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PRODUCTION PERFORMANCE SIMULATION OF 

GAS AND GAS-CONDENSATE RESERVOIRS

CHAPTER I

INTRODUCTION AND PROBLEM FORMULATION

The e a r l i e s t  r e p o r t e d  t r a n s p o r t a t i o n  and use  o f  n a t u 

r a l  gas  was by th e  C h in e s e .  As e a r l y  as 900 A .D . ,  t h e  C h i 

n e s e  t r a n s m i t t e d  n a t u r a l  gas  i n  bamboo p i p e s ,  from c o a l  beds

t o  t h e i r  s a l t  w o r k i n g s ,  where  b r i n e  was e v a p o r a t e d  by  h e a t
2 3from t h e  b u r n i n g  g a s e s .  The C h inese  were  c e n t u r i e s  ahead  

o f  t h e  p e o p le s  i n  t h e  W este rn  h e m isp h e re  i n  t h e  u se  o f  n a t 

u r a l  gas f o r  d o m e s t ic  and i n d u s t r i a l  p u r p o s e s .

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

U.S. was i n  t h e  town o f  F r e d o n i a ,  N .Y . ,  i n  1827. The gas  

was t r a n s p o r t e d  i n  l e a d  p i p e s  f o r  t h e  s h o r t - d i s t a n c e  u s a g e .  

However, i t  was n o t  u n t i l  1947 when t h e  change i n  t h e  c h a r 

a c t e r  o f  t h e  gas  i n d u s t r y  o c c u r r e d .  N a t u r a l  gas was t r a n s 

p o r t e d  from t h e  S ou thw es t  t o  t h e  E a s t  C oas t  t h ro u g h  two c o n 

v e r t e d  l i q u i d  p i p e l i n e s .  S in c e  t h e n  t h e  consum ption  o f  

n a t u r a l  gas has  i n c r e a s e d  r a p i d l y  i n  t h e  U.S. as  i t  h a s  i n  

o t h e r  p a r t s  o f  t h e  w o r ld .  By 1970, t h e  h i g h  p r e s s u r e  gas  

t r a n s m i s s i o n  ne tw o rk  was e x t e n d e d  i n t o  a l l  t h e  low er  48

1
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States; it included 269 ,610  miles of pipe and 4 million
33h o rse p o w e r  o f  c o m p re s s io n .  The c o nsum pt ion  o f  n a t u r a l  

gas  i n c r e a s e d  a t  an a v e r a g e  r a t e  o f  a p p r o x i m a t e l y  6 .5  p e r  

c e n t  p e r  y e a r  and  t h e  p e r c e n t a g e  o f  t h e  N a t i o n ' s  e n e rg y  

consum pt ion  i t  s u p p l i e d  r o s e  from 13 p e r  c e n t  i n  1945 t o  

33 p e r  c e n t  i n  1970.

N a t u r a l  gas p r o d u c e d  from gas  and gas  c o n d e n s a t e  

r e s e r v o i r s  p r o v i d e  a p o r t i o n  o f  t h e  n a t i o n ' s  f u t u r e  e n e r g y .  

T h e r e f o r e ,  t h e  p r e d i c t i o n  o f  t h e  lo n g  t e r m  d e l i v e r a b i l i t y  o f  such  

w e l l s  i s  o f  g r e a t  im p o r t a n c e .  The p r e d i c t i o n  o f  t h e  d e c l i n e  o f  

a v e r a g e  f i e l d  p r e s s u r e  d u r in g  t h e  p r o d u c i n g  l i f e  o f  a f i e l d  and 

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

tem a r e  e s s e n t i a l  i n  o r d e r  t h a t  r e s e r v o i r s  maybe p r o d u c e d  e f f i 

c i e n t l y  and  e c o n o m ic a l l y .  In  t h e  c o m p le t io n  and o p e r a t i o n  o f  a gas 

o r  gas  c o n d e n s a t e  r e s e r v o i r  a g iv e n  d e l i v e r a b i l i t y  must be 

m a i n t a i n e d  w i t h  t r a n s f e r  a t  a c e r t a i n  p r e s s u r e  a t  t h e  s a l e s -  

p o i n t .  The e n g i n e e r  i s  o f t e n  f a c e d  w i t h  t h e  d e c i s i o n  as  how t o  

s e l e c t  and s i z e  t h e  p r o d u c i n g  equ ipm en t  n e c e s s a r y  t o  m a in 

t a i n  d e l i v e r a b i l i t y  as t h e  r e s e r v o i r  p r e s s u r e  d e c l i n e s .  I n  

t h e  c a s e s  where  t h e  w e l l s  have a l r e a d y  been  c o m p le te d ,  i t  may 

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

l a t i o n  o f  c o m p r e s s o r s .  I n  some c a s e s ,  soon a f t e r  c o m p le t io n  

o f  t h e  w e l l ,  i t  may be known t h a t  c o m p re s s io n  w i l l  e v e n t u a l l y  

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

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

i s  n e c e s s a r y  i n  o r d e r  t o  a c q u i r e  t h e  maximum economic  r e t u r n  

from t h e  p r o d u c i n g  p r o p e r t y .
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A gas o r  a gas c o n d e n s a t e  p r o d u c t i o n  sy s te m  i s  u s u 

a l l y  composed o f  f i v e  d i s t i n c t  e l e m e n t s .  The f i v e  e le m e n t s  

o f  t h e  sy s te m  can be c h a r a c t e r i z e d  as  f o l l o w s :

1.  Flow t h r o u g h  t h e  r e s e r v o i r  w i t h  t h e  p r e s s u r e  drop  

from t h e  a v e r a g e  r e s e r v o i r  p r e s s u r e  t o  t h e  b o t to m -  

h o l e  f l o w in g  p r e s s u r e .

2. Flow th r o u g h  t h e  p r o d u c i n g  s t r i n g s  o f  t h e  w e l l s  

w i t h  th e  p r e s s u r e  d rop  from t h e  b o t t o m - h o l e  f l o w 

in g  p r e s s u r e s  t o  t h e  w e l l h e a d  f l o w in g  p r e s s u r e s .

3. Flow t h r o u g h  t h e  s u r f a c e  f a c i l i t i e s  i n c l u d i n g  t h e  

g a t h e r i n g  sy s te m  and  t h e  p r o c e s s i n g ,  c o n t r o l  and m e t e r 

in g  equ ipm en t  w i t h  t h e  p r e s s u r e  drop  from t h e  w e l l h e a d  

f l o w in g  p r e s s u r e s  t o  t h e  c o m p re s so r  s t a t i o n  i n l e t  p r e s s u r e s .

4 . Com press ion  i n  t h e  s t a t i o n  w i t h  t h e  p r e s s u r e  i n 

c r e a s e  from c o m p re s so r  s t a t i o n  i n l e t  p r e s s u r e  t o  

c o m p re s so r  s t a t i o n  d i s c h a r g e  p r e s s u r e .

5. Flow t h r o u g h  t h e  p i p e l i n e  t o  t h e  s a l e s - p o i n t  w i t h  

t h e  p r e s s u r e  drop  from c o m p re s so r  s t a t i o n  d i s c h a r g e  

p r e s s u r e  t o  d e l i v e r y  p r e s s u r e .

In  p r e v i o u s  y e a r s ,  e x t e n s i v e  work h a s  been  done on t h e  f low  

b e h a v i o r  i n  t h e  f i v e  e l e m e n t s  o f  t h e  sy s te m  d i s c u s s e d  ab ove .  

However,  t h e r e  has  been  no m a jo r  s t u d y  on t h e  i n t e g r a t e d  

p e r fo rm a n c e  and d e l i v e r a b i l i t y  o f  such  a p r o d u c t i o n  sy s te m .

The o b j e c t i v e s  o f  t h i s  i n v e s t i g a t i o n  a r e :

1. To d e v e lo p  models  t o  i n v e s t i g a t e  t h e  o v e r a l l  p e r f o r m 

ance  o f  a d r y  gas  and a g a s - c o n d e n s a t e  p r o d u c t i o n  sy s te m .
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2. To i n t e g r a t e  a l l  t h e  components o f  t h e  p r o d u c t i o n  

sys tem  i n t o  a s y s t e m a t i c  d e l i v e r y  model t o  a l l o w  f o r  

th e  o p t im a l  s e l e c t i o n  o f  (a)  p r o d u c i n g  t u b i n g  o r  

c a s i n g  s t r i n g s ,  (b) g a t h e r i n g  s y s te m ,  c o m p re sso r  s t a 

t i o n  c a p a c i t y  and p i p e l i n e ,  (c)  number o f  c o m p le t io n s  

w i t h i n  t h e  r e s e r v o i r  ( s p a c i n g ) .

3. To p r e d i c t  t h e  w e l l  d e l i v e r a b i l i t y ,  t o t a l  f i e l d  d e 

l i v e r a b i l i t y  and  long  t e rm  d e l i v e r a b i l i t y  t o  a f i x e d  

p r e s s u r e  p o i n t .

4. To a n a ly z e  t h e  e f f e c t  o f  t h e  c o n d e n s a t e  on th e  o v e r a l l  

p e r fo rm an c e  o f  t h e  gas w e l l s ,  a f e a t u r e  which  i s  o f  

g r e a t  im p o r ta n c e  i n  th e  d e l i v e r a b i l i t y  o f  t h e  p r o d u c 

t i o n  sy s tem .

5. To a n a ly z e  t h e  i m p o r t a n t  f a c t o r s  i n c l u d e d  such  as 

(a)  t h e  combined b e h a v i o r  o f  t h e  i n d i v i d u a l  e le m e n t s  

and t h e  i n t e r p l a y  be tw een  them, (b) t o  d e te rm in e  t h e  

minimum amount o f  d a t a  r e q u i r e d  t o  model t h e  sys tem  

a d e q u a t e l y .

In  t h i s  t h e s i s ,  schemes f o r  t h e  s o l u t i o n  o f  t h e  above 

a r e  p r e s e n t e d .  These  schemes a r e  i n c o r p o r a t e d  i n t o  a computer  

model which  s o l v e s  t h e  p rob lem  e x t r e m e l y  e f f i c i e n t l y .



CHAPTER I I  

MATHEMATICAL MODEL

In  t h e  p r e v i o u s  c h a p t e r  f i v e  b a s i c  components o f  a 

p r o d u c t i o n  sy s tem  were i n t r o d u c e d .  In  t h i s  c h a p t e r  t h e  

b a s i c  e q u a t i o n s  g o v e rn in g  f low b e h a v i o r  in  t h e  f i v e  b a s i c  

components a r e  p r e s e n t e d .

Pe r fo rm ance  P r e d i c t i o n  f o r  a Dry Gas R e s e r v o i r

B a c k - P r e s s u r e  E q u a t i o n . - For  many y e a r s ,  b a c k 

p r e s s u r e  t e s t s  on t h e  gas w e l l s  have been  u se d  by t h e  o i l  and 

gas i n d u s t r i e s  t o  d e te r m in e  t h e  c a p a c i t y  o r  t h e  o p e n - f lo w  

p o t e n t i a l  o f  a gas w e l l .  The f i r s t  s t e p  to w a rd  c a l c u l a t i n g  

t h e  o p e n - f lo w  p o t e n t i a l  o r  c a p a c i t y  was made i n  t h e  c l a s s i c  

p a p e r  by Rawlins and S c h e l l h a r d t ^ ^  in  1937.  They d e s c r i b e d  and 

e x p l a i n e d  t h e  b a c k - p r e s s u r e  method o f  d e t e r m i n i n g  t h e  c a 

p a c i t y  o f  a gas w e l l  t o  p ro du ce  u n d e r  v a r i o u s  c o n d i t i o n s  o f  

back  p r e s s u r e .  They showed t h a t  a p l o t  o f  v o l u m e - r a t e - o f -  

f low v e r s u s  t h e  d i f f e r e n c e  between t h e  s q u a r e  o f  t h e  s t a t i c  

r e s e r v o i r  p r e s s u r e  and t h e  s q u a r e  o f  t h e  c o r r e s p o n d i n g  f l o w 

ing  b o t to m - h o l e  p r e s s u r e  on l o g - l o g  p a p e r  i s  a s t r a i g h t  l i n e .  

F ig u r e  1 shows t h e  b a c k - p r e s s u r e  c u rv e  which i s  from t h e  

c a l c u l a t e d  v a l u e s  o f  P^^ and P^£. The back  p r e s s u r e  cu rve

5



i s  r e p r e s e n t e d  by an e m p i r i c a l  e q u a t i o n ;  nam e ly ,  

where

q = f low r a t e  i n  M scf /day  

C = p e r fo rm a n c e  c o e f f i c i e n t

= t h e  a v e r a g e  r e s e r v o i r  p r e s s u r e  i n  p s i a  

P^£ = t h e  f l o w in g  b o t tom  h o le  p r e s s u r e  in  p s i a  

n = th e  r e c i p r o c a l  o f  t h e  s l o p e  o f  t h e  b a c k - p r e s s u r e  

c u r v e .

From a t h e o r e t i c a l  s t a n d p o i n t ,  t h i s  e q u a t i o n  can be 

c o n s i d e r e d  as t h e  s t e a d y  s t a t e  r a d i a l  f low e q u a t i o n  i f  n = 1, 

and can be s t a t e d  a s :

1 9 .8 8  T^^kh(p2^ -

For a p a r t i c u l a r  w e l l ,  t h e  t e rm s  k ,  h ,  T^,

P s c ,  (irid I n C r ^ / r ^ )  may be assumed c o n s t a n t  which  y i e l d s :

" '  c c L  -  Pwf)

where

19 .88  Tg^kh 
Z P j c T f U l n l r ^ / r ^ J

T h is  i s  s t r i c t  Darcy f lo w .  In  a d d i t i o n ,  i t  assumes i s o t h e r m a l  s t e a d y  

s t a t e  f low  and r e q u i r e s  an a v e r a g e  c o m p r e s s i b i l i t y  f a c t o r .

For  a p a r t i c u l a r  w e l l  n e i t h e r  o f  t h e s e  a s s u m p t io n s  h o l d s  

a b s o l u t e l y  t r u e  and t h u s  t h e  exp o nen t  n must  be i n t r o d u c e d .



In  t h e  monograph 7, Rawlins  and S c h e l l h a r d t ^ ^  showed t h e  

r e l a t i o n s h i p  be tw een  a b s o l u t e  open f low  and  a b s o l u t e  fo rm a 

t i o n  p r e s s u r e  i n  t h e  sand  f o r  d i f f e r e n t  v a l u e s  o f  "n"  r a n g 

in g  be tw een  n = 0 .1  and n = 20. T h is  i s  c o n s i d e r a b l y  beyond 

t h e  p r a c t i c a l  r an g e  f o r  n which  i s  0 .5  < n < 1. The v a r i a t i o n  o f  

t h e  e x p o n en t  n be tw een  d i f f e r e n t  w e l l s  h a s  n o t  been  s a t i s f a c t o r i l y  

e x p l a i n e d ;  how ever ,  many t e s t s  u n d e r  a c t u a l  f i e l d  c o n d i t i o n s  

and i n  t h e  l a b o r a t o r y  have shown t h e  r e l i a b i l i t y  o f  t h e  back  

p r e s s u r e  e q u a t i o n .  In  low p e r m e a b i l i t y  r e s e r v o i r s  i n  which  

t h e  w e l l s  do n o t  s t a b i l i z e  q u i c k l y ,  i t  i s  o f t e n  n o t  p o s s i 

b l e  t o  measure  d i r e c t l y  t h e  s t a b i l i z e d  p e r f o r m a n c e  w i t h o u t  

w a s t i n g  l a r g e  volumes o f  g a s .  For  many t i g h t  r e s e r v o i r s  

b o t h  econom ics  and c u r r e n t  f o c u s  on gas r e s e r v e s  p r e c l u d e

t e s t s  o f  s u f f i c i e n t  d u r a t i o n  t o  a c h i e v e  s t a b i l i z e d  f low  f o r
32a s e q u en c e  o f  f low  r a t e s .  R i l e y  i n t r o d u c e d  a s t a b i l i z a 

t i o n  f a c t o r  (SF) f o r  low p e r m e a b i l i t y  r e s e r v o i r s , where  b e c a u s e  

o f  a s h o r t  p e r i o d  o f  t e s t i n g , s t a b i l i z a t i o n  c a n n o t  be a c h i e v e d .  

