e a c h  o f  t h e  i n d i v i d u a l  

r e g i o n s  ( 1 ,  2 ,  and 3 ) .  T a b le  IX-20 and F i g u r e s  IX-79 t o  IX-84 

a re  t h e  r e s u l t s  f o r  a l l  ( t h r e e )  r e g i o n s  combined.  By o b s e r v 

ing  t h e s e  f i g u r e s  and comparing t h e  p l o t s  f o r  t h i s  ru n  w i t h  

t h e  c o r r e s p o n d i n g  p l o t s  f o r  t h e  s e c o n d  r u n ,  a lm o s t  t h e  same 

r e s p o n s e  c a n  be o b s e r v e d  i n  most  o f  t h e  p l o t s ,  e x c e p t  f o r  

t h e  p l o t  o f  i n c r e m e n t  r e s e r v e  v s .  e i t h e r  t im e  o r  f o o t a g e .

The p l o t s  o f  i n c re m e n t  f o o t a g e  v s .  e i t h e r  t im e  o r  f o o t a g e  

f o r  t h i s  ru n  a re  shown i n  F i g u r e s  IX-79 and IX-82 r e s p e c t i v e l y .  

The p l o t  o f  in c r e m e n t  r e s e r v e  v s .  t i m e .  F i g u r e  IX -7 9 ,  i n d i 

c a t e s  t h a t  more r e s e r v e s  have  been  fo u n d  when t  = 5 y e a r s ,  

t h e n  t h e  c u r v e  d r o p s  s h a r p l y  in  t h e  p e r i o d  o f  t  = 5 t o  10 

y e a r s .  From t  = 11 t o  t  = 20 y e a r s ,  t h e  v a l u e s  o f  in c r e m e n t  

r e s e r v e s  o s c i l l a t e .  The p l o t  o f  i n c r e m e n t  r e s e r v e  v s .  f o o t 

a g e ,  F i g u r e  IX-82 ,  shows n e a r l y  t h e  same f e a t u r e s  as F ig u r e  

IX-79.  I t  shows t h a t  we have  fou n d  more r e s e r v e s  i n  t h e  

f i r s t  p a r t  o f  d r i l l i n g  a c t i v i t i e s ,  t h e n  t h e  c u r v e  d ro p s  

s h a r p l y  f o r  a w h i l e ,  and a f t e r w a r d s  t h e  r a t e  o f  d e c r e a s e  in  

th e  c u rv e  becomes more g r a d u a l .  Aga in  t h e  v a l u e s  o f  i n c r e 

ment r e s e r v e s  o s c i l l a t e  i n  t h e  l a t t e r  p o r t i o n  o f  t h e  d r i l l 

ing  a c t i v i t i e s .

S i x t h  Run

The r e s u l t s  o b t a i n e d  from t h e  s i x t h  ru n  a r e  shown in  

T a b le s  IX -21  t o  IX-24 and F i g u r e s  IX-85 t o  IX -90 .  T h i s  run



TABLE IX-21

P r e d i c t i o n  o f  F u t u r e  D i s c o v e r i e s  f o r  R e g i o n  1 
( C a s e  I I ,  S t r a i g h t  L i n e )

INE IKCeFOOTAGE INC.RESERVE CUM.FOOTACE CUM.RESERVE DISCOVERY RATE 
(INC.RES/INC.FT)

CUM.DISCOVERY RATE 
(CUM .PCS/CUM.FT 1

1 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OCOCOCCE cc C.OCCOOCCE 00 O.OOOOOOOE 00

2 O.COOOOOOE 00 0 . COOOOOCE 00 0.OCCOOOOE 00 O.OCGOOCCE 00 O.OOOOOOOE 00 O.COOOOOOE 00

3 C.9999996E 06 0.4039088E 04 0.9999996E 06 0.4C390eeE 04 0.4C39086C-02 0.4039086C-02

4 0.C999994E 06 0.396006CE 04 0.19999996 07 0.7999IE6E 04 0.39600696-02 0.29995806-02

5 0.9999990E 06 0.3065477E 04 0.2999996E 07 0 . t I084C3E OS 0.30aS4nOF-0'2 9.3694B80C-02

« O.ICOOOOOE 07 0 . 2717574E 04 0.3999998E 07 0.I380221E OS 0.£7175746-02 0.3450ES3E-C2

7 O.IOOOOOOE 07 0. I04S953E C4 0.4999998E 07 0.14848166 05 0.10459536-02 0.29696336-02

a 0.9999990E 06 0.80153I3E 03 0.5999997E 07 0.1S649C9E 05 0.80153186-03 0.26082836-02

9 O.ICOOOOOE 07 0.1362773E C3 0.6999997E 07 0.1578597E 05 0. 136 2773E-03 0.22551396-02

10 O.IOOOOOOE 07 0.26S3477E 03 0.7999997C 07 0.1606132E 05 0.26524756-03 0.200^4106-02

11 0.S999990E 06 0.S776797E 03 0.6999996E 07 0.16629C0E 05 0.S7768C1E-03 0. 18 4 7 6 6 76 - 02

12 O.IOOOOOOE 07 0.4599922E 03 0.9999996E 07 0.1708899E OS 0.4S99921F-03 0.17088996-02

13 0.C999990E 06 0.2S64414E 03 0,1 IOOOOOE 08 0.I734543E 05 0.25644156-03 0. I576858E-02
14 O.IOOOOOOE 07 0.412C32EE C3 C.I2CCOOOE 08 0 . 1 77E8CCE 05 0.41263276-03 0.14^96396-02

IS 0 . ICOOOOOE 07 0.S753242C 03 0 . 1 300000E 08 0.16333396 05 0.57532416-03 0 . 1410261E-02

16 0.9999990E 06 0.59562426 03 0.1399999C OS 0.1892921E 05 0.59582486-03 0.13520876-02
17 O.IOOOOOOE 07 0. 6 1 I9492E 03 0 . 1 499999C 06 0.19541166 05 0.611949CE-03 0.13027446-02
l a 0 . lOOOOOOE 07 0.5310820E 03 0.1599999E 06 0.2007224E 05 0.531C8186-03 0. 12545156 - 02
19 0.9999900E 06 0.469S273E 03 0 . 1699998E 06 0.2CS6I77E 05 0.48953206-03 C . 12095176-02

20 O.IOOOOOOE 07 0.3993667E 03 0.179999RE on 0.20961I6E OS 0.39938656-03 0. 11645106-02

o



TABLE IX-22

P r e d i c t i o n  o f  F u t u r e  D i s c o v e r i e s  f o r  
( C a s e  I I ,  S t r a i g h t  L i n e )

R e g i o n  2

IKC.FCCTACE INC.RESERVE CUN .FOOT AGE CUM.RESERVE OISCOVFRV RATE 
1 I N C . R E S / I N C . F T 1

CUN.OISCCVERV RATE 
(CUM.RES/CUM.FT)

1 OeOOOOOOOE 00 O.OOOOOOOE 00 0 . OCCOOOOE 00 C.OCCOOCCE 00 O.OOOOOOOE 0 0 O.OOOOOOOE 0 0

2 O.COOOOOOE 00 0 .  CCOOOOOE 00 0 . OOCOOOOE 0 0 O.OOOOOOOE 0 0 O.OOOOOOOE 00 O.COOOOOOE 0 0

3 O.OOOOOOOE 00 O.COOOOOOE 00 0 , OCCOOOOE 00 o . o c c o o m E 00 O.OOOOOOOE 00 O.OOOOOOOE 0 0

4 O.CCOCOOOE 00 O.COOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 0 0 0 . OOCOOOOE 00 C.COOOOOCE 0 0

S 0 . I I 3 6 3 6 3 E Of 0 . 4 5 8 0 0 7 1 6 C4 0 . 1 13 6 3 6 3 E 07 0 . 4 5 8 9 8 7 I E 04 0 . 4 0 3 9 0 8 6 6 - 0 2 0 . 4 0 3 9 0 8 6 6 - 0 2

6 0 . 1 I 3 C 3 6 3 E 07 0 . 4 4 3 4 3 3 6 E C4 0 . 2 2 7 2 7 2 6 E 07 0 .9 C 2 4 2 C 7 E 04 0 . 3 9 0 2 2 1 8 E -0 2 0 . 3 9 7 C 6 5 3 E - 0 2

7 0 . 1 I 3 6 3 C 3 E 07 0 . 4 0 9 2 0 2 0 6 04 0 . 3 4C 9089E 07 0 . 1  3 U 7 C 3 E 05 0 . 3 6 0 1 6 8 4 E - 0 2 0 . 2 8 4 7 6 6 3 E - 0 2

e 0 .  I I3 6 3 C 3 E Of 0 . 3 2 S 0 7 3 6 E 04 0 . 4 S 4 S 4 5 2 E 07 0 . 1 6 3 6 7 7 7 E 05 0 . 2 P 6 0 6 S 1 E - 0 2 0 . 3 6 0 0 9 1 O E -0 ?

9 0 . l l 3 C 3 e 3 E CT 0 . 2 7 7 4 4 7 3 E C4 0 . 5 6 6 1 8 1 S E 0 7 0 . I 9 I 4 2 2 4 E 05 0 . 2 4 4 I 5 3 7 E - 0 2 0 . 3 3 6 9 0 3 6 E - 0 2

10 0 . 1 1 3 6 3 6 3 E 07 0 . 4 S 7 S 7 4 2 E 03 0 . 6 8 1 8 1 78E 07 0 .  1 9 5 9 9 6 1 6 05 0 . 4 0 2 6 6 5 5 6 - 0 3 0 . 2 8 7 4 6 4 1 6 - 0 2

11 0 . 1 1 3 6 3 0 3 E 07 0 . 7 5 0 3 3 2 0 E 03 0 . 7 9 S 4 5 4 1 E 0 7 0 . 2 0 3 5 0 14E OS 0 . 6 6 0 2 9 2 3 6 - 0 3 0 . 2 5 5 8 3 C 5 E - 0 2

12 0 . 1 1 3 6 3 E 3 E 07 0 . 2 1 8 4 7 2 3 E C4 0 .9 C 9 0 9 0 4 E 07 0 . 2 2 5 3 4 67E 05 0 . 1 9 2 2 S 5 7 E - 0 2 0 . 2 4 7 8 8 3 7 6 - 0 2

13 0 . 1 1 3 6 3 6 3 E 07 0 . 1 7 0 9 2 5 4 E 04 0 . 1 0 2 2 7 2 7E 0 8 0 . 2 4 2 4 4 1 2 E 05 0 .  1 6 0 4 1 4 4 E - 0 2 0 . 2 3 7 0 S 3 7 E - 0 2

14 0 .1 1 3 6 3 C 3 E 07 0 .  1 2 7 4 5 S IE C4 0 . 1 I3 6 3 6 3 E 08 0 . 2 5 5 1 867E OS 0 . 1 1 2 1 6 0 5 6 - 0 2 0 . 2 2 4 E 6 4 4 E - 0 2

15 0 . I I 3 6 J 6 3 E 07 0 . 1 7 4 I 1 2 S E 04 0 .  I 2 4 9 9 9 9 E 0 8 0 . 2 7 2 5 9 6 0 6 C5 0 . 1 6 3 2 1 9 1 6 - 0 2 0 . 2 1 8 0 7 8 5 E - 0 2

16 0 . 1 1 3 6 3 6 3 6 07 0 . I6 5 9 9 6 4 E 04 0 . 1 3 6 3 6 3 6 E 08 0 . 2 9 1 1 9 7 6 E OS 0 . I 6 3 6 7 8 7 E - 0 2 0 . 2 1 3 S 4 S 2 E - C 2

17 0 . 1 1 3 6 3 6 3 E 07 * 0 .2 0 9 6 5 B 2 E 04 0 . 1 4 7 7 2 7 2 E 08 0 . 3 1 2 1 6 2 6 6 C5 0 . 1 8 4 6 7 5 3 6 - 0 2 0 . 2 1 1 3 2 4 4 C - 0 2

18 0 . 1 1 3 6 3 6 3 E 07 0 . I 4 5 9 0 7 6 E 04 0 . 1 S 9 0 9 0 8 E 0 8 0 . 3 2 6 7 7 4 4 E 05 0 . 1 2 0 3 9 8 9 6 - 0 2 0 . 2 0 5 4 0 1 2 6 - 0 2

19 0 . 1 1 3 6 3 5 6 6 07 0 . 8 2 2 9 1 4 1 E C3 C .1 7 0 4 5 4 4 E 08 0 . 3 2 5 0 0 3 6 E 05 0 . 7 2 4 I 6 7 8 E - 0 3 0 . 1 9 6 5 3 5 6 E - 0 2

2 0 0 . 1 1 3 6 3 6 6 6 07 0 . 1 3 1 2 S 1 6 E 04 0 . 1 8 1 8 1 8 I E 0 8 0 . 3 4 8 1 2 6 7 E OS 0 . 1 1 S S 0 0 9 E - 0 2 0 . 1 9 1 4 7 0 9 6 - 0 2

04o
oo



TABLE IX-23

P r e d i c t i o n  o f  F u t u r e  D i s c o v e r i e s  f o r  R e g i o n  3  
( C a s e  I I ,  S t r a i g h t  L i n e )

IME IkC.FCOTACE INC.RESEMVE CUM.FOOTACE CUM.RESERVE DISCOVERY RATE 
( I N C .R E S / I N C .F T I

CUM.DISCOVERY RATE 
(CUM .RES/CUM.FT)

t 0 •COOOOOCE 00 O.OOOOOOOE 00 0 . OCCOOOOE 00 C.OCOOOCCE 00 O.OOOOOOOE 0 0 O.COOOOOOE 00

2 O.COOOOOOE 00 O.OOOOOOOE 00 0 . OOCOOOOE 00 ' O.OOOOOOOE 0 0 O.OOOOOOOE 0 0 O.OOOOOOOE 00

3 O.OOOOOOOE 00 O.COOOOOOE CO 0 . OCCOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 0 0 O.OOOOOOOE 00

4 O . I 0 5 2 6 3 I E 07 0 . 4 2 S I 6 6 6 E 04 0 . 1 0 5 2 6 3 I E 07 0 . 4 2 5 1 6 6 6 6 04 0 . 4 0 3 9 0 8 6 6 - 0 2 0 . 4 0 3 9 0 8 6 6 - 0 2

9 0 . 1 0 5 2 6 3 1 E 07 0 . 4 3 0 2 6 S 6 E 04 0 .  2 1 0 S 2 6 2 E 07 0 . 8 S 5 4 3 2 4 E 04 0 . 4 0 8 7 5 2 3 E - 0 2 0 . 4 0 6 3 3 0 5 6 - 0 2

6 0 * l 0 5 2 6 3 t E 07 0 . 4 S 3 6 9 5 3 E C4 0 . 3 1 5 7 6 9 3 E 07 0 . I 3 0 9 1 2 6 E 05 0 . 4 3 1 0 1 C 5E -02 0 . 4 1 4 S 5 7 0 E - 0 2

7 0 # 1 0 5 2 C 3 1 E 07 0 .4 0 1 0 4 4 C E 04 0 . 4 2 1 0 S 2 4 E 07 0 . 1 7 1 0 1 73E 0 5 0 . 3 8 0 9 9 2 9 E - 0 2 0 . 4 0 6 1 6 6 2 6 - 0 2

6 0 . 1 0 5 2 6 3 1 E 07 0 . 3 1 1 9 2 0 7 E 04 0 . 5 S 6 3 1 5 S E 07 0 .2 C 2 2 0 9 3 E OS 0 . 2 9 6 3 2 4 8 6 - 0 2 0 . 3 8 4 1 9 7 9 E - 0 2

9 0 . 1 0 5 2 6 3 1 E 07 0 . 1 9 I2 6 5 S E 04 0 . 6 3 I 5 7 8 6 E 07 0 . 2 S 1 3 3 7 9 E 05 0 . 1 8 1 7 2 1 4 6 - 0 2 0 . 3 5 0 4 5 1 8 6 - 0 2

10 0 . I 0 5 2 6 3 1 E 07 0 . 9 4 6 5 9 9 6 6 03 0 . 7 2 6 8 4 1 7 E 07 0 . 2 3 0 8 0 3 6 6 09 0 . 6 9 9 2 6 0 6 6 - 0 3 0 . 3 1 3 2 3 3 9 6 - 0 2

11 0 . 1 0 S 2 6 3 I E 07 0 . 2 0 4 0 4 S 7 E 04 0 . 8 4 2 I 0 4 8 E 07 0 . 2 S 1 2 0 6 4 E 05 0 .  1 9 3 8 4 3 5 6 - 0 2 0 . 2 9 8 3 1 0 1 6 - 0 2

12 0 . I C S 2 6 3 1 C 07 0 . 2 5 6 0 4 6 S E 04 Û .9 4 7 3 6 7 9 E 07 0 . 2 7 6 8 1 3 0 6 OS 0 . 2 4 3 2 4 4 3 6 - 0 2 0 . 2 9 2 1 9 1 7 6 - 0 2

13 0 . 1 0 5 2 6 3 1 E o r 0 . 1 9 0 1 6 9 1 E 04 0 . 1 0 S 2 6 3 IE 0 8 0 . 2 4 5 8 2 9 9 E OS 0 .  1 8 0 6 6 0 8 E - 0 2 0 . 2 8 1 0 3 8 6 6 - 0 2

14 0 . 1 0 5 2 6 3  IE 07 C . 1 7 8 9 6 9 I E 04 0 . I I S 7 6 9 4 E 08 0 . 3 1 3 7 2 0 8 6 05 0 .  1 7 0 0 2 0 8 6 - 0 2 0 . 2 7 0 9 4 6 0 6 - 0 2

IS 0 . I 0 5 2 6 3 I E 07 0 .1 B 7 6 2 7 3 E 04 0 .  I 2 6 3 1 5 7 E 08 0 . 3 3 2 4 8 9 6 6 05 0 .  178 2 4 6  1 6 - 0 2 0 . 2 6 3 2 2 1 0 6 - 0 2

16 0 . 1 0 9 2 6 3  IE 07 0 .  I 9 2 5 4 1 6 E 04 0 . 1 3 6 6 4 2 0 E 08 0 . 3 S 1 7 4 3 8 E OS 0 . 1 8 2 9 1 4 8 6 - 0 2 0 .2 S 7 C 4 3 C 6 - C 2

17 0 . I 0 S 2 6 3 I E 07 0 . 2 0 9 8 3 2 4 E 04 0 . 1 4 7 3683E 08 0 . 3 7 2 6 2 7 0 E 05 0 . 1 9 8 3 9 0 9 E - 0 2 0 . 2 5 2 9 S 4 1 C - 0 2

16 O . I 0 5 2 6 3 1 E 07 0 .2 4 6 S 2 B 9 E 04 0 . 1 5 7 8 9 4 7C 0 8 0 . 3 9 7 2 7 9 9 E 05 0 . 2 3 4 2 0 2 6 6 - 0 2 0 . 2 5 : 6 1 0 7 6 - 0 2

19 0 . I 0 5 2 6 3 I E 07 0 . 2 9 7 0 0 0 6 E C4 0 . 1 6 6 4 2 I 0 E 0 8 0 .4 2 6 9 8 C 0 E OS 0 . 2 8 2 1 5 0 9 6 - 0 2 0 . 2 5 3 5 1 9 5 6 - 0 2

20 0 . 1 0 5 2 6 2 4 E 07 0 . 2 0 0 8 9 5 3 E 04 0 . 1 7 6 9 4 7 2 E 08 0 .4 4 7 Û 6 9 5 E 05 0 . 1 9 0 8 5 1 9 6 - 0 2 0 . 2 4 9 8 3 3 2 6 - 0 2



TABLE IX-24

C o m p o s i t e  P a r a m e t e r s  f o r  A l l  k  B a s i n s  
( C a s e  I I ,  S t r a i g h t  L i n e )

TIKE IM:.FOOTAGE INC.RESERVE TOTAL FOOTAGE 
OKILLEO

CUH.OISCnVERV DISCOVERY PATE 
< I N C .R E S / I N C .F T I

CUY.OISCCVERV RATE 
CCUH.RES/TOTAL F T )

t O.COOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE OU O.OOOOOOOE 00 O.CCOCOOOE 0 0

2 O.COOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 0 0 O.OOOOOOOE 0 0

3 0 .9 9 9 9 9 9 C E 06 0 . 4 0 3 9 0 8 6 6 04 0 . 9 9 9 9 9 9 6 E 06 0 . 4 0 3 9 0 6 8 6 04 0 . 4 0 3 9 0 8 6 6 - 0 2 0 . 4 0 3 9 0 3 6 6 - 0 2

4 O .2 0 S 2 6 3 C E 0 / 0 . 8 2 1 I7 3 4 E 04 0 . 3 0 6 2 6 3 0 E o r 0 . 1 Ï2E0C 2E OS 0 . 4 00 0 S 8 9 E - 0 2 0 . 4 C I J 2 0 3 E - 0 2

S 0 . 3 1 6 2 9 9  3E 07 0 . I I9 7 8 0 C E OS 0 . 6 2 4 1 6 2 3 6 07 0 . 2 4 2 2 8 6 3 6 OS 0 . 3 7 5 6 0 4 6 6 - 0 2 0 . 3 6 8 1  8l*=E-02

6 0 . 3 1 0 6 9 9 4 5 07 0 . 1 1 6 8 8 6 6 6 OS 0 . 9 4 3 0 6 1 7 6 07 0 . 3 5 9 1 7 6 9 6 OS 0 .  3 6 6 5 3  7 6 6 - 0 2 0 . 3 6 0 8 6 2 6 6 - 0 2

7 0 . 3 I O 6 9 9 4 E 07 0 . 9 I 4 9 2 2 3 E 04 0 . I 2 6 I 9 6 I E 08 0 . 4 5 0 6 6 9 1 6 OS 0 . £ 6 6 6 9 9 9 6 - 0 2 0 .  3571 1 6 1 C - 0 2

a 0 . 3 1 8 8 9 9 3 6 07 0 . 7 I 7 I 4 7 7 E C4 0 . I £ 6 0 8 6  06 08 0 . 5 2 2 3 8 3 9 6 OS 0 . 2 2 4 8 8 2 2 6 - 0 2 0 . 3 3 0 4 4 2 8 6 - 0 2

9 0 . 3 1 8 6 9 8 CE 07 0 .4 6 2 3 6 0 S C 04 0 . 1 6 9 9 7 5 6 6 08 0 .S 7 0 6 2 C 0 E OS 0 . 1 5 1 2 5 6 6 6 - 0 2 0 . 3 0 0 3 6 4  5 6 - 0 2

10 0 . 3 I 8 9 0 C 6 E 07 0 . I 6 6 9 0 I 2 E 04 0 . 2 2 1 8 6 5 9 6 08 0 . 5 P 7 3 I 5 I E 05 0 . S 2 3 5 2 0 6 E - 0 3 0 . 2 6 4 7 1 6 2 E - 0 2

I I 0 . 3 I 8 6 9 7 6 E 07 0 .3 3 6 B 4 6 9 E 04 0 . 2 5 3 7 5 5 7 6 08 0 . 6 2 0 9 9 9 8 E OS 0 . I 0 S 6 2 8 S E - 0 2 0 . 2 4 4 7 2 3 5 6 - 0 2

12 0 . 3 1 0 6 9 9 2 5 07 0 . 5 2 0 8 1 4 6 6 04 0 . 2  8 564 5 66 08 0 . 6 7 3 0 S I 3 E OS 0 . 1 6 3 2 2 2 4 6 - 0 2 0 .  2 3 5 6 2 4 66 -  02

13 0 . 3 I 8 8 9 9 2 E 07 0 . 3 6 6 7 3 7 5 E 04 0 . 3 I7 5 3 S S E 08 0 . 7 I I 7 2 5 0 E OS 0 . I 2 1 2 7 2 6 E - 0 2 0 . 2 2 4 1 4 0 3 6 - 0 2

14 0 . 3 I 8 8 9 9 2 E 07 0 . 3 4 7 6 S 7 S E 04 0 . 3 4 9 4 2 5 4 E 08 0 . 7 4 6 4 9 3 6 6 OS 0 . I 0 9 0 2 7 4 E - 0 2 0 . 2 1 3 6 3 4 6 6 - 0 2

IS 0 . J I 8 9 0 0 H E 07 0 . 4 I 9 2 7 S O E C4 O .  36  131 SEE 06 0 . 7 6 S 4 2 1 3 E OS O . 1 3 1 47SOE—02 O . 2 0 6 7 6 3 SE- 0 2

le 0 . J I 8 8 9 7 6 E o r Ù .4 3 8 I I 8 8 E 04 0 .4 I 3 2 0 8 3 E 06 0 .8 3 2 2 3 3 IE OS 0 . I 3 7 3 8 S 4 E - 0 2 0 . 2 0 I 4 0 9 I E - 0 2

17 0 . 3 I 6 9 0 0 E E 07 0 .4 7 9 E 8 7 5 E 04 0 . 4 4 5 0 9 5 4 E 08 0 . 6 8 0 2 2 I 9 E OS O . I S 0 4 8 I 7 E - 0 2 0 . 1 9 7 7 6 0 3 6 - 0 2

10 0 . 3 I 0 6 9 9 2 E 07 0 . 4 4 S S 4 3 8 E 04 0 . 4 7 6 9 8 5 3 6 08 0 .9 2 4 7 7 C 3 E OS 0 . 1 3 9 7 : 3 0 6 - 0 2 0 . 1 9 3 8 7 9 4 6 - 0 2  ■

19 0 . 3 I 6 6 9 9 2 E 07 0 . 4 2 8 2 4 3 6 E 04 0 . 5 0 8 8 7 5 2 6 08 0 . 9 6 7 6 0 0 6 E 05 0 . 1 3 4 2 8 8 1 6 - 0 2 C. 190 1 4 5  06 -  02

2 0 0 . 3 I 8 8 9 9 2 E 07 0 . 3 7 2 0 6 7 S E 04 0 . 5 4 0 7 6 5 I E 08 0 . 1 0 0 4 8 ( 9 6 06 0 . 1 1 6 6 7 8 7 6 - 0 2 0 . 1 8 5 8 1 2 5 6 - 0 2

1/1I-*
o
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FIGURE IX-85. Composite p lo t  o f  increm ent re se rv e  vs. tim e.
(Case I I ,  s t r a ig h t  l in e )
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FIGURE IX-86.

T i m e ,  y e a r s

Composite p lo t  o f cum ulative discovery  vs. tim e.
(Case I I ,  s t r a ig h t  l in e )
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T i m e ,  y e a r s

FIGURE lX-87 Composite p lo t  o f cum ulative d iscovery r a te  v s . time,
(Case I I ,  s t r a ig h t  l in e )
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FIGURE IX-88.

F o o t a g e

Composite p lo t  o f  increm ent rese rv e  v s . foo tage.
(Case I I ,  s t r a ig h t  l in e )
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FIGURE IX-89,

Cumulative Footage

Composite p lo t  o f cum ulative discovery  vs. cum ulative footage.
(Case I I ,  s t r a ig h t  U ne)



•H

« î

î 5 H S Sss 8

FIGURE IX -90.

C u m u l a t i v e  F o o t a g e

Composite p lo t o f cumu].ative discovery  r a te  vs. cum ulative footage.
(Case I I ,  s t r a ig h t  l in e )
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i s  b a s e d  on t h e  r e s u l t s  o f  Case I I  o f  Phase  one u s i n g  t h e  

s t r a i g h t  l i n e  e x t r a p o l a t i o n  f o r  f u t u r e  d r i l l i n g  a c t i v i t i e s .  

T a b l e s  IX-21,  IX -22 ,  and  IX-23 show t h e  r e s u l t s  f o r  e a c h  o f  

t h e  i n d i v i d u a l  r e g i o n s  (1 ,  2 ,  and 3 ) .  T a b le  IX-24 and  F i g u r e s  

IX-85 t o  IX-90 a re  r e s u l t s  f o r  a l l  ( t h r e e )  r e g i o n s  combined.

By comparing t h e  p l o t s  f o r  t h i s  ru n  w i t h  t h e  c o r r e s p o n d i n g  

p l o t s  f o r  t h e  t h i r d  r u n .  F ig u r e s  IX-67 t o  IX-72, a lm o s t  i d e n t i 

c a l  r e s p o n s e  i s  o b s e r v e d  f o r  a l l  t h e  p l o t s  e x c e p t  i n  t h o s e  

o f  in c re m e n t  r e s e r v e s  v s .  e i t h e r  t im e  o r  f o o t a g e .  The p l o t s  

o f  i n c r e m e n t  r e s e r v e s  v s .  e i t h e r  t im e  o r  f o o t a g e  f o r  t h i s  

run  a r e  shown in F i g u r e s  IX-85 and  I X - 8 8 . T hese  two p l o t s  

look  v e ry  s i m i l a r  t o  F i g u r e s  IX-79 and  IX-82 f o r  t h e  f i f t h  

ru n .  The c u rv e s  on t h e s e  p l o t s  i n c r e a s e  v e r y  s h a r p l y  f o r  a 

w h i l e ,  th en  d e c r e a s e  a lm o s t  a t  t h e  same r a t e .  A f t e r w a r d s  t h e  

c u r v e  o s c i l l a t e s  d u r i n g  t h e  l a t t e r  s t a g e s  o f  d r i l l i n g .

S e v e n th  Run

The r e s u l t s  o b t a i n e d  from t h e  s e v e n t h  run  a r e  shown 

in  T a b l e s  IX-25 t o  IX-28 and F ig u r e s  IX-91 t o  IX-96 .  T h is  

run i s  b a sed  on t h e  r e s u l t s  o f  t h e  o r i g i n a l  model from Phase  

one u s i n g  a l o g i s t i c  c u rve  e x t r a p o l a t i o n  f o r  f u t u r e  d r i l l i n g  

a c t i v i t i e s .  T a b l e s  IX -25 ,  IX-26,  and  IX-27 a r e  t h e  r e s u l t s  

f o r  Regions 1, 2, and  3 ,  r e s p e c t i v e l y .  T a b le  IX-28 and  F i g 

u r e s  IX-91 t o  IX-96 a r e  t h e  r e s u l t s  f o r  a l l  t h r e e  r e g i o n s  

combined. The f i g u r e s  f o r  t h i s  ru n  as  compared t o  F i g u r e s  

IX-19 t o  IX-24 f o r  t h e  f i r s t  run and F i g u r e s  IX-73 t o  IX-78 

f o r  t h e  f o u r t h  run d e m o n s t r a te  t h e  same r e s p o n s e  and would



TABLE IX-25

P r e d i c t i o n  o f  F u t u r e  D i s c o v e r i e s  f o r  R e g i o n  1  
( L o g i s t i c  C u r v e )

m e I M . F 0 0 T 4 C E INC.RESERVE CUN.FOOTAGE CUN.RESERVE DISCOVERT RATE 
( I N C . R E S / I N C . F T I

CUN.OISCCVFRT RATE 
(C U N .R E S /C U N .F T I

1 O.CCCOOCCE CO O.OOOOOOOE 00 0 . OCCOOOOE 00 O.OOOOOOOE 00 0 . 0 0 0 0 0 0 0 6  00 O.COOOOOOE 00

2 O.COOOOOOE 00 O.OOOOOOOE 00 0 . 0 0 0 0 0 0 0 6 00 O.OOOOOCCE 00 O.OOOOOOOE 00 0 . 0 0 9 0 0 0 0 6  0 0

3 0 .  1 4 1 0 4 3 % 08 0 .  4 6 7 8 4 9 0 6 C9 O . 1 4 1 0 4 3 8 E OS 0 . 4 6 7 8 4 9 8 6 0 5 0 . 3 3 1 7 0 2 6 6 - 0 2 0 . 3 3 1 7 0 2 6 F - 0 2

« 0 . 2 1 1 1194E 0 7 0 . 7 0 0 2 8 0 7 8 04 0 . 1 6 2 1 9 9 7 6 00 0 . 5 3 7 8 7 4 7 E 05 0 .  3 3 1 7 0 2 C E - 0 2 0 . 3 3 1 7 0 2 6 6 - 0 2

8 0 . 2 4 2 2 9 9 I E 07 0 .  0 0 371  2SE 04 0 . 1 8 6 3 0 9 6 6 0 0 0 . 6 I 0 2 4 S 9 E 0 5 0 .  321 7 0 2 6 E - 0 2 0 . 3 3 1 7 0  266 -  02

6 0 . 2 7 7 9 4 7 2 E 07 0 .7 S O E 0 3 1 E 04 0 . 2 I 4 I 0 0 3 E 06 0 . 6 9 4 2 0 ( 3 6 09 0 . 2 7 3 2 9 0 4 6 - 0 2 9 . 3 2 4 1 2 2 3 6 - 0 2

7 0 . 3 1 8 0 6 4  CE 07 0 . 8 3 1 S S 6 3 E 04 - 0 . 2 4 6 0 4 6 7 E 0 8 0 . 7 7 7 3 9 1 9 6 0 5 0  .  261 04 4 9 6 - 0 2 0 .  3 1 5 9 5 2 9 6 - 0 2

8 0 . 3 6 5 1 1 2 0 E 07 0 . 9 S 3 1 1 2 9 E 04 0 . 2 6 2 5 5 7 0 6 00 0 . 0 7 2 7 0 3 1 6 05 0 . 2 6 1 0 4 6 6 6 - 0 2 0 . 3 0 5 0 5 6 1 6 - 0 2

9 0 . 4 1 8 0 2 2 4 E 07 0 . 1 0 9 I 2 2 S E OS 0 . 3 2 4 3 6 0 2 E 08 0 . 9 8 1 6 2 ! ( E 05 0 . 2 6 1 0 4 4 ( 6 - 0 2 0 . 3 0 2 6 9 6  I E - 0 2

10 O .4 7 8 2 0 C 0 E 07 0 . 1 2 4 6 3 2 5 6 cs 0 . 3 7 2 1 0 0 2 6 08 0 . 1 I 0 6 6 5 6 E 00 0 . 2 6 1 0 4 6 ( 6 - 0 2 0 . 2 9 7 3 4 4 7 6 - 0 2

I I 0 . 9 4 6 S 1 6 8 E 07 0 . 1 1 3 2 6 2 9 6 C9 0 . 4 2 t 6 3 1 8 E CO 0 . 1 2 1 9 9 1 I E 06 0 . 2 0 7 2 2 6 0 6 - 0 2 0 . 2 0 S P O S 9 6 - 0 2

12 0 . 6 2 3 9 0 7 2 E 07 0 . 1 2 0 9 7 8 1 6 09 0 . 4 6 0 2 2 2 6 6 0 8 0 . 1 2 4 0 0 8 9 6 06 0 . 1 9 3 9 0 4 0 6 - 0 2 0 . 2 7 4 0 6 5 6 6 - 0 2

1 3 0 . 7 1 1  3 7 7 6 E 0 7 O . 1 3 7 9 3 8 8 8 OS O . S C 0 3 6 0 3 E 0 8 0 . t  4 7 8 0 2 6 6 C 6 0 . 1 9 3 9 0 3 7 E - 0 2 0 . 2 6 T « > O G S e - 0  2

14 0 . e C 9 9 3 7 « E 07 0 . 0 1 7 0 6 2 9 6 04 0 . 6 4 I 3 S 4 I E 00 0 . 1 5 6 0 5 3 4 6 06 0 . 1 0 0 6 7 9 7 6 - 0 2 . 0 .  2 4 331  8 6 6 - 0 2

I S 0 . 9 2 0  6720E 07 0 . 7 2 8 0 0 7 S E 04 0 . 7 3 2 4 2 I 3 E 0 8 0 . 1 6 3 3 3 4 3 6 06 0 . 7 9 0  8 2 1 6 E - 0 3 9 . 2 2 2 7 0 1 0 6 - 0 2

16 O . I 0 4 4 6 0 0 R ca 0 . 6 0 3 2 1 OOE 04 0 . 0 3 7 0 0 1 3 6 08 0 . 1 7 0 1 6 ( 4 6 06 0 . 6 5 4  0 4 8 1 6 - 0 3 0 . 2 0  3 0 9 1 3 6 - 0 2

