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INTRODUCTION

This study was done on an abnormal ly  pressured gas r e s ­

e r v o i r  co n ta in in g  f i v e  w e l l s .  Some w e l ls  produce n a t u r a l  gas, 

condensate and w at e r ;  wh i le  the o th er  we l l s  produce only  

n a t u r a l  gas and condensate.  F igure 1, 2,  3 and 4 show the  

performance o f  the f i e l d  p r i o r  to t h i s  study.

The c u r r e n t  a v a i l a b l e  data on t h i s  r e s e r v o i r  was:

1) Flowing wel l  head pressure

2) D a i l y  gas p roduc t ion r a t e ,  sc f / d a y

3) D a i l y  condensate p roduc t ion  r a t e ,  bb l /d a y

4) D a i l y  water  p roduc t ion  r a t e ,  bb l /d a y

5) Some logs on a l l  w e l l s

6) S t r u c t u r a l  maps of  the f i e l d .

From those data the f o l l o w i n g  were determined:

1) Bottom hole f l o w in g  pressure f o r  each wel l  as a 

fu n c t i o n  o f  t ime

2) Average r e s e r v o i r  pressure monthly i n t e r v a l s

3) I n i t i a l  pressure o f  the r e s e r v o i r

4)  O r i g i n a l  gas i n - p l a c e

5) Size o f  the wate r  a q u i f e r .

Based on these d a t a ,  f u t u r e  p r e d i c t i o n s  were made f o r  

the f o l l o w i n g  c o n d i t io n s :

1) P r e d i c t i o n  1 -  When Q w / Q g  > 0 shut we l l  in

2) P r e d i c t i o n  2 -  When no l i m i t  on water  p roduc t ion



P r e d i c t i o n  3 -  When Qw/Qg > 0 .002  b b l / s c f  shut wel l  

i n

P r e d i c t i o n  4 - When Qw/Qg 0 . 00 4  b b l / s c f  shut wel l  

i n

P r e d i c t i o n  5 -  When Q../Q„ > 0 set  gas r a t e  atw g

1 x 10^ s c f / d a y .



RESULTS

The f o l l o w i n g  r e s u l t s  were ob ta ined :

The o r i g i n a l  gas i n - p l a c e  was determined to be 220 .00  x
9 910 sc f  by m a t e r i a l  balance e q u a t i o n ,  and 200 .24  x 10

sc f  by vo lu m et r i c  method. The m a t e r i a l  balance va lue

was used f o r  a l l  p r e d i c t i o n s .

The r a t i o  o f  a q u i f e r  rad ius  to gas rad ius  ( r a / r  ) was
q y

c a l c u l a t e d  to be 2 . 3 9 .

The u l t i m a t e  recovery  determined f o r  the va r ious  p r e d i c ­

t io n s  are :
g

a.  For P r e d i c t i o n  1,  2 1 .4  x 10 sc f  gas and zero bbl 

water  were produced in 39 months ( f i e l d  abandon­

ment ) .  Table 4 shows the r e s u l t s .

b. For P r e d i c t i o n  2 ,  56 .99  x 109 scf  gas and 484 .11  x
3

10 bbl wa t e r  were produced in 39 months,  and 

76 .03  x 109 sc f  gas and 2053 .09  x 103 bbl water  

were produced dur ing  320 months ( f i e l d  abandonment) .  

Table 5 shows the r e s u l t s .

c.  For P r e d i c t i o n  3,  56 .98  x 109 sc f  gas and 379 .38  x
3

10 bbl wa t e r  were produced in 39 months,  and 74 .18
9 3x 10 sc f  gas and 1624.55 x 10 bbl wate r  were p r o ­

duced dur ing 220 months ( f i e l d  abandonment) .  Table  

6 shows the r e s u l t s .

d. For P r e d i c t i o n  4 ,  56 .99  x 109 sc f  gas and 484 .11  x
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3
10 bbl wa te r  were produced in 39 months,  and 

74 .19  x 10^ sc f  gas and 1635 .38  x 10^ bbl water  

were produced dur ing  220 months ( f i e l d  abandonment) .  

Table  7 shows the r e s u l t s .
g

e .  For P r e d i c t i o n  5 ,  25 .22  x 10 scf  gas and 123.96 x
3

10' bbl wate r  were produced in 39 months,  and 54 .24
9 3x 10 scf  gas and 1938.27  x 10 bbl water  were p r o ­

duced dur ing  320 months ( f i e l d  abandonment) .  Table  

8 shows the r e s u l t s .



RECOMMENDATIONS

As a r e s u l t  o f  t h i s  s t udy ,  the f o l l o w i n g  i s  recommended

I n s t a l l  equipment to handle produced w a t e r .

An economic e v a l u a t i o n  be performed to determine i f  the  

f i e l d  should cont inue to  be produced a f t e r  39 months.
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PROCEDURE

In t h i s  s tudy ,  the net  gas pore volume was determined
c

to be 588.0  x 10 cu f t .  from an isopach map. This map was 

cons t r uc te d  by contour ing  the top and the bottom of  the 

fo rm at io n  (F igu res  5 and 6)  which were obta ined from logs .

One o f  these logs is shown in F igure  7.  Using the method 

of  r e fe re n c e  ( 5 ) ,  the isopach map, F igure 8 was co n s t ru c t e d .  

Since only  5 po in ts  were a v a i l a b l e  and only one wel l  i n d i ­

cated a g a s - w a t e r - c o n t a c t ,  a dome-type s t r u c t u r e  was assumed.  

The maps were co ns t ruc ted  based on t h i s  assumpt ion.

Based on core and log d a t a ,  the range of  p o r o s i t y  was 

22% to  31%. The average p o r o s i t y  was c a l c u l a t e d  using  

Equat ion (1 )  and r e s u l t e d  in a value of  26%.

where :

n . Z n * Z

•  a  • i d ' , ? ,  <■>

= average p o r o s i t y ,  percentage

j  = index  

n»Z = number o f  zones 

h = zone t h i c k n e s s ,  f t

= zone p o r o s i t y ,  pe rcentage .
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From l o g s ,  the wa te r  s a t u r a t i o n  was determined to range 

from 15% to 44%. The average va lue f o r  wa te r  s a t u r a t i o n  was 

c a l c u l a t e d  to be 30% by using Equat ion ( 2 ) :

= W " ‘ z ( 2 )J ^

where :

wi

S . = average connate wate r  s a t u r a t i o n ,  pe rcent  

= connate wa te r  s a t u r a t i o n  in the zone,  pe rc en t .

But i f  Equat ion (3 )  is used f o r  de termin ing  average  

hydrocarbon pore volume:

*1 *  ( 1 -  5w1> -  hj  hJ { 3 )

and Equat ion 1 f o r  ^ , then an average value o f  S  ̂ is c a l ­

cu la te d  to be 31.0%.

Only one va lue of  bottom hole s h u t - i n  pressure was 

a v a i l a b l e ,  t h i s  va lue was measured in Well No. 4 on June 25,  

1977 and determined to be 7791 .0  p s i g . T h e r e f o r e ,  bottom 

hole f l o w in g  pressures were c a l c u l a t e d  in order  to determine  

the be hav io r  o f  r e s e r v o i r  pressure w i th  t im e .  To determine  

bottom hole f l o w in g  pressure f o r  the w e l l s ,  the condensate  

was assumed to be produced as a gas from the r e s e r v o i r  and 

condensated a t  the s u r f a c e .  The produced condensate was 

conver ted to  i t s  gas e q u i v a l e n t  ( 4 )  using Equat ion ( 4 ) :
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GE = Q x 133 ,000  x y  /M c c 'c c ( 4 )

whe r e :

Mc = 6 0 4 8 / (API -  5 . 9 ) ,  and

Y c = 1 4 1 . 5 / ( 1 3 1 . 5  + A P I ) .

The volume o f  gas f lo w in g  in the tub ing was c a l c u l a t e d  

using Equat ion ( 5 ) :

Mc = m o le cu la r  weight  o f  the condensate

API = API g r a v i t y  o f  the condensate  

Yc = s p e c i f i c  g r a v i t y  o f  the condensate  

GE = the gas e q u i v a l e n t  of  the condensate ,  sc f / d a y
V

Qc = condensate f lo w  r a t e ,  b b l / d a y

Q = sur face  gas f low  r a t e ,  s c f / d a y
y

QG  ̂ = wel l  st ream gas f low  r a t e ,  s c f / d a y .

A v e r t i c a l  f lo w  eq ua t i on ,  pub! ished by Katz ( 6 ) , was used 

to c a l c u l a t e  the bottom hole f lo w i ng  pressure based on the  

su r face  f l o w in g  p r e s s u r e ,  the c a l c u l a t e d  wel l  stream g r a v i t y

QGt  = Q g  *  GEc (5 )

whe re :
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and the c a l c u l a t e d  we l l  st ream gas f low r a t e ,  Equat ion 6.