T h is  f a c t o r  a p p l i e d  t o  t h e  s h o r t - t e r m  f low  r a t e  w i l l  g i v e  a 

r e a s o n a b l e  a p p r o x i m a t i o n  o f  t h e  s t a b i l i z e d  f lo w  r a t e  a t  t h e  

b a c k - p r e s s u r e  u se d  i n  t h e  f low  t e s t .

P e r fo rm an ce  P r e d i c t i o n  o f  G as -C o n densa te  R e s e r v o i r

As long  as  t h e  r e s e r v o i r  f l u i d  r e m a in s  i n  s i n g l e  

p h a se  (g as )  as  t h e  r e s e r v o i r  i s  d e p l e t e d ,  t h e  b a c k - p r e s s u r e  

e q u a t i o n  p r e s e n t e d  p r e v i o u s l y  i s  a d e q u a te  f o r  p e r f o r m a n c e  

p r e d i c t i o n  o f  t h e  w e l l .  However,  most  gas  r e s e r v o i r s
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p ro d u c e  some h y d ro c a rb o n  l i q u i d ,  commonly c a l l e d  

c o n d e n s a t e ,  i n  t h e  r a n g e  o f  a few t o  a h u n d re d  o r  more 

b b l s / d a y .  T h i s  t y p e  o f  w e l l  s u f f e r s  more r a p i d  d e c l i n e  i n  

p r o d u c t i v i t y  t h a n  t h a t  p r e d i c t e d  by t h e  t h e o r y  f o r  d ry  gas 

w e l l s  due t o  c o n d e n s a t e  a c c u m u la t io n  w i t h i n  t h e  r e s e r v o i r  

and w i t h i n  t h e  p ro d u c in g  s t r i n g .  Because o f  h i g h  r a t e s  o f  

l i q u i d  p r o d u c t i o n ,  t h e  w e l l  may n o t  be a b l e  t o  p r o d u c e  a g a i n s t  

t h e  r e q u i r e d  p i p e l i n e  p r e s s u r e  which  c o n s e q u e n t l y  n e c e s s i 

t a t e s  c o m p re s s io n .  In  o t h e r  c a s e s ,  t h e  p e r c e n t a g e  o f  l i q u i d  

a t  t h e  bo t to m  h o l e  c o n d i t i o n  i s  s u f f i c i e n t  t h a t  i t  

l o a d s  t h e  w e l l  and c a u s e s  i t  t o  d i e .  F ig u r e  2 shows t h e  p e r 

c e n t a g e  o f  l i q u i d  as a f u n c t i o n  o f  t h e  r e s e r v o i r  p r e s s u r e .

T h is  p l o t  i s  t h e  r e s u l t  o f  t h e  l a b o r a t o r y  a n a l y s i s  on t h e  

f l u i d  sample  o b t a i n e d  a t  t h e  b o t to m - h o l e  o r  t h e  w e l l - h e a d .

Most g a s - c o n d e n s a t e s  i n  f a c t  behave  i n  t h i s  m anner ,  i . e .  

t h e  c o n d e n s a t e  p r o d u c t i o n  i n c r e a s e s  as t h e  r e s e r v o i r  p r e s 

s u r e  d e c r e a s e s .  The c o n d e n s a t e  p r o d u c t i o n  i s  c u r t a i l e d  

a f t e r  a peak  p r o d u c t i o n  i s  r e a c h e d  and t h e  r e s e r v o i r  t h e n  

behav es  as a d ry  gas r e s e r v o i r .

To t a k e  i n t o  a c c o u n t  t h e  above phenomena, t h e  e q u a t i o n
18s u g g e s t e d  by F u s s e l  e t  a l . was u sed  t o  p r e d i c t  t h e  p e r 

formance o f  g a s - c o n d e n s a t e  r e s e r v o i r s .  T h is  e q u a t i o n  can 

be w r i t t e n  i n  t h e  f o l l o w i n g  form:

q = C ( 4  - 4 ’” ( 2 . 4 )
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where V = volume p e r c e n t  o f  HCPV o c c u p ie d  by t h e  gas o r  con

d e n s a t e  p h a s e .  F ig u r e  2 i s  a p l o t  o f  v s .  p r e s s u r e .

Flow i n  W ells

S i n g l e  Phase  (Gas) Flow i n  W e l l s . - A knowledge o f  

t h e  b o t to m - h o l e  f l o w in g  p r e s s u r e  o f  a gas  r e s e r v o i r  i s  o f  

pr im e  im p o r ta n c e  i n  p r e d i c t i n g  t h e  r e s e r v e s  and d e l i v e r a b i l i t y  

o f  t h e  gas  i n  t h e  r e s e r v o i r .  For  t h i s  p u r p o s e ,  f lo w in g  sand-  

f a c e  p r e s s u r e  may be m easu red  w i t h  a b o t t o m - h o l e  p r e s s u r e  

gauge o r  computed from t h e  w e l l - h e a d  p r e s s u r e .  The p r e s 

s u r e  drop in  t h e  p r o d u c t i o n  s t r i n g  d u r in g  gas f low  i s  com

p o se d  o f  two components :

1. The p r e s s u r e  d rop  a c r o s s  a s t a t i c  column o f  gas w i th  

t h e  same a v e r a g e  d e n s i t y  as t h e  f lo w in g  gas column.

2. F r i c t i o n  l o s s  c a u se d  by f l o w in g  gas t h r o u g h  t h e

p i p e .

D i f f e r e n t  methods f o r  c a l c u l a t i n g  and combining  t h e  v a lu e s
13 23  27  33f o r  t h e  two components have  been  s u g g e s t e d .  * * ' The

e q u a t i o n s  commonly u se d  i n  p r a c t i c e  f o r  c a l c u l a t i n g  t h e  f low 

o f  gas i n  a gas w e l l  a r e  b a s e d  on th e  f o l l o w i n g  a s su m p t io n :

A. The k i n e t i c  e n e r g y  change i s  n e g l i g i b l e .

B. The f low  i s  i s o t h e r m a l .

C. T here  i s  no work done by t h e  gas i n  f lo w .

The most r e a l i s t i c  e q u a t i o n  which  has r e c e i v e d  t h e  most w id e 

s p r e a d  use  f o r  c a l c u l a t i n g  t h e  p r e s s u r e  drop  i n  t h e  f lo w in g
35gas w e l l  i s  t h a t  o f  S m i th .  Smith  gave t h e  e q u a t i o n  f o r
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c a l c u l a t i n g  p r e s s u r e  i n  a  d r y  gas w e l l  ( n e g l e c t i n g  k i n e t i c  

e n e rg y  c h an g e ,  and assuming t h a t  t e m p e r a t u r e  and  c o m p r e s s i 

b i l i t y  a r e  c o n s t a n t  a t  t h e i r  a v e ra g e  v a lu e )  a s :

q =

St.2
C fd-cp ; £  -

 ̂ Ce® - 1)Javg avg 

R e a r r a n g in g  would y i e l d :

0 .5

wf
- 1)

c^d e ‘

1/2
s / 2

(2 .5 )

( 2 . 6 )

0 .0375  GDs = Y Z------
avg avg

M u l t ip h a s e  Flow (Gas and C o ndensa te  i n  W e l l s . - In  

t h e  p e t r o l e u m  i n d u s t r y  t h e  p r o d u c t i o n  o f  g a s - c o n d e n s a t e  th r o u g h  

w e l l s  i n v o l v e s  t h e  f low  o f  mixed f l u i d  p h a s e s .  In  t h i s  c a s e ,  

n a t u r a l  gas w i th  l i g h t  l i q u i d  h y d ro c a rb o n s  a r e  p ro d u c e d  

s i m u l t a n e o u s l y  and t h e  f low  m ix t u r e  i s  tw o - p h a s e .  S e v e r a l  

m e t h o d s ^ ' ^ ' * ' ^ * ^ ^ ' ^ ^ * ^ ^ * ^ ^ * ^ ^  have been  d e v e lo p e d  t o  compute 

and p r e d i c t  t h e  f low p a t t e r n s ,  l i q u i d  h o l d - u p  and p r e s s u r e  

l o s s e s  o c c u r r i n g  d u r in g  tw o -p h ase  f low  t h r o u g h  v e r t i c a l  

p i p e .  These  p r e s s u r e - l o s s  p r e d i c t i o n  methods a r e  made up 

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

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

The g e n e r a l  p r e s s u r e  g r a d i e n t  e q u a t i o n  " f o r  a  v e r 

t i c a l  f low  can  be w r i t t e n  a s :



dP
ÏÏI '  ® e l e v  '  ® f r i c

dP
HZ-

11

( 2 .7 )
a c c

where :

[■^1 = p r e s s u r e  drop  cau se d  by  e l e v a t i o n  c h a n g e ,
\G 6 Je lev

[■^1 = p r e s s u r e  d rop  c a u se d  by f r i c t i o n ,

= p r e s s u r e  drop  c a u se d  by a c c e l e r a t i o n .

The (d P /dZ )g^gy  depends on t h e  d e n s i t y  o f  t h e  two- 

pha se  m ix t u r e  and i s  u s u a l l y  c a l c u l a t e d  by a l i q u i d  h o ld u p  

v a l u e .  The (d P /d Z )^ ^ ^ ^  i s  due t o  t h e  f r i c t i o n  l o s s e s  and 

a two phase  f r i c t i o n  f a c t o r  must  be e v a l u a t e d .  The (dP /d Z )^^ ^  

depends on t h e  f low  v e l o c i t y  and i s  c o n s i d e r e d  n e g l i g i b l e  

e x c e p t  i n  t h e  c a s e s  o f  h i g h  f low  v e l o c i t y .  E x cep t  f o r  t h e  

l a t t e r  c a s e ,  most  o f  t h e  p r e s s u r e  d rop  i s  a t t r i b u t e d  t o  

e l e v a t i o n .  These  components  can be e v a l u a t e d  by many d i f 

f e r e n t  t y p e s  o f  c o r r e l a t i o n s .  Beggs and B r i l l ^  c l a s s i f i e d  

t h e  c o r r e l a t i o n s  a c c o r d i n g  t o  t h e i r  c o m p le x i ty  and t h e  me

th o d s  u se d  t o  e v a l u a t e  e ac h  o f  t h e  components  as  f o l l o w s ;

1. No S l i p ,  No Flow r e g i m e : l i q u i d  h o ld u p  i s  

n o t  c o n s i d e r e d  i n  t h e  c o m p u ta t io n  o f  t h e  d e n s i t y .

The l i q u i d  h o ld u p  and t h e  f r i c t i o n  l o s s e s  a r e  com

p u t e d  e m p i r i c a l l y .  No d i s t i n c t i o n s  a r e  made among 

f low  r e g im e s .
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222. S l i p  c o n s i d e r e d .  No Flow r e g im e :  l i q u i d  ho ldu p  

i s  c o n s i d e r e d  i n  t h e  c o m p u ta t io n  o f  t h e  d e n s i t y .

The f r i c t i o n  l o s s e s  a r e  b a s e d  on t h e  co m p o s i te  p r o p 

e r t i e s  o f  t h e  l i q u i d  and g a s .  No d i s t i n c t i o n s  a r e  

made among f low  r e g im e s .
1 4 9 15 293. S l i p  c o n s i d e r e d ,  Flow reg im e  c o n s i d e r e d :  * * * *

The c a l c u l a t e d  d e n s i t y  te rm  c o n s i d e r s  l i q u i d  h o ld u p .  

L i q u i d  h o ld u p  i s  d e te r m in e d  from t h e  d i f f e r e n c e  b e 

tween gas and  l i q u i d  v e l o c i t i e s  ( s l i p  v e l o c i t y ) .

The f r i c t i o n  l o s s e s  a r e  d e t e r m i n e d  from t h e  f l u i d

p r o p e r t i e s  o f  t h e  c o n t i n u o u s  p h a s e .  D i s t i n c t  f low

reg im es  a r e  c o n s i d e r e d .
29O r k i s z e w s k i  p r e s e n t e d  a  m ethod  i n  w hich  t h e  two- 

p h a se  p r e s s u r e  d ro p s  can be a c c u r a t e l y  p r e d i c t e d  o v e r  a wide 

r an g e  o f  w e l l  c o n d i t i o n s  and  i t  c o n s i d e r e d  t h e  s l i p  and t h e  

f low  reg im e .  O r k i s z e w s k i ' s work i s  a c o m p o s i te  o f  s e v e r a l  

methods t a b u l a t e d  be low :

METHOD FLOW REGIME

G r i f f i t h ^ G  Bubble

G r i f f i t h  and W a l l i s  S lug  ( d e n s i t y  te rm )
29O r k i s z e w s k i  S lug  ( f r i c t i o n  g r a d i e n t  term)

Duns and Ros^^ T r a n s i t i o n

Duns and Ros^^ M is t

F ig u r e  3 shows t h e  f low  re g im e s  o f  tw o -p h a s e  f low
29c o n s i d e r e d  by O r k i s z e w s k i  and  can be  b r i e f l y  d e s c r i b e d  

as  f o l l o w s  :
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1. Bubble  Flow ( F i g .  3-A)

In  t h i s  reg ime t h e  p i p e  i s  a lm o s t  c o m p l e t e ly  f i l l e d  

w i t h  t h e  l i q u i d  p h ase  and t h e  f r e e  gas  p h a se  i s  

s m a l l .  Free  gas  i s  p r e s e n t  a s  s m a l l  b u b b le s  and t h e  

l i q u i d  i s  t h e  c o n t i n u o u s  p h a s e .

2. S lug  Flow ( F i g .  3-B)

In  t h i s  f low p a t t e r n  more gas  b u b b l e s  c o a l e s c e  t o  

form l a r g e r ,  b u l l e t  sh a p e d  b u b b l e s .  These  b u b b le s  

a r e  s e p a r a t e d  by a s l u g  o f  l i q u i d  and a r e  su r r o u n d e d  

by a t h i n  l i q u i d  f i l m .

3. T r a n s i t i o n  Flow ( F i g .  3-C)

In t h i s  reg ime t h e  change from a c o n t i n u o u s  l i q u i d  

p h a se  t o  a c o n t in u o u s  gas p h a se  o c c u r s .  A l though  

t h e  l i q u i d  e f f e c t s  a r e  s i g n i f i c a n t ,  t h e  gas  p h ase  

e f f e c t s  a r e  p r e d o m in a n t .

4.  M is t  Flow ( F i g .  3-D)

In  t h i s  reg im e  t h e  l i q u i d  d r o p l e t s  a r e  c a r r i e d  in  

t h e  c o n t i n u o u s  gas p h a s e .  The p i p e  w a l l  i s  c o a t e d  

w i t h  a l i q u i d  f i l m  and t h e  gas  p h a se  p r e d o m i n a n t l y  

c o n t r o l s  t h e  p r e s s u r e  g r a d i e n t .

In  two ph ase  f lo w ,  b o t h  t h e  f r i c t i o n  l o s s  g r a d i e n t  

and t h e  f l u i d  d e n s i t y  a r e  i n f l u e n c e d  by  t h e  f low  regime 

t y p e ,  and  a l l  t h r e e  t e rm s  ( e q u a t i o n  2 .7 )  a r e  a f u n c t i o n  o f  

t e m p e r a t u r e  an d  p r e s s u r e .  T h e r e f o r e ,  t o  u s e  e q u a t i o n  2 .7  

t h e  f o l l o w i n g  p r o c e d u r e  must  be f o l l o w e d :
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1. In c re m en t  t h e  f low  s t r i n g  so  t h a t  th e  f l u i d  p r o p e r 

t i e s  do n o t  m ark e d ly  change w i t h i n  any o f  t h e  i n 

c re m en ts  .