17 0 . 1 1 B 2 7 4 2 E ca , 0 . 6 9 3 4 6 2 9 E 04 0 . 9 9 6 1 5 5 5 6 08 0 . 1 7 7 1 0 1 1 6 06 0 . 5 H 6 3 I 7 4 6 - 0 3 0 . 1 0 Ï 2 2 2 0 E - 0 2

18 0 . 1 3 3  89 9 7 E o s 0 . S S 4 I 3 7 S E 04 0 . 1 0 8 9 7 5 9 6 09 0 . 1 6 2 6 4 2 4 6 06 0 . 4 1 4 7 7 4 5 6 - 0 3 0 . 1 6 7 5 9 9 5 6 - 0 2

19 0 . 1 9 0 8 0 S 3 E ca 0 . 6 1 1 1 0 0 0 6 04 0 . 1 2 4 0 2 6 0 6 0 9 0 . 1 8 0 7 9 3 4 6 06 0 . 4 0 6 0 3 2 2 E - 0 3 0 .  1 5 2 1 8 6 5 6 - 0 2

2 0 0 . 1 6 9 0 4 0 9 E oa 0 . 6 4 1 0 4 3 8 6 04 0 . 1 4 0 9 3 0 1 6 0 9 0 . 1 9 5 1 8 3 9 6 06 0 . 3 7 9 2 2 4 8 6 - 0 3 0 . 1 3 8 4 0 2 7 6 - 0 2

wM
00



TABLE IX-26

P r e d i c t i o n  o f  F u t u r e  D i s c o v e r i e s  f o r  R e g i o n  2 
( L o g i s t i c  C u r v e )

IHE INC.FOOTACE INC.RESERVE CUF.FOOTAGE CUV.RESERVE OISCCVERV PATE 
( I N C .R E S / I N C .F T I

CUR.OISCCVERV PATF 
(C U M .R ES/C U R .FTI

1 osccocooce CO O.OOOOOOOE CO 0 . OCCOOOOE 0 0 O.OOOOOOOE 00 O.OOOOOOOE 0 0 C.COCCCCCE 00

2 O.COOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 0 0 O.OOOOOOOE 00 O.OOOOOOOE 0 0 O.OOOOOOOE 0 0

3 O.OOOOOOOE 00 0 . COOOOOCE CO 0 . OCCOOOOE 0 0 O.OOOOOOOE 00 O.OOOOOOOE 0 0 O.OOOOOOOE 00

4 O.COOOOOOE 00 O.OOOOOOOE 00 O.COOOOOOE 00 O.OCGOOCCE CO O.OCOOOOCE 00 O.COOOOOOE 0 0

5 0 .2 8 0 1 1 2 2 E ca 0 . 8 6 6 3 1 8 1 E cs 0 . 2 8 0 1 1 2 2 E 0 8 0 . 8 C 6 3 1 e i E OS 0 . 3 0 9 2 7 E 4 E - 0 2 0 . 3 0 9 2 7 5 4 6 - 0 2

6 0 . 3 9 0 7 S 8 4 E 07 0 . 1020 0 6 3 E CE 0 .3 1 9 1 8 8 0 E 08 0 .9 C 8 3 2 4 4 E OS 0 . 2 6 I 0 4 6 8 E - 0 2 0 . 3 0 3 3 7 1 2 F - 0 2

r 0 . 4 4 4 5 5 5 2E C7 0 . 1 1 6 0 4 8 8 0 0 5 0 . 3 6 J 6 4 3 5 E 0 8 0 . 1G84373E 06 0 . 2 6 I 0 4 4 C E - 0 2 0 . 2 9 9 1 9 6 7 f - 0 2

0 0 . S 0 S 5 4 2 4 E 07 0 . 1 1 1 0 3 9 4 0 CS 0 . 4 1 4 I 9 7 8 E 00 0 . 1 195413E 06 0 . 2 1 9 6 4 4 0 F - 0 2 0 . 2 8 8 6 0 9 1 E - 0 2

9 0 .S 7 4 6 2 7 2 E 07 0 . 1 1 1 4 2 2 5 E 05 0 . 4 7 1 6 6 0 5 E 08 0 . 1 2 0 6 8 2 5 8 06 0 . 1 9 3 9 0 4 0 E - 0 2 0 . 2 7 7 0 T I l F - 0 2

10 0 . 0 5 2 7 9 3 6 E €7 0 . 1 2 6 5 7 9 4 0 CS 0 . S 3 6 9 3 9 8 E 08 0 . 1 4 3 3 4 1 4 E 06 0 . 1 9 3 0 0 4  l E - 0 2 C . 2 6 6 9 5 9 9 E - C 2

11 0 . 7 4 1 1408E 07 0 . 1 0 3 1 5 7 S E cs 0 . 6 1 10539E 08 0 . 1S36S72E 06 0 . 1 3 9 1 B 7 4 E - 0 ? 0 . 2 S 1 4 6 2 6 E - 0 2

12 0 , e 4 0 8 4 6 4 E 07 0 . 6 C 4 9 5 6 3 E 04 0 . 6 9 E 1 3 6 6 E 06 0 . 1 6 0 3 0 6 8 E 0 6 0 . 7 C O P 1 7 7 E - 0 3 0 . 2 3 0 6 1  1 2E -C 2

13 0 . 9 5 3 2 1 7 6 E 07 0 .7 0 7 9 2 S O E C4 0 . 7 9 C 4 6 0 3 E o e 0 . 1 6 7 3 8 6 0 E 06 O . 7 4 ? 6 6 8 0 E - O 3 0 . 2 H * » 5 7 f t F - 0 2

14 0 . 1 C 7 9 6 3 CE c a 0 . 6 3 3 0 1 2SE 04 0 . 6 9 8 4 2 3 4 E 08 0 . 1 7 3 7 1 6 I E 06 0 . S P 6 3 2 3 2 F - 0 3 0 .  1 9 3 3 E 6 6 E - 0 2

15 0 . 1 2 2 1 S 6 3 E 08 0 .6 0 R P 3 I 3 E C4 0 . 1 C20S80E 09 0 .  1 7 9 8 0 4 4 E 06 0 . 4 9 8 4 0 3 3 E - 0 3 0 .  1 7 6 1 7 8 7 E - 0 2

16 0 . 1 3 6 0 5 5 2 E CB 0 . 5 6 5 8 4 3 8 0 04 0 . 1 1 E863SE 09 0 .1 P 5 4 6 2 9 E 06 0 . 4 0 9 6 6 7 6 E - 0 3 0 . 1 6 0 0 7 0 2 E - 0 2

17 0 . 1 5 5 C 2 i e E 08 0 . 6 2 8 1 5 6 3 E 04 0 . 1 3144S6E 09 0 . 1 9 1 7 4 4 4 F 06 0 . 4 0 3 1 2 5 1 E - 0 3 0 .  1 4 5 P 7 3 5 F - 0 2

10 0 . 1 7 5 6 1 J 4 E 08 0 . 6 I 8 5 1 2 5 E 04 0 . 1 4 9 0 0 7 0 E 09 0 . 1 9 7 9 2 9 6 F 06 0 . 3 5 2 2 0 1 l E - 0 3 0 . 1 3 2 8 3 2 4 6 - 0 ?

19 0 . 1 9 7 5 9 3 4 E 06 0 . 6 1 6 0 2 S 0 E 04 0 . I 6 C 7 6 6 3 E 0 9 O .2O 4O 098E 06 0 . 3 1 1 7 6 3 7 6 - 0 3 0 . 1 2 0 9 3 0 4 6 - 0 2

2 0 0 . 2 2 1 9 0 9 4 E 08 0 . 6 2 3 8 5 6 3 E 04 0 . 1 9 C 9 5 7 3 E 09 0 . 2 1 0 3 2  64E C6 0 . 2 8 I 1 3 0 9 E - 0 3 0 . 1 1 0 1 4 4 2 E - 0 2



TIME IKC.FOOTACE

TABLE IX-27

P r e d i c t i o n  o f  F u t u r e  D i s c o v e r i e s  f o r  R e g i o n  3 
( L o g i s t i c  C u r v e )

INC.RIiSERVE CUM.FOOTACE CUM.RESERVE OISCCVERV PATE CUM.OISCOVERV RATE

1 O.OCOCOCCE CO O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00

(IN C .R E S /IN C .F T ) 

O.OOOOOOOE 00

(CUM.RES/CUW.FTI

c .c c o n o c o E  00

2 O.OOOOOOOE 00 O.OOOOOOCE CO O.OOOOOOOE 00 C.OCOOOCCE 00 O.OOOOOOOE 00 O.OOOOOOOE 00

3 O.CCOCOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 C.OCOOOCOE 00 O.OOOOOOOE 00 c .o c o o e o o E  00

4 0 .2 2 9 6 6 5 1 5 CO 0 . 7352031E 05 0 .2 2 9 6 8 5 1 5 06 0 .7 3 5 2 0 3 IE OS 0 .3 1 9 8 1 3 3 5 -0 2 0 .3 1 9 P I3 3 E -0 2

5 0 .3 3 3 6 7 0 4 E C7 0 .8 7 1 0 3 :3 5 04 0 .2 6 3 2 5 2 2 5 00 0 .8 2 2 3 0 4 3 E OS 0 .2 6 1 04S4E -02 0 .3 1 2 3 6 4 5 F -0 2

6 0 .36146C 6E 07 0 .9 9 S 7 8 7 5 E 04 0 . 3 0 I3982E 08 0 .92 1 6 8 E 0 E c s 0 .2 6 1 0 4 S 8 E -0 2 0 .3 0 5 8 6 9 4 E -0 2

7 0 .4 3 5 6 9 6 OE 07 0 .1 1 3 7 8 8 6 E 05 0 .3449B 78C 08 0 .1 0 3 5 6 7 4 E 06 0 .2 6 1 0456C -02 0 .3 0 0 2 0 S 8E -02

e 0 .4 9 7 6 4 3 2 E 07 0 . I2 2 0 7 I9 E 05 0 .3 9 4 7 7 2 2 E 08 0 . 1 I57746E 06 0 .2 4 S 2 0 I4 E -0 2 0 .2 9 3 2 6 9 3 F -0 2

9 0 .S 6 6 2 4 9 6 E 07 0 .  1101BS6E 05 0 .4 E 1 S 9 7 IE 06 C .1 S67931E C6 0 . 1939035E -02 0 .2 8 0 7 6 6 0 E -0 2

10 0 .6 4 8 I7 6 0 E 07 0 . 1256038E 05 0 .5 I6 4 1 4 7 E 08 0 .1 2 9 3 6 IS E 06 0 . 1 9 3 9 0 3 7 F -0 2 0 .2 6 9 8 6 3 5 5 -0 2

I I 0 .7 3 6  7696E C7 0 . |2 6 S 3 e iE 05 0 .5 9 0 2 9 :7 5 06 0 .1S 2 0 1 S 3 E 06 0 .I7 I 2 P 2 2 E - 0 2 O .2 5 7 5 2 5 0 E -O 2

12 0 .C 412660E 07 0.665JOOOE 04 0 .6 7 4 4 2 0 S E 08 0 .1 6 8 6 6 6 3 5 06 0 .7 9 0 8 1 1 lE -0 3 0 .2 3 5 2 6 6 :6 - 0 2

13 0 .9S7C 672E 07 0.7E265C 0E C4 0 .7 7 C :2 7 2 E 00 0 .1 6 6 1 9 3 8 E 06 0 .7 8 6 3 0 8 2 F -0 3 0.21SP0C 5E -O 2

14 0 .I0 8 7 5 3 3 F 08 0 .6 3 7 6 4 3 6 E 04 0 .6 7 6 8 8 0 5 5 08 0.172S7C 3E 06 0 .S P 6 3 2 1 3 E -0 3 0 .1 9 6 3 5 2 3 5 -0 2

1 5 0 .1 2 3 4 I8 4 E CO 0 . 0 4 6 4 1 0 6 6 04 C .10022995 09 0 .I7 9 0 S 4 4 E 06 0 .5 2 5 3 8 2 3 6 -0 3 0 .  1 7 8 6 4 3 7 5 -0 2

16 0 .1 39R 544E 00 0 .5 7 3 7 6 8 8 E 04 0 .1 :4 2 1 5 3 E 09 0 .1 6 4 7 9 2 :6 06 0 .4 :0 2 6 : 3 5 - 0 3 0 .  1 6 1 7 9 2 7 5 -0 2

17 0 .1 6 8 2 1 4 :5 CO '  0 .6 3 8 4 3 7 5 E C4 0 . 1300367E 09 0 .1 9 :1 7 6 5 5 06 0 .4 0 3 E 2 7 4 E -0 3 0 .1 4 7 0 1 7 3 5 -0 2

16 0 .I7 8 C 4 6 IE 0 0 0 .0 3 7 4 5 0 0 E C4 0 .1 4 7 9 0 :3 5 09 C. 19755 lOE 06 0 .3 5 6 P 2 2 7 E -0 3 0 .1 3 3 5 6 9 4 5 -0 2

19 0 .2 0 1 2 8 7 8 E OB 0 .6 3 :6 : 6 8 5 04 0 .I6 0 0 3 0 1 E 09 0 .2 0 3 8 6 7 2 E 06 0 .3 1 3 7 8 8 7 5 -0 3 0 .1 2 I3 2 7 7 E -0 2

20 0 .2 2 6 2 S 3 3 E 00 0 .6 3 7 7 6 I3 E C4 0 . 19C65S5E 09 0 .2 1 0 2 4 5 0 E 06 0 . 2 8 :8 8 8 : 5 - 0 3 0 . 1 102748F-C 2

Oi
tsJO



TABLE IX-28

C o m p o s i t e  P a r a m e t e r s  f o r  A l l  k  B a s i n s  
( L o g i s t i c  C u r v e )

TIME 14C«r00T4GE INC.RESEPVE TOT^L FOOTAGE
OBIU.ED

CUM.DISCOVERY OISCOVFRY PATE 
(INC.RES/INC.FTI

CLM.OIfCOVERV 1 
(CUM.RFS/TOTAL

1 O.COOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 C.OCOOOCCE 00 O.OOOOOOOE 00 O.COOOOOOE 00
2 O.COOOOOOE 00 O.COOOOOOE 00 O.OCCOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.COOOOOOE 00
3 0.14104J6E 06 '0.46784586 05 0 . 14l043fl£ 06 0.4676458E 05 0.33170266-02 0.33170266-02
4 0.2S09970E ca 0.80S2313E 05 0.3920408E 08 O.I273078E 06 0.3208I31E-02 0 , 3 2 4 7 3 0 * - 0 2
5 0.337709IE 08 0 . 1033793E 06 0.7297499E 06 0.2206870E 06 0.30611026-02 9.31611796-02
6 0.105CI66E 08 0.277S456E 05 0.83476665 OB 0.25B4416E 06 0.2642P73E-02 0.30959746-02
7 0.11991156 08 0.3130231E 05 0.9E46781E 08 0.2897439E 06 0.26104516-02 0.3034990E-C2
0 0.136C49EE C0 0.326422SE 05 0.109I526E 09 0.3S25861E 06 0.23996766-02 0.2955363E-02
9 0.1S60eOCE C0 0.3307306E C5 0.I247618E 09 0.3SS6592E 06 0.21168476-02 0.26507066-02

10 0.1779I70E 00 0.37709S6E CS 0.I425535E 09 0.3933688R 06 0.2II9E03F-02 0.27594476-02
11 0.202C427E CO 0.34294816 05 0.1626177E 09 0.42766366 06 0.16923786-02 0. 262664 OE-02
12 0 . 2306 042E 00 0.2540038E OS 0.16587826 09 Q.4530639E 06 0.11014716-02 Q.2437424F-02
13 0.2621662E 08 0.2B39B63E 03 0.2120948E 09 0.461462CE 06 0. 10B3230E-02 0.227C035E-02
14 0.2977101E 08 0.2087719E 05 0.24186586 09 Q.SC233C8E 06 0.70125696-03 0.20769366-02
15 0.337C4C3E ca 0 . 19BS338E OS 0.2756298E 09 0.5S21931E 06 0.380003SE-03 0.109454SE-O2
16 0.3E23693E 08 0 . 1822831E OS 0.3I38667E 09 0.54042146 06 0.47672006-03 0.17218186-02
17 0.432 3090E oe (f. 19600 56E 05 0.3S70977E 09 0.5600220E 06 0.45339166-03 0. IS6P260E-02
10 0.4e7E592E 03 0.18101 COE OS 0.40586366 09 0.S7B1230E 06 0.37102916-03 0.14243S6E-C2
19 O.S493062E 08 0 . 1858744E 05 0,46082236 09 0.5C671C4E 06 0* 33833096-03 0.1294582E-02
20 0.6172032E C8 0 . 1902681E 00 0.52254266 09 0.61573736 06 0.30827456-03 0.117B348C-02
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FIGURE IX -91.

T i m e ,  y e a r s

Composite p lo t  o f increm ent rese rv e  vs. time.
(L o g is tic  curve)
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FIGURE IX-92.

T i m e ,  y e a r s

Composite p lo t  o f  cum ulative discovery  vs. tim e.
(L o g is tic  curve)
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FIGURE IX-93,

T i m e ,  y e a r s

Composite p lo t  o f  cum ulative d iscovery  r a te  v s . tim e.
(L o g is tic  curve)
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FIGURE IX-94..

Footage

Composite p lo t  o f  increm ent re se rv e  v s .
(L o g is tic  curve)

footage.
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FIGURE IX-95.

C u m u l a t i v e  F o o t a g e

Composite p lo t  o f cum ulative d iscovery  vs.
(L o g is tic  curve)

cum ulative footage.
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FIGURE IX-96.

C u m u l a t i v e  F o o t a g e

Composite p lo t  o f cum ulative d iscovery  r a te  v s . cum ulative footage.
(L o g is tic  curve)
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l e a d  t o  t h e  same c o n c l u s i o n s  f o r  t h i s  r u n ,  e x c e p t  t h e r e  a re  

s l i g h t  d i f f e r e n c e s  i n  t h e  p l o t  o f  in c re m e n t  r e s e r v e s  v s .  

e i t h e r  t im e  o r  f o o t a g e .  The p l o t s  o f  in c re m e n t  f o o t a g e  v s .  

e i t h e r  t im e  o r  f o o t a g e  f o r  t h i s  ru n  a r e  shown in  F i g u r e s  

IX-91 and IX -94 .  For  t h e s e  two p l o t s  t h e  r a t e  o f  i n c r e a s e  

i s  v e ry  s h a r p  i n i t i a l l y  and  d e c r e a s e s  a lm o s t  as s h a r p l y .  

A f t e r w a r d s ,  w i th  t h e  e x c e p t i o n  o f  one o s c i l l a t i o n ,  i t  e x h i b i t s  

a g e n e r a l l y  d e c l i n i n g  t r e n d .

E ig h th  Run

The r e s u l t s  o b t a i n e d  from t h e  e i g h t h  run a r e  shown 

in T a b l e s  IX-29 t o  IX-32 and F ig u r e s  IX-97 t o  IX -102 .  T h is  

run i s  b a s e d  on t h e  r e s u l t s  o f  Case I o f  Phase  one u s i n g  a 

l o g i s t i c  c u rv e  e x t r a p o l a t i o n  f o r  f u t u r e  d r i l l i n g  a c t i v i t i e s .  

T a b le s  IX -29 ,  IX -30 ,  and  IX-31 a r e  r e s u l t s  f o r  R eg ion s  1, 2,  

and 3,  r e s p e c t i v e l y .  T a b le  IX-32 and F i g u r e s  IX-97 t o  IX-102 

a re  t h e  r e s u l t s  f o r  a l l  t h r e e  r e g i o n s  combined.  The same 

r e s p o n s e  can  be o b s e r v e d  and th e  same c o n c l u s i o n s  c a n  be 

drawn f o r  t h e s e  f i g u r e s  when t h e y  a re  compared w i t h  t h e  c o r 

re s p o n d in g  f i g u r e s  f o r  t h e  second  and f i f t h  r u n s ,  e x c e p t  f o r  

t h e  p l o t  o f  in c r e m e n t  r e s e r v e  v s .  e i t h e r  t im e  o r  f o o t a g e  which 

i s  c o n s i d e r a b l y  d i f f e r e n t .  The p l o t  o f  in c re m e n t  r e s e r v e s  

v s .  e i t h e r  t im e o r  f o o t a g e  f o r  t h i s  run  a re  shown i n  F ig u re s  

IX-97 and I X - 100. These  p l o t s  show t h a t  in  th e  i n i t i a l  s t a g e s  

t h e  c u rv e  f o r  r e s e r v e  d i s c o v e r y  i n c r e a s e s  r a p i d l y  a n d  s h a r p l y  

and soon d e c r e a s e s  w i t h  t h e  same r a p i d  and s h a r p  r a t e .  A f t e r 

wards i t  s t a r t s  i n c r e a s i n g  sm ooth ly  and g r a d u a l l y  t h r o u g h  th e



TABI£ IX-29

P r e d i c t i o n  o f  F u t u r e  D i s c o v e r i e s  f o r  R e g i o n  1  
( C a s e  I ,  L o g i s t i c  C u r v e )

tüC ISC.FOOT46E INC.RESERVE cut* .FOOTAGE CUF.RESERVE OISCCVERV RATE 
IIN C .R C S /IN C .F T l

CUF.DISCOVERY RATE 
<COF.RES/CON.FT!

I OcOCOOOCOE CO 0 . OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 C.OOOOOOOE 00

2 O.COOOOOOE 00 O.OOOOOOOE 00 0 .0 0 0 0 0 0 0 6 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.COOOOOOE 00

3 O .I4 I0 4 3 T E 07 0 .9 6 9 6 S 7 9 E 04 0 .1 4 1 0 4 3 7 6 07 0 .5 (9 6 8 7 9 6 04 0 .4 0 3 9 0 6 6 6 -0 2 0 .4  0 390866 -  02

4 0 .2 1 1  IIOOE 06 0 .09273C 9E 03 0 .1 (2 1 9 9 6 6 07 0 .6 :4 9 6 0 9 6 04 0 .4 0 3 9 0 9 8 6 -0 2 0 .4 0 3 9 0 8 6 E -0 2  •

S 0 .2 4 2 2 0 9 0 E 06 0 .9 7 0 6 6 4 1 E 03 0 . 1 863095C 07 0 .7 5 2 0 2 7 3 6 04 0 .4 0 3 9 0 7SE -02 0 .4 0 3 9 0 8 6 5 -0 2

& 0 .2 7 7 9 4 0 0 2 06 0 .I0 2 4 3 9 I E C4 0 .2 1 4 1 8 0 3 6 07 0 .8 :5 2 6 ( 4 6 04 0 .3 6 8 5 5 4 8 6 -0 2 0 .3 9 9 3 2 0 6 6 -0 2

T 0 .3 1 0 6 6 4  CE 06 0 .I I 4 7 7 2 7 E 04 0 .2 4 6 0 4 6 7 6 07 0 9 7 3 0 3 9 1 6 04 0 .  3 6 0 1 (8 2 6 -0 2 0 .  3 9 4 2 4 9 76 -  02

a 0 .3 6 S I I2 0 E 06 O .I3 I5 0 2 0 E 04 0 .2 6 2 9 9 7 9 6 07 0 . 1 1019» JF OS 0 .3 6 0 1 6 8 8 6 -0 2 0 .3 8 0 8 4 6 1 6 -0 2

9 0 .4 IO 0 2 3 0 E 06 O .ISO SS86E 04 0 .3 2 4 3 6 0 2 6 07 0 .1 2 5 2 1 0 0 6 09 0 .3 6 0 1 6 8 2 6 -0 2 0 .3 5 6 0 2 1 3 6 -0 2

10 0 .4 7 S I9 0 0 E 06 0 . IT22320E 04 0 .3 7 2 1 8 0 0 6 07 . 0 .1 4 2 4 3 3 2 6 05 0 .3 6 0 1 6 8 6 6 -0 2 0 .3 8 2 6 9 9 7 6 -0 2

I I 0 .S 4 6 B I7 0 E 06 0 .I4 4 7 0 I 6 E 04 0 .4 2 ( 8 3 1 7E 07 0 .1 :6 9 1 1 3 6 09 0 .2 6 4 9 1 7 0 6 -0 2 0 .3 6 7 6 1 8 7 6 -0 2

12 0 .6 2 3 9 0 0 0 E 06 0 .  I923293E 04 0 .4 6 9 2 2 2 5 6 07 0 .1 7 2 1 4 4 3 6 OS 0 .2 4 4 1 9 3 9 6 -0 2 0 .3 9 1 0 7 3 1 6 -0 2

13 0 .7 I I 3 7 7 0 E 06 0 .1 7 3 6 6 9 2 6 C4 0 .9 (0 3 6 0 2 6 07 0 . 1 (9 5 1 2 (6 09 0 .2 4 4 1 5 3 9 6 -0 2 0 .3 3 0 1 9 6 1 6 -0 2

14 O.CC99300E 06 0 .9 2 3 1 7 1 9 6 03 0 .6 4 1 3 9 4  0 6 07 0 .1 9 4 7 4 4 5 6 OS 0 .6 4 5 9 4 0 4 6 -0 3 0 .3 0 3 6 4  996 -  02

IS 0 .9 2 0 6 7 I0 E 06 0 .2 6 9 2 3 4 4 6 C3 0 .7 3 3 4 2 1 1 6 07 0 .1 9 7 5 9 (6 6 OS 0 .3 0 9 8 1 1 2 6 -0 3 0 .2 6 9 4 1 0 0 6 -0 2

IS 0 . I 0 4  4 6 0 IE 07 0 .1 4 0 6 1 4 6 6 04 0 .8 3 7 8 0 1 2 6 07 0 .2 1 1 6 5 (3 6 OS 0 .1 3 4 6 1 1 0 6 -0 2 0 .2 9 2 6 1 1 4 6 -0 2

17 0 .H 0 2 7 4 I E C7 0 .2 2 7 3 0 6 7 6 C4 0 .9 9 6 1 5 5 3 6 07 0 .2 3 4 3 9 7 2 E 05 0 .1 9 2 2 5 9 7 6 -0 2 0 .2 4 9 I4 5 S 6 -C 2

10 0 . I 3 3  9997E 07 0 .1 9 9 6 1 9 9 6 04 0 .1 0 8 9 7 5 9 6 08 0 .2 4 9 9 5 9 1 6 09 0 .1 1 6 4 8 1 9 6 -0 2 0 .2 2 9 3 7 1 9 E -0 2

19 0 .IS 0 S 0 5 2 E 07 0 .2 1 0 6 7 4 2 6 04 0 .1 2 4 0 2 6 0 6 08 0 .2 7 1 0 4 (6 6 09 0 .1 4 0 1 1 0 9 6 -0 2 0 .2 1 8 9 4 0 1 6 -0 2

20 0 .I6 9 0 4 0 6 E 07 0 .2 6 9 6 4 4 9 6 04 0 .1 4 0 9 3 0 1 6 08 0 .2 9 9 6 3 1 1 6 05 0 .1 6 9 0 9 8 5 6 -0 2 0 .2 1 2 6 0 9 7 6 -0 2



TABLE IX-30

P r é d i c t i o n  o f  F u t u r e  D i s c o v e r i e s  f o r  R e g i o n  2 
( C a s e  I ,  L o g i s t i c  C u r v e )

TINC IhC.fOOTACE INC.RESERVE CUR .FOOT ACE CUR.RESERVE OISCCVERV PATE 
( I N C . P F S / I N C . F T I

CUR.DISCOVERT PATE 
(C U M .RCS/CU R.FTI

1 O.OCOCOCCE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 . O.COOOOOOE 00

2 0 .OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00

3 O.COOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00

4 O.OOOOOOOE 00 O.OOOOOOOE CO O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 0 0

9 0 .2 0 0 I I 2 I E or 0 .I0 9 2 7 3 2 E 09 0 .2 6 0 I I 2 I F 07 O .I0 9 2 7 3 2 E 09 0 .3 9 0 I0 9 3 E -0 2 0 .3 9 0 IO S 3 E -0 2

6 0 .3 90T S 70E CO 0 .  l4 073e3E 04 0 .3 IS I8 7 8 E 07 . 0 .I2 3 3 4 7 0 E OS 0 .3 6 0 I6 8 3 E -0 2 0 .3 8 6 4 4 0 3 6 -0 2

7 0 .4 4 4 5 5 4  CE 06 0 .1 6 0 I I 4 5 E 04 0 .3 6 3 6 4 3 2 E 07 0 .I3 9 3 5 C S E OS 0 . 3 6 0 I6 8 7 F -0 2 0 .3  8 37 2 066 -0 2

a O .S0S5440E 06 0 . I4 4 0 8 I6 E 04 0 .4 I4 I 9 7 6 E 07 0 .IS 3 8 2 E 6 E OS 0 .2 8 6 I9 0 0 C -0 2 0 .3 7 I3 8 4 7 E -0 2

9 0 .9 7 4 6 2 6 0 E 06 O .I4 0 2 9 7 3 E 04 0 .4  7I6602E 07 0 . l(7 fl9E 4E 09 0 .2 4 4 I5 4 0 E -0 2 0 .3 5 9 8 8 4 IE - 0 2

10 0 . 0 9 2 rOiCE 06 O .I9 9 3 fllO E 04 0 .9 3 0 9 3 9 9 E 07 0 .1 8 3 7 9 4 5 2 09 0 . 24 4 1 9 3 4 E -0 2 0 .3 4 2 3 0 0 3 6 -0 2

11 0 .7 4 1  1400E 06 0 . I 0 0 I I 2 I E 04 0 . 6 1 10S35E 07 0 .1 9 3 8 0 9 7 5 03 0 .1 3 5 0 7 6 5 6 -0 2 0 .3 1 7 1 6 6 6 6 -0 2

12 0 .8 4 0 0 4 T 0 E 06 0 .2 6 0 5 0 3 9 E 03 0 .6 9 E I3 8 2 E 07 0 .1 9 6 4 1 C8E 09 0 .3 0 9 P I I 2 E - 0 3 0 .2 8 2 S 4 9 3 E -0 2

13 0 .9 5 3 2 IT 0 E 06 0.6I30SO C E 03 0.7SC4599E 07 0 .2 0 2 S 4 I3 G 05 0 .6 4 3 1 3 8 5 6 -0 3 0 .2 5 6 2 3 2 2 6 -0 2

14 O .I0 7 9 6 2 9 E 07 0 .2 0 T S 6 4 8 E 04 0 .8S E 4228E 07 0 .2 2 3 2 9 7 8 E OS 0 . I9 2 2 S 5 7 F -0 ? 0 .2 4 8 5 4 4 2 6 -0 2

IS 0 .I2 2 I 5 6 3 E 07 0 . le o o a so E 04 0 . 1020S79E 08 0 .2 4 2 2 0 0 4 E OS 0 .IF 4 7 4 0 9 F -0 2 0 .2 3 7 3 1 8 6 6 -0 2

IS O.I3aOSSOE 07 0 .IS 5 4 3 2 4 E 04 0 . 1 IC8634E 08 0 .2 5 8 0 4 3 6 5 09 0 . I I 4 7 6 0 4 E - 0 2 0 .2 2 2 7 1 3 6 6 -0 2

17 0 .IS S C 2 I9 E 07 0 .2 4 0 2 2 2 3 E 04 0 . I 3 I 4 4 5 6 E 08 0 .2 8 2 8 6 5 8 5 09 0 .  199299 IE -0 2 0 .2 1 9 1 9 8 2 6 -0 2

IS 0 .I7 S 6 I 3 3 E 07 0 .3 1 6 8 1 I3E 04 0 .I4 9 0 0 6 9 E 08 0 .3 1 4 5 4 70E OS O .I8 0 4 0 2 8 E -O 2 0 .2 1 1 0 9 9 6 6 -0 2

19 0 . I 9 7 : 9 I 9 E 07 0 .I9 2 3 3 9 8 E 04 0 .I6 8 7 6 6 I E 08 0 .3337SC 9E 09 0 .9 7 3 4 1 9 5 C -0 3 0 .1 9 7 7 7 7 2 6 -0 2

20 0 .2 2 I9 I 0 4 E 07 0 .2 S 7 6 4 8 0 E 04 0 . I9C 9S7IE 08 0 .3 5 9 6 4 S 7 E 09 0 .I I6 IO 4 S E -O 2 0 .  1 8 9 2 8 8 1 6 -0 2



TABLE IX-31

P r e d i c t i o n  o f  F u t u r e  D i s c o v e r i e s  f o r  R e g i o n  3  
( C a s e  I ,  L o g i s t i c  C u r v e )

INC i m : . f o o t « ce I6C.RESERVE CUF.FOOTACE CUN.RESERVE OISCCVERV RATE 
IIN C .R E S /IN C .F T )

CUN.OtSCOVERV RATE 
(CUF.RES/CUN .FT)

I o * o e o o o o o E 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OCOCOCCE CC O.COCOOCCE 00 O.OOOOOOOE 00

2 O.COOOOOÔE 00 O.COOOOOOE 00 O.OOOOOOOE 00 C.OCOOOCOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00

3 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OCOCOCCE OC O.OOOOOOOE 00 O.OOOOOOOE 00

4 0 .2 2 9 8 8 5 2 8 07 0 .9 1 1 8 3 0 5 8 04 0 .2 2 9 8 8 5 2 6 07 0 .9 I IS 3 0 5 E 04 0 .3 9 6 6 4 5 8 E -0 2 0 .2 9 6 6 4 S 8 E -C 2

a 0 .3 3 3 6 7 1  OE 06 0 .1 2 0 I7 7 7 E 04 0 . 2632523E 07 0 . 1 0320C8E 05 0 .3 6 0 1 6 8 3 8 -0 2 0 .3 9 2 0 2 2 4 E -0 2

« 0 .3 8 1 4 6 0 0 8 06 0 .  I373898E 04 0 .3 0 I3 9 8 3 E 07 0 . 1 I69398E 05 0 .3 6 0 I6 8 4 E - 0 2 0 .  3 8799  098 -0 2

r 0 .4 3 5 8 9 7 C E 06 0 .IE 6 9 9 6 S E 04 0 .3 4 4 9 E 8 0 E 07 0 . I2263CEE 05 0 .3 6 0 I6 B 7 E -0 2 0 .3 8 4 4 7 5 5 5 -0 2

a 0 .4 9 7 8 4 2 0 8 06 0 .1 6 4 4 4 4 1 8 04 0 .3 9 4 7 7 2 2 8 07 0 . 1 490839E 05 0 .3 3 0 3 1 39E -02 0 . 3 7 7 6 4 5 3 6 -0 2

9 0 .5 6 8 2 5 0 OE 06 0 .  I387402E 04 0 .4 E IS 9 7 2 E 07 0 .1 6 2 9 5 7 9 8 05 0 .2 4 4 1 S 3 5 E -0 2 0 .3 6 0 8 4 7 9 8 -0 2

10 0 .6 4 8 1 7 6 0 8 06 0 .1 S 8 2 S 4 7 E 04 0 .5 1 6 4 1 4 8 E 07 0 .I7 8 7 8 3 4 E C5 0 .2 4 4  1 5 3 9 8 -0 2 0 .3 4 6 2 0 1 1 E -0 2

I I 0 .7 3 8 7 7 0 0 8 06 0 .1 4 3 7 9 I8 E ' 04 0 .5 9 0 2 9 IS E 07 0 .I9 3 I6 2 S E 05 0 .1 9 4 6 3 6 8 E -0 2 0 .3 2 7 2 3 2 3 E -C 2

12 0 .8 4 1 2 8 8 0 8 06 0 .2 6 0 6 4 06E 03 0 .6 7 4 4 2 0 6 E 07 0 .1 9 5 7 6 6 9 8 05 0 .3 0 9 8 1 1 2 E -0 3 C .2 9 0 2 7 7 2 E -0 2

13 0 .957C 67C 8 06 0 .2 9 6 5 1 17E 03 0 .7 7 0 I2 7 3 E 07 0 .I9 8 7 3 4 I E 05 0 .3 0 9 8 1 28 E -0 3 0 .2 5 8 0 5  358 - 0 2

14 0 .1 0 8 7 S 3 4 E 07 0 .2 0 8 0 6 6 4 E 04 0 .8 7 8 8 8 0 7 6 07 0 .2 I9 S 4 C 7 E 05 0 .1 9 I3 1 9 4 E -0 2 0 .2 4 9 7 9 5 8 E -0 2

15 0 .1 2 3 4 1 8 3 8 07 0 .2 0 6 0 9 3 4 E 04 0 . 1002299E 08 0 .2 4 0 I5 C 0 E 05 0 . 166 9 8 7 7 E -0 2 0 .2 3 9 S 9 9 2 C -0 2

16 0 .1 3 9  8545E 07  ̂ 0 .1 S 6 8 6 I3 E 04 0 . 1142IS4E 08 0.2E S P362E 05 0 .1 1 2 1 6 0 4 E -0 2 0 .2 2 3 9 9 4 6 E -0 2

17 0 .1 9 8 2 I4 1 E 07 0 .2 4 7 8 5 4 3 E 04 0 .13003A 8E 08 0 .2 8 0 6 2 1 6 E 05 0 .1 S 6 6 S 7 5 E -0 2 0 .2 1 5 P 0 1 7 F -C 2

18 0 .1 7 8 6 4 6 2 8 07 0 .2 I8 8 3 7 5 E 04 0 . I4 7 9 0 I4 E 08 0 .3 1 2 5 0 S 4 E 05 0 .1 7 8 4 7 4 3 E -0 2 0 .2 1 1 2 9 3 0 E -0 2

19 0 .2 0 1 2 8 7 0 8 07 0 .2 0 7 4 2 6 2 E 04 0 . I6 8 0 3 0 I E 08 0 .32324E 0E 05 0 . 1030SOOE-02 0 .I9 8 3 2 6 4 E -0 2

20 0 .2 2 6 2 5 2 8 8 07 0 .2 5 9 2 0 7 8 E 04 0 .1 9 0 6 5 5 4 8 08 0 .3 S 9 1 6 8 B E 05 0 .1 1 4 S 6 S C E -0 2 0 .  1 8 8 3 8 6 4 6 -0 2



table IK-32

C o m p o s ite  P a r a m e t e r s  f o r  A l l  k  B a s i n s  
(C a s e  I ,  L o g i s t i c  C u rv e)

TI*C INC.FOOTAGE INC.06 SERVE TOTAL FOOTAGE 
OniLLEO

CUM.OISCO VERT OISCOVERV RATE 
IINC.RFO/INC.FT1

CUM.0I4C0VCRV 1 
ICUM .RES/TOTAL

O . O O O M O O C 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 C.OOOOOOOE 00

O.COOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOCOCE OC
O.IAI0A37E 07 0.00960796 04 0.14104376 07 0.59960796 04 0.40390066-02 0.40390066-02

0.28009TIE 07 0.9STI03SE 04 0.3C20405E 07 0.1:66791F 09 0.3972:9:6-02 0.3996499Er02
O.33TT09IC 07 0.13107706 09 0.72974996 07 0.29775226 09 0.30013766-02 0.3943224F-02

«.lOSOIASE 07 0.30056726 04 0*63476646 07 0.32501396 05 0.36230206-02 0.39030SOE-02

O.IIOOtiSC 07 0.43165366 C4 0.9C46779E or 0.36900I0E 09 0.36016066-02 0,38651976-02

O.I36E490E 07 0.44062 77E 04 0.109I920E 00 0.41306466 C5 0.32197916-02 0.37842006-02
0.:S60e«9F 07 0.429996IE 04 0.12476106 00 0.49602426 05 0.275223SE-02 0.36551006-02

O.I77«tft7E 07 0.4090604E 04 0.14299346 00 0.50501116 OS 0.27533926-02 0.3S4260OE-02
0.2C2A4E7E 07 0.32000956 04 0.16201776 oo 0.54307966 OS 0.19120036-02 0.334042IE-02
O.230a03aE 07 0.20444326 04 0.12907016 00 0.56432406 C9 0.02655036-03 0.30359906-02
0.262I66AE 07 0.26464146 04 0.21209476 00 0.59070216 OS 0.10094416-02 0.278S492C-02

0.29770006 07 0,46794046 04 0.24106966 00 0.6375030E 05 0.15710336-02 0.2636I04F-02
0.33704106 07 0.423639IE 04 0.27E6295E 00 0.6199499E 09 O.I2547C0F-O2 0.246A88SC-02

0.3023C90E C7 0.49590636 04 0.3I35667E 00 0.72553756 09 0.1I92310E-02 0.23116106-02

0.432 30006 «07 0.72346006 04 0.39709766 00 0.79720446 05 0 . 1673SOCE-02 0.22343596-02

0.40700926 07 0.79126006 04 0.40900356 00 0.07701136 09 0.16219206-02 0.21607466-02

0.049300OE 07 0.61063756 04 0.46002216 00 0.93007506 09 0.11114926-02 0.20356556-02

0.01720326 07 0.00270006 04 0.52254246 00 0.10103456 00 0.13009446-02 0. I94B827E-02
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FIGURE IX-97.