Ps = / ( Q G t 2 + 4 x 104 x A x H x 2 . 7 1 8 3 5 x P2 )

V (4 x 106 x A x H) ( 6 )

wh ere :

A = S / ( 2 . 7 1 8 3 5 -  1 . 0 )

S = .0375 x y w x X / ( T x Z )

Yw = (RYg + 4584 Yc ) / ( R  + 132,800 Yc /Mc )

H = D 5 / ( y w x T x Z x F x X )

F = 30 .9208 x 1 0 ' 3 x B/y " • ° 65

B = QGt - 065 x D-058 x Yw” * 065

Ps = the  pressure a t  the bottom of  the i n t e r v a l  ( X ) ,  

psi a

P =• the pressure a t  the top o f  the i n t e r v a l  ( X ) ,  

psi a

Yw = wel l  st ream gas g r a v i t y  

X = depth i n t e r v a l ,  f t

T = tempera tu re  a t  the bottom of  the i n t e r v a l  

d e p th , °  R

Z = gas c o m p r e s s i b i l i t y  f a c t o r
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R « i n i t i a l  sur f ace  gas-condensate r a t i o  o f  the  

p r o d u c t i o n ,  sc f  o f  dry gas per  b a r r e l  o f  con­

densate

Yg = average s p e c i f i c  g r a v i t y  o f  the gas produced 

f rom the sur face  se p ar a t o r  ( s ) ,  a i r  = 1 .00  

D = i n s i d e  d iame te r  o f  the t u b i n g ,  inch

u = gas v i s c o s i t y ,  cp
y

Equat ion 6 i s  solved i n c r e m e n t a l l y  u n t i l  t o t a l  depth is  

reached ,  a t  which t ime Ps i s  equal  to the bottom hole f lo w i ng  

pr es sur e .

When a wel l  was producing f r e e  w a t e r ,  a two phase f low  

equat ion was used to c a l c u l a t e  the f lo w i ng  bottom hole  

pr essure ,  Equat ion 7.

k= 100
PBHF = PWH + APck (7 )

whe r e :

a p P + T.

i -Wt  qg/4637 Ap P
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f  PL Vt
f  29c dh

q, + v K a
fe-JEL +

+ Vb Ap

w. = w. + w„t  L g

-3WL = 4 .0509 x 10 J x Qw

Wg = Qg/ 379 x yw x 2 8 . 9 7

q = 3 .27  x 1 0 ' 7 x QGt x Z x T/P

P = Pk - 1  + APa / 2

PL « WL/ q L

-5= 6 .49  x 10 x Qw

p -  W /q
Mg g / M g

qt  " qL + qg

Nb = 1488 Pl  dh Vb/p

NRe « 1488 px dh v t / p x

= ( . 5 4 6  + 8 . 7 4  x 10"® Nr6 ) /g<3  ̂ f o r  N < 3000
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b = *  Vbi V Vbi +
0  13 .59 y.
2 •  L f o r  3000 <

p i A

Vb.=  ( . 2 5 1  + 8 . 7 4  x 10~6 N0J  / g dRe

Vb = ( .  35 + 8.  74 x 1 0 ' 6 NRe) /g d ^  f o r  Np

r = ( . 0 1 3  Log y L ) / d h1.38

.681 + .232 Log Vt -  .428 Log dh f o r  V

r > -

r = .0127 Log ( U] + l ) / d h1 * 415 - .709 - .162

888 Log d^,  f o r  V ^ > 1 0 ,  and 

VL A_ 5
r > - b p  t i — \

+ Vt A ( 1_PL)b p

The terms were de f in ed  as f o l l o w s :

k = depth increment

Pbhf = bottom hole f lo w i ng  p r es su r e ,  psia

Np < 8000

> 8000

t < 10 and 

.065 Vt

Log Vt  -
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= we l l  head f l o w in g  pressures psia

AP . = c a l c u l a t e d  pressure drop w i t h i n  the depth
c i n t e r v a l ,  ps ia

p = average f l u i d  d e n s i t y ,  l b / c u  f t

= t o t a l  mass f low  r a t e ,  l b / s e c

= l i q u i d  mass f lo w  r a t e ,  l b / s e c

Qw = wa te r  f low  r a t e ,  b b l /d a y

Wg = gas mass f low  r a t e ,  l b / s e c

= c o r r e c te d  gas f low r a t e ,  cu f t / s e c

T = tempera tu re  a t  depth (X) °R

AP = assumed pressure drop w i t h i n  the depth
i n t e r v a l , ps ia

= wate r  d e n s i t y ,  l b / c u  f t  

= water  f low r a t e ,  cu f t / s e c  

pg = gas d e n s i t y ,  l b / c u  f t

q^ = t o t a l  volume f low  r a t e ,  cu f t / s e c

A = f low area o f  p i p e ,  sq f t
r

= the bubble r i s e  v e l o c i t y ,  f t / s e c

2
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

Nrs = Reynolds number
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Nb = bubble Reynolds number

= wa te r  v i s c o s i t y ,  cp

Tf = the wa l l  f r i c t i o n - 1 o s s , l b / s q f t / f t

f = f r i c t i o n  f a c t o r

v t = t o t a l  f l u i d  v e l o c i t y ,  ( q . / A  )t  p , f t / s e c

9C = g r a v i t a t i o n a l  co n s t a n t ,

f t - 1b (mass) / l b ( f o r c e )  ’  sec2

r. = l i q u i d  d i s t r i b u t i o n  c o e f f i c i e n t ,  f t / s e c

When the c a l c u l a t e d  pressure drop ( A P w a s  less than 

the assumed pressure drop (AP , )  i t  was necessary to decrease
a

AP . The s o l u t i o n  r e q u i r e d  t h a t  the two va lues o f  AP be
a

w i t h i n  .001 psi  be fo re  the c a l c u l a t e d  va lues were accepted  

as being c o r r e c t .  Equat ion (7 )  is  solved i n c r e m e n t a l l y  u n t i l  

t o t a l  depth i s  reached.

A f t e r  c a l c u l a t i o n  o f  bottom hole f lo w in g  pressure f o r  

each we l l  as a f u n c t i o n  of  t i m e ,  the values were screened.  

More we igh t  given to the va lues of  f l o w in g  we l l  head p r e s ­

sure measured by dead weight  t e s t e r  and to re po r t ed  change 

in va lue a f t e r  a r epo r t ed  sequence o f  constan t  va lu es .

These screened bottom hole f l o w in g  pressure va lues were 

p l o t t e d  a g a in s t  cumula t i ve  gas wel l  st ream produc t ion f o r  

each we l l  (F i gu re s  9 ,  10,  11,  12 and 1 3 ) .  P lo t s  o f  cumula­

t i v e  gas we l l  stream produc t ion  f o r  each we l l  as a fu n c t io n
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of  t ime are presented in F igures 14,  15,  16,  17 and 18.  

These f i g u r e s  were used in s e l e c t i n g  va lues o f  bottom hole  

f l o w in g  pressure f o r  each wel l  a t  common t imes .  The c a l c u ­

l a t e d  bottom hole f l o w in g  pressure f o r  each we l l  and the  

f lo w  r a t e  o f  each we l l  were used to determine the dra inage  

volume and the dra inage  volume average pressure f o r  each 

w e l l .  Equat ion (8 )  was used to determine these va lu e s .

DVj = Cj x Exp x ( p* 2 -  P -2 ) /QG . )  + 1 J e wj " y j  ' x ( 8 )

where :

C . = 3 .14159 X « X h . X r .
J J ” J

Aj  = . 0 0 7 0 8  x 5 . 6 1 5  x hj  x k gj. x Ta / ( ^ gj  x Zj  x Pa x T )

Everyth ing  i s  known in Equat ion (8 )  except  (P_)  and 

(DV j )  a t  common t imes f o r  each w e l l .  Since Pg is  the same 

f o r  a l l  w e l l s  a t  the same in s ta nc e  in t i m e ,  t h e r e f o r e  assume 

a va lue  f o r  P and solve Equat ion (8 )  f o r  DV. .  Equat ion (8 )
 ̂ J

was solved r e p e a t e d l y  w i th  assumed va lue of  P Q u n t i l  

Equat ion (9 )  was s a t i s f i e d .

DVT *  " DV {9 )
J = 1 J

whe re :



ER-2562 16

j  = we l l  number

QG = gas f lo w  r a t e ,  s c f / d a y

h = th ickness  o f  pay zone,  f t  

kg = gas p e r m e a b i l i t y ,  md

T = r e f e r e n c e  te m p e r a tu re ,  °R
a

T = fo rm at ion  te m p e r a tu re ,  °R 

Pa = r e fe r e n c e  p r es su r e ,  ps ia
a

Pw = bottom hole f l o w in g  p r es su r e ,  ps ia  

r 0 = d ra inage r a d i u s ,  f t  

r w = wel l  bore r a d i u s ,  f t

DVTc = t o t a l  dra inage volume f o r  the r e s e r v o i r .

When the t o t a l  c a l c u l a t e d  dra inage volume was less  than 

the volume determined from an isopach map, i t  was necessary  

to inc rease  the assumed va lue o f  P . Equat ion (9 )  was r e ­

qu i r ed  to converge to w i t h i n  one m i l l i o n  cubic f e e t .

The average pressure in a w e l l ' s  d ra inage volume is

given by Equat ion ( 1 0 ) :
r  . r  •

= r wj 2" ^  d r J / r wj 2T f j  d r j  ( 10 )

The approximate d i s t r i b u t i o n  in a f lo w in g  w e l l ' s  d r a i n ­

age volume is  given by Equat ion ( 1 1 ) .
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? 2 2 2 ln ( r -j /  r w i ^
D ^ ~ P  + f P -  P 1 Y J W J

r j  '  wj ' e wj ' I ^ ( 7 ~ 7 r ~ )
( 1 1 )

Solv ing  Equat ion 11 f o r  pressure and s u b s t i t u t i n g  in to  

Equat ion 10 r e s u l t s  in an express ion  f o r  P in the gas w e l l ' s  

dra inage volume.