2.  For  each  i n c r e m e n t ,  d e te r m in e  t h e  f low  regime and 

compute t h e  f r i c t i o n  l o s s  and a v e ra g e  f l u i d  d e n s i t y .

3. Each in c r e m e n t  must  be e v a l u a t e d  by u s i n g  an i t e r a 

t i v e  method.

E q u a t io n  2 .7  can be w r i t t e n  i n  t h e  f o l l o w in g  form:

AP =
144 1 - W^qg/4637 P

àZy. ( 2 .8 )

D e t e r m in a t io n  o f  Flow Regime 

20G r i f f i t h  and W a l l i s  d e f i n e d  t h e  boun da ry  b e tw een  

b u b b le  and s l u g  f low and Duns and  Ros^^ d e f i n e d  t h e  b o u n d 

a r i e s  f o r  t h e  s l u g ,  t r a n s i t i o n  and t h e  m i s t  f lo w .  The f low  

reg im es  a r e  d e t e r m i n e d  by  t e s t i n g  w h e th e r  t h e  v a r i a b l e  

qg/qrj- o r  Vg o r  b o t h  f a l l  w i t h i n  t h e  l i m i t s  t a b u l a t e d  b e lo w :

L im i t s  Flow Regime
q g /q ?  < (L)g  Bubble
q g /q ?  > CL)g, Vg < (L)g S lug
(L)m  > Vg > (L)g T r a n s i t i o n
Vg > (L )^  M is t



where
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Vg = qgC V ^77F)/A j, ( 2 . 9 )

( L ) j  = 1 .071  - (0 .2 2 1 8  v J / D ^ ) ,  w i t h  l i m i t
( 2 . 10)

( L ) j  > 0 .1 3

( W ;  = 50 + 36 V ^ q j /q ^  (2 .1 1 )

(L )„  = 7 5 + 8 4  (V g q j /qg )  (2 .1 2 )

Vg = d i m e n s i o n l e s s  gas v e l o c i t y

G a t h e r i n g  System

Flow o f  gas  th r o u g h  gas  g a t h e r i n g  s y s t e m . - The d e 

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

has  b een  e x t e n s i v e l y  s t u d i e d  and a  number o f  e q u a t i o n s  have 

been  u s e d  t o  p r e d i c t  t h e  p r e s s u r e  d rop  i n  t h e  gas g a t h e r i n g
s y s t e m . 36

38The Weymouth f o rm u la  i s  most  commonly u se d  f o r  

t h i s  p u rp o se  w i t h i n  t h e  o i l  and  gas i n d u s t r y  and h as  been  

found  t o  be  a d e q u a te .  The Weymouth f o r m u la ,  i n  i t s  most 

common form, may be e x p r e s s e d  as  :

0 .5p2 - p2

(STTZa a
(2 .1 3 )

Flow o f  tw o -p h ase  i n  t h e  g a t h e r i n g  s y s t e m . - Two- 

pha se  f low  has  been  o f  c o n s i d e r a b l e  i n t e r e s t  i n  t h e  p e t r o l e u m  

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

t h e  p r e s s u r e  l o s s e s  t h a t  o c c u r  i n  t h e  g a t h e r i n g  sy s te m .
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G a s - l i q u i d  m ix t u r e s  have been  t r a n s p o r t e d  o v e r  r e l a t i v e l y  long  

d i s t a n c e s  in  a common l i n e  due t o  c e n t r a l i z e d  g a t h e r i n g  s y s te m s ,  

p a r t i c u l a r l y  i n  o f f s h o r e  o p e r a t i o n s .  Large  p r e s s u r e  d rops  o c cu r  

i n  lon g  tw o -ph ase  f low l i n e s .  P r e s s u r e  l o s s e s  in  tw o -ph ase  g a s -  

l i q u i d  f low v a ry  c o n s i d e r a b l y  from t h o s e  e n c o u n t e r e d  i n  s i n g l e 

p hase  f lo w ;  i n m o s t  c a s e s ,  an i n t e r f a c e  e x i s t s  and t h e  gas s l i p s  

p a s t  t h e  l i q u i d .  S e v e r a l  p u b l i s h e d  methods e x i s t  f o r  p r e d i c t i o n  

o f  p r e s s u r e  drop  i n  tw o -p hase  f low  th r o u g h  h o r i z o n t a l  

p i p e . ^ ’ ^^*^^*^^*^^ Many o f  t h e  c o r r e l a t i o n s  use  a 

ho ldup  v a lu e  in  c a l c u l a t i n g  t h e  d e n s i t y  t e rm  u se d  i n  t h e  

f r i c t i o n  and a c c e l e r a t i o n  p r e s s u r e  drop  components .

Eaton^^  d e v e lo p e d  c o r r e l a t i o n s  f o r  l i q u i d  

ho ldup  and t h e  tw o -ph ase  f r i c t i o n  f a c t o r .  E q u a t io n  2 .7  can 

be w r i t t e n  f o r  m u l t i p h a s e  h o r i z o n t a l  f low  in  t h e  f o l l o w i n g  

form:

dP _ fdP l fdP '
3T - m

+
f [3l J ( 2 .1 4 )

acc

where E a t o n ' f r i c t i o n  f a c t o r  i s :

HE
U  J llX Jv  ^  J I IX A  r  O 1

and Eaton*s^G a c c e l e r a t i o n  t e rm  i s :

W , . + W___Av2

(S1..C ■
Note t h a t  i n  e q u a t i o n  2 .1 4  t h e  te rm  f o r  p o t e n t i a l  e n e rg y  

o r  e l e v a t i o n  change i s  z e r o .
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Compression

C om press ion  i s  an i m p o r t a n t  e le m e n t  o f  t h e  p r o d u c 

t i o n  sy s te m ,  and t h e  s t a t i o n  i n l e t  p r e s s u r e  a t  a  g iv e n  

d e l i v e r a b i l i t y  d e t e r m i n e s  t h e  r e m a in in g  p a r a m e t e r s  f o r  t h e  

r e s e r v o i r  and t h e  p r o d u c t i o n  sy s te m .  The s u c t i o n  p r e s s u r e  

o f  t h e  c o m p re s so r  r e f l e c t s  b a c k  t o  t h e  p r o d u c i n g  s t r i n g  

p r e s s u r e  a t  t h e  w e l l h e a d .  The p r o d u c i n g  s t r i n g  p r e s s u r e  

i n f l u e n c e s  t h e  back  p r e s s u r e  on t h e  s a n d f a c e  w hich  d i r e c t l y  

i n f l u e n c e s  f e e d - i n  r a t e .

The e n g i n e e r  i n  t h e  f i e l d  i s  f r e q u e n t l y  r e q u i r e d  t o  

d e te rm in e  t h e  a p p ro x im a te  h o rse p o w e r  r e q u i r e d  t o  h a n d le  a 

c e r t a i n  volume o f  gas  a t  some i n t a k e  c o n d i t i o n s  t o  a  g iv e n  

d i s c h a r g e  p r e s s u r e .  T h e r e f o r e ,  t h e  s e l e c t i o n  o f  p r o p e r  com

p r e s s o r  s i z e  i s  o f  g r e a t  i m p o r t a n c e .  Many c o m p re s s io n  r e 

q u i r e m e n t s  i n v o l v e  c o n d i t i o n s  beyond  t h e  p r a c t i c a l  c a p a b i l i t y  

o f  a s i n g l e  c o m p re s s io n  s t a g e .  Too g r e a t  a  c o m p re s s io n  

r a t i o  ( a b s o l u t e  d i s c h a r g e  p r e s s u r e  d i v i d e d  by  a b s o l u t e  s u c 

t i o n  p r e s s u r e )  c a u s e s  e x c e s s i v e  d i s c h a r g e  t e m p e r a t u r e  and 

o t h e r  d e s i g n  p r o b le m s .  I t ,  t h e r e f o r e ,  may become n e c e s s a r y  

t o  combine e l e m e n t s  o r  g rou p s  o f  e l e m e n t s  i n  s e r i e s  t o  form 

a m u l t i s t a g e  u n i t ,  i n  w hich  t h e r e  w i l l  be two o r  more s t a g e s  

o f  c o m p r e s s io n .  The gas  i s  f r e q u e n t l y  c o o le d  be tw een  s t a g e s  

t o  r e d u c e  t h e  t e m p e r a t u r e  and volume e n t e r i n g  t h e  f o l l o w i n g  

s t a g e .  Each s t a g e  i n v o l v e s  an i n d i v i d u a l  c o m p r e s s io n .  I t  

i s  s i z e d  t o  o p e r a t e  i n  s e r i e s  w i th  one o r  more a d d i t i o n a l  

c o m pre sso r s  and even  th o u g h  t h e y  may a l l  o p e r a t e  from one 

power s o u r c e ,  e a c h  i s  s t i l l  s e p a r a t e .
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The b e h a v i o r  o f  t h e  c o m p re s so r  s t a t i o n  can  be r e p r e 

s e n t e d  by two m ethods:  I s o t h e r m a l  Com press ion  and A d i a b a t i c

( I s e n t r o p i c )  C om press ion .  I s o t h e r m a l  c o m p re s s io n  o c c u r s  

when t h e  t e m p e r a t u r e  i s  k e p t  c o n s t a n t  as  t h e  p r e s s u r e  i n 

c r e a s e s .  T h i s  r e q u i r e s  c o n t in u o u s  rem ov a l  o f  t h e  h e a t  o f  

c o m p r e s s io n .  A d i a b a t i c  ( i s e n t r o p i c )  c o m p re s s io n  i s  o b t a i n e d  

when t h e r e  i s  no h e a t  added t o  o r  removed from t h e  gas d u r i n g  

c o m p re s s io n .  A d i a b a t i c  c o m p re ss io n  c a l c u l a t i o n s  g iv e  t h e  

maximum t h e o r e t i c a l  work o r  h o r se p o w e r  n e c e s s a r y  t o  o p e r a t e  

t h e  c o m p re s so r  be tw een  any two p r e s s u r e  l i m i t s ,  w hereas  i s o t h e r m a l  

c o m p re s s io n  c a l c u l a t i o n s  g iv e  t h e  minimum t h e o r e t i c a l  work 

o r  h o r se p o w e r  n e c e s s a r y  t o  compress  a  g a s .

In  t h i s  s t u d y ,  t h e  e q u a t i o n  o f  a d i a b a t i c  t h e o r e t i c a l
23h o r se p o w e r  g i v e n  by  Katz  e t  a l . was u s e d .  T h i s  e q u a t i o n ,  

which  i s  t o  f i n d  t h e  a d i a b a t i c  t h e o r e t i c a l  h o r se p o w e r  t o  

com press  1 mmcf/day a t  60®F. an d  14 .65  p s i a ,  i s  w r i t t e n  as  

f o l l o w s :

where  :

ATHP = 0 .08531  r  'i T , „ ^ [ r  I j  ( 2 .1 7 )

^ d i s ^ ^ s u c
= d i s c h a r g e  p r e s s u r e  o f  g a s ,  p s i a  

^ s u c  “ s u c t i o n  p r e s s u r e  o f  g a s ,  p s i a  

k = Cp/Cy » i d e a l - g a s  s p e c i f i c - h e a t  r a t i o

The t o t a l  b r a k e  h o rse p o w e r  (BHP) r e q u i r e d  i s  g iv e n  by



BHP -  ( ^ ' n  (Hill 
^ s c [ l 4 . 6 S
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( 2 .1 8 )

where

E = o v e r a l l  e f f i c i e n c y

Flow o f  Gas Through P i p e l i n e

O
The P a n h a n d le  A F o rm u la . - As p r e v i o u s l y  d i s c u s s e d  

i n  t h e  gas  g a t h e r i n g  s e c t i o n  o f  t h i s  c h a p t e r ,  t h e  Weymouth 

fo r m u la  i s  s u i t a b l e  f o r  u s e  i n  t h e  d e s i g n  o f  g a t h e r i n g  sys  

tern and s h o r t  p i p e l i n e s .  Fo r  l a r g e r  d i a m e t e r  lo n g  l i n e s  

d e s i g n e d  f o r  t r a n s m i s s i o n  and gas d e l i v e r y ,  t h e  p a n h a n d le  i s  

u s e d .  The fo r m u la  can be w r i t t e n  i n  t h e  f o l l o w i n g  form:

38

Q = 43 5 .87  E
1 .0788

- i ]
0 .5394

i
Tfl-Za . G

0.4606 ,2.6182

( 2 .1 9 )

where E = e f f i c i e n c y  f a c t o r .



CHAPTER I I I

TOTAL FIELD DELIVERABILITY

The t o t a l  f i e l d  o r  r e s e r v o i r  b a c k - p r e s s u r e  e q u a t i o n  

can be o b t a i n e d  by m e re ly  summing t h e  p e r fo rm a n c e  c o e f f i 

c i e n t  (C) f o r  a l l  t h e  w e l l s  i n  t h e  r e s e r v o i r .  T h is  can be 

shown as  f o l l o w s :

R e s e r v o i r  D e l i v e r a b i l i t y  = q „ s e r v o i r  “ = l  '  ‘’w P ”

where

Cj = p e r fo rm an c e  c o e f f i c i e n t  o f  w e l l  j

N , = number o f  w e l l s  w

The above e q u a t i o n  can be w r i t t e n  on an a v e ra g e  p e r  w e l l  

b a s i s ,  which i s :

(qsc)avg “ '^avgf^L ' "wf)"

Note t h a t  t h e  v a lu e  o f  " n " ,  t h e  exp o n en t  o f  t h e  b a c k - p r e s s u r e  

e q u a t i o n ,  i s  assumed t h e  same f o r  a l l  w e l l s .  In  most  c a s e s  

t h i s  i s  a  v e r y  r e a s o n a b l e  a s su m p t io n  and t h e  v a l u e  o f  "n "  

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

many i n d i v i d u a l  r e s e r v o i r s .  I n  f a c t ,  i t  i s  o f t e n  a d e q u a te  

f o r  f i e l d  c a l c u l a t i o n s  t o  c o n s i d e r  "n "  t o  be  c o n s t a n t  on a 

r e g i o n a l  b a s i s .

20



CHAPTER IV

PREDICTION OF RESERVOIR PERFORMANCE

In  o r d e r  t o  f o r e c a s t  t h e  d e l i v e r a b i l i t y  o f  a gas and 

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

must be c o u p le d  w i t h  a m a t e r i a l  b a l a n c e  e q u a t i o n  f o r  t h e  r e s 

e r v o i r .  The f o l l o w in g  e q u a t i o n s  a r e  o b t a i n e d  on t h e  b a s i s
12o f  a m a t e r i a l  b a l a n c e  t e c h n i q u e  f o r  r e s e r v o i r s  i n  which  

t h e r e  i s  no w a t e r  i n f l u x  o r  w a t e r  p r o d u c t i o n .

Gas i n i t i a l l y  i n  r e s e r v o i r  = gas p ro d u c e d

+ gas r e m a in in g

t h u s ,

G = Gp + (G - Gp) ( 3 .1 )

I f  PV = 379 GZRT, t h e n

P i Vf PV^
3 7 9  2^RT Gp + 3 7 9  z R t ( 3 .2 )

and

P
I

379 RT „ ( 3 . 3 )

S o l v i n g  f o r  Gp would  y i e l d

G -  '"i ‘’i P
I

( 3 . 4 )

21
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o r

G_ =
Z. Pi ( 3 . 5 )

Then

o r

Gp = G
f p . / z .  -  P / z 1

( 3 . 6 )

TT7T:1' 1
( 3 . 7 )

E q u a t io n  3 .7  i s  u se d  t o  c a l c u l a t e  t h e  c u m u la t iv e  gas 

p r o d u c t i o n  d u r i n g  any p e r i o d  o f  p r o d u c t i o n .  E q u a t io n  3 .7  can 

a l s o  be w r i t t e n  i n  t e rm s  o f  t h e  r e c o v e r y  f a c t o r  (R F ) :

G = G X RF 
P

where t h e  r e c o v e r y  f a c t o r  i s  d e f i n e d  as  f o l l o w s :

RF
P^ /Z .  - P/Z 
- 7 7 7 7 — ( 3 . 8 )

At abandonment c o n d i t i o n s  t h e  r e c o v e r y  f a c t o r  i s  g iv e n  as 

f o l lo w s  :

RF =̂ P i / Z i  ■

 T J T ,---------
1 '  1

Pg/Z^ c o r r e s p o n d s  t o  t h e  minimum r a t e  a t  which  gas  

p r o d u c t i o n  w i l l  no l o n g e r  be e c o n o m ic a l  (abandonment r a t e ) .