T i m e ,  y e a r s

Composite p lo t of increm ent re se rv e  vs. time.
(Case I ,  L o g is tic  curve)
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T i m e ,  y e a r s

FIGURE IX-98J. Composite p lo t  o f cum ulative d iscovery  vs. tim e.
(Case I ,  L o g is tic  curve)
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FIGURE IX-99,

Time, years
Composite p lo t  o f cum ulative d iscovery  r a te  va. tim e.

(Case I ,  L o g is tic  curve)
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FIGURE IX-100.

Footage

Composite p lo t o f increm ent re se rv e  v s . footage.
(Case I ,  L o g is tic  curve)
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FIGURE IX-101.

C u m u l a t i v e  F o o t a g e

Composite p lo t o f cum ulative d iscovery  va. cum ulative foo tage.
(Case I ,  L o g is tic  curve)
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FIGURE IX-102.

C u m u l a t i v e  F o o t a g e

Composite p lo t  o f cum ulative d iscovery  r a te  vs,
(Case I ,  L o g is tic  curve)

cum ulative footage.
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whole c o u r s e  o f  d r i l l i n g  a c t i v i t i e s .  T h i s  r e f l e c t s  t h e  f a c t  

t h a t  t h e  v a l u e s  f o r  t o t a l  f o o t a g e  d r i l l e d  a r e  l e s s  t h a n  t h e  

v a lu e  a t  w hich  r a p i d  d e c r e a s e s  i n  d r i l l i n g  a c t i v i t y  a r e  i n d i 

c a t e d  i n  t h e  p a r t i c u l a r  l o g i s t i c  r e l a t i o n s h i p s  used  t o  d e 

s c r i b e  t h e  d r i l l i n g  a c t i v i t y .

N in th  Run

The r e s u l t s  o b t a i n e d  from t h e  n i n t h  run a r e  shown 

in  T a b l e s  IX-33 t o  IX-36 a n d  F i g u r e s  IX-103 t o  IX -108 .  T h is  

run i s  b a s e d  on th e  r e s u l t s  o f  Case I I  o f  Phase  one and  u s e s  

a l o g i s t i c  c u rv e  e x t r a p o l a t i o n  f o r  f u t u r e  d r i l l i n g  a c t i v i t i e s .  

T ab le s  IX -33 ,  IX - 34, and I X - 35 a r e  r e s u l t s  f o r  Reg ions  1 ,  2, 

and 3 ,  r e s p e c t i v e l y .  T ab le  IX-36 and F i g u r e s  IX-10 3 t o  IX-10 8  

a re  r e s u l t s  f o r  a l l  t h r e e  r e g i o n s  combined. By o b s e r v i n g  t h e s e  

p l o t s  f o r  t h i s  ru n  and com par ing  them w i t h  t h e  c o r r e s p o n d i n g  

p l o t s  o f  t h e  t h i r d  and s i x t h  r u n ,  i t  can be seen  t h a t  e s s e n 

t i a l l y  t h e  same re s p o n se  i s  i n d i c a t e d  i n  a l l  t h e  p l o t s ,  e x 

c e p t  t h o s e  p l o t s  f o r  i n c r e m e n t  r e s e r v e s  v s .  e i t h e r  t im e  o r  

f o o t a g e .  The p l o t s  o f  i n c r e m e n t  r e s e r v e s  v s .  e i t h e r  t im e  

o r  f o o t a g e  f o r  t h i s  run  a r e  shown i n  F i g u r e s  IX-10 3 and  I X - 106. 

The c u r v e s  f o r  t h e s e  two p l o t s  a r e  v e r y  much l i k e  F i g u r e s  

IX-97 and IX-100 f o r  t h e  e i g h t h  run .  These  cu rv e s  i n c r e a s e  

s h a r p l y  i n  t h e  i n i t i a l  s t a g e s  o f  d r i l l i n g .  They d e c r e a s e  

w i th  t h e  same r a t e  and s h a r p n e s s ,  t h e n  t h e y  i n c r e a s e  sm o o th ly  

and g r a d u a l l y  th r o u g h  th e  r e m a in in g  c o u rs e  o f  d r i l l i n g  a c 

t i v i t i e s .



TABLE IX-33

P r e d i c t i o n  o f  F u t u r e  D i s c o v e r i e s  f o r  R e g i o n  1  

( C a s e  I I ,  L o g i s t i c  C u r v e )

IMC I6C.FOOTACE INC.RESERVE CU4.FOOTAGE CUV.RESERVE OISCOVERV RATE 
I IN C .R E S 7 I N C .F T I

CUM.OISCOVERV RATE 
(CUM.RES/CUM.FT 1

1 O.OCOCOCCE 00 O.OOOOOOOE CO O.OOOOOOOE 00 O.OOOOOOOE 0 0 O.OOOOOOOE 00 C.COOOOCCC 00

2 O.COOOOOOE 00 O.OOOOOOOE 00 O.OCCOOOOE 0 0 O.OCOCOCCE CO O.OOOOOOOE 0 0 O.OOOOOOOE 0 0

3 0 . I 4 I 0 4 J 7 E 07 0 .S 6 9 6 B 7 9 E 04 0 . 1 4 1 0 4 3 7 E 07 0 . 5 e 9 6 8 7 9 E 04 0 . 4 0 3 9 C B 6 F - 0 2 0 .  4 0 3 9 0 869 - 0 2

4 0 . 2 1 1 1 I90E 0 6 O .B S 2730E E C3 0 . 1 C 2 I5 S 6 E 07 0 .6 S 4 9 6 C 9 E 04 O .A 0 3 9 0 9 8 E - 0 2 0 . 4 0  3 9 O 8 6 f - 0 2

9 0 . 2 4 2 2 9 9 0 E 0 6 0 . 9 7 8 6 6 4 I E 03 0 . I 8 6 3 8 S 9 E 0 7 0 . 7 9 2 8 2 73E 04 0 . 4 0 3 9 C 7 5 F - 0 2 0 . 4 0 J 9 0 8 6 E - 0 2

6 0 .2 7 7 9 4 8 0 E C6 0 . 9 0 B 4 I 4 I E 03 0 . 2 1 4 i a 0 3 E 0 7 0 .8 4 3 6 6 R A E 04 0 . 3 2 6 8 2 8 8 9 - 0 2 0 . 3 0 3 9 0 S E E - C 2

7 0 . 3 I 6 6 6 4 C E 06 0 . 9 S 3 2 3 4 4 E 03 0 . 2 4 6 0 4 6 7 E 07 0 . 9 4 I 9 9 2 2 E 04 0 . 3 0 6 5 4 8 9 9 - 0 2 0 . 3 8 2 8 5 1 0 9 - 0 2

fl 0 . 3 6 9  II2C E 06 0 . 1 I2 6 S 4 3 E 04 0 . 2 6 2 S S 7 9 E 0 7 0 . I 0 9 4 6 4 6 E OS 0 . 3 0 8 S 4 7 2 E - 0 2 0 .3 7 1 2 4 Ç 7 C - C 2

9 0 . 4 I 8 0 2 3 0 E 06 0 . I 2 8 9 8 C 5 E C4 0 .3 2 4 3 6 0 Z E 07 0 .  1 I8 3 6 2 7 E 09 0 . 3 0 8 E 4 8 7 E - 0 2 0 . 3 6 4 0 1 1 3 " - 0 2

10 0 . 4 7 8 1 9 8 OE 06 0 . I 4 7 S 4 6 9 E 04 0 .3 7 2 IB O O E 07 0 . 1 3 3 I I 7 4 E 09 0 . 3 0 0 5 4 7 7 9 - 0 2 0 .  3 S 7 6 6 9 4 E - 0 2

11 0 . 9 4 6 9 1 7 0 E 06 0 . 7 7 1 1 1  72E C3 0 .  4 2 C S 3 I7 E 07 0 . 1 4 0 8 2 96E OS 0 . 1 4 1 0 9 6 7 E - 0 2 0 . 3 2 9 9 3 9 3 E - 0 2

12 0 . 6 2 3 9 0 S 0 E 06 0 . 6 5 2 S 7 0 1 E 03 0 .4 B 9 2 2 2 5 E 0 7 0 . 1 4 7 3 S 4 3 E 09 0 . 1 0 4 9 R S 2 E -0 2 0 . 3 0 1 2 0 1  I E - 0 2

13 0 . 7 1 1 3770E C6 0 . 7 4 4 0 6 2 S E 03 0 . 9 6 0 3 6 0 2 6 07 0 . I S 4 7 9 5 0 E OS 0 . I 0 4 S 9 4 7 E - 0 2 0 . 2 7 6 2 4 I O E - 0 2

14 0 . 6 C 9 9 3 8 0 E 06 0 . 2 2 6 S 9 0 8 E 03 0 . 6 4 I 3 S 4 0 E 07 0 . I 9 7 0 6 C 9 E OS 0 . 2 7 9 7 1 3 7 9 - 0 3 0 . 2 4 4 8 8 8 0 E - 0 2

19 0 . 9 2 0 6 7 1 0 E 0 6 0 .  l2546i>eE C3 0 . 7 3 3 4 2 1  I E 07 0 . I 9 B 3 1 E 2 E 09 0 . 1 3 6 2 7 9 7 E - 0 3 0 . 2 1 S 8 9 8 5 E - 0 2

16 0 . 1 0 4 4 6 0 I E 07 0 . 4 3 8 6 3 2 8 E 03 0 .E 3 7 8 B I 2 E 0 7 0 . 1C2701SE 09 0 . 4 1 9 9 0 4 S E - 0 3 0 . 1 9 4 1 8 2 0 E - 0 2

17 0 . I 1 8 2 7 4 1 E 07 0 . 6 B 3 2 4 6 1 E 0 3 0 . 9 S 6 I S 9 3 E 07 0 . I 6 9 9 3 3 9 E 0 5 0 . 5 7 7 6 8 0 1 9 - 0 3 0 .  1 773 0  7 9 9 - 0 2

18 0 . 1 3 3  9997E 07 0 . 3 6 S 7 6 I 7 E 03 0 . 1 CE9759E 08 0 . 1 7 3 I 9 I 6 E OS 0 . 2 7 3 7 7 4 1 9 - 0 3 0 . 1 5 0 0 2 7 1 9 - 0 2

10 O . I 9 0  90S2E 0 7 0 . 6 7 0 S 3 S 2 E 03 0 . 1 2 4 0 2 6 0 E 08 O . t  7989C9E 09 0 . 4 4 5 5 2 2 8 9 - 0 3 0 .  1 4 S 0 4 7 7 E - 0 2

20 0 . 1 6 9 0 4 0 5 E 07 0 . 9 9 6 4 4 I 4 E C3 0 . 14C9301E 0 8 0 . 1 8 9 8 6 1 3 E OS 0 . S R 9 4 6 9 0 E - 0 3 0 .  1 3 4 7 2 0 2 E - 0 2
CM

o



TABLE IX-34

P r e d i c t i o n  o f  F u t u r e  D i s c o v e r i e s  f o r  R e g i o n  2 
( C a s e  I I ,  L o g i s t i c  C u r v e )

IM£ IKC« FOOTACE INC.RESERVE CUN.FOOrACE CUR.RESERVE OISCCVERV RATE 
( I N C . R E S / I N C . F T I

CUR.OISCOVERV RATE 
(CUM .RES/CUR.FT 1

1 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 0 0 O.OOOOOOOE 00 O.OOOOOOOE 0 0 O.OOOOOOOE 0 0

2 O.CCOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 0 0 O.OOOOOOOE 00 O.OOOOOOOE 0 0 O.OOOOOOOE 00

3 C.CCOCOOCE 00 O.COOOOOOE 00 O.OOOOOOOE 0 0 O.OOOOOOOE 0 0 O.OOOOOOOE 00 O.OOOOOOOE 0 0

* O.OOOOOOOE 00 O.COOOOOOE 00 O.COOOOOOE 0 0 O.OOOOOOOE 00 O.OOOOOOOE 0 0 O.OOOOOOOE 0 0

5 0 . 2 8 0 I I 2 I E 07 0 . 1 0 9 2 7 3 2 E OS 0 . 2 8 0 I I 2 I E 0 7 0 . I 0 9 2 7 3 2 E OS 0 .  390  IO S 3 C -0 2 0 . 3 9 0 I 0 9 3 E - 0 2

6 0 .3 9 0 7 S 7 0 E 06 0 . I 4 O 7 3 8 3 E 04 0 . 3 I O I 8 7 8 E 07 O . I 2 3 3 4 7 0 E OS 0 . 3 6 0 I 6 B 3 E - 0 2 0 . 3 8 6 4 4 0 3 E - 0 2

7 0 . 4 4 4 S S 4  0E 06 0 . I 6 0 I I 4 S E 04 0 . 3 6 3 6 4 3 2 E 0 7 0 . 1 393SCSE OS 0 . 3 6 0 I 6 8 7 E - 0 2 0 . 3 R 3 2 2 8 6 F - 0 2

a O . : 0 S £ 4 4 0 E C6 0 . I 4 4 6 8 I E E 04 0 . 4 I 4 I 9 7 6 E 0 7 0 . I E 3 8 2 E 6 E OS 0 . 2 8 6 I 9 0 0 E - 0 2 0 . 3 7 1 3 8 4  7 C - 0 ?

9 0 .5 7 4 E 2 6 0 E 06 0 . I 4 0 2 9 7 3 E 04 0 . 4 7 1 6 6 0 2 E 0 7 0 . I C 7 8 S C 4 E OS 0 . 2 4 4 I S 4 0 E - 0 2 0 . 3 S S E 8 4 I E - 0 2

10 0 .6 9 2 T 9 3 0 E 06 0 . : 5 9 3 8 I 0 E 04 0 .S 3 6 9 3 9 S E 07 0 . I 8 3 7 9 4 S E OS 0 . 2 4 4 I S 3 4 E - 0 2 0 . 3 4 2 3 0 0 3 E - 0 2

II 0 . 7 4 I I 4 0 0 E 06 0 . I 0 0 I I 2 I E 04 0 . 6 1 10S3SE 0 7 0 . l 0 3 E 0 e 7 E OS O . I 3 S 0 7 8 S E - 0 2 O . 3 I 7 I 6 6 6 E - 0 2

12 0 . e 4 0 E 4 7 0 E 06 0 . 2 6 0 S 0 3 9 E 0 3 0 . 6 9 5 I 3 8 2 E 07 O . I 9 6 4 I 0 8 E OS 0 . 3 0 9 8 1  I 2 E - 0 3 0 . 2 E 2 S 4 9 3 C - 0 2

13 0 .9 S 3 2 1 7 C E 06 0 . 6 I 3 0 S 0 E E 03 0 . 7 0 0 4 5 9 9 E 07 0 . 2 0 2 S 4 I 3 E OS 0 . 6 4 3 I 3 8 S E - 0 3 C . 2 S 6 2 3 2 2 C - 0 7

14 0 . I C 7 « £ 2 0 E 07 0 . 2 0 7 5 6 4 9 E 04 0 . 8 9 8 4 2 2 8 E 0 7 0 .2 2 3 2 9 7 E E OS 0 . I 9 2 2 S 5 7 E - 0 2 0 . 2 4 8 6 4 4 2 8 - 0 2

IS 0 . I 2 2 I S 6 3 E 07 0 . 1E902S8E 04 0 . I 0 2 0 S 7 9 E 08 0 .2 4 2 2 0 C 4 E OS 0 . I 6 4 T 4 0 9 E - 0 2 0 . 2 3 7 3 l t f t E - 0 ?

16 0 . 1  3SCSS0E 07 0 . I S 8 4 3 2 4 E 04 0 . I I E 8 C 3 4 E 0 8 0 .2 S 8 0 4 3 C E OS 0 . I I 4 7 6 0 4 F - 0 2 0 . 2 2 2 7 I 3 6 E - 0 2

17 0 . I 5 5 E 2 I 5 E 07 0 . 2 4 8 2 2 2 3 E 04 0 . I 3 I 4 4 5 6 E 0 8 0 .2 E 2 8 6 E E E OS 0 . I E 9 2 9 9 I E - 0 2 0 . 2 I S I 9 6 2 E - 0 2

l a 0 . I 7 S 6 I 3 3 E 07 0 . 3 1 6 8 1 I3E 0.4 0 . I4 9 0 0 6 9 E 08 0 . 3 I 4 S 4 7 0 E 05 O . I 8 0 4 C 2 S E - 0 2 0 . 2 1 1 0 9 S 6 E - 0 2

19 0 . I 9 7 5 9 I 9 E 07 0 . I 9 2 3 3 9 8 E 04 0 . I 6 8 7 6 6 1 E o a 0 . 3 3 3 7 8 0 9 E OS 0 . 9 7 3 4 I 9 E E - 0 3 0 .  1 9 7 7 7 7 2 E - 0 ?

2 0 0 . 2 2 I 9 I 0 4 E 07 0 .2 S 7 6 4 8 0 E 04 0 . I 9 0 9 S 7 I E 08 0 .3 S 9 S 4 S 7 E OS O . I I 6 I 0 4 S E - 0 2 0 . I 8 8 2 8 6 I F - 0 2



TABLE IX-35

P r e d i c t i o n  o f  F u t u r e  D i s c o v e r i e s  f o r  R e g i o n  3 
( C a s e  I I ,  L o g i s t i c  C u r v e )

flMC I4C«F00TACC INC.RESERVE CUM.FOOTAGE CUF.RESERVE OISCOVERV RATE 
( I N C . R E S / I N C . F T l

CUR.OISCCVERV RATE 
(C U M .R E S /C U F .FT I

1 OeCOCCCCOE CO O.OOOOOOOE 00 O.OCCOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 0 0 C.COOOOCCC OC

2 O.COOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 0 0 O.OCOCOCCE 00 O.OOOOOOOE 00 O.OOOOOOOE 0 0

3 O.OOOOOOOE 00 0 . OOOOOOOE 00 0 . OOOOOOOE 0 0 O.OOOOOOOE 00 O.OOOOOOOE 00 C.OOCOOOOF 00

4 0 . 2 2 9 e 6 9 2 E 07 0 . 9 3 8 8 7 1 9 E 04 0 . 2 2 9 8 8 5 2 E 07 0 . 9 2 8 6 7 1 9 6 04 0 . 4 0 8 4 0 8 8 6 - 0 2 0 . 4 0 8 4 0 8 8 6 - 0 2

S 0 . 3 3 3 6 7 I O C 06 0 . 1 4 3 e i 5 6 E C4 0 . 2 6 3 2 5 2 3 E 0 7 0 . 1 0 8 2 6 8 8 6 OS 0 . 4 3 I 0 1 8 I E - 0 2 0 .  4 1 1 2  7 356 - 0 2

6 0.3014600E 06 0 . 1 6 4 4 1 37E C4 0 . 3 C I 3 9 8 3 E 07 0 .  1 2 4 7 1 CIE 05 0 . 4 3 1 0 1 1 2 6 - 0 2 0.41377176-02

7 0 .4 3 S e 9 7 C E 06 0 . I 8 7 8 7 6 2 E 04 0 . 3 4 4 9 8 6 0 E 07 0 . I 4 3 4 9 7 7 E OS 0 . 4 3 1 0 1 0 : 6 - 0 2 0 . 4 1 5 9 4 9 9 6 - 0 2

0 0 .4 9 7 8 4 2 0 E C6 0 , I9 7 3 2 0 3 E 04 0 . 3 9 4 7 7 2 2 E 07 0 . 1 6 3 2 2 9 8 E OS 0 . 3 « 6 3 5 1 I C - 0 2 0 . 4 1 3 4 7 8 2 6 - 0 2

9 0.960250OE 06 0 . 1 6B 3867E 04 0 . 4 E 1 S 9 7 2 E 0 7 0.18006846 05 0 . 2 9 6 3 2 S I E - 0 2 0.39873686-0?

10 0 .6 4 B 1 7 6 C E 06 0 . I 4 2 0 7 0 7 E 04 0 . 9 1 6 4 1 4 0 E 0 7 0 . 1 9 9 2 7 5 5 E 05 0 . 2 9 6 3 2 4 9 E - 0 2 0 . 3 P S P 8 2 6 E - 0 2

It 0 .7 3 0 7 7 0 0 C 06 0 . 1 6 3 4 9 6 5 6 04 0 . S 9 C 2 9 1 6 E 07 0 . 2 1 7 6 2 ( 2 6 C5 0 . 2 4 8 3 8 1  I E - 0 2 0 . 3 6 8 6 7 3 6 6 - 0 2

12 0 . 0 4 1  a e a c c 06 0 . TS65352E C3 0 . 6 7 4 4 2 0 6 E 0 7 0 .2 2 E I 9 C S E 03 0 . 8 9 9 2 5 8 1 6 - 0 3 0 . 3 3 3 9 0 2 2 6 - 0 ?

13 0 . 9 5 7 0 6 7 0 E 06 0 , 8 6 0 6 5 2 3 6 03 0 .7 7 0 1 2 7 3 E 07 0 . 2 3 3 7 9 7 0 E OS 0 . 8 9 9  2 6 0 2 6 - 0 3 0 . 3 0 3 5 8 2 3 6 - 0 ?

14 O . I 0 8 7 S 3 4 E 07 0 . 2 6 3 5 6 8 4 E 04 0 . 0 7 8 8 6 0 7 6 0 7 0 . 2 C 0 I 5 3 9 E OS 0 . 2 4 2 3 5 4 1 6 - 0 2 0 . 2 9 6 0 0 5 9 6 - 0 2

19 0 • 1 2 3 4 1 03E 07 0 . 2 7 1 474CE 04 0 .  1CC2299E 06 0 . 2 8 7 3 0 1 3 6 OS 0 . 2 1 9 9 6 3 0 6 - 0 2 0 . 2 8 6 6 4 2 3 E - C 2

16 0 . 1 J9854& E 07 0 . 2 3 6 9 7 8 S E 04 0 . 1  14 2 1 5 4 E 0 8 0 . 3 1 0 9 9 S 2 F 05 0 . 1 6 9 4 4 6 5 6 - 0 2 0 . 2 7 2 2 9 1 9 6 - 0 ?

17 0 . i e O 2 1 4 I E 07 0 . 2 6 I 2 2 9 7 E 04 0 . 1 2 0 0 3 6 8 6 08 0 . 3 2 9 I 2 2 I E 05 0 . 1 7 7 7 5 2 6 E - 0 2 C . 2 6 0 7 8 9 4 6 - 0 ?

10 0 . 1 7 6 6 4 6 2 6 07 0 . 3 4 5 6 2 3 4 E 04 0 . 1 4 7 9 0 1 4 E 08 0 . 3 7 3 6 6 4 S E 05 0 . 1 9 3 4 6 8 1 6 - 0 ? 0 . 2 S 2 6 S 7 9 C - 0 ?

19 0 . 2 0 I 2 0 7 C E 07 0 . 5 2 1 9 2 5 8 6 04 O . I 6 8 0 3 0 1 E 0 6 0 . 4 2 9 E 7 7 1 E 0 5 0 . 2 5 9 2 9 4 3 6 - 0 2 0 . 2 5 3 4 5 2 9 6 - 0 ?

20 0 . 2 2 6 2 5 2 8 E 07 0 . 3 6 7 9 0 7 0 E 04 0 . 190 6 S 5 4 E 08 0 . 4 8 2 6 6 7 8 E 05 0 . 1 6 2 6 0 8 8 6 - 0 2 0 . 2 4 2 6 7 2 3 6 - 0 2

tsj



TABLE IX-36

C o m p o s i t e  P a r a m e t e r s  f o r  A l l  k  B a s i n s  
( C a s e  I I ,  L o g i s t i c  C u r v e )

TIME I h C . r O O T A C E INC.RESERVE TOTAL FOOTAGE CUM.OISCCVERV OISCCVERV RATE CUM.OISCOVERV PATE

1 O.OCOCOCOE 00 0.CCOOOCCE 00

OPILLEO 

0.OOOOOOOE 00 O.OOOOOOOE 00

i INC.RES/INC.FTl

O.OOOOOOOE 00

ICUM.RES/TOTAL

O.OOOOOOOE 00

2 O.COOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 C.OCOOOCOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00

3 0.I4I0437E 07 0.56968795 04 0.14I0437E 07 0.5696679E 04 0.40390865-02 0.4039086E-02

4 0.250997:6 oy. 0. I02414SE 05 0.3920.408E 07 0.1S93833E 05 0.40803035-02 0.4065476E-02

S 0.337709IE C7 0 . I334414E 05 0.7297499E 07 0.2926247E 05 0.3951371E-02 0.4012670E-02

6 0.I0S0I6SE 07 0.3959934E C4 0.8247664E 07 0.3324240E OS 0 . 3770773E-02 0.3982238E-02
r 0.1I99II5E 07 0.4463I41E 04 0.9646779E 07 0.3770554E OS 0.3722C29E-02 0. 39495535-02

a O.I36(49fE 07 0.4S46563E 04 0.109152QE 06 0.422521 IE 05 0.332230IE-02 0.38709145-02

9 0.1560699E 07 0.4376645E 04 0.1247616E 00 0.4662875E 05 0.28039255-02 0.37374235-02

10 0.1779I67E 07 0.4989992E 04 0.1425534E 06 0.5161874E 05 0.28046795-02 0.3621010E-02

It 0.2026427E 07 0 . 3607203E 04 0.1628177E 06 0.SS22S95E OS 0 . 1780080E-02 0.33918685-02

12 0.23060366 07 0.16696I7E 04 0.16587815 00 0.S689SS6E OS 0.7240197E-03 0.3060907E-02

13 0.262I664E 07 0.22I7766E 04 0.2120947E OC 0.591I333E 05 0.8459380E-03 0.27871195-02

14 0.297708EE 07 0.4937883E 04 0.24186S6E 00 0.64051£15 05 0.16586255-02 0.264P215E-02

15 0.33764ICE C7 0.4730414E 04 0. 27S6296E 08 0.66781635 05 0.14010165-02 0.249S43SE-02

16 0.3623696E 07 0.4392750E 04 0.3I30667E 00 0.73174355 05 0 . 114P823E-02 0.2331384E-02

17 O.4323OB0E 07 0.59778I3E 04 0.3S70976E 00 0.79152195 05 0.1382764E-02 0.22165425-02

10 0.40725926 07 0.6990063E 04 0.40C6B35E 00 0.86I4225E 03 O.I432803E-02 0.21223395-02

19 O.5493056E 07 0.78131865 04 0.4608221E 00 0.939S544E 05 0 . I42216CE-02 0.203P866F-02

20 0.6I72032E 07 0.7252000E 04 0.522S424E 00 0.1C12074E 06 0.1I74978E-02 0.1936627E-0?
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T i m e ,  y e a r s

FIGURE IX -103. Composite p lo t o f increm ent re se rv e  v s . tim e.
(Case I I ,  L o g is tic  curve)
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FIGURE IX -104.

T i m e ,  y e a r s

Composite p lo t o f cum ulative d iscovery  vs. time.
(Case I I ,  L o g is tic  curve)
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FIGURE IX-105.

T i m e ,  y e a r s

Composite p lo t  o f cum ulative d iscovery  r a te  vs,
(Case I I ,  L o g is tic  curve)

tim e.
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F o o t a g e

FIGURE IX -106, Composite p lo t  o f increm ent re se rv e  v s . footage,
(C a s e  I I ,  L o g i s t i c  c u r v e )
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FIGURE IX -107

C u m u l a t i v e  F o o t a g e

Composite p lo t  o f  cum ulative d iscovery  v s . cum ulative footage.
(Case I I ,  L o g is t ic  curve)
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FIGURE IX-108.

C u m u l a t i v e  F o o t a g e

Composite p lo t  o f cum ulative d iscovery  r a te  v s . cum ulative foo tage.
(Case I I ,  L o g is tic  curve)
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T en th  Run

The r e s u l t s  o b t a i n e d  from t h e  t e n t h  run  a r e  shown 

i n  T a b l e s  IX-37  t o  IX-40 and  F i g u r e s  I X - 109 t o  I X - 114. T h is  

run  i s  b a s e d  on t h e  r e s u l t s  o f  t h e  o r i g i n a l  model o f  Phase  

one u s i n g  an i n c r e a s i n g  d r i l l i n g  r a t e  f u n c t i o n  f o r  f u t u r e  

d r i l l i n g  a c t i v i t i e s .  T a b l e s  IX -3 7 ,  IX-38 and IX-39 a r e  t h e  

r e s u l t s  f o r  Reg ions  1 ,  2, and  3 ,  r e s p e c t i v e l y .  T a b l e  IX-40 

and  F i g u r e s  IX - 109 t o  IX -114 a r e  r e s u l t s  f o r  a l l  t h r e e  r e g i o n s  

combined.  By o b s e r v i n g  t h e s e  p l o t s  f o r  t h i s  run and  com par

in g  them w i t h  t h e  c o r r e s p o n d i n g  p l o t s  f o r  t h e  f i r s t ,  f o u r t h  

and s e v e n t h  r u n s ,  i t  can b e  se en  t h a t  d i f f e r e n t  r e s u l t s  a r e  

i n d i c a t e d  i n  some o f  the  p l o t s .  However ,  most o f  them look  

q u i t e  s i m i l a r  t o  t h e  p r e v i o u s  c u r v e s .  The p l o t  o f  i n c r e m e n t  

r e s e r v e s  v s .  t i m e .  F ig u re  I X - 109, i n c r e a s e s  a l l  t h e  way t o  

t h e  p o i n t  w here  t  = 15 y e a r s .  Then i t  d e c r e a s e s  f o r  t h e  

n e x t  t h r e e  y e a r s  ( t  = 1 8 ) .  From t h i s  p o i n t  i t  a g a i n  i n c r e a s e s  

w i t h  t h e  same r a t e  as i t  d e c r e a s e d  f o r  t h e  r e s t  o f  t h e  p e r i o d  

( t  = 20 y e a r s ) .  The p l o t  o f  c u m u l a t i v e  d i s c o v e r y  r a t e  vs  

t i m e .  F i g u r e  IX -111 ,  shows a g r a d u a l  d e c r e a s e  a l l  t h e  way t o  

t h e  p o i n t  where  t  = 10 y e a r s .  From t h i s  p o i n t  on t h e  r a t e  

o f  d e c r e a s e  i s  v e r y  s t e e p  th r o u g h  t h e  r e s t  o f  t h e  r e m a in i n g  

y e a r s .  The p l o t  o f  in c re m e n t  r e s e r v e s  v s .  f o o t a g e ,  F i g u r e  

IX -112 ,  shows an i n c r e a s e  f o r  t h e  i n i t i a l  s t a g e s  o f  d r i l l i n g .  

Then i t  s t a r t s  d e c r e a s i n g  f o r  a  w h i l e  and e v e n t u a l l y  i t  i n 

c r e a s e s  a g a i n  f o r  t h e  r e s t  o f  t h e  d r i l l i n g  a c t i v i t i e s .