P. =
3

ej
J  2r  
w j

. > / p  . 2 + 
J w j ( P ,

2 l n ( r i / r w i }

P»  1 * * d r <

, 2  2s( r . -  r . )v e j  wj ( 12 )

The i n t e g r a t i o n  f o r  P can be accompl ished by g rap h ic a l  

or  summation o f  the f o l l o w i n g  terms as a m u l t i p l e  o f  an in c re  

mental  r .

. x / 7Tf ( r - )  = 2 r ,  x / p  + fp 2 .  p 2 ) y l n ^r j ^ r wj^
3 3 WJ e wj } x In r . / r  . )  U  'e j '  wj '

f ( r . )  i s ev a l u a t e d  a t  d i f f e r e n t  values of  r .  u n t i l  r .
J J J

i s  equal  to r . The area under the curve is  c a l c u l a t e d  by 

Equat ion ( 1 4 ) :

100 f ( r . ) i  + f ( r  )
Ar e a j  = . M - l -  x ( ( r . ) k -  ( r ( 14)
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This area was s u b s t i t u t e d  i n t o  Equat ion 12 f o r  the i n t e g r a l  

and the average pressure in the w e l l ’ s d ra inage  volume was 

dete rmined .  A f t e r  c a l c u l a t i n g  P f o r  a l l  the w e l l s ,  the  

average pressure o f  the r e s e r v o i r  was ob ta ined  by using  

Equat ion 15:

No. o f  w e l 1s

^average Pj xDV DVTc (15>

These c a l c u l a t e d  va lues o f  average r e s e r v o i r  pressure are

t a b u l a t e d  in Table 1 and p l o t t e d  in F igure 19 (see Computer

Program Number Two).

Average r e s e r v o i r  pressure over  d e v i a t i o n  f a c t o r  ( P / Z ) ,

was p l o t t e d  as a f u n c t i o n  of  cumulat i ve  gas product ion

(F ig u re  2 0 ) .  The e x t r a p o l a t i o n  of  the curve of  P/Z = 0
g

gave a va lue  of  gas i n - p l a c e  o f  440 x 10 s c f .  E x t r a p o l a ­

t i o n  o f  the curve to Gp = 0 ,  gave a va lue of  = 6165.6

p s i a .  By t r i a l  and e r r o r  s o l u t i o n ,  i n i t i a l  r e s e r v o i r  p r e s ­

sure (P..) was ob ta ined  to be 7300 ps i a ,  t h i s  value is  less  

than the re po r t ed  va lue of  7791 p s i a ,  but  w i l l  be used in 

making p r e d i c t i o n  because i t  f i t s  the generated pressure data  

The o r i g i n a l  gas i n - p l a c e  was c a l c u l a t e d  by the volume­

t r i c  method using the pore volume from the isopach map and 

the es t imat ed  i n i t i a l  r e s e r v o i r  p ressure .
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6 = 35 .35  x ( P ^ / Z ^ ) / ( T )  x hydrocarbon pore volume 

G = 35 .35  x 6 1 5 5 . 6 / ( 6 4 0 )  x 588 x 106 

G = 20 0 .2 4  x 109 s c f .

This value o f  o r i g i n a l  gas i n - p l a c e  is  much sm a l le r  than 

the value ob ta ined  from the P/Z - Gp p l o t .  Because two w e l ls  

are a l r e a d y  producing wat e r  and the l a r g e  d i f f e r e n c e  in the  

two va lues o f  gas i n - p l a c e ,  one would expect  water  i n f l u x .

The presence of  wa t e r  i n f l u x  p r o h i b i t s  the use o f  P/Z - Gp 

p l o t  f o r  de te r min in g  gas i n - p l a c e  ( 1 0 ) .  Hence, another  

v e r i f i c a t i o n  o f  the gas i n - p l a c e  va lue must be found.

Since the magnitude o f  the water  a q u i f e r  i s  unknown, a 

r ea r ranged  ve rs ion  of  the m a t e r i a l  balance equa t ion  was used 

as the a l t e r n a t e  method.

G( p4  '  } GZ,
 J - 1 -  + ----------- ]-------

Pi - Pj (V 1' Swi>

2

<CW swi + c f ) + ( ; V i ) ( C f +cw>
9

(Gp . J l u *  5 .6 15  x Wpj BW) / ( P .  -  Pj )
3

( 1 6 )

where :

A = Ta / ( P a x I )

G = i n i t i a l  gas i n - p l a c e ,  sc f  

P = r e s e r v o i r  pressure a t  t ime t ,  ps ia
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P .  = i n i t i a l  r e s e r v o i r  p r es su re ,  ps ia

Cw = average water  c o m p r e s s i b i l i t y ,  p s i ” 1

= average fo rm at i on  c o m p r e s s i b i l i t y ,  p s i ” 1

r a = rad ius  of  the a q u i f e r ,  f t

r  = radius  of  the gas r e s e r v o i r ,  f t  
9

G = cumulat i ve  we l l  stream gas p r o d u c t io n ,  sc f
r

Wp = cumulat i ve  wa te r  p r o d uc t io n ,  bbl

B = wate r  fo rm at ion  volume f a c t o r ,  r es .  b b l /  
sur face  bbl

Equat ion 16 can be rear ranged  so as to r ep r es en t  an 

equat ion of  a s t r a i g h t  l i n e  ( 9 ) ,  such t h a t :

Y = mX -  a ( 17)

where:

y = (Z j / p -  z . / P ^ / t P .  -  p . )  (18)

X = (GPj  Zj / P j  + A x 5 ,615 x Wpj Bw) / ( P i '  Pj ) {19)

a = z i

<Cf  + Cw>

(C S . C.e) + ( r  ^ / r  — 1) xv w wi f ' w a '  g 1

( 2 0 )



The s lope o f  the s t r a i g h t  l i n e  i s  the r e c i p r o c a l  of  

the o r i g i n a l  gas i n - p l a c e .

Values of  (X)  and (Y)  were c a l c u l a t e d  from past  p e r f o r ­

mance data and are presented in  Table 2 and F igure  21.  The 

po in ts  which f i t  the s t r a i g h t  l i n e  were e x t r a p o l a t e d  to get  

the  va lue o f  the i n t e r c e p t  a.  Only the s t r a i g h t  l i n e  po r ­

t i o n  was used because i t  i n d i c a t e s  t h a t  the  a q u i f e r  has 

reached pseudo steady s t a t e  f lo w  c o n d i t i o n s .  From the  

s t r a i g h t  l i n e  p o r t i o n ,  the va lue  of  gas i n - p l a c e  was found 

to  be 2 2 0 .0  x 10 sc f  and the i n t e r c e p t  ( a )  equal  to  

- 1 2 . 6  x 10^.  Using Equat ion 20 wi th  = 6 x 10"® p s i ’ * (13)  

and Cw = 4 x 10’ ® p s i ’ * ( 4 )  the va lue of  ( r a / r g ) was found 

to  be 2 . 3 9 .

In o r de r  to de termine the r a t e  o f  advance of  the water  

f r o n t ,  i t  i s  necessary to determine the r e s i d u a l  gas s a t u r a ­

t i o n  in the w a t e r  invaded zone.  Well  No. 3 s t a r t e d  producing  

water  dur ing the s i x t h  month o f  o p e r a t i o n ,  t h e r e f o r e  the  

cumu la t i ve  wa te r  i n f l u x  a t  the end o f  s ix  months of  produc­

t i o n  was c a l c u l a t e d  using the Hurst  Van Everdinger  unsteady  

s t a t e  wa t e r  i n f l u x  r e l a t i o n s h i p ,  Equat ion 21.
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whe re :

\|j '= shape f a c t o r

Ce " Cw ^  Cf

* _ .006328 k t  x . J tp  = --------------- - --- *  ,  t  in  days
uw $ Ce -r g

Pi ’ P1 APi = — — 2   for  j = 1

( P i -2  '  Pi )AP . = — >1—^2------ L  f o r  0 > 2

Q ( t p )  = d imensionless  water  i n f l u x  f u n c t i o n

The wate r  i n f l u x  a t  the end of  s i x  months was determined  

to be 3 .7 22  MM b b l s ,  or  20 .896  MM cubic f e e t .

The pore volume invaded by wa te r  a t  t h i s  t ime can be 

es t im at e d  by Equat ion 22.

AV . = wi W . -  W e , -  (W . B . -  W B ) ei  o pi wi po wo
( 2 2 )

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

2 3 ,  t h e  minimum d e p t h  o f  z e r o  p r o d u c i n g  c a p a c i t y  was s e l e c t e d

The c u m u l a t i v e  p o r e  vo l ume  o f  o r i g i n a l l y  g a s  s a t u r a t e d  r o c k
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below t h i s  depth was determined from Figure 24.  The depth  

a t  which the producing c a p a c i t y  equals to zero is  9632 f t ,  

the volume o f  o r i g i n a l l y  gas s a t u r a t e d  pore space below t h i s  

depth was 44 .3  x 10^ cu f t .  S u b s t i t u t i n g  these va lues i n t o  

Equat ion 23 and so lv in g  f o r  S^r r e s u l t s  in a value o f  22.8%.