D e c l in e  r a t e  p r o d u c t i o n . * In  t h e  p r e d i c t i o n  o f  t h e  

long  t e rm  r e s e r v o i r  d e l i v e r a b i l i t y ,  we must e s t i m a t e  t h e  s t a r t
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o f  d e c l i n e  i n  t h e  p r o d u c t i o n  r a t e .  T h i s  can be s im p ly  com

p u t e d  by t h e  f o l l o w i n g  r e l a t i o n :

Time t o  d e c l i n e  -

The i m p o r t a n t  p o i n t  i s  t h a t  t h e  t im e  t o  d e c l i n e  r e s u l t s  from 

t h e  j o i n t  s o l u t i o n  o f  t h e  m a t e r i a l  b a l a n c e  e q u a t i o n  f o r  t h e  

r e s e r v o i r  and t h e  o v e r a l l  sy s te m  f lo w  e q u a t i o n s .



CHAPTER V

SOLUTION TECHNIQUES

A c o n s t a n t  volume gas  e x p a n s i o n  t y p e  o f  r e s e r v o i r  

i s  c o n s i d e r e d .  T h ere  i s  no w a t e r  p r o d u c t i o n  n o r  w a t e r  e n 

c ro a c h m e n t .  The o b j e c t i v e s  o f  t h i s  s t u d y  a r e  t o  d e t e r m i n e ;

I .  The maximum d e l i v e r a b i l i t y  o f  a  p r o d u c t i o n  sy s te m

I I .  Based  on t h e  p r e d i c t e d  d e l i v e r a b i l i t y  o f  t h e  
sy s te m :

1.  t h e  l i f e  o f  t h e  w e l l
2. t h e  c u m u la t iv e  gas  p r o d u c t i o n  as  a f u n c t i o n  o f  t i m e .
3. t h e  a v e r a g e  r e s e r v o i r  p r e s s u r e  as  a  f u n c t i o n  o f  t im e .
4 .  t h e  a v e r a g e  d e l i v e r y  r a t e  a s  a  f u n c t i o n  o f  t im e

I I I .  The e f f e c t  on t h e  above w i t h  t h e  change o f  t h e
f o l l o w i n g  p a r a m e t e r s :

1. s i z e  o f  t h e  p r o d u c i n g  s t r i n g
2.  s i z e  o f  t h e  c o m p re s so r
3. number o f  t h e  w e l l s
4 .  f lo w  r a t e

IV. R epea t  t h e  above p r o c e d u r e  f o r  a g a s - c o n d e n s a t e  
s y s te m .

V. Compare t h e  r e s u l t s  o f  t h e  p r o d u c t i o n  p e r fo rm a n c e
f o r  t h e  d ry  gas  r e s e r v o i r  w i t h  t h e  p r o d u c t i o n
p e r fo rm a n c e  o f  t h e  g a s - c o n d e n s a t e  r e s e r v o i r .

The e q u a t i o n s  u s e d  t o  d e s c r i b e  t h e  b e h a v i o r  o f  t h e  

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

gas  and  t h e  g a s - c o n d e n s a t e  p r o d u c t i o n  sy s te m  were t h e  f o l 

lo w in g  :

2 4
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I .  R e s e r v o i r

1. Dry Gas: b a c k - p r e s s u r e  e q u a t i o n

2. G as-C on d en sa te ;  F u s s e 1 e t  a l .  e q u a t i o n

I I .  P r o d u c t i o n  S t r i n g

1. Dry Gas: Smith e q u a t i o n

2. G as-C ondensa te  : O rk i s z e w sk i  c o r r e l a t i o n

I I I .  G a th e r in g  System

1. Dry Gas: Weymouth e q u a t i o n

2. G a s -C o n den sa te :  E a to n  c o r r e l a t i o n

IV. Com presso rs :  A d i a b a t i c  com p re ss io n  e q u a t i o n

V. P i p e l i n e :  Panh an d le  A fo rm u la

The c a l c u l a t i o n  o f  t h e  maximum d e l i v e r a b i l i t y  f o r  

a  p r o d u c t i o n  sys tem  i n v o l v e s  a t r i a l  and e r r o r  s o l u t i o n .  A 

f low  r a t e , Q ,  i s  assumed and t h e  f l o w in g  b o t to m - h o l e  p r e s s u r e  

w i l l  be c a l c u l a t e d  i n  two ways:  (1) from t h e  p i p e l i n e  s i d e ,

and (2) from t h e  r e s e r v o i r  s i d e .  The c a l c u l a t i o n  o f  t h e  

b o t to m - h o l e  p r e s s u r e  from t h e  l i n e  s i d e  i s  as  f o l lo w s  :

1. With  t h e  assumed v a lu e  o f  Q, and t h e  d e s i g n a t e d  d e 

l i v e r y  p r e s s u r e ,  use  t h e  p a n h an d le  f o r m u la  t o  com

p u t e  t h e  i n l e t  p r e s s u r e  o f  t h e  p i p e l i n e  ( t h i s  i n l e t  

p r e s s u r e  c a l c u l a t e d  i s  t h e  P^^g o f  t h e  c o m p r e s s o r ) .

2.  With th e  d i s c h a r g e  p r e s s u r e  computed i n  s t e p  1 ,  use  

t h e  a d i a b a t i c  co m p re ss io n  e q u a t i o n  t o  e v a l u a t e  t h e  

s u c t i o n  p r e s s u r e  a t  t h e  c o m presso r  ( t h i s  c a l c u l a t e d  

Psuc  i s  t h e  o u t l e t  p r e s s u r e  o f  t h e  g a t h e r i n g  s y s t e m ) ,
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3. With t h e  g a t h e r i n g  sy s te m  o u t l e t  p r e s s u r e  computed 

i n  s t e p  2 ,  u se  t h e  Weymouth e q u a t i o n  (E a ton  c o r r e 

l a t i o n  f o r  g a s - c o n d e n s a t e  sys tem s)  t o  c a l c u l a t e  t h e  

i n l e t  p r e s s u r e  o f  t h e  g a t h e r i n g  sy s tem  ( t h e  i n l e t  

p r e s s u r e  c a l c u l a t e d  i s  t h e  w e l l h e a d  f lo w in g  p r e s 

s u r e )  .

4. With t h e  w e l l h e a d  f l o w in g  p r e s s u r e  computed i n  s t e p  

3 ,  u se  t h e  Smith  e q u a t i o n  (O rk i sz e w sk i  c o r r e l a t i o n  

f o r  g a s - c o n d e n s a t e  sy s te m s )  t o  c a l c u l a t e  t h e  b o t to m -  

h o l e  f lo w in g  p r e s s u r e .

The c a l c u l a t i o n  o f  t h e  b o t to m - h o l e  p r e s s u r e  from t h e  

r e s e r v o i r  s i d e  i s  as f o l l o w s :

With t h e  assumed v a lu e  o f  Q c o u p le d  w i t h  o t h e r  r e s e r 

v o i r  p r o p e r t i e s ,  u se  t h e  b a c k - p r e s s u r e  e q u a t i o n  

( F u s s e l  e t  a l . e q u a t i o n  f o r  g a s - c o n d e n s a t e  sy s tem s)  

t o  c a l c u l a t e  t h e  b o t to m - h o l e  f l o w in g  p r e s s u r e .

I f  t h e  computed p r e s s u r e  from t h e  l i n e  s i d e  i s  g r e a t e r  

t h a n  t h e  computed p r e s s u r e  from t h e  r e s e r v o i r  s i d e ,  t h e  v a lu e  

o f  Q i s  t o o  h i g h  and t h e  above p r o c e d u r e  must  be r e p e a t e d  

w i t h  a s m a l l e r  Q. The i t e r a t i v e  p r o c e s s  i s  c o n t i n u e d  u n t i l  

a v a lu e  o f  Q i s  o b t a i n e d  f o r  which  t h e  b o t to m - h o l e  p r e s s u r e s  

computed from b o t h  s i d e s  a r e  i n  c l o s e  a g re e m e n t .  The method 

o f  f a l s e  p o s i t i o n  was u s e d  t o  a c c e l e r a t e  t h e  i t e r a t i v e  p r o 

c e d u r e .



27

I f  t h e r e  i s  more t h a n  one c o m p l e t i o n  i n  t h e  r e s e r 

v o i r ,  i t  i s  assumed t h a t  a l l  w e l l s  a r e  i d e n t i c a l  i n  e v e r y  

r e s p e c t ,  and  t h a t  t h e  p r o d u c t i o n  r a t e s  a r e  t h e  same.

P r o d u c t i o n  P e r fo rm an ce  Under a P r e s c r i b e d  

P r o d u c t i o n  Rate  o r  C a p a c i ty  

P r o d u c t i o n  Rate

I f  t h e  maximum d e l i v e r y  r a t e  computed i s  h i g h e r  t h a n  

t h e  p r e s c r i b e d  f low  r a t e ,  i t  i n d i c a t e s  t h a t  t h e  p r o d u c t i o n  

sy s tem  can meet t h e  s p e c i f i e d  r e q u i r e m e n t s .  Thus f o r  a  g i v e n  

sy s te m ,  t h e  t im e  i n t e r v a l s  o v e r  w hich  t h e  r e q u i r e m e n t s  can 

be  met and t h o s e  o v e r  which t h e y  c a n n o t  must  be  i d e n t i f i e d .

I n  t h e  f o r m e r ,  t h e  p e r fo rm a n c e  u n d e r  t h e  s p e c i f i e d  s c h e d u l e  

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

p a c i t y  p r o d u c t i o n  i s  d e t e r m i n e d  ( c a p a c i t y  p r o d u c t i o n  i s  a 

s t e a d y  d e c l i n e  i n  d e l i v e r a b i l i t y ) .

E q u a t io n  3.  i s  u s e d  t o  c a l c u l a t e  t h e  t i m e - t o - d e c l i n e  

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

p r o d u c t i o n  a t  any t im e  s t e p  J  can be computed as  f o l l o w s :

1. S p e c i f y  t h e  sy s te m  d e l i v e r a b i l i t y ,  Q j .

2 .  C a l c u l a t e  t h e  a v e r a g e  r e s e r v o i r  p r e s s u r e  r e q u i r e d  

t o  m a i n t a i n  t h e  p r o d u c t i o n  r a t e  Q j .

3. C a l c u l a t e  t h e  a v e r a g e  sy s te m  d e l i v e r a b i l i t y  CQ^yg^j*
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( ^ a v g ) j  “  J  -1

4. C a l c u l a t e  t h e  c u m u l a t i v e  p r o d u c t i o n ,  (Gp)j»  a t  t h e  

end  o f  t im e  s t e p  J  as  f o l l o w s :

(G p) j

r e s fp
r e s

i I z

r e s
" T T

5. C a l c u l a t e  t h e  i n c r e m e n t a l  gas  p r o d u c t i o n ;

“ ^ V j  - ^ V j - 1
6. C a l c u l a t e  t h e  i n c r e m e n t a l  t im e :

A t ,  =-J -

7. C a l c u l a t e  c u m u l a t i v e  t im e  a t  t h e  end  o f  t im e  s t e p  J :

( t c u m ) j  “ t j - 1  " “ j

The s i m u l a t i o n  o f  t h e  p r o d u c t i o n  p e r fo rm a n c e  and 

d e l i v e r a b i l i t y  o f  gas and g a s - c o n d e n s a t e  r e s e r v o i r s  was c a r 

r i e d  o u t  on a d i g i t a l  c o m p u te r ,  s i n c e  p e r f o r m i n g  such  a heavy  

l o a d  o f  m a t h e m a t i c a l  o p e r a t i o n s  e i t h e r  by ha n d  o r  on a desk 

c a l c u l a t o r  i s  n o t  f e a s i b l e .  The com p u te r  model i s  w r i t t e n  

i n  FORTRAN IV l a n g u a g e  f o r  t h e  IBM s y s t e m /3 7 0 .  The FORTRAN 

IV lan gu ag e  i s  e s p e c i a l l y  u s e f u l  i n  w r i t i n g  p rogram s f o r  

a p p l i c a t i o n s  t h a t  i n v o l v e  m a t h e m a t i c a l  c o m p u ta t i o n  and  o t h e r  

m a n i p u l a t i o n s  o f  n u m e r i c a l  d a t a .
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The computer  model was made c o m p l e t e l y  f l e x i b l e .  Any 

t y p e  o f  p r o d u c t i o n  sy s te m  can be  i n c o r p o r a t e d ,  and any number 

o f  w e l l s  can be i n v e s t i g a t e d  w i t h i n  t h e  same r e s e r v o i r .  The 

model  can  be run  w i t h o u t  a  p o r t i o n  o r  p o r t i o n s  o f  t h e  p r o 

d u c t i o n  sys tem  such  as p i p e l i n e ,  c o m p re s s o r  and  g a t h e r i n g  

s y s te m .

T h u s ,  f i f t e e n  s u b r o u t i n e s  were  p r e p a r e d ,  eac h  p e r 

fo rm in g  a s p e c i f i c  t a s k .  S u b r o u t i n e  QCALC c o u p le d  w i t h  

BHP were d e s i g n e d  t o  c a l c u l a t e  t h e  optimum d e l i v e r a b i l i t y  

o f  t h e  p r o d u c t i o n  sy s te m .  F o l lo w in g  i s  t h e  l i s t  o f  t h e  r e 

m a in in g  s u b r o u t i n e s  and t h e i r  f u n c t i o n s :

11FRIFAC F r i c t i o n  f a c t o r  c a l c u l a t i o n  (C o leb ro o k  and  W hite  )

GASVIS Gas v i s c o s i t y  c a l c u l a t i o n  (Lee e t  a l .^ ^  c o r r e l a t i o n )
29MUFF Two-phase f low  i n  v e r t i c a l  p i p e  ( O r k i s z e w s k i  c o r 

r e l a t i o n )

MUFFIH Two-phase f low  i n  h o r i z o n t a l  p i p e  (E a ton  e t  a l .^^  

c o r r e l a t i o n )

OWLVIS L ive  o i l  v i s c o s i t y  c a l c u l a t i o n  (Chew and C o nn a l ly^^ )  

OILRAT C ondensa te  p r o d u c t i o n  r a t e  ( s e e  Appendix  D)

RESP R e s e r v o i r  p r e s s u r e  c a l c u l a t i o n  

SOLZ I t e r a t i v e  method o f  l i n e a r  i n v e r s e  i n t e r p o l a t i o n  

(method o f  f a l s e  p o s i t i o n )

SURFAC L ive  o i l  s u r f a c e  t e n s i o n  ( g a s - o i l  s y s te m ) ( B a k e r  and 

S w e r d lo f f ^ )

ZFACO
ZFACl
ZFAC2

C o m p r e s s i b i l i t y  f a c t o r  (Z) c a l c u l a t i o n  (Sarem^*)



CHAPTER VI 

RESULTS AND DISCUSSION

T h is  i n v e s t i g a t i o n  i n v o l v e d  a n o v e l  t e c h n i q u e  which  

d e te r m in e d  t h e  maximum p r o d u c t i o n  c a p a c i t y  and  p r e d i c t e d  t h e  

l o n g - t e r m  d e l i v e r a b i l i t y  o f  t h e  i n t e g r a t e d  p r o d u c t i o n  sy s tem  

f o r  a gas and  a g a s - c o n d e n s a t e  r e s e r v o i r .  The s o l u t i o n  

method and t h e  o r g a n i z a t i o n  o f  t h e  com puter  models  were p r e 

s e n t e d  i n  C h a p te r s  I I  t h r o u g h  V. The d a t a  u s e d  t o  o b t a i n  

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

a r e  p r e s e n t e d  i n  T ab le  1 o f  Appendix A. The method o f  i n 

v e s t i g a t i o n  in v o lv e d  t h e  i n t e r p r e t a t i o n  o f  a  s e r i e s  o f  ru n s  

which were made f o r  a l l  c a s e s  l i s t e d  i n  T a b le  2 ,  Appendix A.