TABLE I X -3 7

P r e d i c t i o n  o f  F u t u r e  D i s c o v e r i e s  f o r  R e g i o n  1 
( I n c r e a s i n g  D r i l l i n g  R a t e  F u n c t i o n )

IME IKC.FOOYAOC INC.RESERVE CUM.FOOTAOE CUK.PESERV6 DISCOVEPV P4T6 
1 I N C . P E S / I N C . F T 1

CUM.DISCOVEPY PATE 
(CUM ,RES/CUM .FTl

1 OeCCOCOOOE 00 O.OOOCOOOE CO 0 . 0 0 0 0 0 0 0 6 0 0 0 .0 C 0 0 0 C C 6 CC C.COCCOCCE 00 O.OOOOOOOE 00

2 OeCOOOOOOE 00 G.COOOOOOE CO O.OCCOOOOE 00 O.OOOOOCOE 00 O.OOOOOOOE 0 0 0 . 0 0 0 0 0 0 0 6  00

3 0 .1 0 S 2 6 3 C E q ? 0 . 3 4 9 I 6 0 I E 04 0 . 1 0S 2630C 07 0 . 3 4 9 1 6 C I E 04 0 , 3 3 1 7 0 2 8 6 - 0 2 0 , 3 3 1 7 0 2 6 6 - 0 2

4 0 . I I 6 S S 9 0 E C7 0 . 3 8 7 9 5 5 9 6 €4 0 , 2 2 2 2 2 2 0 6 07 0 . 7 3 7 1 1 4 0 6 04 0 , 3 3 1 7 0 2 5 6 - 0 2 0 , 3 3 1 7 0 2 5 6 - 0 2

ft 0 . 1 3 0 7 1 8 8 E C7 0 . 4 3 3 S 9 7 7 E 04 0 . 3 5 2 9 4 0 8 6 07 0 . 1  1 7 0 7 1 4 6 05 0 , 3 3 1 7 0 2 6 6 - 0 2 0 . 3 3 1 7 0 2 3 6 - 0 2

ft 0 .1 4 7 C 5 8 6 E 07 0 . 4 6 7 7 9 8 0 E 04 0 , 4 9 9 9 9 9 6 6 07 0,16585126 05 0 . 3 3 1 7 0 2 7 6 - 0 2 0 , 2 3 1 7 0 2 6 6 - 0 2

7 0 . 1 6 6 6 6 6 S E 07 0 . E 5 ? e 3 7 I E 04 0 , 6 8 6 6 6 6 1 6 07 0 . 2 2 1  1 3 496 05 0 , 3 3 1 7 0 2 6 6 - 0 2 0 , 3 3 I 7 0 2 6 E - 0 2

e 0 .1 9 0 4 7 6 C E C7 0 . 6 3 1 8 1 4 1 6 04 0 . 8 5 7 1 4 2 1 6 07 0 . 2 8 4 3 1 8 2 6 05 0 . 3 3 1 7 0 2 7 6 - 0 2 0 . 3 3 1 7 0 2 6 6 - 0 2

9 O .S 1 9 7 e 0 1 E 07 0 . 7 2 9 0 1 6 0 E 0 4 0 , 1 0 7 6 9 2 2 6 08 0 , 3 5 7 2 1 7 9 6 OS 0 . 3 3 1 7 0  2 5 6 - 0 2 0 . 3 3 1 7 0 2 6 6 - 0 2

10 0#2SA41OOE 07 0 . 6 S 0 5 1 9 1 E 04 0 . 1 3 3 3 3 J 2 E 08 0 . 4 4 2 2 6 9 8 E OS 0 . 3 3 1 7 0 2 8 6 - 0 2 0 , 3 3 : 7 0 2 6 6 - 0 2

I I 0 . 3 0 3 0 3 0 1 E 07 0 .1 0 0 5 1 5 9 % 05 0 , 1 6 3 6 3 6 2 E 06 0 , 5 4 2 7 8 8 7 6 05 0 . 3 3 1 7 0 2 7 6 - 0 2 0 . 2 3 1 7 0 2 8 6 - 0 2

12 0 . 3 6 3 6 3 6 1 E 07 0 . 1 1 4 4 0 3 0 E OS 0 , 1 9 9 9 9 9 8 6 08 0 , 6 5 7 1 8 8 8 6 05 0 . 3 1 4 6 0 8 6 6 - 0 2 0 , 3 2 8 5 9 4 6 6 - 0 2

13 0 . 4 4 4 4 4 3 2 E 07 0 . 1 1 6 0200E OS 0 . 2 4 4 4 4 4 2 E 0 8 0 , 7 7 3 2 0 8 8 6 0 5 0 , 2 6 1 0 4 5 7 E - 0 2 0 . 3 1 6 3 1 3 0 6 - 0 2

14 OeSSSSSSZE C7 . 0 . I4 5 0 2 5 0 E cs 0 . 2 9 9 9 9 9 7 E 08 0 . 9 1 8 2 3 3 8 6 C5 0 , 2 6 1 0 4 5 2 6 - 0 2 0 , 3 0 6 0 7 8 2 6 - 0 2

I S 0«  7 1 4 2 8 4 6 8 C7 0 . 1 6 6 4 6 1 3 6 OS 0 , 3 7 1 4 2 8 2 6 08 0 , 1 1 0 4 8 9 5 6 06 0 . 2 6 1 0 4 6 1 6 - 0 2 0 . 2 9 7 4 1 8 2 6 - 0 2

1ft 0«C 6 2 3 8 C eE 07 0 . 1 9 2 4 S 6 3 E 05 0 . 4 8 6 6 6 6 2 6 08 0 . 1 2 9 7 1 5 1 6 06 0 . 2 0 2 0 7 9 1 6 - 0 2 0 . 2 7 7 9 6 1 2 6 - 0 2

17 0 . 1 3 3 3 3 3 1 E 0 8 . 0 . 2 3 0 6 7 8 8 E OS 0 , 5 9 9 9 9 9 4 6 0 8 0 , 1 5 2 7 8 3 0 6 06 0 .  1 7 3 0 0 9 3 6 - 0 2 0 . 2 5 4 6 3 8 6 6 - 0 2

18 0 . 2 0 0 0 0 C 0 E 00 0 . 15 1 6 2 3 1 E 05 0 , 7 9 9 9 9 9 4 6 OS 0 , 1 8 7 9 4 5 3 6 06 0 , 7 5 8 1 1 5 4 6 - 0 3 . 0 , 2 0 9 9 3 1 8 6 - 0 2

19 0 . 3 3 3 3322E 08 0 . 1 6 4 8 4 8 8 6 OS 0 . 1 1 2 3 3 3 2 6 09 0 . 1 8 4 4 3 0 2 6 06 0 . 4 9 4 5 4 7 9 6 - 0 3 0 . 1 6 2 7 3 2 8 6 - 0 2

20 0#06ft0 ftS9E 08 0 . 2 2 8 7 1 3 1 6 05 0 . 1 7 9 9 9 9 7 6 0 9 0 . 2 0 7 3 0 1 5 6 06 0 . 3 4 3 0 6 9 9 6 - 0 3 0 ,  1 1 5 1 6 7 7 6 - 0 2 w
t n



TABLE IX-38

P r e d i c t i o n  o f  F u t u r e  D i s c o v e r i e s  f o r  R e g i o n  2 
( I n c r e a s i n g  D r i l l i n g  R a t e  F u n c t i o n )

r i n e I M .F C O T A C E IN C .R E S E R V E CUM.FOOTACE CUM.RESERVE OISCCVERV RATE 
1 IN C .R E  S / I N C . F T !

CUM.OISCCVERV RATE 
( C U M .R E S / C U M .F T I

1 O.OOOOOOOE 0 0 O.OOOOOOOE CO O.OCCOOOOE 0 0 O.OCOOOCCE 0 0 O.OOOOOOOE 0 0 O.OOOOOOOE 0 0

2 O.CCOOOOOE 00 0 . OOOOOOOE 0 0 O.OOOOOOOE 0 0 O.OOOOOOOE 0 0 O.OOOOOOOE 0 0 O.CCOOOOOE 0 0

3 O.OOOOOOOE 0 0 0 . OOOOOOOE 0 0 O.OOOOOOOE 0 0 O.OOOOOCOE 0 0 O.OOOOOOOE 0 0 O.OCCOOOOE 0 0

4 O.CCOOOOOE 0 0 O.OOOOOOOE 0 0 O.OOOOOOOE 0 0 O.OOOOOOOE 0 0 O.OOOOOOOE 0 0 O.OOOOOOOE 0 0

H 0  .  2 3 9  2 3 4  4E 07 0 . 7 9 3 5 4 6 S E 04 0 . 2 3 9 2 3 4 4 E 0 7 0 . 7 9 3 S 4 6 S E 0 4 0 . 3 3 I 7 0 2 S E - 0 2 0 . 3 3 I 7 0 2 S E - 0 2

6 0 . 2 6 S 0 I 6 0 E 07 0 . 0 0 I 7 I 8 4 E 04 O .S C e O S 0 4 E 0 7 0 . 1 0 7 5 2 ( 5 0 0 5 0 . 3 3 I 7 0 2 S E - 0 2 0 . 3 3 I 7 0 2 5 E - 0 2

7 o . 2 9 7 c e a e E 07 0 . 9 B S 4 5 I 2 E 0 4 0 . 0 0 2 I 3 9 0 E 0 7 0 . 2 0 6 0 7 I 6 E 0 5 0 . 2 3 I 7 0 2 8 E - 0 2 0 . 3 3 1 7 0 2 S E - 0 2

0 0 . 3 3 4 2 2 4 6 E 07 0 . I I 0 S 6 3 2 E OS 0 . 1 I 3 6 3 6 4 E 0 0 0 . 3 7 6 9 3 4 C E OS 0 . 3 3 I 7 0 2 S E - 0 2 0 . 3 3 I 7 0 2 6 E - 0 2

9 0 . 3 7 0 7 6 7 0 0 07 0 .  I 2 5  64  4  9E OS 0 . I 9 I S I S I E 0 0 O .S 0 2 S 7 9 'T E OS 0 . 3 3 I 7 0 2 C R - 0 2 0 . 3 3 1 7 0 2 6 E - 0 2

10 0 . 4 3 2 6 9 0 2 6 07 0 . I 4 I 0 4 0 3 E OS 0 . I 9 4 0 0 S 0 E 0 0 0 . 6 4 3 6 2 0 0 E OS 0 . 3 2 S 0 2 3 2 E - 0 2 0 . 3 3 0 3 9 6 I E - 0 2

II O . 4 9 9 S 0 C 0 E 07 0 . I 3 0 3 9 2 0 E 0 9 0 . 2 4 4 7 S S 0 E 0 0 0 . 7 7 4 0 2 C O E 0 5 0 . 2 6 I 0 4 4 7 E - 0 2 0 . 3 I 6 2 4 2 7 E - 0 2

12 O . S 0 2  7 S 0 4 E 07 0 . I S 2 I 2 4 4 E OS 0 . 3 0 3 0 3 0 1 E 0 0 0 . 9 2 6 I 4 4 4 E OS 0 .  261  0 4 5 5 E - 0 2 0 .  3 0 S 6 2 7 9 E - 0 2

13 0 . 6 0 0 7 0 5 6 E 07 0 . I 7 9 7 0 3 8 E OS 0 . 3 7 I 9 0 0 6 E 0 0 0 .  1 IO S 9 2 0 E 06 0 . 2 6 I 0 4 S 9 E - 0 2 0 . 2 9 7 3 7 I 9 E - 0 2

14 0 . 0 2 6 4 4 6 4 E 07 0 .  I 6 7 7 2 0 0 E OS 0 . 4 S 4 S 4 S 3 E 0 0 0 . I Î 7 3 6 4 E E 0 6 0 . 2 0 2 9 4 I I E - 0 2 0 . 2 S 0 2 0 2 7 E - 0 2

I S 0 . I 0 I 0 0 9 9 E OS 0 . I 9 5 S 6 I 9 E OS 0 . S E S S S 3 2 E OS 0 . I 4 6 9 S I 0 E OS 0 . I 9 3 9 0 3 S E - 0 2 • 0 . 2 S 4 S I 2 0 E - 0 2

16 0 . 1 2 6 2 0 2 7 b CO 0 . I 2 3 0 2 3 I E OS 0 . 6 0 1 0 1  7 9 E 0 8 0 . I 0 9 2 S 3 3 E 0 6 0 . 9 7 4 3 4 2 2 C - 0 3 0 . 2 3 I S 7 I 6 E - 0 2

IT 0 . 1 6 2 3 3 7 6 E 00 0 . I I 2 S 0 9 4 E ce 0 . 0 4 4 I S S S E 0 0 O . I 7 0 S 3 4 3 E OS 0 . S 9 4 9 0 5 9 E - 0 3 0 . 2 0 2 0 I 7 S E - 0 2

10 0 . 2 I 6 4 9 0 2 E ca • 0 . I 0 9 I 2 J 1 E 0 5 0 . I 0 6 0 6 0 O E 0 9 0 . i e i 4 4 ( ( E OS 0 . S 0 4 1 4 O 7 E - 0 3 O . I 7 I 0 7 8 2 E - 0 2

19 0 . 3 0 3 0 3 0 4 E CO 0 . 1 2 1 S 3 6 3 E cs 0 . I 3 6 3 6 3 6 E 0 9 0 . I 9 3 6 0 0 2 E OS 0 . 4 0 1 0 S 9 4 E - 0 3 0 .  1 4 I 9 7 3 S E - 0 2

2 0 0 . 4 S 4 S 4 S 6 E CO 0 . I 4 2 0 3 6 3 E OS 0 . I O I O I 0 2 E 0 9 0 . 2 C 7 E 0 3 E E OS 0 . 3 I 2 4 7 9 4 E - 0 3 0 . I I 4 2 9 2 I E - 0 2 w
in



TABLE IX-39

P r e d i c t i o n  o f  F u t u r e  D i s c o v e r i e s  f o r  R e g i o n  3  
(Increasing Drilling Rate Function)

IME IM C.7C 0T46E INC.RESERVE CUM.FOOTAGE CUM.RE SERVE DISCOVERY RATE 
( I N C . R 6 S / I N C . F T )

CUM.DISCOVERY RATE
(CUM .R6S/CUM .FT1

1 OtCOCCOCOE 00 O.OOOOOOOE CO O.OCCOOOOE 0 0 O.OOOOOOOE 00 O.OOOOOOOE 0 0 O.OOOOOOOE 00

2 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOCOE 00 O.OOOOOOOE 00 O.OOOOOOOE 0 0

3 O.OOOOOOOE 00 0 . OOOOOOOE* 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00

4 0 . I 6 4 4 7 3 6 E 07 0 . S 4 S 5 6 2 9 E 04 0 . I 6 4 4 7 3 6 E 07 0 .S 4 5 S 6 2 9 E 04 0 . 3 3 1 7 0 2 4 6 - 0 2 0 . 3 3 1 7 0 2 4 6 - 0 2

S 0 . 1 8 2  74066 07 0 . 6 C 6 I 8 2 0 E 04 0 . 3 4 7 2 2 2 2 C 07 0 . 1 I S I 7 4 S E OS 0 . 3 3 1  7 0 2 7 6 - 0 2 0 . 3 3 1  7 0 2 5 E - 0 2

« 0 . 2 0 4 2 4 0 3 E 07 0 . 6 7 7 4 9 6 9 E 04 0 . S S I 4 7 0 S E 07 0 . I 6 2 9 2 4 2 E CS 0 . 3 3 1 7 0 2 6 E - 0 2 0 . 3 3 I 7 0 2 3 E - 0 2

7 0 .2 2 9 7 7 9 S E 07 0 . 7 6 2 1S4SE 04 0 . 7 S I 2 S 0 0 E 0 7 0 . 2 S 9 I 4 2 7 E OS 0 .  3 3 1 7 0 2 7 6 - 0 2 0 . 3 3 1 7 0 2 6 6  -  02

a 0 . 2 6 0 4 I 6 6 E 07 O .S 6 3 S 0 9 0 E 04 0 .  1 0 4 1 6 6 7 E 00 0 .3 4 S S 2 3 6 E 05 0 . 3 3 1 7 0 2 7 6 - 0 2 0 . 3 3 1 7 0 2 6 E - 0 2

9 0 . 2 9 7 6 I 9 I E 07 0 . 9 S 7 2 1 0 2 E 04 0 . 1 3 3 9 2 86E 00 0 . 4 4 4 2 4 4 6 E OS 0 . 3 3 1 7 0 2 5 6 - 0 2 0 . 3 3 1 7 0 2 6 6  - 0 2

10 0 . 3 4 3  405SE 07 0 . I I 3 9 0 8 E E OS 0 . I 6 8 2 6 9 I E 08 0 . S 8 S I S 3 I E 05 0 . 3 3 1 7 0 2 6 6 - 0 2 0 . 3 3 1 7 0 2 6 6 - 0 2

I I 0 . 4 0 0 6 4 I 6 E 07 0 . I2 0 7 S 9 4 E OS 0 . 2 0 E 3 3 3 3 E 0 0 0 .6 7 0 9 4 2 S E OS 0 . 3 0 1 4 8 9 9 6 - 0 2 0 . 3 2 S 0 9 2 S E - 0 2

12 0 . 4 7 3 4 8 3 2 E 07 0 .  I 2 3 6 0 I 3 E OS 0 . 2 E S 6 0 I 6 E 0 0 0 . 0 0 2 S 4 3 0 E OS 0 . 2 6 1 0 4 6 7 6 - 0 2 0 . 3 1 3 F 8 4 0 E - 0 2

13 0 . 3 6 8  1 0 2 4 6 07 0 . I 4 8 3 2 I 3 E OS 0 . 3 I 2 4 9 9 8 E 0 8 0 . 9 S 0 8 6 S 0 E OS 0 . 2 F 1 0 4 5 I E - 0 2 0 . 3 0 4 2 7 6 9 6 - 0 2

14 0 . 6 9 4 4 4 4  EE 07 0 . I S I 2 S I 9 E OS 0 . 3 8 I 9 4 4 3 E 00 0 . 1 1 3 2 1 47E 06 0 . 2 6 1 0 4 5 8 6 - 0 2 0 . 2 9 6 4 1 6 7 6 - 0 2

IS 0 . 0 6 8 0 S 4 4 E 07 0 . I6 9 C 4 4 4 E CS 0 .  4C E7490E 08 O . I 3 0 I I 9 I E 06 0 . 1 9 4 7 3 9 4 6 - 0 2 0 . 2 7 7 5 8 7 6 6 - 0 2

16 0 . I I I 6 0 7 4 E OS 0 . 2 1 1 lOSOE OS 0 . S S 0 3 5 7 I E OS 0 . I S I 2 2 9 6 E 06 0 . 1 8 9 1 4 9 7 E - 0 2 0 .  2 6 0 5 S 0 3 E  - 0 2

17 0 . I 4 8 6 0 9 3 E 0 8  . O . I I 7 6 8 1 3 E OS 0 . 7 2 9 I 6 6 4 E 08 0 . 1 6 2 9 9 7 8 E 06 0 . 7 9 0 8 1 9 3 6 - 0 3 0 . 2 2 3 5 3 9 6 6 - 0 2

10 0 . 2 0 8 3 3 3 I E 08 O .I3 0 0 9 S O E OS 0 . 9 3 T 4 9 9 5 E 00 O . I 7 6 0 0 7 3 E 06 0 . 6 2 4 4 S 6 4 C - 0 3 0 . 1 0 7 7 4 1 2 6 - 0 2

19 0 . 3 I 2 6 0 0 S E OS 0 . 1 3 1 3 0 8 1 6 cs 0 . I 2 E 0 0 0 0 E 09 0 . 1 6 9 1 4 6 1 6 06 0 . 4 2 0 4 4 1 2 6 - 0 3 0 . 1 5 1 3 1 6 6 6 - 0 2

20 O .S 2 0 8 3 3 0 E OS 0 . I 7 3 4 9 S I E OS O . I 7 7 0 8 3 3 E 0 9 0 .2 0 6 4 9 S 9 E 06 0 . 3 3 3 1 1 6 6 6 - 0 3 0 . 1 1 6 6 0 9 S E - 0 2 wtnW



TABLE IX-40

C o m p o s i t e  P a r a m e t e r s  f o r  A l l  k  B a s i n s  
( I n c r e a s i n g  D r i l l i n g  R a t e  F u n c t i o n )

I6C.FOOTACE INC.RESERVE 70741. F007AGE 
ORII.LED

C U M . O I S C C V E R V O I S C C V E R V  R A 7 E  
( I N C . R E S / I N C . F 7 I

C U M . O I S C C V E R V  R
(CUM.RES/TOTAL 1

1 O.OOOOOOOE 00 O.CCOOOOOE 00 0 . OOOOOOOE 0 0 O.OOOOOOOE 00 O.OOOOOOOE 0 0 O.OOOOOOOE 00

2 O.OOOOOOOE 00 O.OOOOOOOE op O.OOOOOOOE 0 0 O.OOOOOOOE 00 O.OOOOOOOE 0 0 O.OOOOOOOE 00

3 0 . 1 0 5 2 6 3 0 2 07 0 . 3 4 9 I 6 C I E 04 0 . I 0 5 2 6 3 0 E 07 0 . 3 4 9 I 6 C I E 04 0 . 3 3 1 7 0 2 2 6 - 0 2 0 . 3 3 1 7 0 2 2 6 - 0 2

4 0 . 2 8 1  43 2  6E 07 0 . 9 3 3 5 1 8 8 6 04 0 . 3 2 6 6 9 5 6 E 07 0 . 1  2 8 2 2 7 9 6 05 0 . 3 3 1 7 0 2 4 6 - 0 2 0 . 3 3 1 7 0 2 5 6 - 0 2

8 O . E E 2 7 0 I ( E 07 0 . I 8 3 3 3 2 6 E 05 0 . 9 3 9 3 9 7 4 6 0 7 0 . 3 I I 6 0 0 E E OS 0 . 3 3 1 7 0 2  C E -0 2 0 . 3 3 1 7 0 2 5 6 - 0 2

6 0 . 6 I 7 I 2 3 I E 07 0 . 2 0 4 7 0 I 3 E OS 0 . I E S 6 S 2 I E 0 8 0 . 5 1 6 3 0 1 8 6 0 5 0 .  331 702 2 6 - 0 2 0 . 3 3 1 7 0 2 5 6 - 0 2

7 0 . 6 9 3 : 3 3 9C 07 0 . 2 3 0 0 4 6 9 6 OS 0 . 2 2 8 0 0 5 4 6 0 8 0 . 7 4 6 3 4 2 2 6 05 0 . 3 3 1 7 0 2 5 6 - 0 2 0 . 3 3 1 7 0 2 5 6 - 0 2

a 0 . 7 8 5 1 1 6 2 6 07 0 .2 6 0 4 2 S 0 E 08 0 . 3 0 3 5 1  716 00 0 . 1 0 0 6 7 7 4 E 0 6 0 . 3 3 1 7 0 2 2 6 - 0 2 0 . 3 3 1 7 0 2 5 6 - 0 2

9 0 . 2 9 6 1 8 7 2 6 07 0 . 2 9 7 2 6 8 1 6 CS 0 . 3 9 3 I 3 5 8 E 08 0 . I 2 0 4 0 4 2 E 06 0 . 3 3 1 7 0 3 2 6 - 0 2 0 . 3 3 1 7 0 2 6 6 - 0 2

10 0 . I 0 3 2 T I 4 E 08 0 . 3 4 0 0 0 S I E OS 0 . 4 9 6 4 0 7 2 E 0 8 0 . I 6 4 4 0 5 0 E 06 0 . 3 2 9 2 3 7 6 6 - 0 2 0 . 3 3 1 1 8 9 2 6 - 0 2

I I 0 . I 2 0 3 I 7 3 E 08 0 . 3 S I 6 9 8 I E OS 0 .6 I C 7 2 4 S E 02 0 . 1 9 9 5 7 4 2 6 0 6 0 . 2 9 2 3 0 8 9 6 - 0 2 0 . 3 2 3 6 0 4 5 6 - 0 2

12 O . I 4 I 9 6 7 0 E OS 0 . 3 9 0 1 2 8 8 6 OS 0 .  7 5 8 7 1 ISE 0 8 0 . 2 3 8 S 8 7 7 E 06 0 . 2 7 4 7 6 3 2 6 - 0 2 0 . 3 1 4  4 6 4 3 6  - 0 2

13 0 . I 7 0 I 3 3 I E 08 0 . 4 4 4 I 2 E 0 E OS 0 . 9 2 C 8 4 4 6 E 0 8 0 . 2 2 3 0 0 0 2 6 06 0 . 2 6 1 0 4 5 6 6 - 0 2 0 . 1 0 4 6 7 9 8 6 - 0 2

14 0 . 2 0 7 6 4 4 6 E 08 0 . 4 9 4  0 2 6 9 6 OS 0 . 1 1 3 6 4 8 9 6 09 0 . 3 3 2 4 0 2 9 6 06 0 . 2 3 7 9 1 9 4 6 - 0 2 0 . 2 9  2 4 8 2 2 6  -  02

IE 0 . 2 S 9 2 4 3 8 E OB 0 . 5 S I 3 6 7 5 E cs 0 . 1 3 9 5 7 3 3 6 09 0 .3 2 7 S 3 9 6 E 0 6 0 . 2 1 2 6 8 3 0 6 - 0 2 0 . 2 7 7 6 6 0 . 1 6 - 0 2

16 0 . 3 3 3 I 0 8 2 E 08 0 . S 2 6 S 8 4 4 E OS 0 . 1 7 2 8 8 4 1 E 0 9 0 . 4 4 0 I 9 E I E 06 0 . 1 5 8 0 8 2 1 6 - 0 2 0 . 2 5 4 6 2  0 3 6 - 0 2

17 O .4 4 4 4 8 C 0 E OS 0 . 4 6 1 1694E OS 0 . 2 1 7 3 3 2 1 6 0 9 0 . 4 2 6 3 1 50E 0 6 0 . 1 0 3 7 5 4 8 6 - 0 2 0 . 2 2 3 7 6 5 8 6 - 0 2

IB 0 . 6 2 4  701 8E 08 0 . 3 9 0 8 4 I 3 E OS 0 . 2 7 9 8 1 0 3 6 09 0 . S 2 5 3 9 9 I E 06 0 . 6 2 5 5 6 4 3 6 - 0 3 0 . 1 8 7 7 6 9 7 6 - 0 2

19 0 . 9 4 0 2 6 4  06 OS 0 . 4 1 7 7 7 3 1 6 OS 0 . 3 7 4 6 9 6 7 6 0 9 0 . 5 6 7 I 7 2 4 E 0 6 0 . 4 4 0 2 8 7 2 6 - 0 3 0 . 1 5 1 3 6 9 5 6  - 0 2

2 0 0 . 1 6 4 2 0 4 3 6 09 0 . S 4 4 2 4 7 5 E OS 0 . S 3 6 9 0 I 0 E 09 0 . 6 2 1 6 0 1 2 6 0 6 0 . 3 3 1 4 4 5 1 6 - 0 3 0 . 1 1 5 3 4 6 1 6 - 0 2

wLn
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FIGURE IX -109. Composite p lo t o f Increment re se rv e  v s . tim e.
(In c re a s in g  d r i l l i n g  r a te  function )
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FIGURE IX -110. Composite p lo t  o f cum ulative d iscovery  v s . tim e.
(In c re a s in g  d r i l l in g  r a te  function )
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FIGURE IX - l lI .

T i m e ,  y e a r s

Composite p lo t  o f cum ulative d iscovery  r a te  vs.
(In c re a s in g  d r i l l i n g  r a te  function )

tim e.
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FIGURE IX-112. Composite p lo t o f  increm ent re se rv e  v s . footage.
(In c re a s in g  d r i l l in g  r a te  function )
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FIGURE IX -113.

C u m u l a t i v e  F o o t a g e

Composite p lo t  o f cum ulative d iscovery  v s . cum ulative footage.
(In c re a s in g  d r i l l i n g  r a te  function)
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C u m u l a t i v e  F o o t a g e

FIGURE IX -114. Composite p lo t  o f  cum ulative d iscovery  r a te  v s . cum ulative foo tage.
(In c re a s in g  d r i l l i n g  r a te  function)
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E le v e n t h  Run

The r e s u l t s  o b t a i n e d  from t h e  e l e v e n t h  ru n  a r e  shown 

in  T a b l e s  IX-41 t o  IX-44 a n d  F i g u r e s  I X - 115 t o  I X - 120. T h i s  

run i s  b a s e d  on t h e  r e s u l t s  o f  Case I o f  Phase  one u s i n g  an 

i n c r e a s i n g  d r i l l i n g  r a t e  f u n c t i o n  f o r  f u t u r e  d r i l l i n g  a c t i v i 

t i e s .  T a b l e s  IX -41 ,  IX -42 ,  and IX-43 a r e  r e s u l t s  f o r  R eg ions  

1, 2 ,  and 3 ,  r e s p e c t i v e l y .  T ab le  IX-44 and  F i g u r e s  IX -115 

t o  IX-120 a r e  t h e  r e s u l t s  f o r  a l l  t h r e e  r e g i o n s  combined.

By o b s e r v i n g  t h e s e  p l o t s  f o r  t h i s  r u n  and com par ing  them w i t h  

th e  c o r r e s p o n d i n g  p l o t s  o f  t h e  s e c o n d ,  f i f t h  and  e i g h t h  r u n s  

i t  can  be s e e n  t h a t  most o f  th e  f i g u r e s  f o l l o w  t h e  same t r e n d  

e x c e p t  f o r  t h e  p l o t s  o f  i n c re m e n t  r e s e r v e s  v s .  e i t h e r  t im e  

o r  f o o t a g e  and  c u m u la t iv e  d i s c o v e r y  r a t e  v s .  t i m e .  The p l o t  

o f  i n c r e m e n t  r e s e r v e  v s .  t i m e ,  F i g u r e  I X - 115, i n c r e a s e s  g r a d u 

a l l y  a l l  t h e  way up t o  t h e  p o i n t  where  t  = 15 y e a r s ,  t h e n  i t  

d e c r e a s e s  f o r  a coup le  o f  y e a r s  ( t  = 1 7 ) .  A f t e r  t h i s  p o i n t  

i t  i n c r e a s e s  v e ry  s h a r p l y  f o r  t h e  r e s t  o f  t h e  r e m a in in g  p e r i o d  

( t  = 2 0 ) .  The p l o t  o f  c u m u la t iv e  d i s c o v e r y  r a t e  v s .  t i m e .  

F i g u r e  I X - 117,  shows a g r a d u a l  d e c r e a s e  a l l  t h e  way up t o  t h e  

p o i n t  where  t  = 12 y e a r s .  Then i t  d e c r e a s e s  v e r y  s h a r p l y  f o r  

t h e  r e m a in in g  e i g h t  y e a r s .  The p l o t  o f  i n c r e m e n t  r e s e r v e s  

v s .  f o o t a g e .  F ig u re  IX -118 ,  i n c r e a s e s  s h a r p l y  i n  t h e  i n i t i a l  

s t a g e s  o f  d r i l l i n g ,  t h e n  i t  d e c r e a s e s  f o r  a s h o r t  t im e  i n t e r 

v a l ,  and a f t e r w a r d s  i t  i n c r e a s e s  s h a r p l y  f o r  t h e  r e s t  o f  t h e  

d r i l l i n g  a c t i v i t i e s .



TABLE IX-41

P r e d i c t i o n  o f  F u t u r e  D i s c o v e r i e s  f o r  R e g i o n  1  
( C a s e  I ,  I n c r e a s i n g  D r i l l i n g  R a t e  F u n c t i o n )

IME IkC.FOOVACE INC.RESERVE CU#*FCUTAOC CUM.RESERVE OISCCVERV PATE 
1 IN C * R 6 S / IN C * F T )

CUM.ClSCnvERV RATE 
ICUR*9CS/CUR#FTI

1 C•CCOOOOGE 00 0* OOOOOOOE CO 0 * 0 0 0 0 0 0 0 6 0 0 O.OOOOOOOE 00 0 * 0 0 0 0 0 0 0 6  00 0 * 0 0 0 0 0 0 0 6  0 0

2 O.OOOOOOOE 00 O.OOOOOOOE 00 0* OOOOOOOE 0 0 O.OCOOOCCE 00 O.OOOOOOOE 00 0 * 0 0 0 0 0 0 0 6  0 0

3 0 . 1 0 5 2 6 3 1 E 06 0 . 4 2 5 I 6 7 C E 03 0 * 1 0 5 2 6 3 1 6 06 0 * 4 2 5 1 6 7 0 6 03 0 * 4 0 :1 9 0 8 5 6 - 0 2 0 . 4 0 3 9 0 8 6 6 - 0 2

4 0 . I I 6 9 5 9 I E 06 0 * 4 7 2 4 0 7 7 6 C3 0 * 2 2 2 2 2 2 2 6 06 0 * 6 9 7 5 7 4 7 6 0 3 0 * 4 0 3 9 0 8 3 6 - 0 2 0 * 4 0 3 9 0 8 6 6 - 0 ?

9 0 . 1 3 0 7 I 8 9 E 06 0 , 5 2 7 9 8 5 8 6 03 0 * 3 5 2 9 4 1 1 6 06 0 .1 4 2 5 5 C 1 E 04 0 * 4 0 3 9 0 9 0 6 - 0 2 0 * 4 0 3 9 0 8 6 6 - 0 2

e 0 . 1 4 7 0 5 8 0 6 06 0 * 5 9 3 9 6 4 1 6 03 0 * 5 0 0 0 0 0 0 6 06 0 * 2 0 1 9 5 4 5 6 04 0 * 4 0 3 9 0 9 0 6 - 0 2 0 * 4 0 3 9 0 8 5 6 - 0 2

7 0  # 166 6 6 6 6 E 06 0 * 6 7 3 1 8 1 4 6 03 0 * 0 0 6 6 6 6 6 6 0 6 0 * 2 6 9 2 7 2 6 6 04 0 * 4 0 3 9 0 8 6 6 - 0 2 0 * 4 0 3 9 0 6 6 6 - 0 2

a 0 .1 9 0 4 7 6 2 E 06 0 . 7 6 9 3 5 0 2 6 03 0 * 6 5 7 1 4 2 6 6 06 0 * 3 4 6 2 0  766 04 . 0 * 4 0 3 9 0 8 6 6 - 0 2 0 * 4 0 3 9 0 6 6 6 - 0 2

9 0 . 2 I 9 7 6 0 2 E 06 0 * 6 6 7 7 0 8 7 6 03 0 * 1 0  769236 07 0* 4 3 4 9 7 5 5 6 04 0 * 4 0 3 9 0 7 5 6 - 0 2 0 * 4 0  3 9 0 8 6 6 - 0 2

10 0 .2 S 6 4 1 C O E 06 0 * 1 0 3 5 6 6 4 6 04 0 . 1 3 3 3 3 3 3 6 07 0 * 5 3 6 5 4 4 9 6 04 0 * 4 0 3 9 0 9 4 6 - 0 2 0 * 4 0 3 9 0 8 6 6 - 0 2

I t 0 * 3 0 3 0300E 06 0 * 1 2 2 3 9 6 5 6 04 0 * 1 6 3 6 3 6 3 6 0 7 0 * 6 6 0 9 4  146 04 0 * 4 0 3 9 0 6 6 6 - 0 2 0 * 4 0  3 9 0 8 6 6 - 0 ?

12 0 . 3 6 3 6 3 7 0 E 06 0 * 1 4 3 2 5 2 0 6 04 0 * 2 0 0 0 0 0 0 6 07 0 * 8 0 4 1 9 3 4 6 04 0* 3 9 3 9 4 2 0 6 - 0 2 0 * 4 0 2 0 9 6 7 6 - 0 ?

13 0 .4 4 4 4 4 4 C E 06 0 * I 6 0 0 7 4 6 E C4 0 .2 4 4 4 4 4 4 E 07 0 * 9 6 4 2 6 6 0 6 04 0 * 3 6 0 1 6 8 2 6 - 0 2 0 * 3 9 4 4 7 3 2 6 - 0 ?