Based on the va lue  o f  gas i n - p l a c e ,  i n i t i a l  r e s e r v o i r  

pressure and the s i z e  o f  the a q u i f e r  c a l c u l a t e d  in prev ious  

s t e p s ,  a f u t u r e  p r e d i c t i o n  f o r  the r e s e r v o i r  was done. The 

method o f  p r e d i c t i o n  was based on the water  i n f l u x  c a l c u l a t e d  

from m a t e r i a l  balance equa t ion  and the water  i n f l u x  from the  

unsteady s t a t e  equa t ion (H u rs t  and Van Everdinger  ( 1 2 ) ) .

Water i n f l u x  from m a t e r i a l  balance equat ion i s :

Wem
Z .

Gpj  x ^  + A x 5 .6 15  x Wp . x Bw -  G
J

> y i  -  sw i ) x (c w sw i + c f > < pi -  pj )

z . z .
.  _ J L w

• J i

/ ( A x  5 .6 1 5 )  

(23)

The c a l c u l a t i o n  of  f u t u r e  performance was performed as 

f o l 1ows :

a) A c o n t r a c t  gas f low  r a t e  was se t  f o r  each wel l

b) A minimum f l o w in g  bottom hole pressure f o r  each 

wel l  was c a l c u l a t e d  based on the predetermined  

r a t e  and f o r  a we l l  head f l o w in g  pressure equal  

to 975 ps ig .
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c) The s p e c i f i c  p r o d u c t i v i t y  f o r  each w e l l  was

determined by Equat ion 24 from past  product ion  

d a t a .

Cpj  -  Q9a s . / ( ( P e 2 -  Pw2 ) x hg . )  (24)

w he re :
2

C . = s p e c i f i c  p r o d u c t i v i t y  in de x ,  s c f / d a y / p s i  - f t
r J

Qgas. = gas f lo w  r a t e ,  s c f / d a y  a t  some p r es su r e ,  Ptl j  w

h - = number o f  feed p e r f o r a t e d  above g a s -w a te r -  
c o n t a c t ,  f t .

d) The gas p r oduc t ion  r a t e  f o r  each we l l  was c a l c u l a ­

ted using Equat ion 25.

QG. = C . x h . x (P 2 -  P2 ,„.= ) ( 25 )j  pj g r j  e mi nj

where :

hgr j  = remaining number o f  f e e t  p e r f o r a t e d .

The data used to determine the va lues o f  Cp are p r e ­

sented in Table ( 9 ) .

Based on the data o f  Table  ( 9 ) ,  the s p e c i f i c  producing  

c a p a c i t y  o f  each we l l  was c a l c u l a t e d  and presented in  

Table ( 1 0 ) .

A c u m u l a t i v e  p r o d u c i n g  c a p a c i t y  c u r v e  a b o v e  a g i v e n

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

and  t h e  l o c a t i o n  o f  e a c h  w e l l ' s  p e r f o r a t e d  i n t e r v a l  a s  shown
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i n  F igure  22.  The r e s e r v o i r  was d i v id e d  i n t o  nine  

unequal v e r t i c a l  i n t e r v a l s ,  A through I .  The 

producing c a p a c i t y  of  each i n t e r v a l  was c a l c u l a t e d  

and is  shown in  Table  ( 1 1 ) .

The f r a c t i o n a l  s p e c i f i c  producing c a p a c i t y  

above a des igna ted  depth is shown in F igure  23.

For the purpose o f  c a l c u l a t i n g  f u t u r e  product ion  

r a t e s ,  data in  Table  (12 )  were assumed f o r  each 

we 11 o

e)  The cumula t i ve  gas produced from the r e s e r v o i r  was 

c a l c u l a t e d  from Equat ion 26.

n • w
Gpj =  ̂ j   ̂ X c*e ^ta t ”’ me + 6p j - l

J 1

n-w = number o f  w e l l s

f )  The wa t e r  p rod uc t ion  r a t e  f o r  each wel l  was c a l ­

c u l a t e d  by Equat ion 27.

wh e re :

n - S j  KWJ uqj Zj Pa T , ,p (27)
Wwj Kgj  uw x 5 .615  x Ta x hwj <pe ‘  Pminj )  ( 27 )

h . = number o f  f e e t  p e r f o r a t e d  below gas water  
WJ co n ta c t

g)  The c u m u l a t i v e  w a t e r  p r o d u c t i o n  was c a l c u l a t e d  by
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Equat ion 28:

n . w
Wni = ( 2 x d e l ta t ime + WPJ j = 1  w j PJ-1

( 2 8 )

h)

w he re :

The h e ig h t  o f  the p resent  g a s - w a t e r - c o n t a c t  had to  

be c a l c u l a t e d  a t  each f u t u r e  t ime step to determine  

the wate r  and gas producing c a p a c i t y .  The cumula­

t i v e  pore volume invaded by wa te r  can be c a l c u l a t e d  

using Equat ion 29.

Bg^ = gas fo rm at io n  volume f a c t o r  a t  pressure P^,

(30)

cu f t / s c f .

A f t e r  c a l c u l a t i n g  Vwn, data of  F igure 24 were used 

to c a l c u l a t e  the he ig h t  o f  the gas wate r  i n t e r f a c e  

a t  t h a t  t im e .
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i )  From a p l o t  o f  k and krw as a f u n c t i o n  of  wa te r

s a t u r a t i o n  in  the l i t e r a t u r e  ( 8 ) ,  a r e l a t i o n s h i p

i l l u s t r a t i n g  the e f f e c t  o f  s a t u r a t i o n  changes on

e f f e c t i v e  p e r m e a b i l i t y  to gas and w a t e r .  The value

of  k a t  30% wat e r  s a t u r a t i o n  was determined to  rg
be .85 and the va lue  k , a t  77% wat e r  s a t u r a t i o nrw
was determined to be . 3 5 .  Using these v a l u e s , a b ­

s o lu t e  p e r m e a b i l i t y  was c a l c u l a t e d  to  be 353 md and 

water  p e r m e a b i l i t y  in the invaded zone was d e t e r ­

mined to be 123 md.

P r e d i c t i o n s  were made f o r  f i v e  cases o f  p r o j e c t e d  we l l  

f l o w  c o n d i t i o n s .  The cases a re :

P r e d i c t i o n  1: The produced wate r  could not be disposed

o f  so t h a t  a we l l  was shut  in  when i t  

f i r s t  s t a r t e d  producing wate r  (Table  4 ) .

P r e d i c t i o n  2: I t  was assumed t h a t  a we l l  could produce

a l l  the wa te r  t h a t  en te r ed  the wel l  bore 

(Table  5 ) .

P r e d i c t i o n  3: I t  was assumed t h a t  a we l l  would not

f l o w  w i th  a l i q u i d - g a s  r a t i o  g r e a t e r  than  

1 /500  ( b b l / s c f ) (Table  6 ) .

P r e d i c t i o n  4: I t  was assumed t h a t  a we l l  would not

f l o w  a t  a l i q u i d - g a s  r a t i o  g r e a t e r  than  

1 /250  ( b b l / s c f ) (Table  7 ) .
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P r e d i c t i o n  5: I t  was assumed t h a t  when a w e l l  s t a r t e d

producing w a t e r ,  i t s  gas r a t e  would be 

reduced to 1 MM s c f / d a y  (Tab l e  8 ) .  The 

r e s u l t s  o f  the above cases are shown in 

Figure 26 through 40.

F igure 26 shows the r e s e r v o i r  pressure behav ior  of  

P r e d i c t i o n  1. The average r e s e r v o i r  pressure was 4744 psia  

a f t e r  39 months a t  which t ime the r e s e r v o i r  was shut in .

F igure 27 shows the gas product  ion .behavior  o f  P r e d i c ­

t i o n  1. The gas produced dur ing t h i s  39 months was 21 .4  x 

10  ̂ s c f .

F igure 28 shows the wate r  produc t ion behav io r  o f  P re ­

d i c t i o n  1 , in t h i s  p r e d i c t i o n  no water  product ion was p e r ­

m i t t e d .

F igure 29 shows the r e s e r v o i r  pressure behav io r  o f

P r e d i c t i o n  2. The pressure was 3670 psia a f t e r  39 months

and 3072 psia  a f t e r  320 months.

F igure 30 shows the gas produc t ion  behav ior  o f  P r e d i c -
g

t i o n  2. The amount o f  gas produced was 56 .99  x 10 sc f  

a f t e r  39 months. The maximum amount o f  gas produced was

76 .03  x 10^ sc f  a f t e r  320 months.

F igure  31 shows the water  produc t ion  behav ior  o f  Pre -
3

d i c t i o n  2.  The amount  o f  w a t e r  p r o d u c e d  was 4 8 4 . 1 1  x 10 bbl

a f t e r  39 m o n t h s .  The maximum amount  o f  w a t e r  p r o d u c e d  was

2 0 5 3 . 0 9  x 10^ bbl  a f t e r  320 m o n t h s .
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Figure 32 shows the r e s e r v o i r  pressure behav io r  of  

P r e d i c t i o n  3. The pressure was 3670 psia a f t e r  39 months 

and 3139 psia  a f t e r  220 months.