The s i z e  o f  t h e  p r o d u c in g  t u b i n g  s t r i n g s ,  t h e  com

p r e s s o r  s t a t i o n  c a p a c i t y ,  t h e  number o f  w e l l  i n  t h e  r e s e r v o i r  

and t h e  f low  r a t e  were v a r i e d  i n  a s e r i e s  o f  s i m u l a t i o n  ru n s  

and t h e  sy s tem  p r o d u c t i o n  p e r fo rm an c e  were o b t a i n e d .

S i m u l a t i o n  R e s u l t s  o f  t h e  Dry Gas Model

The r e s u l t s  o f  t h e  s i m u l a t i o n  s tu d y  a r e  shown i n  

T a b le s  3 and  4 and F i g u r e s  4 t h r o u g h  19 i n  Appendix  B and 

C, r e s p e c t i v e l y .
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T ab le  3 i n d i c a t e s  t h e  f low  b e h a v i o r  o f  a r e s e r v o i r  

w i t h  10 w e l l s  p r o d u c i n g  t h r o u g h  (1) 2 - 1 / 2 - i n c h  t u b i n g  and 

(2) 7 - in c h  c a s i n g  w i t h  s t a t i o n  c a p a c i t i e s  o f  3325 ,  6650, 

and 8300 HP. Note  t h a t  t h e  m ag n i tud e  o f  t h e  t o t a l  f i e l d  

d e l i v e r a b i l i t y  and  c o m p re sso r  d i s c h a r g e  p r e s s u r e  o f  t h e  

sys tem s  i n c r e a s e ,  and t h e  b o t to m - h o l e  f lo w in g  p r e s s u r e ,  t h e  

w e l l - h e a d  f lo w in g  p r e s s u r e  and t h e  co m p re sso r  s t a t i o n  s u c t i o n  

p r e s s u r e  d e c r e a s e  as  t h e  s i z e  o f  t h e  p r o d u c t i o n  s t r i n g  and 

t h e  com p re sso r  s t a t i o n  c a p a c i t y  i n c r e a s e .

S i m i l a r l y ,  T ab le  4 shows t h e  f low  b e h a v i o r  o f  a 

r e s e r v o i r  w i th  (1) 10 w e l l s ,  (2) 20 w e l l s ,  and (3) 30 w e l l s ,  

p r o d u c in g  th r o u g h  2 - 1 / 2 - i n c h  t u b i n g  a t  a s t a t i o n  c a p a c i t y  

o f  8300 HP. The com par ison  o f  t h e s e  t h r e e  sy s tem s  shows t h a t  

t h e  t o t a l  f i e l d  d e l i v e r a b i l i t y ,  t h e  b o t to m - h o l e  f l o w in g  p r e s 

s u r e ,  t h e  w e l l - h e a d  f lo w in g  p r e s s u r e ,  t h e  c o m presso r  s t a t i o n  

s u c t i o n  p r e s s u r e  and  t h e  c o m p re s so r  s t a t i o n  d i s c h a r g e  p r e s 

s u r e  i n c r e a s e  as  t h e  number o f  c o m p le t io n s  i n c r e a s e s  ( w e l l  

s p a c i n g  d e c r e a s e s ) . The sy s tem  d e l i v e r a b i l i t y  i n c r e a s e d  by 

41.8% when t h e  number o f  w e l l s  i n c r e a s e d  from 10 t o  20; 

however ,  i t  o n ly  i n c r e a s e d  by  8.59% when t h e  number o f  w e l l s  

i n c r e a s e d  from 20 t o  30.

F i g u r e s  4 t h r o u g h  7 o f  Appendix  C show t h e  t o t a l  

f i e l d  d e l i v e r a b i l i t y  vs t im e  f o r  10 w e l l s  p r o d u c in g  th r o u g h  

2 - 1 / 2 - i n c h  t u b i n g  and 7 - i n c h  c a s i n g  a t  s t a t i o n  c a p a c i t y  o f  

6650 HP. Flow r a t e s  o f  50 ,  100,  150 and 200 MMscf/day a r e  

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

by t h e i r  r e s p e c t i v e  d e l i v e r a b i l i t y  c u r v e s .  The com par ison



32

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

f o r  2 - 1 / 2 - i n c h  c o m p le t io n s  and 7 - i n c h  c o m p le t io n s  a r e  134.82  

and  more t h a n  200 MMscf/day r e s p e c t i v e l y .  The i n c r e a s e  i n  

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

l o s s e s  r e s u l t i n g  from t h e  l a r g e r  a r e a  a v a i l a b l e  f o r  f low i n  

t h e  p ro d u c in g  s t r i n g .

F ig u r e  4 shows t h a t  i n  t h e  2 - 1 / 2 - i n c h  c o m p le t io n s  

t h e  t o t a l  f i e l d  d e l i v e r a b i l i t y  d e c l i n e s  be low SO MMscf/day 

in  t h e  t h i r d  q u a r t e r  o f  t h e  n i n t h  y e a r  w h i l e  i n  7 - in c h  com

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

u n t i l  t h e  l a s t  q u a r t e r  o f  t h e  t h i r t e e n t h  y e a r .  However, 

t h e  l a t t e r  r e a c h e s  t h e  abandonment r a t e  o v e r  a y e a r  e a r l i e r .  

F ig u r e  5 shows s i m i l a r  b e h a v i o r  e x c e p t  t h e  d e c l i n e  p r o d u c 

t i o n  i s  r e a c h e d  e a r l i e r  b e c a u se  o f  t h e  t w o f o l d  i n c r e a s e  i n  

t h e  p r o d u c t i o n  r a t e .

F i g u r e s  6 and 7 i n d i c a t e  t h a t  t h e  2 - 1 / 2 - i n c h  com

p l e t i o n s  a r e  p e r f o r m in g  u nder  c a p a c i t y  p r o d u c t i o n  and t h a t  

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

u se  o f  c o m p ress ion  t h r o u g h o u t  i t s  p r o d u c t i v e  l i f e .

F i g u r e s  8-11 i l l u s t r a t e  t h e  b e h a v i o r  o f  a r e s e r v o i r  

w i t h  10 w e l l s  p r o d u c in g  th r o u g h  2 - 1 / 2 - i n c h  t u b i n g  and 7 - i n c h  

c a s i n g  a t  3325, 6650 ,  and 8300 HP c a p a c i t i e s .  P r e s c r i b e d  

f low  r a t e s  o f  100 and 200 MMscf/day a r e  shown. F i g u r e s  8 

and 10 i n d i c a t e  t h a t  t h e  t o t a l  f i e l d  d e l i v e r a b i l i t y  o f  t h e  

p r o d u c t i o n  sy s tem s  ( 2 - 1 / 2 - i n c h  and 7 - i n c h  c o m p le t io n s )  w i t h  

3325 HP s t a t i o n  c a p a c i t y  would  d e c l i n e  e a r l i e r  t h a n  t h e  

o t h e r  sy s tem s  w i t h  l a r g e r  co m p re sso r  s i z e .  The p r o d u c t i o n
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sy s tem  w i t h  l a r g e r  c o m p re s so r  s t a t i o n  c a p a c i t y  r e a c h e s  t h e  

abandonment r a t e  e a r l i e r  t h a n  t h e  o t h e r  s y s t e m s .  F i g u r e s  

9 and 11 e x h i b i t  t h e  p e r fo rm a n c e  o f  t h e  sy s te m s  d e s c r i b e d  

above u n d e r  c a p a c i t y  p r o d u c t i o n .

F ig u r e  12 shows t h a t  t h e  t o t a l  f i e l d  d e l i v e r a b i l i t y  

i s  i n c r e a s e d  as  t h e  l a r g e r  p r o d u c t i o n  s t r i n g  i s  i n s t a l l e d .

I t  i s  f u r t h e r  i n c r e a s e d  as  t h e  s i z e  o f  t h e  c o m p r e s s o r  i s  

i n c r e a s e d .

F i g u r e s  13-15 i l l u s t r a t e  t h e  e f f e c t  o f  t h e  c o m p re s so r  

h o rse p o w e r  on t h e  t o t a l  f i e l d  d e l i v e r a b i l i t y .  The c u rv e s  

show t h e  b e h a v i o r  o f  t h e  p r o d u c t i o n  sy s te m  ( 2 - 1 / 2 - i n c h  t u b i n g  

and 7 - in c h  c a s i n g )  as  t h e  c o m p re s so r  s t a t i o n  c a p a c i t y  i s  

i n c r e a s e d .  In  F ig u r e  13 t h e  cu rve  i n d i c a t e s  t h a t  as t h e  

c o m p re s so r  s t a t i o n  c a p a c i t y  i n c r e a s e s  t h e  d e l i v e r a b i l i t y  o f  

t h e  sy s tem  i n c r e a s e s  r a p i d l y .  However, t h e  r a t e  o f  i n c r e a s e  

i n  t h e  d e l i v e r a b i l i t y  d e c r e a s e s  when a c o m p re s so r  s t a t i o n  

c a p a c i t y  o f  4000 HP i s  r e a c h e d .  F u r t h e r m o r e ,  t h e r e  w i l l  be 

a p o i n t  i n  t h e  c u rv e  where  t h e  s l o p e  o f  t h e  l i n e  w i l l  be z e r o  

which  i l l u s t r a t e s  t h a t  t h e r e  w i l l  be no more i n c r e a s e  i n  

t h e  d e l i v e r a b i l i t y  o f  t h e  sy s te m  i n  s p i t e  o f  t h e  u s e  o f  a 

l a r g e r  c o m p re s s o r .

F ig u r e  16 shows t h e  b e h a v i o r  o f  a r e s e r v o i r  w i t h  10 

w e l l s  p r o d u c i n g  t h r o u g h  2 - 1 / 2 - i n c h  t u b i n g  w i t h  s t a t i o n  c a 

p a c i t y  o f  3325 and 6650 HP; 10 w e l l s  p r o d u c i n g  t h r o u g h  7 - i n c h  

c a s i n g  and  6650 HP s t a t i o n  c a p a c i t y ;  and  20 w e l l s  p r o d u c i n g  

th r o u g h  2 - 1 / 2 - i n c h  t u b i n g  and 6650 HP c a p a c i t y .  T hese  c u rv e s
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i l l u s t r a t e  t h e  e f f e c t s  o f  t h e  s i z e  o f  t h e  c o m p r e s s o r ,  t h e  

s i z e  o f  t h e  p r o d u c t i o n  s t r i n g  and t h e  number o f  c o m p l e t i o n s .

F ig u re  17 i s  a g rap h  o f  t h e  c u m u l a t i v e  gas  p r o d u c t i o n  

v e r s u s  t im e  f o r  2 - 1 / 2 - i n c h  t u b i n g  and  7 - i n c h  c a s i n g  com ple

t i o n s .  T h is  c u rv e  i n d i c a t e s  t h a t  t h e  7 - in c h  c a s i n g  comple

t i o n s  have h i g h e r  r e c o v e r y  f a c t o r s  t h a n  2 - 1 / 2 - i n c h  c o m p l e t i o n s .  

However, t h e  abandonment r a t e  i s  r e a c h e d  1 .75  y e a r s  l a t e r  

i n  t h e  l a t t e r  c a s e .

F ig u r e  18 shows t h e  o v e r a l l  s y s te m  d e l i v e r a b i l i t y  

f o r  t h e  c a s e s  d i s c u s s e d  i n  F ig u r e  16.  T h is  c u rv e  shows t h e  

d e l i v e r a b i l i t y  o f  t h e  sy s te m  v e r s u s  t h e  a v e r a g e  r e s e r v o i r  

p r e s s u r e .  T h is  c u rve  i l l u s t r a t e s  t h e  maximum d e l i v e r a b i l i t y  

o f  t h e  sy s tem  as  a f u n c t i o n  o f  t h e  a v e r a g e  r e s e r v o i r  p r e s 

s u r e  o r  gas i n  p l a c e .  T h is  c u rv e  i s  o f  p r im e  im p o r ta n c e  

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

o f  a l l  t h e  components o f  t h e  sy s te m .

F ig u r e  19 shows t h e  t o t a l  f i e l d  d e l i v e r a b i l i t y  as a 

f u n c t i o n  o f  t h e  c o m p re s so r  s t a t i o n  s u c t i o n  p r e s s u r e  f o r  10 

w e l l s  p r o d u c in g  th r o u g h  2 - 1 / 2 - i n c h  t u b i n g  a t  6650 and 8300 

HP c a p a c i t y .  T h is  cu rve  i s  a l s o  o f  p r im e  im p o r ta n c e  s i n c e  

t h e  s u n c t i o n  p r e s s u r e  o f  t h e  c o m p re s so r  w i l l  r e f l e c t  b a c k  t o  

t h e  w e l l - h e a d  f l o w in g  p r e s s u r e ,  which  i n  t u r n  w i l l  r e f l e c t  

back  t o  t h e  b o t to m - h o l e  f l o w in g  p r e s s u r e  and c o n s e q u e n t l y  

a f f e c t  t h e  f e e d - i n  r a t e .
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S i m u l a t i o n  R e s u l t s  o f  t h e  G as-C ondensa te  Model 

and  Comparison o f  t h e  P r o d u c t io n  P e r fo rm an ce  

o f  t h e  Gas and G as-Condensa te  R e s e r v o i r s

The e f f e c t  o f  t h e  co m p resso r  s i z e  on t h e  f low  b e 

h a v i o r  o f  t h e  p r o d u c t i o n  sy s tem  was f i r s t  s t u d i e d  f o r  10 

w e l l s  p r o d u c in g  th r o u g h  2 - 1 / 2  i n c h  t u b i n g  a t  3325, 6650 and 

8300 HP c a p a c i t y  ( s e e  T a b le  5,  Appendix B ) . Second ,  t h e  

e f f e c t  o f  t h e  number o f  c o m p le t io n s  on t h e  f low b e h a v i o r  

and sy s tem  d e l i v e r a b i l i t y  was i n v e s t i g a t e d  f o r  10 ,  20,  and 

30 w e l l s  p ro d u c in g  t h r o u g h  2 - 1 /2  in c h  t u b i n g  a t  6650 HP com

p r e s s o r  s t a t i o n  c a p a c i t y .  T h i r d ,  t h e  e f f e c t  o f  t h e  s i z e  o f  

t h e  p r o d u c t i o n  s t r i n g  on t h e  t o t a l  f i e l d  d e l i v e r a b i l i t y  was 

s t u d i e d  f o r  10 w e l l s  p ro d u c in g  th r o u g h  2 - 1 /2  i n c h  t u b i n g  

and 7 in c h  c a s i n g  a t  6650 HP s t a t i o n  c a p a c i t y .