14 0 * 5 5 5 5 5 6 0 E 06 0 * 2 0 0 0 9 3 8 6 04 0 * 3 0 0 0 0 0 0 6 07 0 * 1 1 6 4 3 ( 2 6 05 0 * 3 5 0 1 6 8 4 6 - 0 2 0 * 3 8 8 1 2 0 6 6 - 0 2

19 0 *  I I 4 2 6 9 0 E 06 0 * 2 5 7 2 6 3 3 6 04 0 * 3 7 1 4 2 6 9 6 0 7 0 * 1 4 2 1 6 2 5 6 05 0 * 3 6 0 1 6 8 9 6 - 0 2 0 * 2 8 2 7 4 5 2 6 - 0 ?

16 0 * 9 5 2  3 8 1 0 6 06 0 * 2 4 4 7465E 04 0 * 4 6 6 6 6 6 6 6 07 0* 1 5 6 6 3 7 1 6 05 0* 2 5 6 9 8 3 8 6 - 0 2 0 * 3 5 7 0 7 9 6 6 - 0 2

17 0 . 1 3 3 J 3 3 4 E 07 0 * 2 6 8 2 6 1 7 6 04 O.OCCOOOOE 0 7 0 . 1 9 3 4 6 3 3 6 05 0 , 2 0 1 1 9 5 2 6 - 0 2 0* 2 2 2 4 3 8 8 6 - 0 2

10 0 * 2 0 0 0 0 0 0 6 07 0* 1 0 9 1 2 1 1 6 04 O.aCCOOOOE 0 7 0 * 2 0 4 3 7 5 4 6 09 0 * 5 4 5 6 0 5 3 6 - 0 3 0 * 2 5 5 4 6 9 3 6 - 0 2

19 0 * 3 3 3 3 3 3 3 6 07 0 * 5 0 4 7 1 4 5 6 04 0 . 1 1 3 3 3 3 3 6 0 6 0 . 2 5 4 8 4 5 9 6 OS 0* 1 5 1 4 1 4 3 6 - 0 2 0 . 2 2 4 8 6 4 9 C - 0 2

20 0 * 6 6 6 6 6 6 7 6 07 0 * 9 1 0 1 0 9 9 6 04 0 * 1 5 0 0 0 0 0 6 08 0 * 3 4 9 6 5 7 5 6 09 0 * 1 3 6 5 1 5 9 6 - 0 2 0 * 1 9 2 1 4 3 0 6 - 0 2

w
ts )



TABLE IX-42

P r e d i c t i o n  o f  F u t u r e  D i s c o v e r i e s  f o r  R e g i o n  2 
( C a s e  I ,  I n c r e a s i n g  D r i l l i n g  R a t e  F u n c t i o n )

TIME IhC.FCOTAGE INC.RESERVE CUV.FOOT AGE CUM.RESERVE DISCOVERY RATE 
I I N C * P E S / I N C . F T )

CUPeOtSCOVERV PATE 
( C U M . R E S / C U M . F T >

1 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 0 0 O.OOOOOCOE CC O.OOOOOOOE 00 O.OOOOOOOE 0 0

2 O.CCOOOOOE 00 O.CCOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 0 0 O.OOOOOOOE 0 0 O.COOOOCOC 00

3 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOCOE 00 O.OOOCOOOE 00 9 . 0 0 0 0 0 0 0 6  0 0

4 C.CCOCOOCE 00 O.OOOOOOOE 00 O.OOOOOOOE 0 0 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE q o

9 0 . 2 3 9 2 3 4 4 E 06 0 . 9 6 6 2 8 6 6 E 03 0 . 2 2 9 2 3 4 4 E 06 0 . 9 6 6 2 8 6 6 6 0 3 0 . 4 0 3 9 0 8 6 E - 0 2 0 . 4 9 3 9 0 8 6 6 - 0 2

e O « 2 6 9 0 I 6 I E 06 0 . 1 0 7 3 6 5 5 E 04 0 . 5 0 S 0 5 0 4 E 0 6 0 .2 C 2 9 9 4 4 E 04 0 . 4 0 3 9 0 8 6 6 - 0 2 0 . 4 0 3 9 0 8 6 6 - 0 2

T 0 .2 9 7 C e a S E 06 0 . I I 9 9 9 6 7 E 04 O . 6 0 2 I 3 8 9 E 06 0 . 3 2 3 9 9 I I E 04 0 . 4 0 3 9 0 9 0 E - 0 2 0 . 4 0 3 9 0 8 6 6 - 0 2

8 0 . 3 3 4  2 2 4 I E 06 0 . I 3 4  996 0 E 04 0 . 1 126363E 07 0 . 4 S 8 9 8 7 1 E 04 0 . 4 0 3 9 0 8 6 6 - 0 2 0 . 4 0 3 9 0 8 6 6 - 0 2

9 0 .3 7 8 7 E 7 C E 06 0 . 1S299S3E 0 4 0 . 1 S I 5 1 5 0 E 07 0 . 6 1 1 9 P 2 4 E 04 0 . 4 C 3 9 0 6 3 H - 0 2 0 . 4 0 3 9 0 8 6 6 - 0 2

10 0 . 4 3 2 9 0 I O E 06 0 . I 7 3 S 0  04E 04 0 . 1 9 4 8 0 5 1 E 07 0 . 7 6 5 4 8 2 6 6 04 0 . 4 0 0 7 6 5 4 6 - 0 2 0 . 4 0 3 2 1 4 6 6 - 0 2

11 0 * 4 9 9 2 0 1  CE 06 0 . I 7 9 9 0 4 7 E 04 0 . 2 4 4 7 9 5 2 E 0 7 0 . 9 2 9 3 8  756 04 0 . 3 6 0 1 6 6 6 6 - 0 2 0 . 3 9 4 4 2 9 6 6 - 0 2

12 0 . 5 8 2 7 5 0 0 E 06 0 . 2 0 9 8 8 8 3 E 04 0 . 3 0 3 0 3 0 2 E 0 7 0 .  1 1 7 5 2 7 6 E OS 0 . 3 6 0 1 6 8 6 6 - 0 2 0 . 3 8 7 8 4 I 1 E - 0 2

13 0 . 6 6 8 7 0 4 0 0 C6 0 . 2 4 8 0 4 9 2 E 04 0 . 3 7 I 9 0 0 6 E 07 0 . t  4 2 3 3 2 2 E 09 0 . 3 6 0 1 6 8 1 E - 0 2 0 . 3 8 2 7 I 6 5 E - 0 2

14 O .E 2 6 4 4 6 0 E 06 0 . 2 1 3 4 9 1 6 E 04 0 . 4 S 4 5 4 5 2 E 07 0 . 1 6 3 6 7 7 7 E 09 0 . 2 S 8 2 7 6 5 E - 0 2 0 . 3 6 0 C 9 1 0 E - 0 2

IS O . I C I O I O I E 07 0 . 2 4 6 6 1 99E 04 0 .5 S 5 S 5 5 3 E 07 0 . 1 6 8 3 3 0 6 6 CS 0 . 2 4 4 1 5 3 7 6 - 0 2 0 . 3 3 9 0 1 1 5 6 - 0 2

16 0 . 1 2 6 2 6 2  7C 07 0 . 76 5 E 4 7 7 E 03 0 . 6 6 1 8 1 aOE 07 0 . 1 9 9 9 9 6 1 6 OS 0 . 6 0 6 9 6 0 8 6 - 0 3 0 . 2 8 7 4 6 4 0 6 - 0 2

17 0 . I 6 2 3 3 7 6 E 07 * 0 . 1 6 8 6 6 4 6 E 04 0 . 8 4 4 I S 5 6 E 07 0 . 2  1266 4 6 6 OS 0 . 1 0 3 8 9 7 6 6 - 0 2 0 , 2 5 2 1 6 2 8 6 - 0 2

18 0 .2 1 6 4 S C 2 E 07 0 . 3 3 8 2 S 1 6 E 04 0 . 1 0 6 0 6 0 6 E 0 8 0 . 2 4 6 6 8 9 8 6 05 0 . 1 5 6 2 7 2 2 6 - 0 2 0 . 2 3 2 S 9 3 2 E - 0 2

19 0 . 3 0 3 0 3 0 3 E 07 0 . 4 4 5 0 8 I 3 E 04 0 . I 3 6 3 6 3 6 E 08 0 .  291 1 9 7 9 6 02 0 . 1 4 6 8 7 6 8 6 - 0 2 0 . 2 1 3 5 4 5 1 6 - 0 2

20 0 . 4 9 4 2 4 4 7£ 07 0 . 5 6 9 3 0 8 2 E 04 0 . 1 8 1 8 1 8 I E 0 8 0 . 3 4 8 1 2 6 7 6 09 0 . 1 2 5 2 4 8 0 6 - 0 2 0 . 1 9 1 4 7 0 9 6 - 0 2

L ti0\
L4



TABLE IX-43

P r e d i c t i o n  o f  F u t u r e  D i s c o v e r i e s  f o r  R e g i o n  3 
( C a s e  I ,  I n c r e a s i n g  D r i l l i n g  R a t e  F u n c t i o n )

IMC IkC.FCCTACE INC.RESERVE CUN.FOOTACE CUM.RESERVE OrSCOVEPV PATE 
1 I N C . R E S / I N C . F T }

CUP.DISCOVERY RATE 
1 C U M . 9 E S / C U P . F T I

1 O.OOOOOCOE 00 O.OOOOOOOE 00 0 . 0 0 0 0 0 0 0 5 00 O.OCOOOCCE 00 O.OOOOOOOE 00 O.OOOCOOOE 0 0

2 O.CCOOOOCf 00 O.OOOOOOOE 00 O.OOOOOOOE 0 0 0 . 0 0 0 0 0 0 0 5 0 0 O.OOOOOOOE 00 O.OOOOOOOE 0 0

3 O . O OO OO OO E 0 0 O. O OO OO OO E 0 0 O . O C C O O O O E 0 0 O. O OO OO OO E 0 0 O . O O O O O O O E  0 0 O . O O O O O O O E  0 0

4 0 . 1 6 4 4 7 3 6 5 06 ' 0 . 6 6 4 3 2 3 2 5 03 0 . 1 6 4 4 7 3 6 5 0 6 0 . 6 6 4 3 2 2 2 5 03 0 . 4 0 3 9 0 8 6 5 - 0 2 0 . 4 0 3 9 0 8 6 5 - 0 2

5 0 . 1 8 2 7 4 8 4 5 06 0 . 7 3 8 1 3 7 5 5 C3 0 . 3 4 7 2 2 2 1 5 06 0 . 1 4 0 2 4 6 1 5 04 0 . 4 0 3 9 0 9 0 5 - 0 2 0 . 4 0 3 0 0 8 6 5 - 0 2

6 0 . 2 0 4 2 4 8 3 5 06 0 . 8 2 4 9 7 7 1 5 03 0 . 5 5 1 4 7 0 4 5 0 6 0 . 2 2 2 7 4 3 6 5 04 0 . 4 0 3 9 0 8 6 5 - 0 2 0 . 4 0 3 9 0 8 6 5 - 0 2

7 0 . 2 2 9 7 7 9 4 5 06 0 . 928C 999E 03 0 . 7 6 1 2 4 9 8 5 0 6 0 .3 1 S 5 S 3 8 E 04 0 . 4 0 3 9 0 0 0 5 - 0 2 0 . 4 0 3 9 0 8 6 5 - 0 2

S 0 . 2 6 0 4 I 6 6 E 0 6 O . I O S i a 4 S E 0 4 0 . 1 0 4 I 6 6 6 E 0 7 0 . 4 2 0 7 3 6 3 5 C4 0 . 4 O 3 9 0 8 6 E - O 2 0 . 4 0  3 9 0 9 6 5 - 0 2

9 0 . 2 9 7 6 1 7 7 5 06 0 . 1 2 0 2 1 0 2 5 04 0 . 1 3 3 9 2 8 4 5 07 0 . 5 4 0 9 4  845 04 0 . 4 0 3 9 0 7 9 E - 0 2 0 . 4 0 3 9 0 8 6 5 - 0 2

10 0 . 3 4 3 4 0 7 0 5 06 0 . 1 3 8 7 0 5 5 5 C4 0 . 1 6 6 2 6 9 1 5 07 0 . 6 7 9 6 5 3 9 5 04 0 . 4 0 3 9 0 9 8 5 - 0 2 0 . 4 0  3 9 0 8 6 E - 0 2

I I 0 . 4 0 0 6 4 1 0 5 C6 0 . I S 4 5 5 2 7 5 04 0 . 2 0 8 3 3 3 2 5 0 7 0 .8 3 4 2 0 C 6 E 04 0 . 3 8 5 7 6 3 6 E - 0 2 0 . 4 0 0 4 1 9 2 5 - 0 2

12 0 . 4 7 3 4 8 4  OE 06 0 . 1 7 0 5 3 4 4 5 04 0 . 2 5 5 6 8 1 6 5 07 0 . 1 0 0 4 7 4 1 5 05 0 . 3 6 0 1 6 9 2 5 - 0 2 0 . 3 9 2 * 6 5 6 5 - 0 2

13 0 . 5 6 8 1 8 2 0 5 06 0 . 2 0 4 6 4 1 0 5 04 0 . 3 1 2 4 9 9 8 5 07 0 . 1 2 0 9 3 8 2 5 05 0 . 3 6 0 1 6 P 1 E - 0 2 0 . 3 8 7 0 0 2 5 5 - 0 2

14 0 . 6 9 4 4 4 3 0 5 06 0 . 2 5 0 1 1 6 6 5 04 0 . 3 8 1 9 4 4  1 E 07 0 . 1 4 8 9 4 99F 05 0 . 3 6 0 I 6 6 9 C - 0 2 0 . 3 8 2 1 2 3 7 5 - 0 2

IS 0 . 6 6 8  0 5 7 0 5 06 0 . 2 1 I959UE 04 0 . 4 6 6 7 4 9 8 5 07 0 . 1 6 7 1 4 5 8 5 05 0 .  2 4 4 1 7 6 3 5 - 0 2  ' 0 . 3 5 6 5 7 7 R E - 0 ?

16 0 . I I I 6 0 7 C 5 07 0 . 2 5 7 0 8 9 5 5 04 0 .5 F C 3 5 6 8 E 07 0 . 1 9 2 8 5 4 7 5 OS 0 . 230 3 S 2 4 L - 0 2 0 . 3 3 2 3 0 3 7 5 - 0 2

17 0 . 1 4 8  6 0 9 6 5 07 0 . 4 6 1 0 3 1 3 5 03 0 , 7 2 9 1 6 6 4 5 07 0 , 1 9 7 4 6 5 0 5 05 0 . 3 0 9 8 I 2 8 E - 0 3 0 . 2 7 0 0 0 9 3 5 - 0 2

18 0 . 2 0 8 3 3 3 1 5 07 '  0 . 3 3 3 4 5 4 7 5 04 0 . 9 3 7 4 9 9 5 5 07 0 . 2 2 0 8 1 C 5 5 05 0 .  1 6 0 0 5 8 4 5 - 0 2 0 . 2 4 6 1 9 6 0 5 - 0 2

19 0 . 3 I 2 E 0 0 1 E 07 0 . 4 1 7 8 7 5 4 5 04 0 . 1 2 6 0 0 0 0 5 OS 0 . 2 7 2 5 9 8 0 5 05 0 . 1 3 3 7 2 0 1 5 - 0 2 0 . 2 I 8 0 7 8 S E - 0 2

20 0 . 9 2 0 8 3 2 4 5 07 0 . 6 9 6 1 5 5 9 5 0 4 0 . 1 7 7 0 8 3 2 5 08 0 . 3 4 2 2 1 3 6 5 05 0 . 1 3 3 6 6 2 2 E - 0 2 0 .  193 2  5 0 25 -  02

IX



TABLE IX-44

C o m p o s i t e  P a r a m e t e r s  f o r  A l l  k  B a s i n s  
( C a s e  I ,  I n c r e a s i n g  D r i l l i n g  R a t e  F u n c t i o n )

TIME

1

2

3

4

5
6 

7

e
9

t o

11
12
13
14

15

16

17

18
19

20

16C*FCCT«6E

O.OOOOOOOE 0 0  

O.OOOOOOOE 00 

0 . 1 0 5 2 6 3 IE 0 6  

0 . 2 E I 4 3 2 7 E  06 

0 . 5 5 2  701 8E 06  

0 . 6 I 7 I 2 2 4 E  06 

0 . 6 9 3 5 3 4 0 E  06 

0 . 7 e S I | 7 0 E  06 

0 . E 9 6 l e 6 0 E  0 6

0 . I 0 3 2 7 I S E  07 

0 . 1 2 0 3 1 72E 07 

0 . I 4 I 9 S 7 I E  07 

C . I 7 0 1 3 3 0 E  07  

0 . 2 0 7 0 4 4 S E  07 

0 . 2 5 9 2 4 4 3 E  07 

0 . 3 3 3 I 0 6 4 E  07 

0 . 4 4 4 4 0 I 6 E  07 

0 . 6 2 4 7 8 2 4 E  07 

0 . 9 4 8 E 6 2 4 E  07 

O . I 6 4 2 0 4 6 E  08

INC.RESERVE

O.OOOOOOOE 00 

O.OOOOOOOE 00 

0 . 4 2 S I 6 7 0 E  03 

0 . 1 I 3 6 7 3 I E  04 

0 . 2 2 3 2 4 I 2 E  04 

0 . 2 4 9 2 6 16K 04 

0 .2 E O I 2 4 6 E  04 

0 . 3 I 7 I I S 6 E  04 

0 .3 6 l < : 7 6 e E  04 

0 . 4 I S 7 7 2 3 E  04 

0 . 4 5 6 8 5 3 9 E  04 

0 . S 2 3 6 7 4 6 E  04 

0 . 6 I 2 7 6 4 8 E  04 

0 . 6 6 3 ( 6 2 I C  04 

0 . 7 I 5 8 4 2 2 E  04 

0 . S 7 8 4 2 0 7 E  04 

0 . 4 H 3 0 2 9 7 E  04 

* 0 . 7 8 0 8 2 6 6 E  04 

0 . I 3 6 7 6 6 S E  OS 

0 . 2 I 7 5 S 6 3 E  OS

TOT 4L FOOTAGE 
OFILLEO

O.OOOOOOOE 00

O.OOOOOOOE 0 0

0 . I 0 E 2 6 3 I E  06

0 . 3 8 6 6 9 5 8 E  0 6

0 . 9 3 9 3 9 7 6 E  06

0 . I S S 6 S 2 0 E  07

0 .2 2 E 0 0 S 4 E  07

0 . 3 0 3 5 1 T I E  07

0 . 3 9 3 I 3 S 7 E  07

0 .4 9 C 4 0 7 S E  07

0 . 6 1 0 7 2 4 7 F  0 7

0 .  7E E7I  I 8E 07

0 . 9 2 8 8 4 4 8 E  07

0 . ( I 3 6 4 8 9 C  08

0 . I 3 9 5 7 3 4 E  08

0 . I 7 2 8 8 4 0 E  0 8

0 . 2 I 7 3 3 2 2 E  08

0 . 2 7 9 8 1  04E 0 8

0 . 3 7 4 6 9 6 6 E  0 8

0 . 5 3 8 9 0 1 3 E  0 8

CUM .DISCOVERY

O.OCOOOCCE 00 

O.OOOOOOOE 0 0  

0 . 4 2 5 I 6 7 C E  03 

0 . 1 5 6 I 8 9 8 E  04  

0 . 3 7 9 4 3 I 0 E  04 

0 . 6 2 8 6 9 2 6 2  04 

0 . 9 0 8 8 1  72E 04 

0 . I 2 2 S 9 3 3 E  OS 

0 . 1 S 8 7 9 0 9 E  05  

0 .2 C 0 3 6 6 2 E  OS 

0 . 2 4 6 0 S 3 6 E  OS 

0 . 2 9 8 4 2 I 0 E  OS 

0 .3 E 9 6 9 7 5 E  05 

0 . 4 2 6 0 6 3 7 E  OS 

0 .4 C 7 6 4 7 9 E  OS 

0 .5 S 5 4 9 C O E  0 5  

0 .6 C 3 7 9 3 0 E  OS 

0 . 6 8 I 8 T 5 6 E  OS 

0 . 8  I8 6 4 2 5 E  OS 

O . I 0 3 6 I S 9 E  06

DISCOVERY RATE 
(INC.RES/INC.FTI

O.OOOOOOOE 00

O.OOOOOOOE 0 0

0 . 4 0 3 9 0 8 6 E - 0 2

0 . 4 0 2 9 0 8 6 E - 0 2

0 . 4 0 3 9 0 8 6 F - 0 2

0 . 4 0 3 9 0 9 4 E - 0 2

0 . 4 0 3 9 0 8 6 E - 0 2

0 . 4 0 3 9 0 8 6 E - 0 2

0 . 4 0 3 9 0 7 5 E - 0 2

0 . 4 0 2  5 9 9 9 6 - 0 2

0 . 3 7 9 7 0 7 9 E - 0 2

0 . 3 6 8 8 1 8 4 E - 0 2

0 . 3 6 0  168  I E - 0 2

0 . 3 1 9 6 I 4 6 E - 0 2

0 . 2 7 6 I 2 6 S E - 0 2

0 . I 7 3 6 4 4 4 E - 0 2

0 . I 0 8 6 7 2 6 E - 0 2

0 . 1 2 4 9 7 S 8 E - 0 2

O . I 4 4 I 3 7 7 E - 0 2

0 . 1 3 2 4 9 0 9 E - 0 2

CUW.OISCGVFRY RATE 
IC U 9 .9 E S/T O T A L  F T I

O.OOOOOOOE 0 0

O.OOOOOOOE 0 0

0 .4 O 3 9 O 8 6 E -O 2

0 . 4 0 3 9 0 8 6 E - 0 2

0 . 4 0 3 9 0 8 6 E - 0 2 .

0 . 4 0 1 9 0 9 0 E - 0 2

0 . 4 0 3 9 0 9 0 E - 0 2

0 . 4 0 3 9 0 B 6 E - 0 2

0 . 4 0 3 9 0 8 6 E - 0 2

0 . 4 0 3 6 3 6 3 E - 0 2

0 .  3 9 8 9 6 8 2 E - 0 2

0 . 3 9 3 3 2 5 8 E - 0 2

0 . 3 8 7 2 S 2 5 E - 0 2

0 . 3 7 4 8 9 4 6 E - 0 2

0 . 3 S 6 S 4 9 4 E - 0 2

0 . 3 2 1 3 0 7 9 E - 0 2

0 . 2 7 7 8 2 0 3 E - 0 2

0 . 2 4 3 6 9 2 0 E - 0 2

0 . 2 1 8 4 8 I 4 E - 0 2

0 .  I 9 3 2 7 9 9 E - 0 2

(Xo\
c n
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FIGURE IX-115, Composite p lo t o f Increment reserv e  vs. tim e.
(C a s e  I ,  i n c r e a s i n g  d r i l l i n g  r a t e  f u n c t i o n )
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FIGURE IX-116. Composite p lo t  o f cum ulative d iscovery  v s . tim e.
(Case I ,  in c re a s in g  d r i l l i n g  r a te  function)
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FIGURE IX-117 . Composite p lo t  o f cum ulative d iscovery  r a te  v s . time.
(Case 1, In c reas in g  d r i l l i n g  r a te  function )
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FIGURE IX-118. Composite p lo t  o f increm ent rese rv e  vs.
(Case I ,  In c reas in g  d r i l l i n g  r a te  function)
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FIGURE IX-119.

C u m u l a t i v e  F o o t a g e

Composite p lo t  o f cum ulative discovery  vs. cum ulative foo tage,
(Case I ,  In c reas in g  d r i l l i n g  r a te  function )
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C u m u l a t i v e  F o o t a g e

FIGURE IX -120. Composite p lo t o f cum ulative d iscovery  r a te  vs,
cum ulative footage

(Case I ,  In c reas in g  d r i l l in g  r a te  fu n c tio n )
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T w e l f th  Run

The r e s u l t s  o b t a in e d  from t h e  t w e l f t h  ru n  a r e  shown 

in  T a b le s  IX -45  t o  IX-48 and  F ig u r e s  IX-121 t o  IX -126 . T h is  

run  i s  b a s e d  on th e  r e s u l t s  o f  Case I I  o f  P h ase  one u s in g  an 

i n c r e a s i n g  d r i l l i n g  r a t e  f u n c t i o n  f o r  f u t u r e  d r i l l i n g  a c t i v i 

t i e s .  T a b le s  IX -4 5 , IX -4 6 , and IX -47 a re  r e s u l t s  f o r  R egions 

1 , 2 , and  3 ,  r e s p e c t i v e l y .  T ab le  IX -48 and  F ig u r e s  IX-121 

t o  IX-126 a r e  th e  r e s u l t s  f o r  a l l  t h r e e  r e g i o n s  combined.

By o b s e r v in g  t h e  p l o t s  f o r  t h i s  ru n  and  com paring  them  w i th  

th e  c o r r e s p o n d in g  p l o t s  f o r  t h e  t h i r d ,  f i f t h  and e ig h t h  r u n s ,  

i t  can  be  s e e n  t h a t  most o f  th e  f i g u r e s  fo l lo w  th e  same t r e n d ,  

e x c e p t  f o r  t h e  p l o t s  o f  in c re m e n t  r e s e r v e s  v s .  e i t h e r  t im e 

o r  f o o ta g e  a n d  c u m u la t iv e  d i s c o v e r y  r a t e  v s .  t im e .  The p l o t  

o f  in c re m e n t  r e s e r v e s  v s .  t im e ,  F ig u re  IX -1 21 , i n c r e a s e s  

g r a d u a l l y  a l l  t h e  way up t o  th e  p o i n t  w here t  = 15 y e a r s ,  

t h e n  i t  d e c r e a s e s  f o r  a c o u p le  o f  y e a r s  ( t  = 1 7 ) .  A f t e r  t h i s  

p o i n t  i t  i n c r e a s e s  v e r y  s h a r p l y  f o r  t h e  r e s t  o f  th e  rem a in in g  

p e r i o d .  A c t u a l l y  t h i s  f i g u r e  i s  much l i k e  F ig u re  I X - 115.

The p l o t  o f  c u m u la t iv e  d i s c o v e r y  r a t e  v s .  t i m e .  F ig u re  IX -123, 

shows c o n s t a n t  r a t e  f o r  a w h i le  and  a v e ry  smooth d e c r e a s e  

u n t i l  t  = 12 y e a r s .  A f t e r  t h i s  p o i n t  i t  d e c r e a s e s  v e ry  s h a r p l y  

f o r  t h e  r e s t  o f  t h e  p e r i o d .  The p l o t  o f  in c re m e n t  r e s e r v e s  

v s .  f o o t a g e .  F ig u re  IX -124, i n c r e a s e s  s h a r p l y  in  t h e  i n i t i a l  

s t a g e s  o f  d r i l l i n g  a c t i v i t i e s .  Then i t  d e c r e a s e s  f o r  a  s h o r t  

w h i l e .  A f te r w a r d s  i t  i n c r e a s e s  f o r  t h e  r e s t  o f  th e  d r i l l i n g  

a c t i v i t i e s .



TASLE IX-45

P r e d i c t i o n  o f  F u t u r e  D i s c o v e r i e s  f o r  R e g io n  1  
( C a s e  I I ,  I n c r e a s i n g  D r i l l i n g  R a te  F u n c t io n )

Tl« IhCaFOOTACE INC*nESERVE cun.FOOTAGE CUF.RESERVE DISCOVERY RATE 
f IHC.R6S/INC.FTI

CUR.OlSCnVERY RATE 
(CUW.RES/CUF.FTI

OaCCOOOOOE 00 0*00000006 00 O.OOOOOOOE 00 0*00000006 00 O.OOOOOOOE 00 O.OOOOOOOE 00
O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 0*00000006 00 O.OOOOOOOE 00 O.OOOOOOOE 00

0.I0S263IE 06 0*429I670E 03 0*10526316 06 0*42516706 03 0.4039066E-'S2 0.4039086E-02
0»IIA«S9IE 06 0.4724077E C3 0.2S32222E 06 0*89757476 03 0.40390836-02 0.40390866-02
a.IMTIEEC 06 0*92798966 03 0*36294116 06 0*14299(16 04 0*40390906-02 0*40390 866-02
o«i*rc9e«E 06 0*993«84IE 03 0.9CC0000E 06 0.20199496 04 0*40390906-02 0*40390866-02
O.I06ftM6E 06 0*67318146 03 0*66(66666 06 0.26927266 04 0.40390666-02 0*40390866-02
0«I90«T02E 06 0*7693903E 03 0*85714286 06 0.34620 766 04 0.40390866-02 0 . 40 390866 -02
e .a t9 7 8 0 2 E 06 0*88770876 03 0*10769236 07 0.43497(96 04 0.40390796-02 0.40390866-02
o .2 e a « io o E 06 0*10396646 04 0*13333336 07 0*93894496 04 0.40390946-02 0.40390066-02

0.3030300E 06 0*12239696 C4 0*16363636 07 0*66094146 04 0*40390866-02 0.40 390866-02
0*3636370e 06 0*13897466 04 0*20000006 07 0*79991606 04 0*36217996-02 0.39995606-02

0*44«44«CE 06 0*13713206 C4 0.24444446 07 0*93704806 04 0*308:4746-02 0*36333796-02
0*8S9SS60E 06 O.I7I4160E 04 0.30C00006 07 0*11084(46 09 0*308:4666-02 0*36948806-02
0.71426906 06 0*22039106 C4 0*37142856 07 0*13288656 05 0*30894776-02 0*39776876-02

0*99238I0E 06 0*12109616 04 0.46666666 07 0.14499:16 05 0*12719096-02 0*31070396-02
01333334E 07 * 0*11901806 04 0*60000006 07 0*1:649696 09 0*86263436-03 0* 26082626-02
0*20000006 07 0*40162906 C3 C.8CC00006 07 0*16091326 OS 0*20081296-03 0*20064146-02
0*33333336 07 0*13799946 04 0*11333336 08 0*17430916 05 0*41387816-03 0*18380216-02
0*6666667E 07 0.39302946 C4 0*16000006 08 0*20961166 05 0*92993796-03 0*11649096-02



TABLE IX-46

P r e d i c t i o n  o f  F u t u r e  D i s c o v e r i e s  f o r  R e g i o n  2 
( C a s e  I I ,  I n c r e a s i n g  D r i l l i n g  R a t e  F u n c t i o n )

TIM ! 14C.FC CT46E INC.OESERVE CUM.FOOTA6E CUM.RESERVE DISCOVERY RATE 
( I N C . R E S / I N C . F T )

CUM.0ISCCV6RV PATE 
(CUM.RES/CUM.FT)

I O.OOOOOOOE OO O.OOOOOOOE 00 O.OOOOOOOE 0 0 C.OCOCOCCE 00 O.OOOOOOOE 0 0 O.OOOOOOOE 00

2 O.OOOOOOOE 00 0 . OCOOOOCE 00 O.OOOOOOOE 0 0 O.OOOOOOOE 0 0 O.OOOOOOOE 0 0 O.OOOOOOOE 0 0

3 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 0 0 O.OOOOOOOE 0 0 O.OOOOOOOE 0 0 O.OOOOOOOE 0 0

4 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 0 0 O.OOOOOOOE 0 0 O.OOOOOOOE 0 0 O.OOOOOOOE 0 0

0 . 2 3 9 2 3 4 4 E 0 6 0 . 9 6 6 2 8 0 6 E 03 0 . 2 3 9 2 3 4 4 E 0 6 0 . 9 6 6 2 8 8 6 E 0 3 0 . 4 0 3 9 0 8 6 6 - 0 2 0 . 4 0 3 9 0 8 6 6 - 0 2

6 0 . 2 6 S e i e i E 0 6 0 . I 0 7 3 6 S S E 04 O.SO SO 904E 0 6 0 . 2 0 3 9 9 4 4 E 04 0 . 4 0 3 9 0 8 6 6 - 0 2 0 . 4 0 3 9 0 8 6 6 - 0 2

7 0 .2 9 7 C 0 8 S E 06 O . I 1 9 0 9 6 7 E 04 0 . 8 0 2 I 3 8 9 E 06 0 . 3 2 3 9 9 I I E 04 0 . 4 0 3 9 0 9 0 6 - 0 2 0 . 4 0 3 9 0 8 6 6 - 0 2

S 0 . 3 3 4 2 2 4  IE 06 O .1 3 4 9 9 6 0 E 04 0 . 1 I 3 6 3 6 3 E 0 7 0 . 4 8 8 9 8 7 I E 04 0 . 4 0 3 9 0 8 6 6 - 0 2 0 . 4 0 3 9 0 8 6 6 - 0 2

« 0 . 3 7 8 7 0 7 0 6 06 0 . I 9 2 9 0 S 3 E 04 O . I S I S I S O E 0 7  • 0 . 6 I 1 9 8 2 4 E 04 0 . 4 0 3 9 0 8 3 E - 0 2 0 . 4  0  3 9 0 8 6 6  - 0 2

10 0 . 4 3 2 9 0 I O E 06 0 . 1 7 3 5 0  04E 04 0 . 1 9 4 8 0 S IE 07 0 . 7 ( S 4 8 2 8 E 0 4 0 . 4 0 0 7 8 5 4 6 - 0 2 0 . 4 0 3 2 1 4 6 6 - 0 2

11 0 . 4 9 9 5 0 1  Oe 06 0 . I 7 Q 0 0 4 7 E 04 0 . 2 4 4 7 5 9 2 E 07 0 . 9 6 S 3 8 7 5 E 0 4 0 . 3 6 0 1 6 8 8 6 - 0 2 0 . 3 9 4 4 2 9 6 6  - 0 2

12 0 .5 8 2 7 S O O E 06 0 . 2 0 9 6 8 0 3 E 04 0 . 3 C 3 0 3 0 2 E 07 0 .  I I 7 S 2 7 6 E 0 5 0 . 3 6 0 : 6 8 6 6 - 0 2 0 . 3 8 7 8 4 1 1 6 - 0 2

13 0 . 4 0 8 7 0 4 OE 06 0 . 2 4 0 0 4 92E 04 0 . 3 7 I 9 0 0 6 E 0 7 0 . 1 4 2 3 3 2 8 E 05 0 . 3 6 0 1 6 8  I E - 0 2 0 . 3 8 2 7 1 6 5 6 - 0 2

14 0 . 0 2 6 4 4 6 0 E 06 0 . 2 I 3 4 5 I 6 E 04 0 . 4 8 4 5 4 5 2 E 07 0 o l 6 1 6 7 7 7 E 0 5 0 . 2 9 8 2 7 6 6 6 - 0 2 0 . 3 6 0 0 9 1 0 6 - 0 2

I S O . I O I O I O I E 07 0 . 2 4 6 6 1 99E 04 0 . 0 5 5 5 5 5 3 E 07 0 . 1 8 8 3 3 9 6 6 0 5 0 . 2 4 4 1 6 3 7 6 - 0 2 0 . 3 3 9 0 1 1 5 6 - 0 2

1» 0 . 1 2 6 2 6 2  7E 0 . 7 6 S E 4  77E 03 o . o a i a i e o E 0 7 0 . 1 9 5 9 9 8 1 6 OS 0 . 6 0 6 9 S 0 8 E - 0 3 0 . 2 8 7 4 6 4 0 6 - 0 2

17 0 . I 6 2 3 3 7 6 E 07 0 . I 6 0 6 6 4 8 E 04 0 . 8 4 4 I S 5 6 E 07 0 . 2 I 2 8 6 4 6 E 09 0 . 1 0 3 8 9 7 6 6 - 0 2 0 . 2 9 2 1 6 2 8 6 - 0 2

I S 0 . 2 I C 4 S 0 2 E 07 0 . 3 3 8 2 5 1 6 E 04 0 . 1 0 6 0 6 0 6 E 0 8 0 . 2 4 6 6 8 9 8 6 OS 0 . 1 5 6 2 7 2 2 6 - 0 2 0 . 2 3 2 9 9 3 2 6  - 0 2