F igure 33 shows the gas produc t ion  behav ior  of  P re d ic -
9

t i o n  3. The amount o f  gas produced was 56 .98  x 10 scf  

a f t e r  39 months. The maximum amount o f  gas produced was

74 .18  x 10^ sc f  a f t e r  220 months.

F igure 34 shows the water  produc t ion behav io r  o f  P re d ic -
3

t i o n  3. The amount o f  water  produced was 379.38  x 10 bbl 

a f t e r  39 months. The maximum amount o f  water  produced was 

1624.55 x 10^ bbl a f t e r  220 months.

F igure 35 shows the r e s e r v o i r  pressure behav io r  of  

P r e d i c t i o n  4. The pressure was 3670 psia  a f t e r  39 months 

and 3139 ps ia  a f t e r  220 months.

F igure 36 shows the gas produc t ion  behav io r  o f  P r e d i c -
9

t i o n  4. The amount o f  gas produced was 56 .99  x 10 scf  

a f t e r  39 months. The maximum amount o f  gas produced was

74.19  x 10^ sc f  a f t e r  220 months.

F igure 37 shows the water  produc t ion  behav io r  of  Pre -
3

d i c t i o n  4.  The amount o f  water  produced was 484 .11  x 10 bbl 

a f t e r  39 months. The maximum amount o f  water  produced was 

1635.38  x 10^ bbl a f t e r  220 months.

F igure 38 shows the r e s e r v o i r  pressure behav io r  of  

P r e d i c t i o n  5. The pressure was 4664 psia  a f t e r  39 months 

and 3701 ps ia  a f t e r  320 months.
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Figure 39 shows the gas produc t ion  behav io r  of  Predic
9

t i o n  5. The amount o f  gas produced was 25 .22  x 10 sc f  

a f t e r  39 months. The maximum amount of  gas produced was 

51 .39  x 10^ sc f  a f t e r  320 months.

F igure 40 shows the wate r  produc t ion  behav ior  of  P re -
3

d i c t i o n  5.  The amount o f  wa te r  produced was 123.96 x 10 

a f t e r  39 months. The maximum amount o f  water  produced was 

1939.27  x 10^ bbl a f t e r  320 months.

bbl
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DISCUSSION

P r e d i c t i o n  1 i s  not a d e s i r a b l e  r e s u l t ,  because only  
9

21 .4  x 10 o f  gas are recovered.  P r e d i c t i o n s  2 ,3  and 4 i n -
g

d i c a t e  ap pr ox im a te ly  56 .99  x 10 sc f  o f  gas can be recovered  

i f  water  product ion is p e r m i t t e d .  This produc t ion  procedure
9

re pres ents  an inc rease  in recovery  o f  35 .54  x 10 sc f  o f  gas.

P r e d i c t i o n  2 , 3  and 4 are ap prox i mate ly  the same and they  

appear  to be f e a s i b l e .  The r a t e  o f  water  i n f l u x  i n t o  the  

w e l ls  is such t h a t  the cut  o f f  va lue  o f  4 bb l / M s c f  and the  

maximum case ( P r e d i c t i o n  2) e s s e n t i a l l y  i d e n t i c a l .  The p ro ­

duct ion  cut  o f f  va lue  o f  2 bb l / M s c f  caused the w e l l s  to  be 

s h u t - i n  two months e a r l i e r .  P r e c i c t i o n  5 may be the most 

r e a l i s t i c  because i t  may r ep re s en t  ac t ua l  we l l  performance.  

Based on P r e d i c t i o n  2 , 3 , 4  and 5 i t  would be necessary
3

to have wate r  hand l ing equipment to handle from 1 x 10 bbl
3 ^to 2 x 10 bbl wa te r  per  month. From these p r e d i c t i o n s ,  i t

would appear  t h a t  the gas recovery  in the f i r s t  39 months is

between 25 .22  x 10^ sc f  and 56 .99  x 10^ sc f .
g

Based on P r e d i c t i o n  2 , 3  and 4 o n l y ,  17.2 x 10 sc f  o f  

gas w i l l  be produced in the t ime between 39 months and aban­

donment a t  220 months. P r e d i c t i o n  5 i n d i c a t e s  t h a t  20 .49  x
9

10 sc f  o f  gas w i l l  be produced in the t ime per iod between 

39 months and 220 months. An economic e v a l u a t i o n  needs to  

be made f o r  t h i s  189 month per iod  to determine i f  the r e s e r ­

v o i r  should cont inue to  be produced.
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In P r e d i c t i o n  2 and 4 ,  the w e l l s  watered out in the  

f o l l o w i n g  sequence: Wel l  3 a t  8 months; Well  2 a t  24 months;

Well  4 a t  43 months,  Wel l  5 a t  90 months; and Well  1 at  220 

months.  The economic e v a l u a t i o n  of  the per iod a f t e r  43 

months,  when only  two w e l l s  are p roduc ing ,  is  a b s o l u t e l y  

e s s e n t i a l .
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Figure  5. Top of  the Formation
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Table 1,. C a lc u la te d  Average Res er vo i r  Pressure as a 
Funct ion o f  Time

"T i me/Days
3 0 . 0 8 0 0 0  
6 0 . 1 6 0 0 0  
9 0 . 2 4 0 0 0
1 2 0 . 3 2 0 0
1 5 0 . 4 0 0 0  
1 8 0 . 4 8 0 0  
2 1 0 . 5 6 0 0  
2 4 0 . 6 4 0 0  
2 7 0 . 7 2 0 0
3 0 0 . 8 0 0 0  
3 3 0 . 8 8 0 0  
3 6 0 . 9 6 0 0  
3 9 1 . 0 4 0 0  
4 2 1 . 1 2 0 0  
4 5 1 . 2 0 0 0  
4 8 1 . 2 8 0 0  
5 1 1 . 3 6 0 0  
5 4 1 . 4 4 0 0  
5 7 1 . 5 2 0 0  
6 0 1 . 6 0 0 0  
6 3 1 . 6 8 0 0  
6 6 1 . 7 6 0 0  
6 9 1 . 8 4 0 0  
72 I . 9 2 0 0  
7 5 2 . 0 0 0 0  
7 8 2 . 0 8 0 0  
8 1 2 . 1 6 0 0  
8 4 2 . 2 4 0 0
8 7 2 . 3 2 0 0
9 0 2 . 4 0 0 0

Average  
Reservoi  r  

Pressure ,  ps ia
7 2 5 1 . 2 1 2  
7 0 9 3 . 1 5 0  
6 9 6 1 . 7 1 1  
6 8 3 4 . 6 1 6  
6 7 6 1 . 5 4 5  
6 6 8 0 . 7 3 2  
6 6 4 6 . 1 4 6  
6 6 0 6 . 0 4 6  
6 5 3 8 . 3 7 7  
6 4 8 3 . 0 7 2  
6 4 2 1 . 9 1 9  
6 3 6 5 . 3 8 9  
6 3 1 1 . 3 1 0  
6 2 4 3 . 8 0 8  
6 1 9 8 . 4 7 3  
6 1 3 9 . 6 0 3  
6 0 8 1 . 0 1 3
6 0 1 7 . 5 7 7  
5 9 7 3 . 3 5 5
5 9 2 8 . 5 7 7  
5 8 6 4 . 5 2 8  
5 8 0 7 . 2 7 4  
5 7 4 7 . 7 9 2  
5 7 1 9 . 9 4 5  
5 6 8 8 . 4 2 2  
5 6 6 0 . 5 1 9  
5 6 3 1 . 9 4 7  
5 6 0 3 . 7 1 0  
5 5 6 4 . 7 2 4  
5 5 1 9 . 5 5 6
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Table 2. Value of  (X) and (Y

X 1 0 3 Y, x 10 ' 9

2 ♦ 8 0 4 4 7 2  
3 ♦ 1 7 2 8 6 9  
3 . 6 7 3 6 9 6  
4 . 0 1 7 8 7 2  
4 . 3 9 0 4 1 2  
4 . 6 3 2 2 1 5  
4 . 9 5 1 7 8 9  
5 . 1 5 7 8 0 0  
5 . 2 2 4 5 2 4  
5 . 2 7 4 7 3 4  
5 . 3 1 0 4 5 5  
5 . 3 5 5 9 0 4  
5 . 3 9 0 8 3 4  
5 . 4 1 3 6 4 7  
5 . 4 6 5 1 3 7  
5 . 4 7 9 8 7 1  
5 . 5 1 7 1 9 6  
5 . 5 4 7 4 1 7  
5 . 5 9 1 6 8 3  
5 . 6 1 7 1 5 9  
5 . 6 4 1 3 6 9  
5 , 6 8 2 5 5 0  
5 . 7 1 5 2 9 2  
5 . 7 5 9 3 5 0  
5 . 7 7 8 2 4 2  
5 . 8 0 5 1 8 9  
5 . 8 2 6 4 2 6  
5 . 8 4 8 6 5 2  
5 . 8 6 8 6 3 9  
5 . 8 9 5 0 9 8