T ab le  5 shows t h a t  t h e  maximum t o t a l  f i e l d  d e l i v e r a 

b i l i t i e s  i n c r e a s e d  as t h e  com presso r  s i z e  i n c r e a s e d .  The 

maximum d e l i v e r a b i l i t y  o f  t h e  sys tem  w i t h  3325 HP c o m p re sso r  

was p r e d i c t e d  t o  be 23 .6  MMscf/day and 192 b b l s / d a y  co n d en 

s a t e  w h i l e  t h e  maximum d e l i v e r a b i l i t y  o f  t h e  sy s te m  w i t h  

8300 HP c o m p re sso r  i s  computed t o  be 35 .6  MMscf/day and 

29 0 .9  b b l s / d a y  c o n d e n s a t e .  In  t h e s e  ru n s  t h e  a s su m p t io n  

i s  made t h a t  t h e  gas and t h e  c o n d e n s a t e  a r e  s e p a r a t e d  by 

th e  s e p a r a t o r  a t  t h e  w e l l  h e a d ,  and t h a t  t h e r e  i s  no p r e s 

s u r e  l o s s  t h r o u g h  t h e  s e p a r a t o r .  However, i n  a c t u a l  f i e l d  

o p e r a t i o n  t h e r e  i s  a p r e s s u r e  drop th r o u g h  t h e  s e p a r a t o r  w i t h  

t h e  p r e s s u r e  drop b e in g  i n  t h e  range  o f  a few p s i a .  T ab le  

5 a l s o  shows t h e  p r e s s u r e  drop  th ro u g h  t h e  p r o d u c t i o n  s t r i n g .
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T h is  s i g n i f i c a n t  p r e s s u r e  d rop  i s  due t o  t h e  m u l t i p h a s e  

f low  t h r o u g h  t h e  p i p e .

T a b le  6 i l l u s t r a t e s  t h e  e f f e c t  o f  an i n c r e a s e  i n  t h e  

number o f  c o m p le t io n s  i n  t h e  r e s e r v o i r .  I t  i n d i c a t e s  t h a t  

as t h e  number o f  c o m p le t io n s  in  t h e  r e s e r v o i r  i n c r e a s e s  

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

th e  sys tem  i n c r e a s e s .

F ig u r e  20 shows t h e  e f f e c t  o f  i n c r e a s i n g  t h e  d i a 

m e t e r  o f  t h e  p r o d u c t i o n  s t r i n g  on t h e  t o t a l  f i e l d  d e l i v e r a 

b i l i t y .  I t  i n d i c a t e s  t h a t  as t h e  s i z e  o f  t h e  p r o d u c t i o n  

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

F ig u r e  21 compares t h e  t o t a l  f i e l d  d e l i v e r a b i l i t y  

f o r  10 w e l l s  p r o d u c in g  t h r o u g h  2 - 1 / 2  in c h  t u b i n g  a t  3325 HP 

and 8300 HP s t a t i o n  c a p a c i t y ;  20 w e l l s  p r o d u c in g  th r o u g h  

2 - 1 / 2  in c h  t u b i n g  a t  8300 HP c a p a c i t y ;  and 10 w e l l s  p r o d u c 

in g  th r o u g h  7 - in c h  c a s i n g  a t  8300 HP c a p a c i t y .  In  a l l  t h e  

sy s tem s  i n v e s t i g a t e d  (T a b le s  5 and 6 and F ig u r e s  20 and 21) 

and d i s c u s s e d  a b ov e ,  Ihe  p r e s c r i b e d  f low  r a t e  was SO MMscf/day 

o f  gas  and 400 b b l s / d a y  o f  c o n d e n s a t e .  I t  i s  a p p a r e n t  t h a t  

t h e  r e s e r v o i r  and t h e  p r o d u c t i o n  sy s te m  d e s c r i b e d  w i l l  n o t  

p rod u ce  u n d e r  t h e  p r e s c r i b e d  p r o d u c t i o n  r a t e s .

Comparison o f  t h e  P r o d u c t i o n  Pe r fo rm ance  

o f  t h e  Gas and G as-C ondensa te  R e s e r v o i r s

The r e s u l t s  o f  t h e  s i m u l a t i o n  s t u d i e s  and t h e i r  com

p a r i s o n  a r e  i l l u s t r a t e d  i n  T a b le s  7 and 8 (Appendix B) and 

F i g u r e s  22-28 (Appendix C ) . The com par iso n  o f  t h e  r e s u l t s
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from s i m u l a t i o n  o f  t h e  d ry  gas and t h e  g a s - c o n d e n s a t e  models 

shows some n o t i c e a b l e  d i f f e r e n c e s .

T a b le  7 shows t h e  f l u i d  f low  b e h a v i o r  f o r  10 w e l l s  

p r o d u c in g  th r o u g h  2 - 1 /2  in c h  t u b i n g  and 7 - i n c h  c a s i n g  w i t h  

c o m p re sso r  c a p a c i t y  o f  3325 HP. The p r e s c r i b e d  f low r a t e  

i s  SO MMscf/day o f  gas f o r  t h e  d ry  gas ca se  and SO MMscf/day 

o f  gas and 400 b b l s / d a y  c o n d e n s a t e  f o r  t h e  g a s - c o n d e n s a t e  

sys tem .  T h is  t a b l e  shows t h e  d i f f e r e n c e  i n  t h e  b e h a v i o r  o f  

t h e  r e s e r v o i r s  and t h e  e f f e c t  o f  each  e lem en t  o f  t h e  sys tem  

on th e  o v e r a l l  p r o d u c t i o n  p e r f o r m a n c e .  For t h e  c a s e  o f  

2 - 1 /2  i n c h  c o m p le t io n s  t h e  maximum t o t a l  f i e l d  d e l i v e r a b i l i t y  

o f  a d ry  gas sys tem  i s  d e c r e a s e d  from 118 MMscf/day t o  23 .6  

MMscf/day. S i m i l a r l y ,  i n  t h e  c a s e  o f  t h e  7 - i n c h  c o m p le t io n s  

t h e  t o t a l  f i e l d  d e l i v e r a b i l i t y  i s  d e c r e a s e d  from 164 .7  

MMscf/day t o  24 MMscf/day. A l s o ,  n o t e  t h a t  t h e r e  i s  no 

marked d i f f e r e n c e  i n  t h e  o v e r a l l  pe rfo rm an c e  o f  t h e  2 - 1 / 2  

i n c h  c o m p le t io n s  and t h e  7 - i n c h  c o m p le t io n s  o f  t h e  g a s -  

c o n d e n s a t e  sy s tem .  The s i g n i f i c a n t  r e d u c t i o n  i n  t h e  t o t a l  

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

l o s s e s  th r o u g h  t h e  p r o d u c i n g  equipm ent  i s  p r i m a r i l y  t h e  r e 

s u l t  o f  m u l t i p h a s e  f low  phenomena i n  t h e  p r o d u c i n g  s t r i n g  

and n o t  d e t e r i o r a t i o n  o f  r e s e r v o i r  d e l i v e r a b i l i t y .

T ab le  8 shows t h e  com par ison  o f  t h e  7 - i n c h  com ple 

t i o n s  i n  t h e  d ry  gas and t h e  g a s - c o n d e n s a t e  r e s e r v o i r  w i t h  

t h e  c o m p re sso r  s t a t i o n  c a p a c i t y  o f  8300 HP.

F ig u r e s  22 th r o u g h  2S show t h e  com par ison  o f  t h e  

p e r fo rm an c e  o f  t h e  d ry  gas  and t h e  g a s - c o n d e n s a t e  r e s e r v o i r s
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f o r  10 w e l l s  p r o d u c i n g  t h r o u g h  2 - 1 / 2  i n c h  t u b i n g  an d  7 - i n c h  

c a s i n g  a t  a  s t a t i o n  c a p a c i t y  o f  6650 HP. The p r e s c r i b e d  

gas  f low  r a t e s  a r e  SO and 100 MMscf/day and 400 b b l s / d a y  

o f  c o n d e n s a t e .

In  f i g u r e  22,  i n  t h e  ca se  o f  t h e  d ry  g a s ,  t h e  t o t a l  

f i e l d  d e l i v e r a b i l i t y  d e c l i n e s  be low S O  MMscf/day ( p r e s c r i b e d  

f low  r a t e )  i n  t h e  l a s t  q u a r t e r  o f  t h e  n i n t h  y e a r .  However,  

i n  t h e  c a s e  o f  t h e  g a s - c o n d e n s a t e , t h e  f lo w  sys te m  can n o t  

s u s t a i n  a p r o d u c t i o n  r a t e  o f  SO MMscf/day i n i t i a l l y  and i t s  

e n t i r e  p r o d u c t i o n  l i f e  i s  c h a r a c t e r i z e d  by  c a p a c i t y  d e c l i n e .  

The abandonment r a t e  i s  r e a c h e d  s i x  y e a r s  e a r l i e r  i n  t h e  

g a s - c o n d e n s a t e  r e s e r v o i r .

F ig u r e  23 i n d i c a t e s  t h a t  f o r  t h e  7 - i n c h  c o m p le t io n s  

i n  t h e  g a s - c o n d e n s a t e  r e s e r v o i r ,  t h e  t o t a l  f i e l d  d e l i v e r a 

b i l i t y  d e c l i n e s  be low  SO MMscf/day i n  t h e  f i r s t  q u a r t e r  o f  

t h e  f i r s t  y e a r  and  t h a t  t o t a l  f i e l d  d e l i v e r a b i l i t y  o f  t h e  

d ry  gas  s y s te m  does n o t  d e c l i n e  u n t i l  t h e  t h i r t e e n t h  y e a r  

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

F i g u r e s  24 and 2S show t h e  com p a r iso n  o f  t h e  same 

sy s te m s  w i t h  t h e  p r e s c r i b e d  f low  r a t e  o f  100 MMscf/day.

F ig u r e  26 shows t h e  e f f e c t  o f  t h e  s i z e  o f  t h e  p r o 

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

d ry  gas and  g a s - c o n d e n s a t e  s y s t e m s .  I t  i n d i c a t e s  t h a t  t h e  

s i z e  o f  t h e  p r o d u c i n g  s t r i n g  has  g r e a t e r  i n f l u e n c e  on t h e  

o v e r a l l  b e h a v i o r  o f  t h e  d ry  gas sy s te m  t h e n  t h a t  o f  t h e  

g a s - c o n d e n s a t e  sy s te m .
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F i g u r e s  28 and 29 show t h e  e f f e c t  o f  t h e  co m p resso r  

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

d ry  gas  and g a s - c o n d e n s a t e  s y s t e m s .



CHAPTER VII 

SUMMARY AND CONCLUSIONS

A m a th e m a t i c a l  s i m u l a t i o n  p r o c e d u r e  f o r  computing t h e  

d ry  gas  and t h e  g a s - c o n d e n s a t e  f i e l d  d e l i v e r a b i l i t y  t o  a s e t  

d e l i v e r y  p r e s s u r e  a t  some t e r m i n a l  p o i n t  ha s  been  d e v e lo p e d .

The f e a t u r e s  o f  t h e s e  p r o c e d u r e s  can be summarized 

as  f o l l o w s :  (1) They p r o v i d e  s i m u l a t i o n s  o f  t h e  e x i s t i n g

f i e l d  p r o d u c in g  sys tem  and p r e d i c t i o n  o f  t h e  f u t u r e  p e r f o r m 

an ce .  (2) The models a l l o w  t h e  s t u d y  o f  a sy s tem  composed 

o f  s e v e r a l  w e l l s  w i t h i n  a r e s e r v o i r .  (3) Models d e v e lo p ed  

show t h e  s i g n i f i c a n c e  o f  t h e  i n d i v i d u a l  e le m e n t s  o f  t h e  

p r o d u c t i o n  sy s te m  and t h e  i n t e r p l a y  be tw een  them. (4) Models 

show t h e  s i g n i f i c a n c e  o f  t h e  f low b e h a v i o r  i n  t h e  t e c h n o lo g y  

o f  t h e  p r o d u c t i o n ,  e s p e c i a l l y  tw o -p h ase  f low .

C o n c lu s io n s  from t h e  r e s u l t s  p r e s e n t e d  a r e :

1. The sy s tem  d e l i v e r a b i l i t y  c o u ld  be i n c r e a s e d  by 

a n a l y z i n g  a l l  p a r t s  o f  t h e  sy s te m  s i m u l t a n e o u s l y  i n  an i n 

t e g r a t e d  manner .  In  some c a s e s ,  t h e  s i t u a t i o n  may d i c t a t e  

th e  u se  o f  l a r g e r  t u b i n g  s t r i n g s  and g a t h e r i n g  f low l i n e s .

In  o t h e r  c a s e s ,  a l a r g e r  c o m p re s so r  may be d e s i r e d .  The method 

p r e s e n t e d  a l l o w s  one t o  maximize d e l i v e r a b i l i t y  by t h e  d e s ig n  

o f  t h e  p r o d u c t i o n  s t r i n g s ,  g a t h e r i n g  s y s te m ,  c o m p resso r  s t a t i o n
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c a p a c i t y  and p i p e l i n e .  The o p t im a l  d e s i g n  can be d e t e r m i n e d  by 

computing  t h e  e f f e c t s  o f  t h e  p a r a m e t e r s ,  s i z e  o f  t u b u l a r  goods 

and p r o d u c t i o n  s t r i n g s ,  on r e s e r v o i r  b e h a v i o r .

2. The scheme a l lo w s  o p t im a l  gas w e l l  s p a c i n g  by t h e  

s e l e c t i o n  o f  t h e  number o f  w e l l s  w i t h i n  t h e  f i e l d  r e q u i r e d  

t o  meet g iv en  p r o d u c t i o n  t a r g e t s .

3. Comparisons made be tw een  t h e  d ry  gas f low and two- 

phase  f low p r o d u c t i o n  sy s tem s  show t h a t  t h e  d e l i v e r a b i l i t y  

o f  t h e  gas - c o n d e n s a t e , compared t o  t h a t  o f  a d ry  g a s ,  i s  

g r e a t l y  red u c e d .  T h is  i s  due t o  c o n d e n s a t e  a c c u m u la t io n  in  

t h e  r e g i o n  o f  t h e  p r o d u c i n g  w e l l s  and  t h e  p r e s s u r e  l o s s e s  

th r o u g h  t h e  p r o d u c in g  s t r i n g s  and g a t h e r i n g  sy s tem  a t t r i b u t e d  

t o  m u l t i p h a s e  f low .

4. The t e c h n i q u e s  d e s c r i b e d  h e r e  p r o v i d e  i m p o r t a n t  i n 

f o r m a t io n  such as  (a)  maximum w e l l  d e l i v e r a b i l i t y ,  (b) t o t a l  

f i e l d  d e l i v e r a b i l i t y ,  (c)  o v e r a l l  sy s tem  d e l i v e r a b i l i t y ,  and 

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

a l lo w s  t h e  s e l e c t i o n  o f  a p p r o p r i a t e  p r o d u c in g  s t r i n g s  and t u b u 

l a r  goods which w i l l  a c h i e v e  a maximum cash  f low o r  maximize 

some s i m i l a r  ty p e  c r i t e r i o n  o v e r  t h e  l i f e  o f  t h e  f i e l d .

5. The s i m u l a t i o n  s t u d i e s  i n  t h i s  r e p o r t  w i l l  n o t  a cc o u n t  

f o r  e r r a t i c  and u n p r e d i c t a b l e  p r o d u c t i o n  p r o b le m s ,  su ch  as s c a l e ,  

c o r r o s i o n ,  equipm ent  f a i l u r e  and o t h e r  p rob lem s  which  may 

become more s e r i o u s  as abandonment c o n d i t i o n s  a r e  a p p ro a c h e d .

6. Methods u s i n g  t h e  s i m u l a t i o n  o f  m a t h e m a t i c a l  models  

a r e  v e r y  p o w e r fu l  and u s e f u l  and c o u ld  be u se d  t o  p r e d i c t  t h e  

sys tem  p e rfo rm an c e  o f  a r e s e r v o i r  in  an e c o n o m ic a l  amount o f  

com puter  t im e .



CHAPTER V I I I  

RECOMMENDATIONS

F u r t h e r  c o n s i d e r a t i o n s  t h a t  must  be t a k e n  i n t o  a c 

coun t  b e f o r e  d e t e r m i n i n g  t h e  optimum s i z i n g  o f  t h e  p r o d u c t i o n  

sys tem  and o p t im a l  w e l l  s p a c i n g  i n c l u d e :  t h e  a v a i l a b i l i t y

o f  e q u ip m e n t ,  o p e r a t i n g  c o s t  and a g r e e m e n t s ,  g o v e rn m e n ta l  

r u l e s  and r e g u l a t i o n s ,  c o s t  o f  equ ipm ent  and many o t h e r  

l i m i t a t i o n s .