19 0 . 3 0 3 0 3 0 3 E 07 0 . 4 4 S 0 8 1 3 E 04 0 . 1 3 6 3 6 3 6 E 08 0 . 2 9 1 1979E 05 0 . I 4 6 8 7 6 8 E - 0 2 0 . 2 1 3 5 4 9 1 6 - 0 2

2 0 0 . 4 8 4 9 4 4 7E 07 0 . 9 6 9 3 0 8 2 E 04 0 . 1 8 1 8 1 8 1 6 08 0 . 3 4 8 1 2 8 7 6 09 0 . 1 2 S 2 4 8 C E - 0 2 0 . 1 9 1 4 7 0 9 6 - 0 2

w



TABLE IX-47

P r e d i c t i o n  o f  F u t u r e  D i s c o v e r i e s  F o r  R e g i o n  3 
( C a s e  I I ,  I n c r e a s i n g  D r i l l i n g  R a t e  F u n c t i o n )

TIME

1
2

20

IKC.FCOTAGE INC,RESERVE CUM.FOOTAGE CUM.RESERVE OISCOVFRV PATE 
CNC.RES/INC.FT)

CUM.DISCCVERV PATE 
(CUM.RES/CUM.FT)

O.OOOOOCOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 0.OCOOOOCE 00 O.OOOOOOOE 00 O.OOOOOOOE 00
o«ccoooooe 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00
O.OOOOOOOE 00 O.OOOOOOOE CO O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00
0.16*473OE- C6 0.6643232E 03 0.I644736E 06 0.6643232E 03 0.4C39006E-02 0.40390E6E./02
0.IE274S4E CO 0.730I37SE C3 0.34 7222 IE 06 0.1402461E 04 0.4039090E-02 0.4039086E-02
0.2042483E 06 0.0249771E 03 0.SS14704E 06 Q,222743eE 04 0.4039006E-02 0.4039006E-02
O.S297T04E 06 0.020C999E 03 0.7EI2498E 06 0.31SSS38E 04 0.4039090E-02 0.4039086E-02
0.2604166E 06 O.lOsioASE 04 0.I04I666E 07 C.42073E3E 04 0.4039086E-02 0.40390R6E-02
0.21T6I7TE Ob C.1202102E 04 0.1339204E 0» . O.S409404E 04 0.4039079E-02 0.40390666-02
0.3434070E €6 0.I3070SSE C4 0.1CC2691E 07 0. 0796S39E C4 0.4039098E-02 0.40 390066-02
0.40064ICE 06 0.I663266E 04 0.2003332E 07 0.04S90CSE 04 0.41S1SOCE-02 0. 4060 7 006 -02
0.4T34E40E 06 0.2040766E 04 0.2::6Q16E 07 O.10S0OS7E 05 0.4310I01E-02 0.41060906-02
0,360:02OE 06 0.2440926E 04 0.3124998E 07 0.12949EQE C5 0.43101OSE-02 0.414303BE-02
0.6044430E C6 0.299312SE C4 0.30I9441E 07 0.1E94262E 05 0.43I0109E-02 0.41740C9E-02
0.068CS70E 06 0.2572496E 04 0.46E7498E 07 o.iesisi2E OS 0.2963S10E-02 0.3949892E-02
O.IIIEOTOE C7 0.31SE0S9E 04 0.SE03S68E 07 0.216731EE 05 0.2029624E-02 0. 37344576-02
0,140 0096E 07 * 0.I3301E4E 04 0.729I664E 07 0.230113(E OS 0.8992S88E-03 0.315S843E-02
0,2C0333IE 07 0.4429090E 04 0.93T499SE 07 0.2744126E 05 0.2126354E-02 0. 29270696 -02
0,3I2S001E 07 O.SS73l6eE 04 0.12C0000E 08 0.3301443E 05 0.1703413E-02 0.26411556-02
0,5200324E 07 0.11444I9E 05 0.1T70032E 00 0.444S062E OS 0.2197209E-02 0.25106066-02



TABLE IX-48

C o m p o s i t e  P a r a m e t e r s  f o r  A l l  k  B a s i n s  
( C a s e  I I ,  I n c r e a s i n g  D r i l l i n g  R a t e  F u n c t i o n )

T i m

1
2

IKC*F00T«6E INC.RESERVE 707*1 F007ACE 
ORIU.EO

CUM.OISCOVERV OISCOVERV RA7E 
1 INC.RES/INC.F7I

CUM.OISCOVERV R 
ICUN.RES/707AL

O.COOOOOOE OO O.OOOOOOOE CO O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00
O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00 O.OOOOOOOE 00

0.I05263IE 06 0.42SI6TCE 03 0.I09263IE 06 0.429I670E 03 0.4030086E-02 0.403908(6-02
0.201 432TE 0» . 0.I13673IE 04 0.3e«6958E 06 0.t(6l80(E 04 0.403908(E-02 0.40390866-02
O.S92TOIOE 06 0.2232412E 04 0.9393976E 06 0.37943IOE 04 0.403908(8-02 0.403908(6-02
0.6I7I224E 06 0.24926IOE 04 0.t::6520E 07 0.6286926E 04 0.4039094E-02 0.40390906-02
0.093S340E 06 0.280I246E 04 0.22S00S4E 07 0.9088172E 04 0.40390866-02 0.40390 906 -02

0.78SI1T0E 06 0.3I7IIS6E C4 0.303817IE 07 0. I32S933E OS 0.4039086E-02 0.4039086E-02
0.C96I860E 06 0.36I9766E 04 0.393I357E 07 0.i:879C9E 05 0^40390756-02 0,40390866-02

O.I0327IOE 07 0.4IS7723E 04 0.49(40758 07 0.20036(2E 05 0.40259996-02 0.40363(36-02

0.12031T2E 07 0.46862T7E 04 0.6K7247E 07 0.24723C9E 05 0.38949356-02 0.40087706-02

O.I4IOOT1E 07 0.SS293SSE 04 0.78(711OE 07 0.3025249E 05 0.38942936-02 0.398734(6-02

0.170I330E 07 0.6300738E 04 0.92(8448E 07 0.3655323E OS 0.37034196-02 0.393534:6-02
0.207044SE 07 0.6841801E 04 0.1I36469E 08 0.4339S03E 05 0.32949596-02 0.38:83406-02
0.2992443E 07 0.724260SE 04 0.I39S734E 08 O.S063763E OS 0.27937376-02 0.36280306-02

0.3331064E 07 0.SI34867E 04 0.I728840E 08 0.98772(OE 05 0.18415:06-02 0.322(0076-02
0.4444010E 07 0.41780I2E 04 0.2I73322E 08 0.S994791E OS 0.93929896-03 0.275833(6-02
0.0247024E 07  ̂ 0.8213988^ 04 0.2798104E 08 0.6EI6r.80E OS 0.131469(6-02 0.24359896-02

0.040C624E 07 0.II40363E 09 0.3746966E 08 0.79565I3E 05 0.12018216-02 0.21234546-02

0.104204«E 08 0.20667SOE 09 0.5389013E 08 C.I002326E 06 0112586436-02 0.:859944E-02
Co
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T i m e ,  y e a r s

FIGURE IX -121. Composite p lo t  o f increm ent re se rv e  v s . tim e.
(Case I I ,  In c re a s in g  d r i l l i n g  r a te  fu n c tio n )



g
(?

I
g
II

Time, years
FIGURE IX -122. Composite p lo t  of cum ulative d iscovery  v s . tim e.

(Case II*  In c reas in g  d r i l l i n g  r a te  fun ctio n )
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Time, years

FIGURE IX -123. Composite p lo t  o f  cum ulative d iscovery  r a te  vs.
(Case I I ,  Increasing d r illin g  rate function)
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Footage

FIGURE IX-124-. Composite p lo t  o f  increm ent rese rv e  v s . footage.
(Case I I ,  In c re a s in g  d r i l l i n g  r a te  fun ctio n )
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Cumulative Footage

FIGURE IX-125. Composite p lo t  o f  cum ulative d iscovery  v s . cum ulative foo tage.
(Case I I ,  In c re a s in g  d r i l l i n g  r a te  function )
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FIGURE IX-126.

C u m u l a t i v e  F o o t a g e

Composite p lo t  o f  cum ulative d iscovery  r a te  v s . cum ulative footage.
(Case I I ,  In c re a s in g  d r i l l i n g  r a te  function )
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T h is  c o m p le te s  t h e  d i s c u s s i o n  o f  r e s u l t s  f o r  t h e  

seco n d  ph ase  o f  th e  m o d e l .  By lo o k in g  a t  t h e s e  f i g u r e s ,  

i t  can be seen  t h a t  no  m a t t e r  what case  o f  Phase  I was c h o se n  

o r  what ty p e  o f  f u t u r e  d r i l l i n g  cu rve  was assum ed t o  a p p l y ,  

a l l  t h e  c u m u la t iv e  r e s e r v e s  d i s c o v e r i e s  v e r s u s  e i t h e r  t im e  

o r  f o o ta g e  f o r  th e  c a s e s  c o v e re d  i n  t h i s  s tu d y  fo l lo w  a lm o s t  

th e  same p a th  and  t h e  c u rv e s  a r e  v e ry  s i m i l a r  t o  one a n o t h e r .  

On th e  o t h e r  h a n d ,  t h e  c u rv e s  f o r  in c r e m e n ta l  r e s e r v e s  v e r s u s  

e i t h e r  f o o ta g e  o r  t im e  e x h i b i t  c o n s id e r a b ly  d i f f e r e n t  f e a t u r e s  

even o v e r  th e  c a s e s  c o n s i d e r e d  in  t h i s  s t u d y .



CHAPTER X 

SUMMARY AND CONCLUSIONS

A c c u ra te  in f o r m a t io n  a b o u t  en e rg y  r e s o u r c e  b a s e s  and 

t h e i r  r e s p o n s e  t o  e x p l o r a t o r y  and  d e v e lo p m e n ta l  a c t i v i t i e s  

i s  e s s e n t i a l  t o  t h e  f o r m u la t io n  o f  sound  n a t i o n a l  e n e rg y  

p o l i c i e s .  A dequate  an d  e f f e c t i v e  f u t u r e  p la n s  c an n o t  be  

d e v e lo p e d  w i th o u t  a good d a ta  b a s e  and c a r e f u l l y  s t r u c t u r e d  

a n a l y t i c a l  t o o l s .  The d e s ig n  o f  n a t i o n a l  en e rg y  s t r a t e g i e s  

and e n e rg y  p l a n n i n g  r e q u i r e  t h a t  a l l  t h e  a v a i l a b l e  d a t a  and 

in f o r m a t io n  be u s e d .  The r e s u l t i n g  f o r e c a s t s  w i l l  be r e l i 

a b le  t o  t h e  e x t e n t  t h a t  knowledge o f  t h e  n a tu r e  and c h a r a c 

t e r i s t i c s  o f  t h e  e n e rg y  r e s o u r c e  b a se  i s  a v a i l a b l e .  One o f  

t h e  most i m p o r t a n t  a s p e c t s  o f  p la n n in g  n a t u r a l  gas  p o l i c y  

f o r  a c o u n t r y  o r  a  company i s  t o  be a b le  t o  p r e d i c t  t h e  u l 

t im a te  q u a n t i t y  o f  r e s e r v e s  t h a t  w i l l  be found . The r e l i a 

b i l i t y  o f  t h e  f o r e c a s t s  depends t o  a g r e a t  e x t e n t  on t h e  

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

t h e  amount and  d i s t r i b u t i o n  o f  gas  i n  p l a c e  by g e o g ra p h ic  

a r e a s .

In  t h i s  d i s s e r t a t i o n ,  t h e  p o s s i b l e  s o u r c e s  o f  gas 

f o r  consum ption  i n  t h e  U.S. have been  i d e n t i f i e d  and t h e i r  

p o t e n t i a l  c o n t r i b u t i o n  t o  th e  co m p o s ite  e n e rg y  s u p p ly  h as

384
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been  e v a l u a t e d .  The s tu d y  c o v e r e d  a l l  o p t io n s  and a l t e r n a 

t i v e  s u p p l i e s  from  b o th  U .S. and  f o r e i g n  s o u r c e s  an d  p r e s e n t e d  

p r o j e c t i o n s  o f  t h e  f u t u r e  a v a i l a b i l i t y  o f  n a t u r a l  g a s  f o r  

U .S . u s e  o v e r  t h e  n e x t  20 y e a r s .  I t  i s  o b v io u s  t h a t  s o l u 

t i o n s  t o  t h e  U .S . gas s u p p ly  p ro b lem  a re  n o t  s im p le  o r  s w i f t ,  

and  c a n n o t  be  s o l v e d  e a s i l y .

I t  i s  p r o j e c t e d  by E. F . Hardy [42] t h a t  t h e  n a t u r a l  

gas  i m p o r t a t i o n  c o u ld  r e s u l t  i n  c a p i t a l  e x p e n d i tu r e s  t o t a l 

l i n g  w e l l  o v e r  2 0  b i l l i o n  d o l l a r s  and a n n u a l  gas p u r c h a s e s  

o f  a b o u t  6  b i l l i o n  d o l l a r s  by  1985 e x c lu d in g  c o s t s  f o r  manu

f a c t u r e  o f  s y n t h e t i c  n a t u r a l  gas  (SNG). The volume o f  gas 

th u s  p r o v id e d  w ould  t o t a l  5 t r i l l i o n  c u b ic  f e e t  p e r  y e a r ,  

e q u i v a l e n t  t o  22% o f  th e  U .S. p r o d u c t io n  i n  1974.

Even when a l l  p o s s i b l e  c o n t r i b u t i o n s  a re  c o n s i d e r e d ,  

t h e  a v a i l a b i l i t y  o f  gas from a l l  U .S . s o u r c e s  s t i l l  i s  e x 

p e c t e d  t o  f a l l  i n c r e a s i n g l y  b e h in d  demand, p l a c i n g  an i n 

c r e a s i n g l y  heav y  f u t u r e  r e l i a n c e  on im p o r ts  and o t h e r  s u p 

p l e m e n ta l  g a s  s u p p l i e s .  The m ost l i k e l y  a l t e r n a t i v e  f u e l s  

a r e  c o a l  and  o i l .  I n c r e a s e d  u se  o f  t h e  fo rm e r  may r a i s e  

e n v i r o n m e n ta l ,  s o c i e t a l ,  and l e g a l  q u e s t i o n s ,  w h i le  i n c r e a s e d  

u se  o f  th e  l a t t e r  may s im p ly  i n c r e a s e  o i l  im p o r t s .

In  t h i s  s tu d y  th e  f u t u r e  p r o s p e c t s  f o r  f u t u r e  domes

t i c  r e s e r v e  a d d i t i o n s ,  p i p e l i n e  o f  A lask an  g a s ,  and  s y n t h e t i c  

gas  from  c o a l  and d o m es tic  s o u r c e s  were p r e s e n t e d  a s  w e l l  

a s  gas t h a t  may be a v a i l a b l e  from  f o r e i g n  s o u r c e s .  A lso  

i n  t h i s  work d i f f e r e n t  e s t i m a t e s  o f  d o m e s tic  U.S. n a t u r a l
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gas r e s o u r c e s ,  u s i n g  v a r i o u s  m e th o d o lo g ie s  have  b e e n  d i s c u s s e d  

and v a r i o u s  t e c h n i q u e s  f o r  f u t u r e  n a t u r a l  gas  r e s e r v e  d i s 

c o v e r i e s  w ere a n a ly z e d .  The p r im a ry  f o c u s  o f  t h i s  s tu d y  

in v o lv e d  t h e  d e v e lo p m e n t  and u se  o f  a  m odel f o r  p r e d i c t i n g  

th e  r e s p o n s e  o f  an u n d r i l l e d  g e o l o g i c a l  r e g i o n  o r  a  g roup  

o f  r e g io n s  t o  d r i l l i n g  a c t i v i t y .  The r e s o u r c e  b a s e  c h a r a c 

t e r i s t i c s  u s e d  i n  t h e  m odel w ere  p a t t e r n e d  a f t e r  t h o s e  o f  

th e  r e s o u r c e  b a s e  o f  a l l  n a t u r a l  gas  f i e l d s  f o r  t h e  U .S .

The m ethod f o r  f o r e c a s t i n g  f u t u r e  d i s c o v e r i e s  u s e d  t h e  p r o b 

a b i l i t i e s  o f  f i n d i n g  f i e l d s  o f  v a r i o u s  s i z e s  r e m a in in g  to  

be fo u n d .  The a s s u m p t io n  i s  t h a t  t h e  r e s e r v e  d i s c o v e r y  by 

each  a d d i t i o n a l  u n i t  o f  d r i l l i n g  i s  a  f u n c t i o n  o f  t h e  f i e l d  

s i z e  d i s t r i b u t i o n  o f  t h e  re m a in in g  f i e l d s  and  t h e  d ry  h o le  

p r o b a b i l i t y .  As f i e l d s  a re  d i s c o v e r e d ,  t h e  p r o b a b i l i t i e s  

change and t h e  l i k e l i h o o d  o f  f i n d in g  g i a n t  f i e l d s  d e c r e a s e s  

and o f  f i n d i n g  s m a l l  f i e l d s  i n c r e a s e s .  The t e c h n iq u e  i s  

most a p p l i c a b l e  t o  g e o l o g i c a l  p r o v in c e s  i n  w h ich  l i t t l e  o r  

no d r i l l i n g  h a s  o c c u r r e d .  When a lo n g  h i s t o r y  o f  e x p l o r a t i o n  

a c t i v i t y  i s  a v a i l a b l e ,  o t h e r  m ethods may a l s o  be  u s e d .

The f e a t u r e s  o f  t h e  m odel may be s t a t e d  a s  f o l l o w s :

1. I t  p r o v i d e s  a f o r e c a s t  o f  f u t u r e  r e s e r v e  d i s 

co v ery  t r e n d s .

2, I t  s e r v e s  a s  a means o f  e v a l u a t i n g  t h e  r e l a t i v e  

e f f e c t i v e n e s s  o f  e x p l o r a t i o n  d r i l l i n g  i n  d i f f e r e n t  g e o l o g i c a l  

b a s i n s  o r  a r e a s .
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3. I t  does n o t  d i s c o v e r  n a t u r a l  g a s  n o r  f i n d  any 

l o c a t i o n s  f o r  f u t u r e  d r i l l i n g ,  b u t  f o r e c a s t s  on a  s t a t i s t i 

c a l  b a s i s .

4 . I t  s e r v e s  as a p r e d i c t i o n  o r  e v a l u a t i o n  t o o l  f o r  

t h e  company d e c i s i o n  m aking o r  g o v e rn m e n ta l  p o l i c y  m ak ing .

5 . I t  c an  b e  u s e d  f o r  g e o l o g i c a l  a r e a s ,  s t a t e s ,  o r  

c o u n t r i e s  s im p ly  by  a p p ly in g  t h e  a p p r o p r i a t e  r e s o u r c e  b a s e  

d e s c r i p t i o n  and  o t h e r  a v a i l a b l e  d a t a .

6 . I t  can  be  u se d  f o r  many d i f f e r e n t  r e g io n s  w i th

d i f f e r e n t  s p e c i f i c a t i o n s ,  an d  i t  i s  c a p a b le  o f  p r e d i c t i n g  

t h e  f u t u r e  d i s c o v e r i e s  f o r  eac h  i n d i v i d u a l  r e g io n  o r  f o r  t h e  

com bined  r e g i o n s .

7. I t  c an  be  a p p l i e d  t o  f o r m a t io n s  w i t h in  any  d e p th  

r a n g e ,  s im p ly  by  a p p ly in g  t h e  p r o p e r  d e p th  o r  t h i c k n e s s e s  

d a t a .

8 . I t  can  b e  u s e d  f o r  o t h e r  r e s o u r c e s ,  i . e . , o i l ,  

c o a l ,  u ra n iu m , e t c .

At t h e  en d  1 s h o u ld  m e n t io n  i n  o r d e r  t o  a l l e v i a t e  

t h e  s h o r t a g e  o f  g a s ,  s u f f i c i e n t  d a t a  must be c o l l e c t e d  and

a n a ly z e d  t o  p r o v id e  a d a ta  b a s e  t o  be  u s e d  w i th  a  m odel o f

th e  ty p e  d e v e lo p e d  i n  t h i s  s t u d y .  T h u s ,  a  f o r e c a s t  o f  f u t u r e  

n a t u r a l  gas  a v a i l a b i l i t y  from a l l  r e g io n s  o f  t h e  U .S . ,  p a r 

t i c u l a r l y  t h o s e  w i t h  l i t t l e  o r  no p a s t  d r i l l i n g  a c t i v i t y ,  

can be  made. T h is  s h o u ld  s e r v e  a s  a  sound  b a s i s  f o r  a l l o 

c a t i o n  o f  a v a i l a b l e  s u p p l i e s  o r  p l a n s  f o r  i n c r e a s i n g  s u p p l i e s  

by u s i n g  a l t e r n a t i v e  s o u r c e s  o f  g a s .



388

The c o n c lu s io n s  drawn from t h i s  r e s e a r c h  b a se d  on th e  

p r o b a b i l i t y  model d e v e lo p e d  and t h e  assum ed  d a ta  may be  s t a t e d  

a s  f o l lo w s :

1 . As d r i l l i n g  a c t i v i t y  c o n t i n u e s  t h e  s i z e  o f  r e 

s e r v e  d i s c o v e r i e s  p e r  u n i t  o f  d r i l l i n g  d e c r e a s e s .  T h is  i s  

a c t u a l l y  shown in  t h e  f i r s t  phase  s i n c e  l a r g e  f i e l d s  p l a y

a s i g n i f i c a n t l y  l a r g e r  r o l e  i n  th e  r e s e r v e  d i s c o v e r i e s  t h a n  

th e  s m a l l  f i e l d s  i n  t h e  i n i t i a l  s t a g e s  o f  d r i l l i n g  and s m a l l e r  

f i e l d s  d o m in a te  th e  l a t t e r  s t a g e s .  T h i s  a l s o  can be  se en  

i n  t h e  r e s u l t s  o f  th e  se co n d  phase  b e c a u s e  a l l  t h e  ru n s  show 

t h a t  th e  i n c r e m e n ta l  r e s e r v e s  v a lu e s  d e c r e a s e  as t im e  o r  

d r i l l i n g  a c t i v i t y  p r o g r e s s e s .

2 . The v a lu e s  o f  t h e  e m p i r i c a l  c o n s t a n t s  (A, B, and  

t )  do n o t  a f f e c t  t h e  r e s u l t s  s i g n i f i c a n t l y  f o r  t h e  c a s e s  

c o n s id e r e d  i n  t h i s  s t u d y .  T h is  i s  i n d i c a t e d  b y  th e  f a c t  t h a t  

t h e  r e s p o n s e  o f  a l l  t h r e e  r e g io n s  t o  d r i l l i n g  a c t i v i t y  was 

q u i t e  s i m i l a r  a d t h e  b e h a v io r  c u rv e s  fo l lo w e d  n e a r l y  t h e  

same p a t h s .  I t  s h o u ld  be  m en tio n ed  h e r e  t h a t  t h i s  i s  t r u e

as  long  a s  t h e s e  v a lu e s  do n o t  change c o n s i d e r a b l y ,  and 

s h o u ld  n o t  be  i n t e r p r e t e d  as  a g e n e r a l  o b s e r v a t i o n  o f  t h e  

re s p o n se  o f  a r e s o u r c e  b a s e  t o  d r i l l i n g  a c t i v i t y .

3. P r o p o r t i o n a t e  changes o r  r e d u c t i o n s  i n  t h e  f r e 

q u e n c ie s  o f  a l l  c l a s s e s  o f  f i e l d s  h a d  an e f f e c t  on some o f  

t h e  r e s u l t s .  Comparing th e  r e s u l t s  o f  th e  f i r s t  t h r e e  ru n s  

shows t h a t  t h e  e f f e c t  was most marked i n  t h e  c u rv e s  o f  cumu

l a t i v e  r e s e r v e s  v s .  e i t h e r  t im e  o r  c u m u la t iv e  fo o ta g e  and
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c u m u la t iv e  d i s c o v e r y  r a t e  v s .  c u m u la t iv e  f o o t a g e .  F o r  each  

r e g io n  t h e  chan ges  b e tw een  t h e s e  r u n s  show t h a t  t h e  l a r g e r  

t h e  f r e q u e n c i e s  o f  t h e  c l a s s e s  o f  f i e l d s ,  t h e  s h a r p e r  were 

t h e  i n c r e a s e s  i n  r e s e r v e s  a d d i t i o n s  t h a t  were o b t a i n e d  d u r in g  

t h e  i n i t i a l  s t a g e s  o f  d r i l l i n g .  I n  r e g a r d  t o  t h e  changes  

i n  th e  c o m p o s ite  v a lu e s  f o r  t h e  t h r e e  r e g i o n s ,  i t  can  be 

c o n c lu d e d  t h a t  t h e  r a t e  o f  i n c r e a s e s  f o r  c u m u la t iv e  d i s c o v 

e r i e s  v e r s u s  e i t h e r  t im e  o r  c u m u la t iv e  fo o ta g e  and  c u m u la t iv e  

d is c o v e r y  r a t e  v e r s u s  c u m u la t iv e  f o o t a g e  a re  i n  many r e s p e c t s  

s i m i l a r  t o  t h o s e  f o r  s i n g l e  r e g i o n s .  I r r e g u l a r i t i e s  may 

o c c u r  p r i m a r i l y  b e c a u se  o f  d i f f e r e n c e s  i n  th e  t im i n g  o f  th e  

e x p l o r a t o r y  program s in  t h e  i n d i v i d u a l  r e g i o n s ;  h o w ev er ,  t h e  

b a s i c  t r e n d  o f  d i s c o v e r y  o f  a  m ix tu r e  o f  f i e l d s  i n  t h e  e a r l y  

s t a g e s  o f  e x p l o r a t i o n  t h a t  was made up p r e d o m in a n t ly  o f  l a r g e  

f i e l d s  and a m ix tu re  l a t e r  t h a t  was made up p re d o m in a n t ly  

o f  s m a l l  f i e l d s .

4 .  F o r  t h e  c o m p o s i te  r e s e r v e s  d i s c o v e r e d  i n  th e  

t h r e e  r e g i o n s ,  t h e  d i f f e r e n t  d r i l l i n g  r a t e  p r e d i c t i o n  c u rv e s ,  

i . e . ,  h y p e r b o l i c ,  s t r a i g h t  l i n e ,  e t c . ,  h ad  an e f f e c t  on th e  

r e s p o n s e s  and p l o t s  o f  i n c r e m e n t a l  r e s e r v e s  v s .  e i t h e r  t im e  

o r  f o o ta g e .  T hese  r e s p o n s e s  d i f f e r  c o n s id e r a b ly  b a s e d  on 

th e  s e l e c t i o n  o f  th e  ty p e  o f  cu rv e  u s e d  t o  r e p r e s e n t  d r i l l i n g  

a c t i v i t y  and  th e  v a lu e s  o f  t h e  e m p i r i c a l  c o n s t a n t s .  T h is  

i s  in  c o n t r a s t  t o  th e  b e h a v io r  o f  a s i n g l e  r e g io n  i n  which 

in c r e m e n ta l  r e s e r v e s  may v a r y  w i th  t im e  depend ing  on t h e  t im 

in g  o f  t h e  e x p l o r a t i o n  p ro g ram  b u t  a r e  i n v a r i a n t  w i t h in
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random f l u c t u a t i o n s ,  w i th  c u m u la t iv e  f o o ta g e  d r i l l e d .

5 . As a w h o le ,  t h e  r e s p o n s e s  f o r  c u m u la t iv e  r e s e r v e  

d i s c o v e r i e s  v e r s u s  e i t h e r  t im e  o r  c u m u la t iv e  f o o ta g e  d r i l l e d  

f o r  a l l  t h e  c a s e s  and ru n s  c o v e re d  i n  t h i s  s tu d y  f o l lo w  a l 

most t h e  same p a t h  and a r e  v e r y  s i m i l a r  t o  one a n o t h e r .  T h is  

i s  a co n sequence  o f  th e  f a c t  t h a t  t h e s e  c u rv e s  a r e  e s s e n t i a l l y  

i n t e g r a l  c u rv e s  an d  v a r i a t i o n s  i n  i n c r e m e n ta l  r e s e r v e s  d i s 

c o v e r i e s  due t o  d i f f e r e n c e s  i n  e x p l o r a t o r y  t im in g  o r  random 

f l u c t u a t i o n s  t e n d  t o  be sm oothed .



NOMENCLATURE

U u p p e r  l i m i t  o f  r e s e r v e s  i n  b i l l i o n s  o f  c u b ic  f e e t

C c l a s s  mark

n t o t a l  number o f  c l a s s e s

f  f r e q u e n c y

F num ber o f  f i e l d s  r e m a in in g  t o  be fo und

p p r o d u c t

PD p r o b a b i l i t y  o f  a  d ry  f i e l d  ( d r y  h o le )

P p r o b a b i l i t y  o f  f i n d i n g  a g a s  f i e l d  (g a s  w e l l )

CP c u m u la t iv e  p r o b a b i l i t y  o f  f i n d in g  a g a s  f i e l d  (g as

( w e l l )

RN random num ber

FF num ber o f  f i e l d s  found

RF r e s e r v e  fo u n d  in  b i l l i o n s  o f  c u b ic  f e e t

D d e p th

DMAX maximum d e p th

IMIN minimum d e p th

DF d ry  h o l e  f o o ta g e

CDF c u m u la t iv e  d r y  h o le  f o o ta g e

H t h i c k n e s s  o f  s e d im e n ta r y  i n t e r v a l

GF gas  w e l l  f o o t a g e ,  o r  f o o ta g e

CGF c u m u la t iv e  g a s  w e l l  f o o ta g e

HMIN minimum t h i c k n e s s  o f  s e d im e n ta r y  i n t e r v a l  f o r  gas w e l l
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HMAX maximum t h i c k n e s s  o f  s e d im e n ta r y  i n t e r v a l  f o r  gas  w e l l

CRF c u m u la t iv e  r e s e r v e  fo u n d  i n  b i l l i o n s  o f  c u b ic  f e e t

CFF c u m u la t iv e  number o f  g a s  f i e l d s  found

CDFI c u m u la t iv e  number o f  d ry  f i e l d s  found

DFI in c re m e n t  number o f  d ry  f i e l d s  found

T I t o t a l  i n t e r v a l

RPFI in c r e m e n t  r e s e r v e  f o u n d / in c r e m e n t  number o f  f i e l d s

fo u n d

CRPFC c u m u la t iv e  r e s e r v e s  f o u n d /c u m u la t iv e  number o f  f i e l d s

fo u n d

RPF in c re m e n t  r e s e r v e s  f o u n d / in c r e m e n t  f o o ta g e  d r i l l e d

CRPF c u m u la t iv e  r e s e r v e s  f o u n d /c u m u la t iv e  f o o ta g e  d r i l l e d

J S ,  JSAVE t o t a l  number o f  d r i l l i n g  program s 

AI A i n t e r v a l

BI B i n t e r v a l

R r e s e r v e s  i n  b i l l i o n s  o f  c u b ic  f e e t

CR c u m u la t iv e  r e s e r v e s  i n  b i l l i o n s  o f  c u b ic  f e e t

IF  in c r e m e n t  f o o ta g e

T t im e

Tq t im e  z e ro

TL t im e  l i m i t

CD c u m u la t iv e  d i s c o v e r y

NR num ber o f  r e g io n s  o r  num ber o f  ru n s

TF t o t a l  fo o ta g e

DR d i s c o v e r y  r a t e

CDR c u m u la t iv e  d i s c o v e r y  r a t e

I d i f f e r e n t  c l a s s e s
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J  d i f f e r e n t  d r i l l i n g  p rogram s

K number o f  r e g i o n s

W number o f  w e l l s  d r i l l e d  i n  a d r i l l i n g  p rog ram

th e  number o f  t h e  c l a s s  i n d i c a t e d  by th e  RN t o  b e  t h e  

outcome o f  t h e  t r i a l
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START

READ: NR

DO THRU a  
FOR K -  1 ,  NR

READ: U P L (I ,K ) , F IE L D S (K ,K ), I  -  1 ,  NICK

NICK «  NC(K)

READ: I X , ITLIM , A (K ) , B (K ) , TZERO(K),
N C (K ), P D (K ), NOWEL(K), NDPRNT(K) 
M D L T l(K ), M DLT2(K), DEPMIN(K), 
DEPMAX(K), T H IM IN (K ), THIMAX(K), 
TOTINT(K)
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0
WRITE: N R , IX

CALL SUBROUTINE SINGLE

< D0 THRU B 
TOR K «  1 ,  NR

WRITE: N C (K ), P D (K ), NOWEL(K), NDPRNT(K),
M DLTl(K), M DLT2(K), DEPM IN(K),  DEPMAX(K), 
THIM IN(K), THIMAX(K), TO TIN T(K ), A (K ), 
B (K ), TZERO(K)

WRITE: U P L (K ,K ), F IE L D S (K ,K ), I  -  1 ,  NICK

WRITE: RESCUM (J,K), F IE C U M (J,K ), DBCUM (J,K),
R E S IN C (J ,K ), F I E I N C (J ,K ) , D B IN C (J ,K ), 
R O F IN C (J,K ), ROFCOM (J,K), FCUMEH(J,K), 
FCUMGW(J,K), F D R C (J ,K ), F IN C D H (J,K ), 
FINCGW (J,K), F D R I (J ,K ) ,  R P F IN C (J ,K ), 
RPFCUM (J,K), J  »  1 ,  JSAVE
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< D0 THBD Y 
FOR IM -  1 ,  1 0  y /

IVAR(IM) -  IM

DO THRU 
FOR IT

R Ü Ô  N .  
1 ,  ITLIM ̂

IN ITIA LIZE:
DISCUM(IT) -  0 .  
GWFOOO(IT) -  0 .

TIME -  IT

DO THRU 
FOR K ■

GWFOOT(IT,K) -  0 . ^YES
RESECU(IT.K) -  0 . TIME < TZERO(K)
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IX  -  TIME -  TZERO(K)

GWFOOT(IT,K) +  T X /(A (K ) +  B(K )*TX)

G ^ O T ( I T ,K )  > FCDMGW(JSAVE,K

BESECU(IT,K) 
RESCDM( JSAVE,K)

THRU 0 
JSAVE

GWFOOT(IT,K) > FCUMGW(J,K) 

NO

RESECU(IT,K) -  0 . FCUMGW(1,K) -  0
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0
JM l »  J  -  1

F C U M G W (J m 3 ^ ^ '—

NO RESECU(IT,K) =  SESCÜM(J.K) 
B E S C Ü M (JM l,K ))/2 .

AINT =  (GWFOOT(IT,K) 
FCÜMGW(JM1,K) ) /  (FCBMGW(J,K) 

-  FCUMGW(JM1,K))

CINI -  AINT*(RESCÜM(J,K) -  SESC0M (JM 1,K))

B E S E a i(IT ,K ) «  RESCDM(JM1,K) +  CINT

0
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AINT -  GWF00T(IT,K)/FCDMGW(1,K)

CINT "  AINT *  BESCDM(1,K)

BESECÜ(IT,K) «  CINT

DISCOM(IT) -  DISCUM(IT) +  BESECÜ(IT,K) 
GWFOOO(IT) -  GMFOOO(IT) +  GWFOOT(IT,K)

< D0 THRU a X .  
FOR K -  1, NR/

R E SE IN (1,K ) -  RESECU(1,K) 
GW FOINd.K) -  GW P00T(1,K)



NO

C D S R A (1 ,K ) -  B E S E C U (1 ,K )/G W F 0 0 T (1 ,K )

GW FOINd.K) -  0 .
YES

D IS R A T (1 ,K )  -  B E SEIN  ( 1  ,K )  /GW FOIN ( 1  ,K )

412

GW F00T(1,K) -  0 .

CDSRA.(1,K) «  0 .

D ISR A T (1,K ) •  0 .