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

) Funct ions
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TABLE 10

CALCULATED SPECIFIC PRODUCING CAPACITY 

Well No. Cp , s c f / D / p s i  -  f t

1 .0578

2 . 2 0

3 .0247

4 . 10

5 .0897

143
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We 11

TABLE 12

DATA FOR CALCULATING FUTURE PRODUCTION RATES

Contract  Flow Rate ,  Minimum Bottom Hole
No. s c f / D  x IQ6 Flowing Pressure ,  Pmin ,

       ps i a_________________

1 20.0 2290

2 5.6 2937

3 7.0 2243

4 20.0 2248

5 20.0 2243
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INPUT DATA 

Rock and Fluid Properties:

a. Aquifer permeability ( K ) ,  this obtained from core 

data as follows:

Well No. 1 K = 290 md j
i

Well No. 2 K = 310 md I y
•*-

Well No. 3 K = 200 md i*0'
Well No. 4 K = 300 md

Well No. 5 K =300 md/

Water permeability Kw generated = 123 md

b. Porosity (cj)) from log = .26

c. Water viscosity yw = .8

d. Gas specific gravity G, depends on
V

the amount of condensate produced and

the average value is = .77
-  6e. Formation compressibility (Cf ) i s  = 6 x 1 0 ”

ps i

-  6f .  Connate water compressibility (Cw) = 4 x 10”

p s i ” *

g. Connate water saturation Sw from log = .30

h. Residual  gas s a t u r a t i o n  Sgr ,  c a l c u l a t e d  = ,228

i .  Gas compressibility factor (Z) has been

calculated as a function of Pr and Tr

using ZFAC subroutine.
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j .  Gas viscosity (yg) has been calculated as a

function of reservoir temperature, reservoir pres­

sure and gas gravity using VISGAS subroutine.

2. Reservoir and Aquifer Conditions:
a. Reservoirthickness(H) =50 f t

Shape factor (^) = 1

Init ial  reservoir pressure (P^), 

calculated

b c 

c .

d.

e .

f .

g.

h. 

i .

Relative size of the aquifer ( — ),
g

calculated

Init ial  gas in-place (G ̂  ), 

calculated
Production rate (variable) 

Reservoir temperature (T) and this 

varies with depth 

Reference temperature (Ts) 

Reference pressure (Ps)

= 7300 psi

= 2.39

= 220x10

= 640 

= 520 R 

= 14.7 psi

scf
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PROGRAM No.  1

D = I N S I D E  D I A M E T E R  OF T H E  T U B E  I N C H  
E P S  = R E L A T I V E  R O U G H N E S S
X = D E P T H  I N C R E M E N T  • F T
H P  = C R O S S  S E C T I O N A L  A R E A  O F  T H E  Tt .JDE -  F T
OS  =-• G A S  G R A V I T Y  F R O M  S E P A R A T O R
R =  G A S / O I L .  R A T I O
R 1  = O I L / G A S  R A T I O
P  =  W E L L  H E A D  P R E S S U R E  - P S I A
GG -  G A S  P R O D U C T I O N  R A T E  •■■■ M S C F / D A Y
GC = C O N D E N S A T E  P R O D U C T I O N  R A T E  D / D A Y
GW -- W A T E R  P R O D U C T I O N  R A T E  -  D / D A Y
WM •■= M O L E C U L A R  W E I G H T  O F  C O N D E N S A T E
A P I  = G R A V I T Y  O F  C O N D E N S A T E
GC ~  S P E C ♦ G R A V I T Y  O F  C O N D E N S A T F
GO T  I  -- C O N D E N S A T E  EGl.J I  V A L E N T  1 0  G A S  - S C l ' / D A Y
G G T 2  == G A S  F L O W  R A T E  A N D  C O N D E N S A T E  F L O W  R A T E  A S  A G A S
G1 -  S P E C ♦ G R A V I T Y  O F  G A S  A N D  C O N D E N S n I E
GGEW == W A T E R  E Q U I V A L E N T  T O G A S  -  S C F / D A Y
W I  = V O L U M E  O F  G A S  A N D  V O L U M E  OF W A T E R
W2 = W E I G H T  O F  G A S  P R O D U C E D  L D
W3 =  W E I G H T  O F  W A T E R  P R O D U C E D  -■ L D
G ~  S P E C .  G R A V I T Y  O F  M I X T U R E  ( W A T E R  A N D  G A S )
1 = T E M P E R A T U R E  -  R

P R  •- R E D U C E  P R E S S U R E
T R  »  R E D U C E  T E M P E R A T U R E
2  -  C O M P R E S S I B I L I T Y  F A C T O R
P F  ~ D O T  TOM H O L E  F L O W I N G  P R E S S U R E  P S I A
P C A  =  C A L C U L A T E D  P R E S S U R E  A T  A S S U M E D  DP
UW = W A T E R  V I S C O S I T Y  - C P
G L  =-* W A T E R  F L O W  R A T E  -  F T ' 3 / S E C
GG. l  =  G A S  F L O W  R A T E  S C F / S E C
GT =  T O T A L  F L O W  R A T E  F T " ' 3 / S E C
D L  =  D E N S I T Y  O F  L I Q U I D  -  L B / F T " 3
DG =  D E N S I T Y  O F  G A S  -- L B / F r ' 3
V T  -  T O T A L  V E L O C I T Y  -  F T / S E C
RN = R E Y N O L D  N U M B E R
VB.1 =  D U D D L E  R I S E  V E L O C I T Y  •■■■ F T / S E C  
C N B  = D L J DDL E  R E Y N O L D  N U M B E R  
T T -- L I Q  t.J I  D D I S T R I B U T I O N  C 0  E F F 1 0 1 E  N I 
DA  =  A V E R A G E  F L O W I N G  D E N S I T Y  -  L D / F T " 3  
TF = W A L L  F R I C T I O N - L O S S  T E R M  
D P C  C A L C U L A T E D  P R E S S U R E  D R O P
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C........................... PROGRAM NO. ONE ................................THIS PROGRAM CALCULATES THE BOTTOM ................................HOLE PRESSURE AT DIFFERENTE FLOW RATESC AND DIFFERENT WELL HEAD PRESSURE ............................. IT CAN CALCULATE THE PRESSUREC . . .............................. WHEN THERE IS AS INGLE PHASE AND TWOPHASE ........................... FLOW , DEPENDING ON GAS GRAVITY ..............................BECAUSE AS THE AMOUNT OF WATER INCREASE ........................... THE FLOW BECOMES.TWO PHASEC . . « . . . . * . * . . . . . « . . W lLL NO

R1(45 )
DIMENSION Pi(ldG')/QL(45);QGi(45);QT(45r''D = 2•441 EPS=•QOO 6 DEPTH-9600.0 X=DEPTH/1CC.DD=D/12.
AP=(3./4.)*DD**2.GS = .5 83 DU 1C 1=1,33
KEAD(8{3)QG(I)/QCtl)/QW(I),API(I),Rl(I)/P(I) R(I)=1C.E6/R1(I)P1(G)=P(I)WMlI)=6U84./(API(I) - 5 • 9 )GC(I)=141.5/(131.5 + API(I )) QGT1(I)=QC(I)*13300C.*GC(i )/WM(I) QGT2(I)=QGT1(I)+QG(I)G1(I) = (R(1) *bS+45 91.*GC(I)) / (P(I) + 1123.)QGEW(I)=7390.*QK(I)QGT(I)=QGT2II>+WGEW(I)
W1 =UGT 2 ( I  ) ♦ o • 614 8 ( I )W2=(QGT2(I)*Gl(I)*28.97)/3 7 9.0 W3=350.*QW(I)G(I)=(W2+W3)/(Wl*.0 7 64)..............CHECK ON GAS GRAVITYIF(G(I ) .GT. l . )  GO TO 40 DO 20 0=1,100,1 C=100.*FLQAT(J)T=520.+C/1C0.CALL PSpUDO (P(I),G(I),T,PR,TR)CALL ZFAC (PR,TR,Z#NN)
CALL VISGAS (T,P(I)*Z,G(I),VISG)B(J)=QGT(I)**-.C6 5*D**-.0$6*C(I)**-.065 F( J) = 30.9208E-03*B( JWVISG**-.065 H(J)=D**5./(G(I)*T*Z*F(J)*X)S(J)=.0375*G(I)*X/(T*Z)A(J)=S(J)/(2.7163**S(J)-l .)PS(J)=SQkI ( (QGT(I)**2.+4.E1Q*A(J)*H(J)*2.7183**S(J) 1*P(I)**2.) /(4.ElC*A(J)*H(J)))
P(I)=PS(J)

20 CONTINUEPF=PS(100 )WRITE(4,3u)PF,QGT2(I)^SSl 30 FORMAT(2X,3(3X,F12.2))3 FORMAT(6G>
GO TO 10 40 CONTINUE
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C............................................................. .................................................................PHA5l PROGRAM DO 50 K = l , 100,1 KK=1 L = 1DI V=1.
DEL=2•0 DP=50.C............ .......... ITERATION ON DPDO 60 M=1/10 C=FLOAT(K)T=520.+X*C/100.PCA=Pl(K-l)+DP/2.UW=1.-.0C53*CCALL PSEUDO (PCA,C1(I),T,PR,TR)CALL ZFAC (PR/TR/Z/NN)QL(I)=6.49i-05*QW(I)MiGl(I) = 3.27E-0 7*uGT2(I)*Z*T/PCA QT(I)=QL(I)+QG1(I)
WL=4.05C9E-03*QW(I)WG=UGl(I)/379.*G1(I)*28.97 WT=WL* WG DL=WL/QL( I )DG=WG/GG1( I )VT=QT( I ) /APRN=1488**DL*DD*VT/UWVB1=.5*SQRT(32.2*DD)C......................... ITERATION ON VB1DO 70 J =1,10CNB=14 88.*f)L*DD*VBl/UW
IF((CNB.GT.3000.).AND.(CNB.LT.8000.)) GO TC 11 GO TO 1211 VBI=(.35+8.7 4E-06*RN V3=.5*V3I+SQRT(VBI**GO TO 15