T h e r e f o r e ,  t h e  d e s i g n  o f  t h e  p r o j e c t  must be f u l l y  

e v a l u a t e d  and t h e  r e s u l t s  o f  such  an e n g i n e e r i n g  s t u d y  s h o u ld  

be combined w i th  (1) r e s e r v o i r  p r o d u c t i o n  o p t i m i z a t i o n  s o l v e d  

e f f e c i e n t l y  by u s i n g  a dynamic programming a p p ro a ch  and 

(2) economic  a n a l y s i s  o f  t h e  p r o j e c t  t o  a r r i v e  a t  t h e  most 

p r o f i t a b l e  o p e r a t i o n .
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NOMENCLATURE

Ap a r e a  o f  p i p e ,  s q .  f t .

ATHP a d i a b a t i c  t h e o r e t i c a l  h o r s e p o w e r ,  HP

Bg gas f o r m a t io n  volume f a c t o r ,  bb l /SC F

C p e r fo rm a n c e  c o e f f i c i e n t
3

C£ c o n s t a n t ,  1 .5  x 10

d i n s i d e  d i a m e te r  o f  p r o d u c t i o n  s t r i n g ,  i n .

D f o r m a t io n  d e p th ,  f t .

h y d r a u l i c  p i p e  d i a m e t e r  (4 x A ^ / w e t t e d  d i a m e t e r ) ,  f t .  

E e f f i c i e n c y

f  f r i c t i o n  f a c t o r ,  dim.

g a c c e l e r a t i o n  o f  g r a v i t y ,  f t / s e c
2

g^ g r a v i t a t i o n a l  c o n s t a n t ,  f t - l b ( m a s s ) / l b ( f o r c e ) - s e c

G gas  g r a v i t y  ( a i r  = 1)

h f o r m a t io n  t h i c k n e s s ,  f t .
3

HCPV h y d ro c a rb o n  p o re  vo lum e,  f t .

k f o r m a t io n  p e r m e a b i l i t y ,  md

L l e n g t h  o f  t h e  p i p e ,  f t .

(L)g b u b b l e - s l u g  b o u n d a ry ,  dim.

(L)j^ t r a n s i t i o n - m i s t  b o u n d a r y ,  dim.

(L)g s l u g - t r a n s i t i o n  b o u n d a ry ,  dim.

n t h e  r e c i p r o c a l  o f  t h e  s l o p e  o f  t h e  b a c k - p r e s s u r e

cu rv e
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number o f  w e l l s ,  dim.

P p r e s s u r e ,  p s i

P a v e r a g e  p r e s s u r e ,  p s i a

AP p r e s s u r e  d r o p ,  p s i

P^£ f l o w i n g  t u b i n g  o r  c a s i n g h e a d  p r e s s u r e ,  p s i

P^^ f l o w in g  b o t to m h o le  p r e s s u r e ,  p s i

Pws a v e r a g e  r e s e r v o i r  p r e s s u r e ,  p s i

q v o l u m e t r i c  f low  r a t e ,  cu .  f t . / s e c

Q v o l u m e t r i c  f low r a t e ,  cu .  f t . / d a y

r  c o m p re s s io n  r a t i o

r^  o u t e r  r a d i u s ,  f t .

r ^  w e l l  b o r e  r a d i u s ,  f t .

R u n i v e r s a l  gas c o n s t a n t  ( p e r  m o l e ) ,  p s i - f t  / ( l b .  mole R®)

T t e m p e r a t u r e ,  °R

At t im e  i n c r e m e n t ,  y e a r

V f l u i d  v e l o c i t y ,  f t . / s e c

V^CPj.T^) - V^CP^.T^)

V^CPj.Tj) - V^CP^.T,)

W mass f low  r a t e ,  l b / s e c

Z c o m p r e s s i b i l i t y  f a c t o r

Z d e p th  from w e l l h e a d ,  f t .

aZ i n c r e m e n t  o f  d e p t h ,  f t .

y v i s c o s i t y ,  cp

p a v e r a g e  f l o w in g  d e n s i t y ,  I b / c u . f t .

two p h a s e  d e n s i t y ,  I b / c u . f t .
2

o s u r f a c e  t e n s i o n ,  l b / s e c
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f r i c t i o n  l o s s  g r a d i e n t ,  p s f / f t  

V q g ( V p ^ / g a ) , d i m e n s i o n l e s s  gas v e l o c i t y

S u b s c r i p t s

a a v e r a g e ,  abandonment

cum c u m u la t iv e

d i s  d i s c h a r g e

f  f l o w i n g ,  f r i c t i o n

g gas

i  i n i t i a l

J  t im e  s t e p

k in c re m e n t

£ l i q u i d

Liq l i q u i d

Mix m ix tu r e

o o i l

p p r o d u c t i o n

r e s  r e s e r v o i r

s ,  s c  s t a n d a r d  c o n d i t i o n

su e  s u c t i o n

T t o t a l
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TABLE 1 

DATA USED IN THIS STUDY

Gas P r o p e r t i e s

Yg = . 6 4 ,  gas sp .  g r a v i t y  

Wg = 0 .0175  cp ,  gas  v i s c o s i t y

Condensa te  P r o p e r t i e s

= 0 . 8 ,  c o n d e n s a te  s p .  g r a v i t y  

= 1 .4 1 9  cp ,  c o n d e n s a te  v i s c o s i t y  

= 32 dynes /cm , c o n d e n sa te  s u r f a c e  t e n s i o n  

= 4 2 .4 5  I b m / f t  , c o n d e n s a te  d e n s i t y  

Bq = 1 .419  b b l s / s t b ,  c o n d e n sa te  f o r m a t io n  volume f a c t o r

R e s e r v o i r  Data

= 10 ,  number o f  w e l l s  ( w e l l  s p a c in g )

Cavg = 0 .0742 (M M sc f /d a y ) /p s ia ^ ^ ^ ,  p e r fo rm an c e  c o e f f i c i e n t  

n = 0 .7 4 7 ,  e x p on en t  o f  t h e  back  p r e s s u r e  e q u a t i o n  

P = 1500 p s i a ,  a v e ra g e  r e s e r v o i r  p r e s s u r e  

T = 120®F, 580®R, r e s e r v o i r  t e m p e r a t u r e  

G = 250 ,000  MMscf, gas i n  p l a c e

P ro d u c in g  T ubing  S t r i n g s  Data  

D = 5000 f t ,  w e l l  d e p th  

d = 2 - 1 / 2  i n c h ,  s i z e  o f  t h e  t u b i n g  

Tavg = 95®F = 555®R, a v e ra g e  f lo w in g  t e m p e r a t u r e  

Zavg = 0 . 9 5 ,  a v e ra g e  c o m p r e s s i b i l i t y  f a c t o r

S u r f a c e  F a c i l i t i e s  Data
5 2C. = 7 .6 3  X 10 ( s c f / d a y ) / p s i a  , t h e  a v e ra g e  f low  c o n 

d u c t i v i t y  o f  t h e  g a t h e r i n g  sy s tem
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TABLE 1 (C o n t in u e d )

Compressor  S t a t i o n  Data

BMP = 6650 HP, c o m p re s so r  s t a t i o n  c a p a c i t y  

E = 0 . 8 0 ,  o v e r a l l  e f f i c i e n c y

k = 1 . 2 5 ,  Cp/Cy, r a t i o  o f  t h e  m o la r  h e a t  c a p a c i t i e s  o f  
t h e  gas

T suc  “ 60®F, 520*R, s u c t i o n  t e m p e r a t u r e  

Zsuc " I ' O ,  s u c t i o n  c o m p r e s s i b i l i t y  f a c t o r

P i p e l i n e  Data

d = 13 i n c h e s ,  p i p e l i n e  d i a m e t e r  

L = 100 m i l e s ,  p i p e l i n e  l e n g t h

Tavg = 70®F = 530®R, p i p e l i n e  a v e r a g e  f l o w i n g  t e m p e r a t u r e

E = 0 . 9 2 ,  p i p e l i n e  e f f i c i e n c y  f a c t o r

Py = 1 4 .7 3  p s i a ,  b a s e  p r e s s u r e

Ty = 60®F = S20®R, b a s e  t e m p e r a t u r e

Py = 300 p s i a ,  p i p e l i n e  d e l i v e r y  p r e s s u r e



TABLE 2

GAS AND GAS-CONDENSATE PRODUCTION SYSTEM

2 - 1 / 2  INCH TUBING

S t a t i o n S t a t i o n
C o n s t a n t  R a te C a p a c i t y Number C o n s t a n t  Ra te C a p a c i t y Number

(MMscf/day) (HP) o f  W el ls (MMscf/day) (HP) o f  W el ls

50 3325 10 50 6650 30
100 3325 10 100 6650 30
150 3325 10 150 6650 30
200 3325 10 200 6650 30

50 3325 20 50 8300 10
100 3325 20 100 8300 10
150 3325 20 150 8300 10
200 3325 20 200 8300 10

50 3325 30 50 8300 20
100 3325 30 100 8300 20
150 3325 30 150 8300 20
200 3325 30 200 8300 20

50 6650 10 50 8300 30
100 6650 10 100 8300 30
150 6650 10 150 8300 30
200 6650 10 200 8300 30

50 6650 20 50 100 10
100 6650 20 50 500 10
150 6650 20 50 1000 10
200 6650 20 50 2000 10 en



TABLE 2 ( C o n t in u e d )

GAS AND GAS-CONDENSATE PRODUCTION SYSTEM 

7 INCH CASING

C o n s t a n t  R a te  
(MMscf/day)

S t a t i o n  
C a p a c i t y  

(HP) .
Number 

o f  W e l l s
C o n s t a n t  Rate  

(MMscf/day)

S t a t i o n
C a p a c i t y

(HP)
Number 

o f  W e l ls

50 3325 10 50 6650 30
100 3325 10 100 6650 30
150 3325 10 150 6650 30
200 3325 10 200 6650 30

50 3325 20 50 8300 10
100 3325 20 100 8300 10
150 3325 20 150 8300 10
200 3325 20 200 8300 10

50 3325 30 50 8300 20
100 3325 30 100 8300 20
150 3325 30 150 8300 20
200 3325 30 200 8300 20

50 6650 10 50 8300 30
100 6650 10 100 8300 30
150 6650 10 150 8300 30
200 6650 10 200 8300 30

50 6650 20 50 100 10
100 6650 20 50 500 10
150 6650 20 50 1000 10
200 6650 20 50 2000 10 cn
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TABLE 3

COMPARISON OF THE PERFORMANCE OF A DRY GAS PRODUCTION SYSTEM 

Compressor S ta t io n  C apacity: 3325 HP 6650 HP 8300 HP

2 V  Tubing 7" C asing 2 V  Tubing 7" C asing 2!g" Tubing 7" C asing  

D e l iv e r a b i l i t y  (MMCF/DAY) 118 1 6 4 .7  134 .82  2 0 9 .8  139 .45  22 8 .5

Average R eserv o ir
P ressu re  (p s ia )  1500 1500 1500 1500 1500 1500

B ottom -hole Flowing
P ressu re  (p s ia )  1485 1472 1481 1453 1480 1443

W ell-head  Flowing
P ressu re  (p s ia )  809 1263 607 1244 530 1235

Compressor S ta tio n
S u ction  P ressu re  (p s ia )  794 1244 581 1214 498 1198

Compressor S ta t io n
D ischarge P ressu re  (p s ia )  1415 1899 1586 2367 1635 2558

D e liv e r y  P ressu re  (p s ia )  300 300 300 300 300 300

cn



TABLE 4

COMPARISON OF THE PERFORMANCE OF A DRY GAS PRODUCTION SYSTEM

P r o d u c t i o n  
f rom  10 W el ls

P r o d u c t i o n  
from 20 W el ls

P r o d u c t i o n  
f rom 30 W el l s

D e l i v e r a b i l i t y  (MMcf/day)

A verage  R e s e r v o i r  
P r e s s u r e  ( p s i a )

B o t to m - h o l e  F low ing  
P r e s s u r e  ( p s i a )

W e l l - h e a d  F low ing  
P r e s s u r e  ( p s i a )

C om p resso r  S t a t i o n  
S u c t i o n  P r e s s u r e  ( p s i a )

C om presso r  S t a t i o n  
D i s c h a r g e  P r e s s u r e  ( p s i a )

D e l i v e r y  P r e s s u r e  ( p s i a )

1 3 9 .4 5

1500

1480

530

498

1635

300

1 97 .75

1500

1490

977

942

2242

300

2 16 .35

1500

1495

1132

1096

2433

300

cn
00



TABLE 5

COMPARISON OF THE PERFORMANCE OF A GAS - CONDENSATE PRODUCTION SYSTEM

P r o d u c t i o n  T hrough  2 - 1 / 2 "  T ub ing

Com presso r  S t a t i o n  C a p a c i t y :

D e l i v e r a b i l i t y  (MMcf/day)

C o n d e n sa te  P r o d u c t i o n  
( b b l s / d a y )

A verage  R e s e r v o i r  
P r e s s u r e  ( p s i a )

B o t to m - h o l e  F low ing  
P r e s s u r e  ( p s i a )

W e l l - h e a d  F low ing  
P r e s s u r e  ( p s i a )

Com pressor  S t a t i o n  
S u c t i o n  P r e s s u r e  ( p s i a )

Com presso r  S t a t i o n  
D i s c h a r g e  P r e s s u r e  ( p s i a )

D e l i v e r y  P r e s s u r e  ( p s i a )

3325 HP 

2 3 .6

192

1500

1499

50

3 9 .2 5

4 3 1 .4

300

6650 HP 

33 .6

274

1500

1499

4 9 .1 0

2 1 .6 5

5 2 4 .3

300

8300 HP 

35 .6 5

29 0 .9

1500

1498

49 .0

15 .0

544

300

cn



TABLE 6

COMPARISON OF THE PERFORMANCE OF A GAS-CONDENSATE PRODUCTION SYSTEM 

D = 2 - 1 / 2 "  T u b in g ,  C om pressor  S t a t i o n  C a p a c i t y  = 8300 HP

D e l i v e r a b i l i t y  (MMcf/day)

C o n d e n sa te  P r o d u c t i o n  
( b b l s / d a y )

A ve rag e  R e s e r v o i r  
P r e s s u r e  ( p s i a )

B o t to m - h o le  F low ing  
P r e s s u r e  ( p s i a )

W e l l - h e a d  F low ing  
P r e s s u r e  ( p s i a )

C om presso r  S t a t i o n  
S u c t i o n  P r e s s u r e  ( p s i a )

C o m presso r  S t a t i o n  
D i s c h a r g e  P r e s s u r e  ( p s i a )

D e l i v e r y  P r e s s u r e  ( p s i a )

P r o d u c t i o n  
f rom 10 W e l ls

3 5 .6

2 90 .9

1500

1498

49

15

544

300

P r o d u c t i o n  
f rom  20 W el ls

47 .  3

3 8 5 .7

1500

1499

5 0 .2

16

551

300

P r o d u c t i o n  
f rom 30 W e l l s

59

462

1500

1499

5 0 .5

1 6 .2

552

300

Ov
o



TABLE 7

COMPARISON OF DRY GAS AND GAS-CONDENSATE PRODUCTION SYSTEMS 

C om presso r  S t a t i o n  C a p a c i t y  3325 HP

P r o d u c t i o n  T h ru  2%" T u b in g  P r o d u c t i o n  T h ru  7" C a s in g  

Dry Gas Gas- C o n d e n sa te  Dry Gas G a s -C o n d e n sa te

D e l i v e r a b i l i t y  (MMcf/day)

C o n d e n sa te  P r o d u c t i o n  
( b b l s / d a y )

A verage  R e s e r v o i r  
P r e s s u r e  ( p s i a )

B o t to m - h o le  F lo w ing  
P r e s s u r e  ( p s i a )

W e l l - h e a d  F low ing  
P r e s s u r e  ( p s i a )

Com presso r  S t a t i o n  
S u c t i o n  P r e s s u r e  ( p s i a )