DO THRU a a  
FOR IT  =  2 ,  ITLIM

IT L IM  -  I T  -  1  
R E S E IN ( IT ,K )  -  R E S E C U (IT ,K ) -  E E S E C U (IT M 1,K ) 
GWFOIN ( I T  ,K )  -  G W F O O T (rr,K ) -  G W F 00T (IT M 1,K )

#  < ^ ^ W O O T ( I T , K )  «

C D S R A (IT ,K ) -  R E S E C U (IT iK )/G W F O O T (IT ,K ) C D S R A (IT ,K ) -  0 .
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YES
DISRAT (IT  ,K ) -  0GWFOIN (IT  ,K) -  0

NO

D ISR A T (IT ,K ) »  R ESEIN (IT,K )/G W FO IN (IT,K )

aa

RESERV(l) -  DISCUM (l) 
GWFQOI(l) »  GSFOOO(l)

YESNO
GWFOOO(l) -  0

C D IS R (l)  -  D ISC Ü M (l)/GWFOOO(l) C D IS R (l) •  0

YES
D ISC R A (l) -  0GWFOOI(l) -  0

NO

D IS C R A (l) -  R ESERV(1)/G W F00I(1)
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DO THSD 66  
FOR IT -  2 ,  ITLIM

ITM l -  IT  -  1  
BESEFV(IT) ■ DISCDM(IT) -  DISCOM(ITMl) 
GWFOOI(IT) -  GWFOOO(IT) -  GWFOOO(ITMl)

GWFOOO(IT) »  0 .

C D ISR (IT ) -  0

D ISC R A (II) -  0

CDISR(IT) « DISCDM(IT) /GWFOOO(IT)

^ ^ W o O K :rr) ^

NO

DISCRA(rr) - BESERV (IT) /GWPOOI (IT)

y  DO THRU r r  
\ ^ F C R  IM = 1 ,  ITLIM
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A A (IM .l) -  IM
B B (IM ,1 ) -  IM
C C (IM ,1) »  IM

DO THRU 
FOR K

PP 
ITLIM

AA(IM , KK) 
BB(IM , KK) 
CC(IM , KK) 
E E (IM ,1 ) -  
F F (IM ,1 )  -  
G G (IM ,1) -  
E E (IM , KK) 
F F (IM , KK) 
GG(IM, KK)

-  RESEIN(IM ,K)
-  RESECU(IM,K) 
»  CVODR(IM,K) 
GMFOIN(IM,K) 
GWFOOT(IM»K) 
GWFOOT(IM,K)
-  RESEIN(IM ,K) 
.  RESECU(IM,K)
-  CVODR(IM,K)

< DO THRU 88  
FOR IT  -  1 ,  ITLIM>
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W R IT E ; I T ,  GWFOIN ( I T  ,K )  ,  R E S E IN  ( I T ,  K ) , 
G W F O O T (IT ,K ), R E S E C U (IT ,K ) , 
D I S R A I ( I T ,K ) ,  C 7 0 I » ( I T ,K )

NN -  2 0  
MM »  1 
NGRID «  0

CALLING SUBROUTINE TGRÂPH:
CALL YGRAPH(AA, MM, N N , NGRID)
CALL YGBAFH(BB. MM. NN , NGRID)
CALL YGRAPH(CC, MM, N N , NGRID)
CALL YGRAPH(EE, MM, N N , NGRID)
CALL Y G RA PH (FF, MM, N N , NGRID)
CALL YGRAFH(GG, MM, N N , NGRID)

KK -  2

< D0 THRU 0 0  
FOR IM  «  1 ,  IT L IM  /
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0
A A (IM , KK) m HESEBV(IM)
B B (IM , KK) m DISCUM(IM)
CC(IM , KK) a v œ ( i M )
E E (IM ,1 ) - GWFOOKDO
F F (IM ,1 )  - GWFOOO(IM)
G G (IM ,1) - GWFOOO(IM)
E E (IH . KK) m HESEBV(IM)
F F (IM , KK) m DISCOM(IM)
G 6(IM , KK) m C LV m (IM )

W H ITE: I T ,  G W F O O I(IT ) , H E S E E V (IT ) ,
G W F O O O (IT ), D IS C D M (IT ) , 
D IS C R A ( I T ) ,  C L v S R v I T ) ,
I T  -  1 ,  IT L IM

CALLING SOBRODTINE T6RAFH
CALL YGRAPECAA, MM, N N , NG RID)
CALL TGHAFHCBB, MM, N N , N G RID )
CALL TG RA FH (CC, MM, N N , N G R ID )
CALL YGRAFHCEE, MM, N N , N G R ID )
CALL Y G R A FH (FF, MM, N N , N Œ I D )
CALL YGRAPH(GG, MM, N N , N ( S I D )
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START

DO THRU a  
FOR K -  1 ,  HR

DO THRO 6  
FOR I  =  2 ,  NCMUC

IK L  -  I  -  1  
C M A R K (I,K ) -  S Q K E (D P L (I ,K )  *  U F L ( IM 1 ,K ))

HWELLS •  0

C H A R K (1 ,K ) -  S Q B T (0 P L (1 ,K )  *  M DLT1(K) *  0 L P ( 1 , K ) )

N C P l(K )  -  N C (K ) +  1  
N C P IK  -  N C P 1 (K ) 
NCM 1(K) -  N C (K ) -  1  
NCMIK -  NCM 1(K)

FR E Q (N C PkK ,K ) -  0 .  
P R 0D (N C P 1K ,K ) -  0 .  
F IE L D S  (N C P 1K ,K ) •  0 .  
CM ARK(H CP]R,K) -  0 .
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N IC K  -  N C (K )
CMABKCNICK.K) -  SQ R T (0PL (N C M 1K ,K ) *  M D LT2(K ) *  U PL (N C M 1K ,K ))

< D0 THKO Y X .  
FOR I  »  1>  N C P IK  y T

IN IT IA L I Z E : 
E F I N D S ( I ,K )  -  0 .  
R F I N D S (I ,K )  -  0 .

I N I T IA L I Z E :
FTOTIH(K)
FTOTGM(K)
N P R IN T (K )

0.
0 .
N D PBNT(K)

NWELLS -  NNELLS +  I

IN I T IA L IZ E :  
SOMl ■ 0 .  
SUM2 -  0 .
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AX^FOR I  ■ 1 , NICK/

s m  -  s ra a  +  fields( i ,k)

< D0 THBD p 
FOR I  -  1 , HICK

FREQ(I.K) -  FIELDS(I,K)/StJMl

PROD(I,K) -  CMABK(I,K) * FSEQ(I,K)
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< D0 THBD a 
FOR I  ■  1 ,  NICK

S0M2 -  S0M2 +  P B O D (I,K )

P R 0 B (1 ,K ) -  C P R 0D (I,K )/S0M 2) *  ( 1 .
CDMP(1,K) -  P R 0 B (1 ,K )

< D0 THRU o a  
FOR I  -  2 ,  NICK

P R O B (I,K ) -  (P R 0 D (I ,K )/S IM 2 ) *  ( 1 .  -  PD (K )) 
DO. -  I  -  1  

COMP ( I ,K )  -  C0M P(IM 1,K) +  PK O B (I,K )

PR0B(NCP1K,K) -  PD(K ) 
CUMP(NCP1K,K) -  GUMP (NICK ,K ) +  P80B(NCP1K,K)

NwELLS
m 3 )
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H R U E : F B E Q (I ,R ) , CM ABK(I,R),  F B 0 D (I ,K ) ,  
P R O B (I ,R ), C D M P(I,K ), F F IH D S d .K )  
B P IN D S (I ,K ) , F IE L D S (I ,K ),

'1 ?1 , bcp:

CALL RANDOM NUMBER 
CALL RANDUdX, I E ,  BN) 
IX  -  lY

DO THBD 66  
FOR I  -  1» NCPIK

NO

YES

ICLASS -  I
F F IN D S (I ,X ) •  FFIN D 8(I»K ) +  1  
B F IN D S (I ,R ) -  BFIN D S(I»K ) +  CMABX(I,K) 
F IE L D S (I ,X ) -  F IE L D S (I,X ) -  1

CALL RANDUdX, l Y ,  BN) 
IX  «  lY
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0
S eP (K ) -  DEPMIN(K) +  RN *  (DEFHAX(K) -  1SFM IR (K ))

1

----------------- <

'

ICLASS ^ - ^ N C P I K ^  M -

CALL RANIXr(IX, I T ,  RN) p o a r œ ( K )  «  i e p (k )
IX -  IT FTOTBHOC) -  ITOTEBCK) +  POOTEH(K) 

THICK(K) -  0 .
F00rCW(K) -  0 .

THICK(K) -  THIMIN(K) + RN * (THIMAX(K) -  THIMIH(K)) 
POOXIfidC) -  0.
FOOIGW(K) -  DEP(K) -  TO riN T(K ) -  THICK(K)
FrOTGW(K) -  ITOTGW(K) + FOOTGW(K)

NNELLS f NPRINTCK)

WRITE: IX, lY, RN, NWELLS, FREQ(I,K), OttBK(I,K),
P R O D (I,K ), P R O B (I ,K ), C D M P (I,K ), P F IH D S (I ,K ) ,  
R F IN D S (I ,K ), P IE L D S (I ,K ) , I  -  1 ,  NCPIK
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IN ITIA LIZE;
RESCDM(J,K) = 0 .
FIECUM(J,K) *  0 .
m CUM (J,K ) = 0 .
FCUMDH(J,K) »  0 .
FOJMGW(J,K) = 0 .

< DO THRU yY 
FOR I  = 1 ,  NICK>

r

EESCÜM(J,K) = EESCDM(J,K) +  R F IN D S(I,K ) 
FIECÜM (J,K) «= FIECUM(J,K) +  F F IN D S (I,K )

DHCUM(J,K) :
FCUMDH(J,K)
FCUMGW(J,K)

FFINDS(NCP1,K) 
= FTOTDH(K)
= FrOTGW(K)

YES O
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0
JKL -  J  -  1
K E SIN C (J,K )
F IE m C (J ,K )
IHIMC(J,K) •
m C IH (J,K )
PINCGW(J,K)
BO FIN C (J,K )
ROFCDM(J,K)
F D R I(J .K ) -
R P F IN C (J,K )
FD R C (J,K ) -
RPFCDM(J,K)

-  RESC%]M(J,K)
-  FIECOM(J,K)

-  BESCimCJMl.K)
-  FIECDH(JM1,K) 

mCW (J,K) -  rHCDM(JMl»K)
« FCDMDH(J,K) -  FCDMDH(JM1,K)
- FCDMGW(J,K) - FCUMGW(JM1,K)
-  BESINC(J,K)/(FIEINC(J,K) +  OBINC(J,K))
-  RESCÜM(J,K)/(FIECOM(J,K) + œCOM(J,K)) 
FINCGtf(J,K) + FINCEH(J,K)
-  BESINC(J,K)/(FINCCW(J,K) + FIHCI«(J,K)) 
FCDMG*(J,K) + FCUMIB(J,K)
-  BESCDH(J,K)/(FCUMGW(J,K) + FCOMIB(J,K))

B E SIN C (1,K ) -  RESCUM(1.K)
F IE IN C (1 ,K ) -  F I E a M ( l ,K )
D H IN C d .K ) -  IfiCUMCl.K)
F IN C Œ (1 ,K ) -  F C D fflH d .K )
FIN C 6W d»K ) -  FCOMGW(I,K)
»D F IN C (1 ,K ) -  B E S IN C a > K )/(F IE IN C d > K )  
ROFCDMd*K) -  R E S C D M (l,K )/(F IE C D M d ,K )  
F D R I d .K )  -  FINCG W d,K ) +  F IH C I« (1 ,K )  
S P F IN C d »K ) -  B E S IN C d ,K )/(F IH O G H d > K )  
FCRC(1»K) -  FCUM 6Vd,K ) +  FCUMDH(1,K) 
BFFCDM(1,K) -  B E SC C M (l,K )/(F C Ü M G ^d,K )

E B IN C (1 ,K ))
£ B G D Ifd ,K ))

+ FIHCDH(1,K)) 

+ Fcm aH (i,K ))

JSÂVE

NPRINTCK) -  N PR IN I(K ) +  NSPBRI(K)

NNELLS *• NOWELCK)

RETURN
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STAKE

BEAD ALL THE DATA

YMAX «  A A (1 » 2 )  
YMIN -  A A ( 1 ,2 )  
M PI -  M +  1

DO THBD a  ^ 
FO R  J  =  2 ,  M P I 
. FOR I  -  1 , N  .

A A ( I ,J )  I
NO ™ X  > A A ( I ,J )

.TES

NO
YMIN < A A ( I ,J )YMIN -  A A ( I ,J )

YES

YSHFT
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YESNO YMIN > 0

DO THRU 6 
FOR 1 = 1 ,  NMl

DO THRU 6 
FOR K = I P l ,  N

NO AA(K,1) > AA(I,1)

DO THRU Y 
FOR J = 1, MPI YES

NMl = N -  1

YSHFT = YMIN *  100./(Y M A X  -  YMIN)

ATEMP = AA(I,J) 
AA(I,J) = AA(K,J) 
AA(K,J) = ATEMP
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DO THRU 5 
FOR I  -  2 ,  N

NO
XMAX > A A ( I ,1 )XMAX -  A A ( I ,1 )

YES

NO
XHIN < A A ( I ,1 )XMIN -  A A ( I ,1 )

YES

A BSC Â (l) -  XMIN 
A BSC A (l) -  XMAX 
O R D IN (l) -  YMIN 
O R D IN (ll)  -  YMAX

< D0 THRD p 
FOR I  -  2 ,

A BSCA(I) •  (XMAX -  XMIN)* 2 / 1 0 .  +  XMIN 
O R D IN (I) -  (YMAX -  Y M IN )*Z /10 . +  YMIN
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PRINT: O R D IN (J), J  «  1 ,  1 1

STEPX -  (XMAX -  X M IN )/100  
KISLX "  1  
KLINE -  1
u n e  -  1

DO THRU 8 
FOR IND -  1 ,  N

.TES
NGRID

KSTEP -  (A A (IN D ,1 )
-  XMIN)/STEPX +  1 . 5

NO

KSTEP -  LINE

DO THRU o  
FOR J  -  2 ,  MPI

TEMPY(J) -  (A A (IN D ,J) -  T M IN )*100./(T M A X  -  TMIN) -  YSHFT
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NO
KLINE < LINE

YES

DO THRU a a  
TOR I  -  2 ,  1 0 0

K Â X IS (I) -  IDASE

a a

DO THBD 6 8  
FOR I  -  1 ,  1 0 1 ,  1 0

K m S ( I )  -  ISTAR

NO
KSTEP < LINE

YES
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DO THEÜ y Y 
FOR I  -  2 ,  MPI

K -  TEHPY(I) +  1 . 5  
MM -  IV A R d  -  1 )  
m i S ( K )  -  CHAR(MM)

YY

PRINT: ABSCA(KDELX), K Â X X S(J), J  -  1 ,  1 0 1

YES
NGRID «  0

KLINE -  KLINE +  10  
KDEIX -  KDELX +  1

NO

KLINE -  KLINE +  NGRID 
ABSCA(KDELK) -  A A (K L IN E ,1)
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DO THBD 66 
FOR I  -  2 ,  1 0 0

K A Z I S (I )  -  IBLANK

DO THBD pp  
FOR I  -  1 ,  1 0 1 ,  1 0

m i s  ( I )  -  IP E R

KSTEP < U N E

YES

DO THBD 66  
FOR I  -  2 ,  MPI
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K -  T E M PY (I) +  1 . 5  
MM -  I V A R d  -  1 )  
K A X IS(K ) -  CHAR(MM)

P R IN T : K A X IS (J )  ,  J  -  1 ,  1 0 1

L IN E  ■ L IN E  +  1

NOLINE < 102

YES

YES
KSTEP > L IN E

( return)



COMPUTER PROGRAMS
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c
c
e

JCB • K P « 2 9 * T I M E « 2 0 « P A C e S « lO 0
»*$##$$#$$$##»##*#*#$#$#$$*$*$*$#*#$$*#$$$###**
$  P C L T > P U L T IP L 1 E R
* NR«NCMBER CP PUNS
*  IX « I N 1 T 1 A U  r a n d o m  INTECER
* I 7 L I P « T : M E  L I P I T  IN  YEARS
* A S a « E M P I R I C A L  CONSTANTS
* T 0 « T 1 P E  ZERO 
«  NC*NUMBER OF CLASSES
*  P C * P R 0 8 « O F  DRY HOLE
*  kC R ELm N C .O F WELLS L IM IT
* NOPRKT*NO.OF «E L L S  INCREMENT
* D E P P  I M M I N .D E P T H  
$ DEPMAXsMAX.DEPTH 
« T M IM IN « M IN .T H IC K N E S S
* THIM AXsM AX.THlC KNESS
* TCTINTmTOTAL INTERVAL
* OISCLM *CUM.DISCOVERY FOR ALL K B A S IN S
*  CWFDCO>TOTAL PCCTA6E DRILLED I N  ALL K B A S IN S
* G «F 00T«C U M .K C C T A C E  DRILLED 
$ RESECU«CUM .RESERVE
*  R E S E R V « IN C .R E S E R V E  FOR ALL K B A S IN S
* G W FO O l*IN C .FC O T A G E  D RILLED I N  ALL K B A S IN S
*  C ISC R A«DISC OVER Y RATE FOR ALL K B A S IN S
*  C D IS R aC U M .C lS C O V E R V  RATE FOR ALL K B A S IN S  
$ O ISR A T*O fSC O V ER Y  RATE
*  G « F O I N * I N C .G A S  WELL FOOTAGE 
$ CDSRA*CUM.DISCOVCRY RATE 
$  R E SE  IN* INC .RESERV E 
$«**$****#***$****»**$$$#$***$$#$$##*$***#*#***#

O IM EN SiO N  U P L I S S . I O I . F I E L S S Î I S . Î O I . F R E Q C I S . t O I . C M A R K I I S . l O  I . P R O C d  
I S .  l O I . P R O B I I S . l O . C U M P I  I S .  l O I . F F l N O S I  1 5 .  1 0 )  . R F I N O S I  I S *  1 0 )  . R E S C U P l l
2 5 . 1 0 )  . F l E C U F d S  . 1 0 1  .DHCUMI 1 5 . 1 0  I . R E S  I N C U S .  1 0 ) . F I E  IN C f  I S ,  l O . O H I N C  
3 U 5 . 1 0 ) . R C F ! N C (  I S .  iO i .R O F C U M I I S . 1 0 )  .FCUMDHl I S . l  0 )  .FCUMGWI1 5  . 1 0  ) . F I  
ANC O H I1 5  . 1 0 ) . F I N C G W ( I S . 1 0 ) . R PF  I N C ! I S . 1 0 . R P F C U M f I S . 1 0 ) . F D P C I  1 5 . 1 0 ) .  
S F O R I C I S . I O )

DIM ENSION A ( I O )  . 8 1  1 D ) . T Z E R 0 (  1 0 ) . NCI l O . P D l  1 0 )  .NCWEL ( 10  ) .K O P P N T U O )  
1 . 0 E P M l N l l O ) . D E P M A X C 1 0 ) . T H I M I N t l O l . T H I K A X I 1 0 ) . T Q T I N T ( 1 0 ) . N C P 1 ( 1 0 )«N 
2 C M 1 ( 1 D ) . D E P ( 1 0 ) . T H I C K ( 1 0 ) . F T O T O H (  1 0 ) .FT O T G W C l0 ) . F C C T O H l l 0 ) .FCOTGWI 
3 1 0 ) . N P R I N T I 1 0 ) . DISCUMI3 0 ) . R E S E C U I3 0 . I C ) .G W F O O T I 3 0 . 1 0 ) .C W F O C C I 3 0 ) .R  
A E S E I N O O . l  0 )  .G W F O IN O O  . 1 0  ) . O I S R  AT ( 3 0  .  1 0 1 . C D S R A I 3 0 .  1 0 )  . R E S E P V I 3 0  I . G 
6 W F O a i ( 3 0 ) . O I S C R A ( 3 O ) . C O t S R ( 3 0 )  . I V A R ( I O ) . C U O )  . 0 ( 1 0 )

DIM ENSION A A ( 3 0 . 1 0 ) . 6 B ( 3 0 .  1 0 ) . C C I 3 0 .  1 0 ) . E E ( 3 0 .  1 0 )  . F F (  3 C . 1 0 ) .G G ( 3 0 .  
1 1 0 )

COMMON U P L .F I E L D S .F R E D .C M A R K .P R O D .P R C B .C U M P .F F IN D S .R F I N D S .F E S C U M .F 
1%ECUM.DHCUM.RES I N C , F I E I N C ,C M I N C .R O F  INC.ROFCUM. FCUMOH.FCUMGW.FINCDH 
2 . F I N C G W , RPF I N C .R P F C U M .N C ,IX .P D .K O W E l.N D P R N T ^ N R .M U L T I .M U L T 2 .C E P M IN .  
S O E P N A X .T H t M l N .T H I N A X .T G T I N T .N C P I . l Y .R N .N W E L L S .J S A V E .A .e .T Z E R O .M U L T  
4 3 . N C H l .D E P ,T H IC K .F T O T O H tF T O T G W .F D O T D h .F O O T G W .N P R IM T .  IT L IM .D IS C U M .R  
S E S  ECU .  GWFOOT.GWFOOO.RESeiN .GWFO IN . D I S F  AT .C D S R  A .  RE S E R V . C WFOC1

COMMON O I S C R A . C O I S R . I V A R .C . D ,F O R C . F O R  I

CONVERT M U L T IPL IE R  1 AND 2  AND 3  INTO REAL VARIABLES

6

T
C
C
C

REAL MULT1 ( 1 0 ) ,MWLT2(1 0 ) . MULT 3( 1 0 )
NEAD(8.3)NR

0 0  LOOP FOR READING INPUT DATA FDR EACH NO.  OF RUNS 

DO 8 0 0  X * I . N R
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9  | :EA0(5«2)IX
1 0  RE«0(S*S49IITI.IM
11 R E A O C S « : 0 1 ) A ( K ) , e C K ) . T Z E R O C K l

C f ) E « 0 < 5 * S 0 t  ) e C K ) « T Z E R O ( K I
12  REAO(S.tO)NC(K)«PDtKl•KOHEL(K>«KOPRNTCK)
1 3  R EA 0C 5«2 3nN UL Tl | K) *M ULT 2C KI
14  REAO(5*9)OEPRIN(K)«DEPMAX(Kl*TI«lMtNIKl.THIMAXtK)«TOTtNTIK)
15 NICK«NCCK)
16 REA0(5*20>CUPI.( I .K)«FIELOSf l«K I «1*1 «NICKJ
17  SOO CONTINUE
18 M R IT E (e « 4 )N R « IX
19 CALL SINGLE 

C
C DO LOOP FOR PRINTING INPUT DATA C RESULTS FOR EACH NO. OF RUNS 
C

20 DO 581 K«1.NR
21 «RITE( 6 * 3 0 )NC(K).PO(K).NOWELIK).NOPRNT(K)
22  «RITE(6«32)PULT1(K) .PULT2(K)
2 3  WRITE(6.11I0EPMIN(K1«DEPMAX(K1.THIMIKIK).THIMAXIKl.TOTINTIKl
24  «RITE(6«502)A(K) .B(K1.T2ERC(K>

C «RITE(6.S02)B(Kl*TZEfiO(KI
C
C PRINT MEAGINGS 
C

25 «RITE(6*401
2 6  NICK«NC(K)
27  « R l T E ( 6 . 2 0 ) ( U P L ( l * K ) « F I E L O S ( I . K } * I s i . N I C K )

C
C PRINT HEADINGS
C

28  «RITE( 6 . 1 3 2 )
C
C PRINT VALUES FOR CUM.RESERVES«CUM.NO.OF FIELDS,CUM.NO.OF DRY HCLES.IN 
C C.RESERVES.INC.NO.OF FIELDS,INC.NO.OF DRY HOLES,INC.RESERVE PER-FIELD 
C .CUM.RESERVE PER FIELD 
C

2 9  «RITE(6,133)(RESCUM(J.K) ,FIECUM(J,K1,CHCUM(J,K),RESINC(J,K),FIEINC  
1 ( 3  ,K),DHINC(J ,K) ,ROFINC(J .K) ,RCFCUM(3,K) ,J«t ,  JSAVE)

30  « R I T E ( 6 , 3 9 9 )
C
C PRINT VALUES FOR CUM.DRY HOLE FOOTAGE,CUP.OAS WELL FOOTAGE,CUP.FOOTAC 
C C GRILLED,INC.DRV HOLE FOOTAGE.INC.GAS WELL FOOTAGE,INC.FCDTAGE DRILL 
C ED,INC.RESERVE PER FOOT.CUP.RESERVE PER FOOT 
C

31 «RtTE(6,401)(FCUMDH(3.K),FCUMG«(J.K) .FDRC(J,K),FlNCOH( J,K).FINCG«(  
1 3 , K) .FORK 3 ,K)«RPFINCI3.K1.RPFCUM(3.K) ,3»1.3SAVE)

32  SB I CONTINUE
33 DORIS IM>1.I0
34  « 1 8  IVAR(1M)>IM 

C
C IT«TIPE INCREPENT 
C

35 DO SSO IT>1, ITL|M 
C
C i n i t i a l i z e  CUM.DISCOVERY.AND TOTAL FOOTAGE DRILLED TO ZERC 
C

3 6  DISCUMIIT1«0.
3 7  6«POOO(IT|aO.
3 8  TIPE«!T
3 9  00  80 4  K«1.NR
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4 0
41

42

43
44
45
46
4 7  
46
49
50 
81
52
53
54 
8S
56
57
58
59
60  
61 
62
63
64 
68 
66
67
6 8

69
70

71
72
73

IFITlüe*U!*T2ERO(K))fiO TO 506  
TX«TIMe-TZERO(KI

CALCULATING GAS WELL FOOTAGE USING KTPEGEOLlC EQUATION WHICH IS IN TH 
E FOAM OF• • • • • • • • • • • • • ¥ * { T*T01/CA4BCT*TC11• • • • • • • • • • • • •

GHF0CT<IT*K)«TX/fA(Kl4E(K|4TXl

CALCULATING GAS WELL FOOTAGE USING LOGISTIC EQUATION WHICH IS  IN THE 
FORM OF#* ## ## ### ## ## V*C/II♦D4EXPC*A4|T*TOIII###*####*####

C f K ) « I . / E ( K )
DIK)«99.«EXP(A(K)>
GWFOOTfITtKl«C(K)/ lI*4D(KI«EXPt-A(K)*TX)I

CALCULATING GAS WELL FOOTAGE USING STRAIGHT LINE EQUATION WHICH IS  IN 
THE FORM OF# # #» # # # # # # * « # # #T»AIT^TOI##*##*#######**

AC K) «I . /B (K )
GWFOOT( IT*Kl«A{KI«TX

CALCULATING GAS AELL FOOTAGE USING INCREASING DRILLING RATE FUNCTION 
WHICH HAS AN EQUATION IN THE FORM OF. . T«A(T-TO*/I TOTAL T I N E -I T -T O II . .

A I K ls I . / B C K i
CWFOOT(IT$K)mA|KI*TX/gITLIM-TXI 
GO TO SI 0 

806  GWFOOTIIT.K)»0.
RESECUIIT,K)«0«
GO TO 812

8 10  IFIGWFOOTIIT.Kt.GE.FORCIJSAVE.XIIGO TO 811  
DO 8 0 9  JBI.JSAVE
IFIGWFOOTI IT.KI.GT.FORCI J.KIIGO TO 8 0 9  
IF IJ .N E .I I C O  TO 8 8 8  
IFIFORCII.KI.EO.O.IGO TC 666  
AINTmGWFOOTIIT.KI/FDRCII.KI 
GO TO 6 6 7

666  RESECUI I T.KI«0.
GO TO 8 1 2

6 6 7  CIKT«AINT«RESCUMII,KI 
RESECUIIT.KI«CINT
CO TO 8 1 2  

8 8 8  J M I « J - I
IFIFORCIJ.KI.EO.FDRC<JMI.K)I60 TO 60C
AINT«IGWFOOTIIT,KI-FORCIJMI.KH/IFORCW.K)-FORCIJMI,KI)
GO TO 6 8 0

6 0 0  RESECUIIT*K>»IRESCUMIJ.K}«RESCUMIJMI,K))/2.
GO TO 812

680 CINT«AINT*IRESCUMIJ.KI-RESCUNIJFI,K)I  
RESECUIIT.K)«RESCUMIJMI.K)«CINT 
GO TO 812  

809  CONTINUE
811 RESECUIIT.KImRESCUMIJSAVE.KI
612 01 SCUM11TI« 0 1 SCUMIITI4RESECUIIT,KI

e
C GWFCOOIIT>«TOTAL FOOTAGE ORILLEO IN ALL K BASINS 
C

GWFOOOlITI«GWFOOOI1T)4GWFOOTI1T.K)
804 CONTINUE 
803 CONTINUE
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7 4  9 9 0  CONTINUE
C
C CALCULAT ION FOR T«l«
C

7 9  DO 820  K«1*NR
7 6  RESEIN(l«K)sRESECU(l«K» '
7 7  CWFOINU •KI«GllFOOT(I «K>
7 8  IFICWFOOTII,KI.EO.OIGO TO 89 4
7 9  COSRA(l*IO«RESECUf UK) r«M FOa r( l *K|
8 0  IF(GWFOINII,KI.EO.O.IGO TO 893
81 CISRATfUK>aRESEINIt«K>/GMFO!Nf l . K l
8 2  GO TO 896
8 3  8 9 4  CDSRA(t«K)«0.
8 4  8 5 3  OISRAT(t«K)«0*
8 9  8 9 6  CONTINUE

C
C CALCULATION FOR T>1*
C

8 6  00 81 5  1TS2.1TL1M
87  I T F l - I T - 1
88  RESEIN(|T«K)«RESECUCI T «Kt-RESECUCITMl«Kl
89  G*F01N(IT.KImGWFOOTIIT.K>-G8F00TfITN1«K>
9 0  IF(GNFOCT(IT$K).E0«0)GO TO 857
9 1  CDSRAtIT.K1«RESECU(IT«K}/68F00T(IT«K)
9 2  IFIGWFOINIIT.Kl .EO.e. lGO TO 862
9 3  DI£RAT(lT«K)>RESEINf ITvRl /CVFOlNfrr .KI
9 4  GO TO 819
95  8 9 7  CD5RA(IT,K1»0,
96  8 6 2  DISRAT(IT,K1»0.
9 7  8 1 9  CONTINUE
98 82 0  CONTINUE
99 RESERVIl)sDISCUM(l)

100  GVFOOlll )«G«FOOQI1I
101 IFICNFOOOIII.EO.OIGO TO 89 9
102  CDISRHI»0I3CUM(ll /GNFO001 1)
103  IFIG N FO OI l l l .E O. 0 .1  GO TO 838
104  OISCRAf1}«RE8ERV(1)/6HF00II11
10 9  GO TO 839
lOe  899 C D l S R I l l s O .
107 838  OISCRAIl MO.
108  8 3 9  CONTINUE
109  00  833 IT«2«ITLIM
110  ITMl* IT-1
111 RESERVIIT1«CISCUMI IT 1 - 0 ISCUMIITMII
112  GWFOOIIITlmGNFOOOlITl-GVFOOOlITMI1
113  IF IG8F000II T ) .EO.OIGO TO 8 76
114 COtSR{IT)«OISCUM|IT)/6MFOOCIIT)
115 IFIGWFOOII IT I .E O .0 . 1  GO TO 848
116 DISCRAI ITlmRESERVI ITI/GWFOOIIITI
117 6 0  TO 849
118 87 6  CDISRIITMO.
119 8 4 8  DISCRAIIT1«0.
120 849  CONTINUE
121  83 3  CONTINUE
122 0 0  804 K"1 #NR
123  IST>2
1 24  IFIK-2)  6 7 , 6 8 , 6 9
129 6 7  ISTI«1ST4I
1 2 6  N N « 1 8
12 7  GO TO 71
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1 2 8  6 8  : S T l « : S T + 3
1 2 9  N N « 1 6
1 3 0  CO TO 7 1
1 3 1  6 9  : 3 T l » l S T + 2
1 3 2  N N « 17
1 3 3  7 1  CONTINUE
1 3 4  0 0  9 1 4  I M « I S T t * I T t . t H
I T S  1 M 1 « I N 4 1 > 1 S T 1
1 3 6  A A ( I H I . 1 ) « I M
1 3 7  B B l I M I . l l s t N
1 3 8  C C ( I M I « l ) s I H
1 3 9  9 1 4  CONTINUE
1 4 0  KK»K+1
1 4 1  0 0  9 1 6  I N s l S T l o I T L I N
1 4 2  l M l z I M * t - l S T l
1 4 3  A A I X M l t K K ) « R E S E I N I I H . K )
1 4 4  B e ( I M l . K K ) « R E S E C U ( l M « K l
1 4 5  C C f I N  l . K K l « C O S R A ( I M . K I
1 4 6  E E l I M I . l I = C W F 0 0 T ( 1 M . K )
1 4 7  F F l I N I , 1 ) « G 4 F 0 0 T ( 1 M $ K *
1 4 8  G G I I M I * 1 )«GWFOOT(IM.K)
1 4 9  E E ( t M l « K K l « R E S E l N I I M . K )
1 5 0  F F f Z M I * K K ) « R E S E C U f I M . K t
1 5 1  G G ( I M t « K K ) s C O S R A ( I M . K l
1 5 2  9 1 6  CONTINUE

C PRINT MEAGINGS 
C

1 5 3  t m i T E { 6 * 8 0 5 ) K
1 5 4  R R I T E I 6 . 9 0 1 1
1 5 :  OO 8 0 0  1T>1«1TL1M
1 5 6  N R I T E ( 6 . 9 0 0 1 I T . G W F O I N I I T . K l . R E S E I N I I T . K * , G N F O O T I I T . K l , R E S E C U I I T . K )  

1 . 0 I S R A T I I T . K * . C O S R A * I T . K *
1 5 7  8 0 0  CONTINUE 

C
C MM«NO#OF CURVES IN ONE PLOT 
C

1 5 8  MMml
1 5 9  NGRID«0
1 6 0  N R 1 T E ( 6 . 4 9 7 * K  

C
C CALL GRAPHING SU8PR0CRAM 
C

1 6 1  CALL VGRAPHIAA.NN. NN. NCRIO*
1 6 2  N R 1 T E 1 6 , 9 9 8 * K
1 6 3  CALL VGRAPHIBB.MN.NN.NGRIO*
1 6 4  H R I T E < 6 . 9 9 9 * K
1 6 8  CALL TGR ARMICC.NM,NN.NCR1 0  *
1 6 6  M I T E C 6 . 9 3 1 1 K
1 6 7  CALL YGRAPMIEE.MM.NN.NCRIO*
1 6 8  M I T E ( 6 . 9 3 2 * K
1 6 9  CALL VCHAPHIFF.MN.NN. NCRIO*
1 7 0  M 1 T E ( 6 . 9 3 3 * K
1 7 1  CALL YCRAPMIGG,MM,NN.NCRIO*
1 7 2  6 0 4  CONTINUE
1 7 3  KK«2
1 7 4  l S T - 2
1 7 5  I S I 1 « I S T * 1
1 7 6  OO 9 8 1  I M a l S T l . I T L I M
1 7 7  I M I « I M * 1 - I S T 1
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1 7 8  A A ( I M | , 1 ) « I V
1 7 9  B B ( I M l . l ) s | M
160  C C d M I . l  iBlI»
1 6 1  A A (1 M I* K K I« R E S E R V C IM )
1 6 2  B D ( l M I . K K ) > O t S C U M ( I M l
1 6 3  C C ( | H l , K K | 3 C D t S R ( l M )
1 8 4  E E ( I M I « t l « C 4 F C a a ( I M }
1 8 5  F F C l M l . l ) s O « F O O O t I M )
1 8 6  G G ( t M I « l l a C M F O O O I l M l
1 8 7  E E ( I M l . K K l s R E S E R V C l M l
1 8 8  F F I t M l > K K ) « O I S C U M ( l H }
1 8 9  G C (X M l« K K )« C O IS R C tM )
1 9 0  9 8 1  CONTINUE