12 IFCCNB.LE.3000.) GO TO 13 GO TO 1413 VS=(.546+8.74E-0 6*RN)*SQRT(32.2*DD)GO TO 1514 IF(CN8.GE.6000.) GO TO 1616 VB=(. 35+8.7 4E-06*RN)*SQRT(3 2.2*DD)15 IF(ABS(VB-VB1).LT..001) GO TO 17 VB1 = V B70 CONTINUF17 CONTINUE IFCVT.LT.10.) GO TO 19TT=((.045*ALOG 10(UW))/(DD**.7 99))-.70 9- 1.162*ALOG1G(VT)-.838*AL0G1O(DD)GO TO 2118 TT=((.C13*ALGC1Q(U*))/(DD**1.38))-.681+ 2.232*ALOG1G(VT)-.42 8*ALOG10(DD)Tl=-•065*VT21 CONTINUE
 ...........................................................................................................................CALL FRICT ( RN,EPS,D,FI) DA=(*T+DL*VB*AP)/(QT(I)+VB*AP)+TT*DL T2=-(VB*AP*(1«-DA/DL))/(QT(I)+VE*AP) IF((VT.LT.10.),AND.(TT.LT.T1)) GO TC 19 GO TO 2219 TT=T1

) *SQRT(32.2*DD)
2.  + (13.59*UW/(DL*SQRT(DD) )  ) )
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GO TO 2322 IF((VT.GT.10.).AND.(TT.LT.T2>) GO TO 24GU TO 2524 TT-T2
23 DA=(WT+DL*VB*AP) / (Qr( I )+VB*AP)+TT*DL25 CONTINUE TF1=F1*DL*VT**2./ (64.4*DD) TF2=(?QL(I)+V3*AP)/(QT(I)+VB*AP))+TT TF = TFl*Tr 2H1=WT*QG1(I)/(4637.*AP**2.*PCA)

IF(ABS(PN-PCA).LT..001) GO TO 51 IF(PN-PCA)49,51,52 C................................ METHOD OF CONVERGENCE49 CMUL=-1.0 
KK= 2XF(L.GT.l) GO TO 53
GO TO 5 d 

53 D IV =D IV *2 •
55 DP=DP+CMUL*DSL/DIVGO TO 60 52 CMUL=1.L = 2IF(KK.GT.I) GO TO 53 GO TO 55 60 CONTINUE51 P1(K) = P N50 CONTINUE PF = P1(100 )V»RITE(4,30)PF/0GT2(I)10 CONTINUE

END
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C ............................................................P R O G R A M  N O ,  2
Q J " G A S  F L O W  R A T E  F O R  WELL.  J  * S C F / D
P W J = B O T T O M  H O O L F  P R E S S U R E  F O R  WE L I  ! - P S I
p j j ^ a v e r a g  p r e s s u r e  f o r  w e l l  j  - p s .i
P R A - - 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 T  
P V  J - - D R A T  N A G E  V O L U M E  F O R  W E L L  J  . F: T * * 3  
H J - T H I N E S S  OF W E L L  J  , F T
EG P U R U S  I  I V
RW. I -  R A H ]  US OF IJEI.  I ) » F T
RE J  - RA111 US OF D R A I N A G E  OF W E L L  J - F T * * 3
7 ■~FOF\'MA7 I  ON T E M P I ,  R
I  S - S I A N D A R E D  T E M P  I , R
P S - S T A N D A P E D  P R E S S U R E  - P S I
CI . . J • P E: R M E A D11... I  T V  0  F W E L I . J  r M D
PR J -  RE I H I  L E D  P R E S S U R E
1 R J - R E D U C E D  T E M P T ,
2 J - -  COMl :*F;:F G S T L I T  r F A C 7 0 P 
V I S G J - G A S  V I S C O S I T Y  r C P
VC: = T 0 T A L  D R A I N A G E  V O L U M E  C A L C U L A T E D  . F T * * , ' <
V T  = T O T A L  D R A I N A G E  V O L U M E  M E A S U R E D  ROM I  S O P A C H  MA P  . 
G = S P E C I F I C  G R A V I T Y  OF  T H E  G A S
P I - I N C R E M E N T A L  D I S T A N C E  F R O M D O P E  HOLE TO P P . !  , F I

F 1 * * 3
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.........................PROGRAM NO* 2

......................... THIS PROGRAM IS TO CALCULATE THE
   AVERAGE RESERVIOR PRESSURE/
......................... USING DRAINAGE VOLUME CONCEPT FOR
......................... EACH WELL L  BV ASSUMING CPE)AND
......................... COMPARING THE TOTAL DRAINGE VOLUME CALCULATED
.........................WITH THAT MEASURED FROM ISOPACH MAP
D i M E N s i o N * Q i ( 2 5 ) / Q 2 ( 2 5 ) / Q 3 ( 2 5 5 / Q 4 ( 2 5 ) / Q 5 ( 2 5 ) r ....................
lPWl (2  5 ) / P W 2 ( 2 5 ) / P W 3 ( 2 5 ) / P W 4 ( i 5 ) / ? W 5 ( 2 5 ) / P E ( 2 5 ) /  
2 P Z ( 2 5 ) / PRA(25) / A 1 ( 2 5 ) / A 2 ( 2 5 ) , A 3 ( 2 5 ) , A 4 ( 2 5 ) /
3A5(25 } / D V l ( 2 5 ) / D V 2 ( 2 5 ) / D V 3 ( ’ 2 5 ) <Dy4 i25 ) /D V5 j ;2 5 ) / VC (25 )  
4/ SU M1(6 /100 ) / SUM2(0 / 10 D) / SU M3( 0 / 10 0 ) / SU M4 (0 / 1 o5)
5 / SUM5 ( 0 /1 0 0  ) ,F1  ( 0 /100  ) / F2 ( 0 / ICO ) / F 3 (  0 /100 > ^ 4 ( 0 / 1 0 0 )
S«p5 (0 >100 >£ R1 ( 0 / 1 00 ) / R2( 0 /100  ) /R 3 (  0 /100  ) * R 4 (  O'/lOO 
8 P j l ( ^ / 1 0 ^ 5
• • • • • • ( I N  PUT DATA) • • • • • • • • • • • •
DATA PO,T/TS/PS / . 2 6 , 6 4 0 . / 5 2 0 . , 1 4 . 7  /
DATA H1,H2,H3 ,H4 ,H5 / 6 0 . ,  6 0 * , 4 3 . , 6 2 . , 7 1 .  /
DATA CK1,CK2/CK3,CK4,CK5 /2 9 0  * , 3 1 0 . , 2 0 0 * , 2 9 0  * , 2 6 0 .  /
G = . 77 
D l = 6 . 184 
D3 = 4 . 2 76 
RWl=Dl /24 .
R W 2 = R a 1 
RW4=R*1 
RW5=RK1 
RW3=D3/24.
VT=588.E5
C l = 3 . 1 4 1 5 9*P0*H1*RW1 * * 2 .
C2=3.14159*PO*H2*RW2**2.
C4=3.1415 9*PO*H4*RW4**2.
C3=3.14159*PQ*H3*RW3**2.
C5= 3 .14 i5  9*P0*H5*RW5**2.
DO 10 1 = 1# 21
READ(5 8 , 1 ) Q 1 ( I ) / Q 2 ( I ) , Q 3 ( I ) , Q 4 ( I ) / Q 5 ( I )
pEAi i “ P i ^ i WU o  5 ( I )
i n i t t n W U l
Q 2 ( l j = Q 2 ( I ) * j . E 6  
Q 3 C I ) = 9 3 C I ) * 1 . E 6  
Q 4 ( I ) = Q 4 ( l J * l . E 6  
Q S ( I ) = Q 5 ( I ) * 1 . £ 6
............... CALL PETROLEUOM SUBROUTINE.................................
CALL PSEUD0(PW1{ I ) /G/T /PR1,TR I  
CALL PSEUDO(PW2( I ) /G/T/PR2/TR2  
CALL PSEUDO(Pw3 ( I ) , G / T / P R 3 / T P 3  
CALL PSEUDO(PW4CI) ,G,T,PP4,TR4  
CALL PSEUDOlPW5(I ;#G/T*PR5,TR5  
CALL Z F A C I P R l / T R l / i l / N N )
CALL ZFACfPR2/TR2/Z2/NN)
CALL ZFAC(PR3,TR3,Z3,NN)
CALL ZFAC(PR4/TR4,Z4,NN)
CALL ZFAC(PR5/TR5/Z5/NN)
CALL V IS GA S( T / P W1 ( I ) /Z 1 / G /V IS G1 )
CALL V IS GA S( T / P W 2 ( I ) /Z 2 / G /V IS G2 )
CALL V I S G A S ( T ,P W 3 (n , Z 3 ,G ,V I S G 3 )
CALL V ISGAS(T /PW4v I ) /Z4 /G /V lSG4)
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CALL V I S GA S( T , P W 5 ( I ) ,Z 5 , G ,V IS G5 )
=.0  0 70 8* 5 .6 15* H1* CK1 *T S /
= . 0 0 7 0 3 * 5 . 6 1 5*H2*CK2*TS/
= .00  70 3 * 5 . 6 15*H3*CK3*TS/
= . 0 0 7 0 8 * 5 . 615*H4*CK4*TS/
= . 0 0 7 0 8 * 5 . 6 1 5*H5*CK5*TS/