Com presso r  S t a t i o n  
D i s c h a r g e  P r e s s u r e  ( p s i a )

D e l i v e r y  P r e s s u r e  ( p s i a )

118

1500

1485

80»

794

1415

300

2 3 .6

19,2

1500

1499

50

3 9 .2 5

4 3 1 .4

300

1 6 4 .7

1500

1472

1263

1244

1899

300

24

192

1500

1 4 9 8 .9

50

3 9 .2 5

4 3 1 .5

300

o\
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TABLE 8

COMPARISON OF DRY GAS AND GAS- CONDENSATE PRODUCTION SYSTEMS

P r o d u c t i o n  T hru  7" C as ing  

Compressor  S t a t i o n  C a p a c i t y  8300 HP

D e l i v e r a b i l i t y  (MMcf/day)

C ondensa te  P r o d u c t io n  
( b b l s / d a y )

Average R e s e r v o i r  
P r e s s u r e  ( p s i a )

B o t to m -h o le  Flowing 
P r e s s u r e  ( p s i a )

W e l l - h e a d  Flowing 
P r e s s u r e  ( p s i a )

Compressor S t a t i o n  
S u c t i o n  P r e s s u r e  ( p s i a )

Compressor S t a t i o n  
D isc h a rg e  P r e s s u r e  ( p s i a )

D e l iv e r y  P r e s s u r e  ( p s i a )

Dry Gas 

228 .5

1500

1443

1235

1198

2558

300

G as-C ondensa te  

35 .65

290.9

1500

1498

49

15

544

300
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FIGURE 4. T o t a l  f i e l d  d e l i v e r a b i l i t y  v s .  t im e  

f o r  a d ry  gas p r o d u c t i o n  sy s tem .
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FIGURE 5. T o t a l  f i e l d  d e l i v e r a b i l i t y  v s .  t im e  

f o r  a d ry  gas p r o d u c t i o n  sy s tem .
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FIGURE 7. T o t a l  f i e l d  d e l i v e r a b i l i t y  v s .  t im e 

f o r  a d ry  gas  p r o d u c t i o n  sy s te m .
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FIGURE 9. T o t a l  f i e l d  d e l i v e r a b i l i t y  and c o m p resso r  

s t a t i o n  c a p a c i t y  f o r  a d ry  gas p r o d u c t i o n  sy s tem .
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FIGURE 10.  T o t a l  f i e l d  d e l i v e r a b i l i t y  and  c o m p r e s s o r
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FIGURE 11. T o t a l  f i e l d  d e l i v e r a b i l i t y  and  com presso r  
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FIGURE 14.  T o t a l  f i e l d  d e l i v e r a b i l i t y  v s .  c o m p r e s s o r

s t a t i o n  c a p a c i t y  f o r  a d r y  gas  p r o d u c t i o n  s y s t e m .
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FIGURE 15. Comparison o f  the t o t a l  f i e l d  d e l iv e r a b i l i t y  v s .  th e  

compressor s ta t io n  ca p acity  fo r  a dry gas production system .
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FIGURE 16.  C o m p ar i so n  o f  t h e  t o t a l  f i e l d  d e l i v e r a b i l i t y

v s .  t i m e  f o r  a d r y  g a s  p r o d u c t i o n  s y s t e m .
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FIGURE 17. Com parison o f  t h e  c u m u la t iv e  p r o d u c t io n  

v s .  t im e  f o r  a d ry  gas  p r o d u c t io n  sy s te m .
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FIGURE 19.  T o t a l  f i e l d  d e l i v e r a b i l i t y  v s .  com

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

p r o d u c t i o n  s y s t e m .



83

0  2îs" Tubing 

^ 7 "  Casing

g
ri

H
i HP = 6650

= 50 MMSCF/DAYÜ
« 400 BBLS/DAY 

10 = NO. WELLS

TIME (YEARS)

FIGURE 20. T ota l f i e l d  d e l iv e r a b i l i t y  v s .  time 

fo r  a gas-condensate production system .
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FIGURE 21. T o ta l f i e l d  d e l iv e r a b i l i t y  v s .  tim e

fo r  a gas-condensate production system .
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FIGURE 22. Comparison o f  th e  t o t a l  f i e l d  d e l iv e r a b i l i t y  

o f  a dry gas and a gas-con densate system  v s . tim e.
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FIGURE 23. Comparison o f  the t o t a l  f i e l d  d e l iv e r a b i l i t y  

o f a dry gas and a gas-con densate  system  v s .  tim e.
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FIGURE 24. Comparison o f  th e  t o t a l  f i e l d  d e l iv e r a b i l i t y

o f a dry gas and a gas-condensate system  v s .  tim e.
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FIGURE 25. Comparison o f  the t o t a l  f i e l d  d e l iv e r a b i l i t y

o f  a dry gas and a gas-condensate system  v s .  tim e.
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FIGURE 26. Comparison o f  t o t a l  f i e l d  d e l iv e r a b i l i t y  o f a dry

gas and gas condensate system  v s . th e  s i z e  o f  tu b in g  s t r in g s .
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FIGURE 27. Comparison o f  th e t o t a l  f i e l d  d e l iv e r a b i l i t y  o f  a

gas and a gas-con densate system  v s .  th e  compressor s ta t io n

ca p a c ity .
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FIGURE 28. Comparison o f  the t o t a l  f i e l d  d e l iv e r a b i l i t y  o f  a 

gas and a gas-con densate system  v s . the compressor s ta t io n

ca p a c ity .



APPENDIX D 

CALCULATION OF CONDENSATE RATE

The p r e d i c t i o n  o f  t h e  c o n d e n s a te  r a t e  was b a s e d  on 

F ig u re  2. F ig u re  2 , w hich shows th e  p e r c e n t  l i q u i d  a t  t h e  

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

on th e  b o t to m -h o le  o r  w e l lh e a d  f lo w in g  sam p le . I f  we a s 

sume t h a t  t h e  GOR a t  any v a lu e  o f  g as  r a t e  and r e s e r v o i r  

p r e s s u r e  i s  some r a t i o  o f  t h e  i n i t i a l  GOR, we can c a l c u l a t e  

t h e  c o n d e n sa te  r a t e  f o r  any t im e  s t e p  as f o l lo w s ;

CGOR)j = GOR' X ^

where :

GOR' = i n i t i a l  g a s - c o n d e n s a te  r a t i o  

C  = th e  % l i q u i d  a t  i n i t i a l  r e s e r v o i r  p r e s s u r e  

C = th e  % l i q u i d  a t  ( r e s e r v o i r  p r e s s u r e ) j  

T h e r e f o r e ,

o r

T OO-'J

g

92
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where C and C* a re  o b ta in e d  from F ig u re  2 , and GOR' = 

i s  p r e s c r i b e d  in  th e  c o m p u ta t io n .
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FLOW CHART OF THE COMPUTER PROGRAM FOR THE DRY GAS MODEL

©

C START

READ IN DATA: P ip e lin e , Compressor S ta t io n ,
Surface F a c i l i t i e s ,  Production Tubing S tr in g , 

R eservo ir  and F lu id  P r o p e r t ie s , and Gas 
in  P lace

WRITE: P ip e lin e ,  Compressor S ta t io n , Surface
F a c i l i t i e s ,  Production S tr in g , R eservo ir  and 

F lu id  P ro p er tie s  and Gas in  P lace

COMPUTE: The Optimum
D e liv e r a b il i ty  o f  th e  

Production System

SUBROUTINE QCALC cou
p led  w ith  BMP i s  de
sign ed  to  c a lc u la te  th e  
Bottom -hole P ressure  
from th e  l in e s id e  and 
r e se r v o ir  s id e  u n t i l  
both p ressu res converge 
and optimum flow  r a te  
i s  computed

Ô
WRITE: The production
system  d e l iv e r a b i l i t y  

and corresponding  
bottom -hole p ressure  

computed
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I s  
the  

p rescr ib ed  
D eliv ery  Rate 

G reater than th e  
computed d e l iv 

e r a b i l i t y  
o f  th e  
system

= OPTIMUM DELIVER-^ ew
ABILITY OF THE SYSTEM

Q -  PRESCRIBED new
DELIVERY RATE

COMPUTE: The I n i t i a l  Gas
C o m p ressib ility  F actor , 
Abandonment R ate, BHP/Z

SUBROUTINE ZFAC2, 
to  compute com

p r e s s ib i l i t y  
F actor (Z)

© ■

WRITE; I n i t i a l  R eservo ir  P ressu re , 
I n i t i a l  Gas C om p ressib ility  

F a cto r , BHP/Z

INITIALIZE TIME, 
TIME, CUMULATIVE

CUMULATIVE
PRODUCTION

COMPUTE: Th<i  Performance
o f  th e  Production System  

( * r e s ) j '  (^avg^J*
(AGp)j, A tj,

O

SUBROUTINE RESP 
to  compute r e s 
e r v o ir  p ressu re

SUBROUTINE ZFAC2
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NO

YES

WRITE; Cumulative Time in  Y ears, TTIME(J) 
Cumulative Gas Production in  BCF, GF(J) 

D eliv ery  Rate in  MMCF/DAY, Q(J) 
Average R eservo ir P ressu re , PRES6(J) 

Average D eliv ery  Rate in  MMCF/DAY, QAVG(J)

I s  Q(J) N 
g rea ter  than

' \ ^ A B D

CONVERT CUMULATIVE PRODUCTION 
TO BILLIONS OF CUBIC FEET 

GP(J) -  GP(J)/1000

^®^OLD “ (^̂ ^NEW 
cum)OLD 

N̂EW " N̂EW '‘RAT
cum NEW

Compute and fo r e c a s t  th e performance 
o f  th e  production system  on per  

year b a s is

©
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WRITE th e performance o f  th e  production  
system  per year b a s is :

TIME. GPN, QPN, P6N, QAVGN

/  Are \  
th ere any 

more cases  
. to  be 

\  run /

YES

NO

STOP
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FLOW CHART OF THE COMPUTER PROGRAM FOR THE GAS-CONDENSATE SYSTEM

G>
c START

READ IN DATA: P ip e lin e , Compressor S ta t io n ,
Surface F a c i l i t i e s ,  Production Tubing S tr in g ,  

R eservo ir  and F lu id  P r o p e r tie s , and Gas 
In P lace

WRITE: P ip e lin e , Compressor S ta t io n , Surface
F a c i l i t i e s ,  Production Tubing S tr in g , Res

e r v o ir  and F lu id  Data, and Gas In P lace

COMPUTE th e  optimum 
D e liv e r a b il i ty  o f  

th e Production  
System

SUBROUTINES : 
QCALC, BHP, 
MUFFIH, MUFF, 
OILRAT, PINT, 
FRIFAC,
GASVIS, 
OWLVIS, 
SURFAC,
ZFAC2

WRITE: The Production System
D e l iv e r a b i l i t y ,  Gas and Con

densate and corresponding  
bottom -hole p ressure computed
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©

YESNO

WRITE: I n i t i a l  R eservo ir  P ressure
I n i t i a l  Gas C om p ressib ility  

F actor (Z ), BHP/Z

/  th e  
p rescr ib ed  \  

D eliv ery  Rate 
G reater than th e  

computed d e l lv -  
V e r a b l l l t y  /  

o f  th e  y /  
\ s y s t e m y

SUBROUTINE ZFAC2

« PRESCRIBED‘NEW 
DELIVERY RATE

SUBROUTINE RESP 
to  compute r e s 
e r v o ir  p ressure

= OPTIMUM DELIVER

ABILITY OF THE SYSTEM

INITIALIZE TIME, CUMULATIVE 
TIME, CUMULATIVE PRODUCTION

SUBROUTINE ZFAC2 
to  compute 

c o m p r e ss ib ility  
fa c to r  (Z)

COMPUTE: The I n i t i a l  Gas
C o m p ressib ility  F actor , 
Abandonment R ate, BHP/Z

COMPUTE : The Performance
o f  th e  Production System

( ^ re s ) j '  (Qavg)j*
l p ) j ,  ( A G p ) j ,  A t j ,



1 0 1

G>

than NO

YES

^ V oL D  “ (^P^NEW

y -------------------- ^^cum^OLD ^̂ cum̂ NEW

%EW “ ^NEW*̂ RAT

CONVERT CUMULATIVE PRODUCTION 
TO BILLIONS OF CUBIC FEET 

GP(J) = G P(J)/1000

WRITE: Cumulative Time In Y ears, TTIME(J)
Cumulative Gas Production  In BCF, GP(J) 

D eliv ery  Rate In MMCF/DAY, Q(J) 
Average R eservo ir  P re ssu re , PRES6(J) 

(Average D e liv e r y  Rate In MMCF/DAY, QAVG(J),

Compute and fo r e c a s t  th e  performance 
o f  th e  Production  System on per 

year b a s is

WRITE th e  performance o f  th e  production  
system  per year b a s is :

TIME, GPN, QPN, P6N, QAVGN



y /  Are \  
th ere  any 

more ca ses  
to  be 

\  run y

YES

NO

STOP

102
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aFLO" 60
aFlU" 70
aFLU" SO

90
i***a*a*«*«a*****aFLUH 100 
>*a«*«a**********aFlUa 110 

*•*•**••*••**••******* A* A A************ »•*••****«*****••••**« *****it*****FLUn 120
INTEGRATED PERFORMANCE OF FLO* BEHAVIOR IN GA3 CÜND, RESERVOIR Flüh 130 
combines FLO" SEHAVIUR OF RESERVOIR,FLU" SIRING,PROCESSING EUUIPMEFlOm 140 
GATHERING STSTEm,COMPRESSION FACILITIES,TRUNKLINE, FLU" 150
IT CALCULATES! FLO" 160

FLU" ThbouGM the RESERVOIR FLO" 170
FLU" THROUGH THE PHU0UCIN6 STRING FLO" 160
FLO" through THE Surface facilities including the gathering flo" iso

SYSTEM,metering EUUJpmFnT AND GAS TREATMENT EQUIPMENT FLO" 200
FLU" THROUGH THE COMPRESSOR SATATIUN FLU" 210
FLU" through pipeline TU THE SALES POINT FLU" 220

*••«•*••***•***••**« f i A A A f i * A **••***«**«"•aaFLO" 230 
AAAAAAAAAAAAAAAaAAAAAAAAAAAAAAAAAaAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAFLON 240

MAXIMUM deliverability OF A CAS PRQÜUCTUIN SYSTEM TO SALES CONNECTFlO" 250 
OR PIPELINF IS EVALUATED FLO" 260

sAAaaa*aaaaaaaaaaaaaaa*aaaaaaaaaaaaaaaaaaaaaaaaaaa*aaaaaaaaaaa*a«a«aaaaFlOR 274

AAAAAA AAA AAAAAA AAA# ^aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaâaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaFLO" 290 
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaFlO" 300

PI IS THE DELIVERY PRESSURE IN P8IA FLO" 310
T1 IS The PIPELINE TEMP, IN dec, RANNIN FLO" 320
01 IS the PIPELINE 01AM, IN INCHES FLO" 330
XI IS THEPIPELINE length IN miles FLO" 340
El IS the PIPELINE efficiency FACTOR UNITLESS FLU" 350
POIS The RASP PRESSURE IN P8IA Flow360
TOIS THEBASF. TEMP. IN DEC, RANKIN Flow370
HP IS The hUPSE power IN HP Flow360
RXIS the compression ratio UNITlESS Flow390
TJ IS the SUCTION TEMP. IN DEC. RANKIN flow400
E3 IS The CQmPRESSUR efficiency factor UNITLESS FLOW410
Z3 IS the Z-FaCTLIR at compressor suction UNITLESS FLOW420
C3 IS the constant in gathering LINE SYSTEM 8CF/PSXA FLOW430
TOIS the average Tubing temp, in dec. rankin FLU" 440
24 IS THE Z.FaCTOH IN The tubing UNITLESS FLOW450
04 IS The TUBING DIAM. In inches FLOW460
X4 IS The TUBING length in ft. FLOW470
6 IS the CAS gravity UNITLESS FLOW4S0
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