C
C P R IN T  HEADINGS 
C

1 9 1  H R I T E ( 6 » 9 5 1 )
1 9 2  H R I T E ( 6 « : i 4 |
1 9 3  « R 1 T E ( 6 « 5 1 S ) I I T « C N F O O I C t T ) « R E S E R V ( I T I * G « F O O O f I T ) * D I S C U M f I T  1 * 0 1 SCRA 

l { l T ) * C D l S R t I T l « l T « l * I T L I M I
1 9 4  « R I T E ( 6 « 9 8 2 I  

C
C NNmNO.OF DATA P O IN T S  
C

1 9 5  KN>18
1 9 6  CALL V6RAPH(AA*MM*NN.NGR1D)
1 9 7  M R l T E f 6 * 9 8 3 1
1 9 8  CALL YCRAPH(BB«MM*NN.NGRID1
1 9 9  W I T E I 6 . 9 8 4 1
2 0 0  CALL YGRAPHCCC*MM.NN*NGRID1
2 0 1  m i T E ( 6 * 9 3 4 1
2 0 2  CALL YGRAPMIEE.MM#NN,NGRID*
2 0 3  M R IT E 1 6 , 9 3 5 )
2 0 4  CALL Y C R A PH IF F ,M M ,N N .N G R ID )
2 0 5  « R I T E I 6 . 9 3 6 )
2 0 6  CALL Y G R A PH fG G .M M .N N .N C R IO I 

C
C FORMAT STATEMENTS 
C

2 0 7  3 FO R M A T !15 )
2 0 8  2  FORMAT I I S )
2 0 9  5 4 9  FORMAT( 1 5 )
2 1 0  5 0 1  F 0 R M A T I 3 E 1 S .7 )

C 5 0 1  F 0 R M A T I 2 E 1 5 . 7 )
2 1 1  1 0  FO R M A T !11 0 . F S . 2 . 2 1 1 0 )
2 1 2  2 3 1  F 0 R M A T I 2 F 1 0 . 3 )
2 1 3  9  FORMAT ! 5 F l ( i  . 2 )
2 1 4  2 0  F O R M A T ! 2 F 1 0 . 0 )
2 1 5  4  F O R M A T !2 X .« N O .O F  R U N S*• . I 2 / 2 X . • I X a * . I  3 )
2 1 6  3 0  F O B M A T I I H I . 2 X . » N 0 . d F  C L A S S E S * * . I 2 / 2 X . » P R 0 B . 0 F  D RY  H 0 L E * * . F 4 . 2 / 2 X . •

IN O .O F  WELLS L I M I T * ' , 1 5 / 2 X . ' N D P R N T * ' . 1 5 )
2 1 7  3 2  F 0 R M A T I 2 X . • M U L T 1 P L I E R 1 * * « F 6 . 2 / 2 X . • M U L T I P L I E R 2 * * . F 6 . 2 )
2 1 8  11 F 0 R M A T I 2 X . 'M I N . O E P T M * ' . F 1 0 . 2 / 2 X . * M A X . 0 E P T M * * , F 1 0 . 2 / 2 X . 'M I N . T M I C K N E

I S S *  . F 5 . 2 / 2 X . • M A X . T H I C K N E S S * * . F 9 . 2 / 2 X . « T O T A L  I N T E R V A L * ' . F 9 . 2 )
2 1 9  5 0 2  F O R M A T ! 2 X .« A I R ) • « , E 1 5 , 7 / 2 X , « e ! K ) * ' . E I 5 , 7 / 2 X , « T Z E R O ! K ) * ' . E 1 5 . 7 )

C 5 0 2  F 0 R M A T ! 2 X . « B ! K ) * * . E 1 5 . 7 / 2 X . * T Z E R 0 ! K ) * « . E 1 5 . 7 )
2 2 0  4 0  F 0 R M A T ( 6 X . « U P L ! I ) * . 1 X . « F I E L O S I I ) * )
2 2 1  1 3 2  F O R M A T ! I H t . / / . 2 X . « R E S E R V E  CUM.« . 5 X . « F I E L D  C U M .* .3 X .« D R Y  HOLE CUM.*

1 . 2 X . 'R E S E R V E  I N C . • . 5 X . ' F I E L D  I N C . « . S X . ' D R Y  HOLE I N C . * . 2 X . * I N C . R E S /  
2 W E L L S * ,2 X . « C U R .R ES/CUM . 2  « )
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2 2 2
2 2 3

2 2 4
2 2 3
2 2 6

2 2 7
220
2 2 9
2 3 0

231
2 3 2

2 3 3

2 3 4  
2 3 9

2 3 6
2 3 7
2 3 8
2 3 9
240
241
2 4 2

2 4 3
2 4 4

133 FORMAT*/.0 2 1 9 . 7 *
3 9 9  FORMAT*// / . 2 * . •CUM.ORY HOLE*• 3X.*CUM.CAS WELL*. 3X.*CUM.FOOTAGE*.4% 

t»*INC.ORV Ha.E*.3X**lNC.GAS W ELL*. 3X.*INC.FOOTAGE*.5X,  • IMC.RESERVE 
2*,4X,«CUM.RESERVE*/.4X.'FOOTAGE• • 8X. «FOOTAGE*«6h.«DRILLED*.EX.*FCO 
STAGE*.0X.*FCOTAGE*.0X,*CRILLEO*.8X.«PER FOCT*,7X,«PER FOOT*)

401 FORMAT!/.8 2 1 3 . 7 )
80S FORMATIIMI. / / .S5X,«REGION*.13)
901 FORMATI/ / .5X.*TIME*.S X . • IAC.FOCTACE*.7X.*INC.RESERVE*.7X.«CUM.FOOT 

lAGE'.TX,'CUM.RESERVE*,5X,«DISCOVERY RATE * . 3 X . «CCM.OISCCVERV RATE*/  
2 8 3 X ,* ( I N C .R E S /I N C .F T ) * . 3 X . * ( CUX.RES/CUM.FT ) •  )

900  F0R MA TCl h0 .2X .I S . 6E1 8 . 7 )
997  F0RMAT(1H1«/ .41X.*PL0T OF INC.RESERVE VS.TIME FOR REGICN*.12)
998  FORMAT!IHl , / . 4 IX,*PL0T CF CUM.RESERVE VS.TIME FOR REGICN*.13)
9 99  FORMAT(1F1./ .29X.«PLOT OF CUM.DISCOVERY RATE VS.TIME FCR REGION*. :  

13)
931 FORMAT!1H1. / .42X.«plot  OF INC.RESERVE VS.FOOTACE FCR REGION*.13)
9 3 2  FORMAT!lHl . / . 42X.*PLOT OF CUM.RESERVE VS.CUM.FOOTAGE FCR REGION*.!  

13)
933  FORMAT!1H1./ .32X.*PLOT OF CLM.DISCOVERY RATE VS.  CUM.FCCTACE FOR R 

1EG ION*• 1 3 )
951 FORMAT!IHI./ / .41X,'COMPOSITE PARAMETERS FOR ALL K BASINS')
5 14  FORMAT!/ / . S X . 'TIME*.S X . 'INC.FOOTAGE*.7X.«INC.RESERVE*.6X.'TOTAL FO 

lOTACE'.SX.'CUM.DISCOVERY*.S X . 'C1SC0VERY PATE*.3%.'CLM.DISCCVERV RA 
2TE'/SIX.«DRILLED*« 2 6 X . • ! INC.RES/INC.FT)*.2X.«(CUM.RES/TOTAL F T ) ' )

515  FORMATC1F0.2X.IS.6E18.7)
982  FORMATIIHI./ .41X.*C0WPCS!TE PLCT OF INC.RESERVE VS.TIME*)
983  FORMAT!1H1./.40X.'COMPOSITE PLOT CF CUM.OlSCOVERY VS.TIME*)
984 FORMATIIHI,/,32X,'COMPOSITE PLOT OF CUM,0 1 SCOVERY RATE VS. TIME')
934 FORMAT!IHl./ .38X.'COMPOSITE PLOT OF INC.RESERVE VS.FOOTAGE*)
9 3 5  FORMAT*INI. / .36X.'COMPOSITE PLOT OF CLM.DISCOVERY VS.CLM.FCCTACE*)
936 FORMAT ! iHi . / . 2SX.*COMPOSITE PLOT OF CUM. 0 1 SCOVERY RATE VS.CUM.FOOT

lAGE'l
STOP
END

2 4 9 SUBROUTINE SINGLE

$  UFL«UPPER L IM IT
* F IELOS>NUMBER OF F I E L D S
*  FREa«FREOUENCY
« CMARKmCLASS MARK
* PROO«PRODUCT 

FPCBm PRCEAEILITY 
CUMP«CUM.PROBABILI TY 
F F IN C S > N O .O F  F IE L D S  F I N D  . 
R F IN O S 'R E S E R V E  FIN D

» RESCUMmCUM.RESERVE
*  F IE C U M «C U M .F1E L 0S PINO
* OFCUMACUM.NO.CF DRY MOLE 
$ R E S IN C # IN C .R E S E R V E
« F I C I N C a I N C .F I E L O S  P I N O
*  6 h INCa INC. no . OF DRY H O t£
* RCFINCa INC.RESERVE p e r  f t . d r i l l e d  
$ ROFCUMaCUM.RESERVE P E R  F T .D R I L L E D  
» FCUMDFACUM.DRY HOLE FOOTAGE
4 FCUMCWaCUM.GAS WELL FOOTAGE 
$ FDRCaCUM.FCOTAGE DRILLED 
« FINCDHAINC .DRY HOLE FOOTAGE
*  F INCGWa IN C .G A S  WELL FCCTAGE
* FORI AINC.FOOTAGE ORILLEO
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c  $ RPFIKC>INC.RESERVE PER FCCT *
C •  RPFCUMsCUM.RESERVE PER FOOT $
C * * # # $ # $ * $ * # # $ » # # $ * $ * $ # * $ $ * # * $ * # # $ $ * # $ $ * $ $ # » $ * $

2 * 6  01 PEKSICN U P L ( lS i lO )  *F1EL0S(1S«10 )«FRE0(1S« 10 t.CMARKl 1!* lO. PR OOt  I
1 5 . lO i .P R O B l lS t lO l . C U M P I I S . I C ) .F F I N D S t 1 5 . 1 0 ) .R F I N P S l I S . 1 0 1 .RESCUKlI
2 5 . IO).FIECUM(15.10) .OHCUM(1 5 . 101.RE51NC(1 5 . 1 0 1 .FIE INC( IS . lCl .OHINC  
3(1 8 .1 01  .ROFINCHS.lOI.ROFCURHS. tOl .FCUMPHdS . lOl .FCUMCMIlS. IOl .F  I 
4NC0HI I S . I O l .F I N C G H d S .  1 0 ) . RPFINCI 1 5 . 1 0  .RPFCUM( 15 .  10) .FOPC ( 15 .  1 Cl .  
S F D R K I 5 . 1 0 )

2 * 7  0 1 MEN510N Al 1 0 ) . 0 1 l O l . T Z E R C l l O l . N C l l O ) . P O l 1 0 1 .NCWEL( 1 0 l.NDFRNT(1 0  1
I.OEPRINIIO ).OB>MAX( lOl .THlMlNl  10).TH1MAX( t  C) .  TOTl NT! 101 . N C P l d  0)  .N  
2CM111 0 )  .DEP(IO) .THICK! 10)  .FTOTCHl 10) .FTOTGW(1 0 l.FOOTOHdO ) .FOOTCWl 
310 ) .NPRlNTd0) .015CUM( 3 0 ) . RESECUI 3 0 . 1 0 )  .GWFOOT130 .  10) .CWF0CC130 ) .R  
*ESEIN(30 . 1 0 ) .CWFOINI 3 0 , 1 0 ) , OISRAT( 3 0 . 1 0 ) . CDSRAl 3 0 . 1 0 ) . R E S E R V I  3 0 ) . G 
8W F 0 0 1( 30 ) . 0 1 SC R A( 30 ) .C 01 SR 1 3 0) . IV A R l1 0 ) , C ( 1 0 ) . 0 ( 1 0 )

2 * 8  01 PENSION AA130.1 0 ) . 8 8 ( 3 0 . 1 0 ) . CCI 3 0 . 1 0 ) . E E C 30 .1 0 ) . F F ( 3 0 . 1 0 ) .GG130.
1 1 0 )

2 * 9  COMMON UPL.FlELOS.FREO.CMARK.PFCD.PRCe.CUMP.FFlNOS.RFlNCS.RESCUM.F
1 lECUM.OHCUM.RESINC.FlEINC. OHINC. ROFINC.ROFCUM. FCUMOH.FCUMGW.FlNCDH 
2 . F INCGW.RPFINC.RPFCUW.NC.IX.PO.NOVEL.NOPRNT.NR.MULTI.MULTE.OEPMIN. 
30EPMAX.TH1M1N.THIMAX.TOTINT.NCPI.IV.RN.NMELLS.JSAVE.A.E.TZERC.MULT 
*3.NCM1.OEP.THICK.FTOTOH.FTIH'GW.FOOTOH.FOOTCW.NPRINT.ITLIM.OISCUM.R 
SESECU.GMFOOT.GirOOO.RESEIN.GWFOIN.OISRAT.COSRA.RESERV.CWFOCl

2 5 0  COMMON OISCRA.COISR.IVAR.C.O.FDRC.FORI
251 REAL MULTl (10) .MULT2(tO) .MULT3(10)
2 5 2  IXXnIX
2 5 3  00  1000 K»1.NR
2 5 4  1 Xml XX
2 5 5  NWELLSmO
2 5 6  NCPl(K)aNC(K)41
2 5 7  NCPlKmNCPl(K)
2 5 5  F R E 0 ( N C P 1 K , K ) = 0 .
2 5 9  PRC0(KCP1K,K)«0.
2 6 0  Fia.OS(NCPlK.K)mO.

C
C JmNC.CF WELLS PER PASS THROUGH SUBROUTINE SINGLE 
C

261  Jml 
C
C CALCULATING THE CLASS MARKS 
C

2 6 2  CMARK(l .K>*SORT(UPL(l .K)*MULTl(R)«UPL(l .K))
2 6 3  NCPl(K)mNC(K)*l
26 4  NCPlKsNCFl(K)
26 5  CMARK(NCPlK.K)mO.
2 6 6  NCM1(K)«NC(K)-1
2 6 7  NCMlKsNCMl(K)
2 6 8  OO 35 lm2.NCMlK
2 6 9  I M l - l - l
27 0  3 8  CMARKlt .K)mSORT(UPL(l .K)*UPL(lMl.K))
271 NlCKmNC(K)
2 7 2  CM*RK(N1CK.K)>SQRT(UPL(NCM1K.K)*MULTS(K)«UPL(NCM1K.K)>
8 7 3  NCPl (K)aNC(K)4|
8 7 *  NCPlKmNCPl(K)
2 7 5  00  111 1»1 .NCPIK
2 7 6  PF lNDS( l .K)mO.  I
2 7 7  111 RFINOSll .K)mO.
2 7 8  FTGTDH(K)mO.
2 7 9  PTOTGH(K)mO.
2 6 0  NPR1N7(K)«N0PRNT(K)
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2 8 1  3 6  M fE L L S « N H C U .S « t
C
C CALCULATIN6 THE PREOUENCIES 
C

2 8 2  S U H 1 « 0 .
2 8 3  N IC K » N C (K I
2 8 4  0 0  1 5  t « l « N I C K
2 8 5  1 5  S U M l s S U M I - f F I E L O S d t K )
2 8 6  0 0  2 5  I « U N 1 C K
2 8 7  2 5  F R E a { | * K ) « F I E i . O S ( l « K ) / S U M l

C
C CALCULATING THE PROOUCTS 
C

2 8 8  0 0  4 5  l a f . h l C K
2 8 9  4 5  PROOf I«KI«CM ARK( l .tClAFREOC t * K )
2 9 0  N C P l ( K ) m k C ( K ) * :
2 9 1  N C P tX > N C P l ( K )
2 9 2  SUM 2»0*
2 9  3  0 0  5 5  I « I * N I C K
2 9 4  5 5  SUM2"SUM2*PROO<: . K l

C
c CALCULATING THE P R 0 8 .
C

2 9 5  P R C S ( l » K ) « ( P R C D ( l « K ) / S U M 2 1 4 C t • - P D l K l l
2 9 6  C U M P (1 * K I« P R 0 B C 1 « K )
2 9 7  0 0  6 5  1 » 2 .N 1 C K
2 9 8  P R p a < l * K ) « I P R 0 0 ( I t K ) / S U H 2 1 4 < t . > P D f K n
2 9 9  m i s  1 - 1
3 0 0  6 5  C U P P ( I « K ) s C U M P C I M U K ) « P R O B ( f * K l
3 0 1  P R 0 B ( N C P 1 K « K ) « P 0 ( K )
3 0 2  C U P P (N C P lK .K > « C U M P fN IC K .K )« P R O B (N C P tK « K >
3 0 3  I F l N h E L L S . N E . l l G O  TO 1 6 9
3 0 4  N C P 1 ( K I » N C ( K ) * 1
3 0 5  N C P lK « h C F t ( K )
3 0 6  0 0  1 0 6  l « l f K C P l K
3 0 7  F F I N 0 S ( l t K ) « 0 «
3 0 8  1 0 6  R F I N 0 S ( l * K > « 0 .
3 0 9  M R I T E ( 6 « 2 0 6 )
3 1 0  H R 1 T E ( 6 « 2 9 6 )
3 1 1  M R I T £ ( 6 « 5 0 M F R E 0 ( I  t K ) * C M A R K C l « K ) « P R 0 C l l * K I « P R 0 8 U t K l * C U M P (  l . K l . F F I  

IND SI I . K l . R F I N O S f  l « K ) t F l E L O S ( l * K l * I « U N C P l K )
3 1 2  1 6 9  CONTINUE

C
C GENERATING THE RANDOM NUMBERS
e

3 1 3  CALL R A N O U (tX «IV «R N I
3 1 4  I X a l Y
3 1 8  A C P l{ K ) a K C < X ) 4 1
3 1 6  N C P I X - N C P K K I
3 1 7  OO 7 5  l a l . N C P l K
3 1 8  I F I R N . L T . C U M P I l t X l )  0 0  T O  7 6
3 1 9  CO TO 7 5
3 2 0  7 6  I C L A S S " :
32 1  FF INOSI1 ,K1"FFIN0S( :
3 2 2  RFINOS<I.Kl"RFlNOS(ItK)«CMARK(ltKI
3 2 3  F I E L O S I I . X : " F l E L O S 1 1 , K 1 - 1 .
3 2 4  GO TO 1 7 7
3 2 8  7 5  CONTINUE
3 2 C  1 7 7  CONTINUE
3 2 7  CALL R A N O U lI X . I V .R N *
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3 26  IX=1V
3 2 9  CEP<K)xOEPMtN(KHRN«COEPMAXCK)>OËPMIN(K)l
3 3 0  IF(ICLASS.EC.NCPIKI60 TO 328
331  CALL RANOUIIX.IY«RN)
3 3 2  IX«IY
3 3 3  TH1CK(K)3THIMINCK)'«-RN*(TH1MAX(K)-TH1M1N(K1)
334  ■ FOOTOHIKlaO.
3 3 5  FOOTGH(K)aOEPtK)-TOTlNT(K.I-TKICKfK)
3 3 6  FTOTGAIKlmPTOTOWIKIfPOOTCMlK)
3 3 7  GO TO 229
3 3 8  328  FOOTOH(K)«OEP(K)
3 3 9  FT0TDHIK>=FT0T0HtK)4F0CT0MCKI
3 4 0  THtCKCKlsO.
341  F0CTGM(K)s0.
3 4 2  3 2 9  CONTINUE
3 4 3  NCP1(K)=NC(K)+1
3 4 4  hCPlK=NCFl{Kl
345  lF<N«ELL£.NE*NPRtKT(K) 1 GO TO 88
3 4 6  MRITEI6.1991
3 4 7  WRITE(6 ,200)IX, !Y,RN
3 4 8  «R ITE(6«2I21  NWELLS
3 4 9  MRITEC6.49)
3 50  FIELDS!NCPlK«K)«-F1EL0S(NCP1K«K)
351  WRlTE(6t SOlfFREOfI«K)»CMARK(ItKl.PROO(I«KI«PROBCItK)«CUMP!I« K ) . F F I  

INOSIUK)  «RF1N0SI I«K)«F1ELDS t I*K )« 1« 1 «NCP1K )
3 5 2  FIELDSINCPlK.Kl— FIELDSINCPlK.Kl
3 5 3  RESCUM!J«K1«0.
3 5 4  FIECLM!J .Kl 'O.
3 5 5  DHCUM!J«K)sO.
3 5 6  FCUMDF!J.K)»0.
3 57  FCUMGk!J«K1>0*
3 5 8  00 85 !«1 ,N:CK
3 59  NCPl!K)«NC!K)41
3 60  NCPlKmNCPl!K1
361  RESCUMfJ.K)«RESCUM!JtK IFRFINDS!I»K)
3 6 2  FIECUM!J*K)«FIECUM!J«K}4FFINDSCt*K}
3 6 3  8 5  CONTINUE
3 6 4  CHCUM!J*K)«FFtNOS!NCPlK*Kl
3 6 5  FCUMOH!J*K}«FT0T0H<K}
3 6 6  FCUMGW!J«K>«FTOTGh!K)
3 6 7  I F I J . E 0 . 1 »  GO TO 86  

C
C CALCULATION FCR J>1 
C

3 6 8  JM1>J-1
3 6 9  RESINC!J*K)«RESCUM!J»K)-RESCUM!JM1,K)
3 7 0  F ie iNCIJtKlmFlECUM!J.Kl 'FIECUM!JMt,Kl
371 OHlNC!J*K)mCHCUM!J.K}«OhCUM!JMl*K>
37 2  FINCDH! J.K)>FCUMON! J.K)-FCUMDH! JMl .K)
3 7 3  f 1NCGW!J.K)mFCUMGW!J,Kl-FCUMGW(JMl.K)

C
C RCFINCmlNCREf-IENTAL RESERVE PER FT .OR ILLEC» INC .PRODUCT IV IT Y 
C

3 74  . ROFlNC!J .K)mRESINC(J .K) / !F lEINC!J .K)4CHINC!J .K))
C
C ROFCUMbCUMULAT IVE RESERVE PER FT.CRILLEDmCUM.PRODUCTIVITY 
C

3 7 5  ROFCUM!J.K)«RESCWM(J,K)/(FIECVM;J.K)40NCUM!J.K))
3 7 6  FORI!J,K)"FINCGW!J.K)+FINCDM!J.K)
3 7 7  RPFINC! J.K)«RESINC!J .K ) /  !FINCGW!J.K)4FINCDM! J . K) I
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37 8
3 79
380

381
3 82
383
384
3 8 5
3 8 6
3 8 7
38 8
3 89
390
391
392
393
394  
3 9 :
396
397
398

3 9 9
4 0 0
401
40 2
403

404

40 5
4 0 6  
4 07

C
c
c

FORC{J.K)«FCUMCW<J*K)«FCUMOH(J*K)
RPFCUMtJ»Kl«RESCUM(J«K}/fFCUM6W(J«K}4FCUMOh(J.K))  
GO TO 87

CALCULAT!CM FOR J«1

86

8 7

8 8

91
9 2  

1 0 0 0

RES1NC(1«K1>RESCUM(l.Kl  
FIEINCf1 .K)«F1ECUM(1 «Kl 
CHINCll»K)sOHCUM( 1»K)
FINC0H(1.K)=FCUM0I-(1.K}
FINCGHC1>KIxFCUMGkt1 «Kl
ROFINC(t.K)xRESlNC< l . K ) / ( F I E I N C | l * K ) 4 0 H I N C ( l * K n  
ROFCUMd , K ) xRESCUM( 1 tK} /(FIECUN(l  .K)  4CHCUM( l . K  ) ) 
FORK l.K)=FINCGW( 1 .K)4FtNCDH( 1«K)
RPFlNCd .K)xRESlNC( l«K) /(F lNCG«d»KMFINCDH( l . K l l  
FDRCi1*K)=FCUMGW(1.K)+FCUMDh(%«Kl
RPFCUMd .K)xRESCUM( l .K) / (FCUMGHd «Kl-fFCUMOHl 1 iKl )
JSAVExJ
J x J + 1
KPFtNT(K)=NPRINT(K)-»NDPRNT(K)
IF(NMELLS>KCaEL(K))91«92.92
GO TO 36
CONTINUE
CONTINUE

C
c
c

FCRNAT STATEMENTS

199  FORMAT I / / , 2 4 X . *  I X * ,  18X,*IV'.17)I,*RAN0CM NO. ' )
2 0 0  FORMAT(20X, 1 1 0 . 1 0 X . I 1 0 . 1 0 X . E 1 S . 7 )
212  FORMATISX.«KO.OF WELLS»', 1 5 )
20 6  FORMAT(4SX,'INITIAL FIELO SIZE OISTRIBUTtON')
2 96  FORMAT(// ,4X.'FREOUENCT',5X,'CLASS MARX',7X«'PROOUCT', 6X,'PROBABIL 

1I T T ' , E X , «CUN.PROB.' ,5X, 'FIELD FIND',4X,"RESERVE FIND' ,2X,"FIELD RE 
2MAINING')

4 9  FORMAT!// ,4X,'FREQUENCY', S X , 'CLASS MARK',7X,'PRODUCT' , 6X,'FROBABIL 
I I T V ' . S X , «CUM,PROB,' , S X , 'FIELD FIND',4X,'RESERVE F I N D ' , 6 X , ' F I E L D ' )

5 0  FORMAT!/ ,8E15,7 )
RETURN
END

4 0 8  SUBROUTINE YCRAPH<AA,M, N ,  N 6 R ID )

T H I S  SUBROUTINE PLOTS UP D IF FE R EN T  PARAMETERS V S ,  T IM E ,IN C .F O O T A G E ,A N  
0  CUM .FOOTAGE

T h i s  SUBROUTINE PLOTS UP TO 8  V A R IAB LES VERSUS T IM E ,IN C ,F O O T A G E  OR 
CUM.FOOTAGE
T M S  I S  BOTH A X -T  AND X-V PLOT ROUTINE

4 0 9  OIM ENSICN U P L < 1 5 * 1 0 1 . F I E L D S ! I S  , 1 0 l . F R E Q d 5  , 1 0  ) .CMARKf1 S , 10  ) , P R 0 C ( 1
1 5 ,  1 0 )  , P K 0 B d S , 1 0 ) , C U M P !  1 5 ,  1 0 ) , P F I N 0 S !  I S ,  1 0 )  ,R F  IN D S! 1 5 , 1 0 )  .RESCUM! 1
2 5 , 1 0 ) , F I E C U M ! 1 5 , 1 0 ) , C H C U M ( t S , t 0 ) , R E S I N C ! l S , 1 0 ) , F I E I N C I 1 5 , 1 0 ) , DM INC 
3 ! 1 5 , I O ) , R O F I N C !  I S , 1 0 ) , R O F C U M | 1 5 , 1 0 ) .FC U M O H !1 5 , 1 0 ) ,F C U M C « !1 5 , 1 0 ) , F I  
4 N C 0 M !1 5 , 1 0 ) , F I N C G W ! 1 S , 1 0 ) , R P F I N C ! 1 5 , l O . R P F C U M ! 1 S , 1 0 ) , F O P C ! 1 5 , 1 0 ) ,  
S F D R I ! 1 5 , 1 0 )

4 1 0  DIMENSION A !10) ,B! lOl .T ZE RO t  tO),NC!  1 0 ) , P D ! 1 0 ) ,NCWEL!1 0 ) .NDRRKT! 1 0 )
1,OEPMIN!10),OEPMAX!10),TH1MIN!10),TH1MAX!1 0 ) , TCTINT ! 1 0 ) ,NCP1! 1 0 ) ,N 
2CM1!10) ,DEP!1 0 ) , THICK!1 0 ) .FTOTOHIIO).FTCTG»! 1 0 ) .FCCTOHd0 ) .FCOTCw! 
310 ) ,NPRINT1 1 0 ) , 0 1SCUM!30),RESECU!3 0 , 1 C ) .GNFOOT!2 0 , 1 0 ) , G«F0CC!30) ,R  
4 E S E I N ! 3 0 ,1 0 1 .GMFOIN!30, 1 0 ) .OISRAT!30 , 1 0 ) , COSKA!3 0 , 1 0 ) , RESFRV!3 0 ) , G 
SWFOOI!30) ,  OISCRA!3 0 ) .CDISR!3 0 ) , IV A R !1 0 ) , C ! I O ) , 0 ! 1 0 )
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«11 DI PENSION A A ( 3 0 . 1 0 l * e B ( 3 0 . l 0 ) . C C ( 3 0 * ! 0 ) « E E ( 3 0 t l 0 > . F F ( 3 n . l 0 ) . G G O 0 <
no )

« 1 2  OtFENSICN A eS C A ( in ,K A X IS (  l01 ) .O R0 1N (n> .T FM PY (Ç )
« 1 3  COMMON UPLtFIELDSfFREQtCMARKiPFCOfPRCe.CUMP.FFINOS.RFIKOS,BESCUM,F

1 IECUM« CHCUM.HES INC*F IE INC» OH INC *RCF I hC.ROFCtlM.FCUMOH,FCUMG* , F  INCDH 
2,F1NCGW,FPFINC* RPFCUM,NC.IX *P0,N O » E L ,NOPRNT,N P,MULT 1,M U L T 2 , O E P M I N ,  
3CEPMAX,TKIMIN,THIMAX,TaTINT*NCPl,IY*BN,NWELLS*JSAVE,A,E,TZEFO,MULT 
43* NCM1 . OEP,THICK, FTOTDH, FTCTGM«FOOTDM,FOOTGW, NPRINT,ITLIM, OTSCUM,R 
5ESECU,GWF3aT,6WFOOO.RE3EIN,G«FClN.DISFAT,COSRA,FESERV* CWFOOl 

« 1 4  COMMON OISCRA.COISR,IVAR,C,0,F0RC,FDRt
«15  real m u l t i ( 1 0 ) . MULT2(10),MULT3(10>
« 16  INTEGER CHAR ( I S )
« 1 7  DATA CHAR( 1 ) «CHAR( 2 ) , CHAR( 3 ) . CHARI 4 ) .CHAR( SI,CHAR( 6 ) , CHAR( 7 ) ,

1 CHAR(8> «CHAR(9)*CHAR(10)*CHAR(11>*CFAR(12),CHARI13l«Ct API 14 ) ,
2 CHARI 1 5 ) / IHl . 1H 2. 1 H 3 .1H «,I H S. 1H 6«1 H7 ,1 H6 .1H 9«1HA,1  HE. 1HU«IHY.l HR.
3 IH /

«18  DATA IS TA R ,I I , iP E R , ID A S H , IB L A M C /l H « , lH I , lH * . lH - * IH  /
« 1 9  YM AX«AAI 1 , 2 )
«2C YMINs A A I I .2 )
«21 MP 1=M+ 1
« 2 2  DO 4 J>2« MPI
« 2 3  DO 4 1 = 1 * A
«2 4  IFIYMAX-AAII.3))  1 ,  2* 2
«25  1 YMAXsAA(I.J)
«2 6  2 IFIYMIN-AAII .J ) )  « •  4* 3
« 2 7  3  YM INxAAI I ,  J )
« 2 8  «  CONTINUE
« 2 9  YSHFT*O.C
« 3 0  IFlYMIN) 5 ,  6 .  6
«31 S VSHFT*YMIN4100.0/(YMAX-YMIN)
« 3 2  6 NM 1=N-1
« 3 3  CO 8 1=1 « NMl
« 34  IP1=I+1
« 3 5  00 8 K=IP1 ,  N
« 3 6  IF l A A I K . D - A A I l * ! ) )  7* 8 ,  8
« 3 7  7 DO 88 J = l «  MPI
« 3 8  ATEMPsAAII*J)
« 3 9  AAII .  J) = AA(|C*J)
« 40  AAIK.J)=ATEMP
«41  8 8  CONTINUE
«42  8 CONTINUE

C XM IN«AA( 1 , 1 )
C XMAX«AA(N«1)

«4 3  XMAXsAAIl . l )
« 4 4  XMIN=AAI1 , 1 )
« 4 5  00  400  I=2*K
« 4 6  IF IXMAX-AA11 « 1 ) ) 2 2 1 , 2 2 2 . 2 2 2
« 4 7  221  XMAXaAAII.l)
« 4 8  2 2 2  I F I X M I N - A A I l . l ) ) 2 2 « , 2 2 4 , 2 2 3
« 4 9  82 3  XM1N=AAI 1 , 1 )
« 5 0  2 2 4  CONTINUE
«51 4 0 0  CONTINUE
« 5 2  A8SCAI1)«XMIN
« 5 3  A8SCAI11 )=XMAX
«5 4  ORDINI D-YMIN
« 8 5  OROINIlt)>YMAX >
« 8 6  DO 9 1 = 2 ,  10
« 8 7  2= 1-1
« 8 8  ABSCAIl)sIXMAX-XMIN) « 2 / 1 0 ,04XMIN
« 8 9  9  GRDIN(I)=IVMAX-YN(N)*Z/10.04YM1N
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4 6 0 PRINT 1 0 0 ,  iOROINCJ).  J s l .  11)
461 STEPXsfXMAX-XMIN1 / 1 0 0 . 0
462 K0ELX«1
4 63 KLINE»!
464 LINE»!
4 6 5 CO 29 IN0»1 ,  N
466 IFtNCPtO .EC.  0 )  GO TO 10
4 67 KSTEP=LINE
46 8 CO TO 11
469 10 KSTEP=(AA(INO.l)-XKIN)/STEPX*l . 5
47 0 11 OO 12 J = 2 ,  MPI
471 12 TEMPYIJ) = 1AA(IND,J)-YMIN)*100. /(VMAX-YMIN)-
47 2 13 IF(KLINE-LINE) 1 4 .  1 4 ,  21
47 3 14 CO IS 1=2,  100
474 15 KA>tS(I)=IOASH
47 5 OO 16 1=1,  1 01 ,  10
4 76 16 KAXISd }=ISTAR
47 7 IF(KSTEP-LINE) 1 7 ,  1 7 ,  19
47 8 17 DO 18 1=2.  MPI
4 7 9 K=TEMPY(1)*1.S
480 MM=IVAR(1 - 1 )
481 18 KAXtS(K)=CHARtMM)
482 19 PRINT 1 0 1 ,  A8SCA(K0ELX), IKAXISIJ) ,  J = l ,  101)
463 IF(NCR ID ,EQ,  0 )  GO TO 20
4 84 KL I NE=KL I NE 4N GR10
485 AaSCA{KOELX)sAAtKL!NE,l!
4 86 GO TO 27
4 8 7 20 KLINE=KLINE4I0
4 8 8 K0ELX=K0ELX4l
489 GO TO 27
4 90 21 DO 22  1 * 2 ,  100
491 22 KAXIS(I)*1BLANK
492 DO 23  1* 1 .  1 0 1 ,  10
493 23 KAXISII)*IPER
49 4 IF(KSTEP-LINE) 2 4 ,  2 4 ,  26
4 95 24 DO 25  1=2 ,  MPI
4 9 6 K=TEMPV(I)41,S
4 9 7 XM=IVAR(1-1)
498 25 KAXIS(K)=CHAR(MM)
499 26 PRINT 102 ,  (K A X I S ( J ) ,  J « l ,  101)
50 0 27 LINE=LINE+1
501 IFILINE-102)  2 8 ,  2 8 ,  30
5 0 2 28 IF(KSTEP-LINE) 2 9 ,  13.  13
503 29 CONTINUE
504 30 RE TURN
5 0 5 100 F 0 R M A T ( / / / / , 9 X ,  11( IPEIO',2))
5 06 101 FORMAT!IPEl3 , 2 , 2 X . 1 0 1 A1)
50 7 102 FORMAT!18X,lOlAl)
50 8 END