C.................... ...................ITERATION METrtQQ TO
C....................................... DRAINAGE VOLUME FOR

DO 20 J = l , 2 0 0 0
- - P W 1 ( I ) * * 2 . ) 4 - Q 1 ( I > *

T*VISG1*Z1*PS,  
T*VISG2*Z2*PS  
T*VISG3*Z3*PS,  
T*VISG4*Z4*PS  
T*VISG5*Z5*PS  
FIND THE 
EACH WELL

D V 1 ( I ) = E X P ( ( A 1 ( I ) * ( P E ( I ) * * 2 . -

1 A L 0 G (C 2 ) * Q 2 ( I ) ) / Q 2  
I F ( D V 2 ( I ) . L T . l . ) DV 
D V 3 ( I ) = E X P ( ( A 3 ( I ) *

  £ m = i .
( C A 3 ( 1 ) * ( P E ( I ) * * 2 . -  

1 A L 0 G ( C 3 ) + Q 3 ( I ) ) / Q 3 ( I ) )

P W 2 ( I ) * * 2 . ) * Q 2 ( I ) *

P W 3 ( I ) * * 2 . ) + Q 3 ( I ) *
I F ( D V 3 ( I ) . L T . l .
D V 4 ( I ) =EXP ( ( A4( 
lAL0G(C4) fQ4 ( I ) .
DV5 ( I )=E XP( CA5 ( I  ) * ( P E ( I )  
1 A L 0 G ( C 5 ) + Q 5 ( I ) ) / Q 5 ( I )  ) 

. . . . . . . . . . . . . . . . . T O T A L  DRAINAGE

D V 3 ( I )=1•
. ) * ( P E ( f ) * * 2 . - P W 4 ( I ) * * 2 . ) « - Q 4 ( I ) *  

( I ) ) / 3 4 ( I ) )
A 5 ( I ) * £ P E ( I ) * * 2 . - P W 5 ( I ) * * 2 . ) + Q 5 ( I ) *

31
32 
20 
C.
30

I f | a ^S(Vc [ I ) - V T ) . L t . l . E  
I r ( V C ( I ) - V T ) 3 1 , 3 0 , 3 2  
P E ( I ) = P l ( I ) ♦ . 1  
GO TO 20 
PEC I ) = P E ( I ) • • 1  
CONTINUE

.CALCULATION THE

VOLUME CALCULATED 
) 'GO t o S o

RE1=SQRT 
RE2 = SQ RT 
RE3=SQRT 
RE4=SQRT 
RE5=SQRT 
R1( 0 )  = RW

3 . 1 4 1 59*P0*H1  
3 . 1 4 1 59*PQ*H2  
3 . 1 4159*PO*H3  

4159*PO*H4_ 
4159*PO*H5)

AVERAGE RESERVOIR PRESSURE

= RW2 
= RW3 
= RW4 
“ RWd
=2. *RW1*PW1( I )  
=2. *RW2*PW2( I )  
=2. *RW3*PW3( I )  
= 2 . *RW4*PW4(I ) 
= 2 . *RW5*PW5( I ) 

DO 40 K =1 ,100
R l ( K ? = R ^ ) l O O . * V  
R 2 m  = R £ 2 /1 0 0 . * Y  
R3(K)=RE3/XG0. *Y  
R 4 ( K ) = R E 4 / I 0 0 . * Y  
R5(K)=RE5/X00*Y  
Wl=ALOG(Rl(K) /RWl  

R2CK}/R'«I2 
R3(K)/RW3  
R4(K)/RW4  
R5CKJ/RW5

W2=ALOG 
W3=AL3G 
W4=ALQG 
W5=AL0G 
FX(K 
F2( K

= 2 . * R  
=2 . *R2

/ALOGC REI/RWX 
I  ALOGl RE2/ R»2' 
/ALOGlRE3/Rta3 
/ ALOGlRE4/RA4 
/ALOGl RE5/RI»5

p ) * S Q R T ( P W X ( I ) * * 2 . + { P E ( I ) * * 2 . - P W X ( I ) * * 2 . ) * W X )  
l K ) * S Q f t T { P W 2 ( I ) * * 2 . » l P S ( I ) * * 2 . - P W 2 ( I ) * * 2 . ) * W 2 )
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40

4
1
10

SUM2 
SUM3 
SUM4 
SOM 5 
CONTlN

* * 2 . - P W 3 ( I ) * * 2 .  
* * 2 . - P W 4 ( I ) * * 2 .  
* * 2 • - P W 5 ( I j * * 2 «

r . f
K - i ) ) ) / :  
K - l ) ) ) /

F3 ( K )= 2 .  »R3(K)*SQRT(P*3  
F4(K)  = 2. *R4(K)*SQRT  
F5 (K )= 2 . *R 5 ( K ) * S QR r  
SUM1(K)=SUM1( K - l  

=SUM2<K-1 
=SUM3(K-l  
=SUM4(K-1 
=SUM5(K- l  
E

PJ1(I)=SUM1(1G0)/(RE1**2«-RW1**2 PJ2<I)=SUM2(100)/(R£2**2.-R*2**2 PJ3(I)=SrJM3(lQQ)/(RE3**2.-RW3**2 PJ4(I)=SUM4(100)/(RE4**2.-RW4**2 
PJ5(n=SUM5(100)/(RE5**2,-RW5**2. )
P R A ( I ) = ( P J 1 ( I ) * D V 1 (  I ) < - P J 2 m * D V 2 ( I ) + P J 3 ( I ) * D V 3 ( I )  
1+P J 4 ( I ) * D V 4 ( I ) * P J 5 ( I ) * D V t > ( l ) ) / VC( I ) 
W RIT E(4 ,4 )PRA( I )
FORMAT(G)
FORMAT(5G)
CONTINUE 
END ‘

*W3)
* * 4 )
*W5)
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P R O G R A M  N O : ^

G O C O N T R A C T  F L O W  R A T E O F  THE. W E L L  r  S C F / D
G G - G A S  F L O W  R A T E  OF T H E  W E L L *  S C F / D
G W - W A T E R  F L O W  R A T E  O F  T H E  W E L L  B B L / D
F'M =  M I  N I M U M  S A L E  P R E S S U R E  -  ( B O T T O M  H O L E  P R E S S U R E
WHEN T H E  W E L L  H E A D  P R E S S U R E  - - - 9 7 S . 0  P B J * A T  QC
C P - P R O D U C I N G  C A P A C I T Y  O F  T H E  W E L L  = S C F / D / P S I * * 2 ' F T . P E R F *
H l * 2 > . . “ P E R F O R A T E D  F T . F O R  T H E  W E L L  A D O M E  G A S  W A T E R  C O N *
X I r  2  r ♦ . • - T H E  D I S T A N C E  F R O M  Z E R O  G - W - C  T O  T H E
B O T T O M  OF P E R F O R A T I O N  OF E A C H  W E L L  r F T
F‘ I - I N I T I A L  R E S .  P R E S S U R E  f p S I
G I  =  I N I T I A L .  G A S  I N P L A C E  * S C F
T = F 0 R M A T 1 0 N  T E M P T .  R
T A - S T A N D A R E D  T E M P T .  R
F ' A - S T A N D A R E D  P R E S S U R E  - P S I
GF ' - CUMUL .  A T  I M E  G A S  P R O D U C E D  * S C F
W F ' - C U M U L  A T  I  ME W A T E R  P R O D U C E D  * BBI...
CW==WATER C O M P R E S S I B I L I T Y  » P S I * * - 1  
C F - F  O R M A T  I  ON C O M P R E S S I B I L I T Y  . P S I * * - !
S W = I R R E D U C I B L E  W A T E R  S A T U R A I I O N  
S G R = R E S I D U A L  G A S  S A T U R A T I O N
U E M = W A T E R  I N F L U X  F R O M  M A T E R I A L  B A L A N C E  E G .  D D L  
W E U - - W A T F R  I N F L U X  F R O M  U N S T E A D Y  S T A T E  E G .  D D L  
B - W A T E R  I N F L U X  C O N S T A N T  
T I M - T I M E  * D A Y  
G = G A S  G R A M I T Y  
PO = P O R G S I . T Y
C K G - G A S  P E R M A B I L I T Y  • MD
C K W = W A T F R  P E R M E A B I L I T Y  - M D
V I S G = G A S  M I S C O S . T  T Y  • C P
U W - W A T E R  M I S C O S T T Y  * CP
BG= G A S  F O R M A T I O N  M O L . F A C T O R  - C F / S C R
H W - H F I G H T  OF G - W - C  * F T
P O I  = F*ORE V O L U M E  I N M A D E D -  F T * * 7
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C PROGRAM NO. 3.  ^
C..................THIS PROGRAM USED FOR PREDICTION PURPOSE,
C..................THE IDEA IS TO CALCULATE WATER INFLUX FROM
C..................MATERIAL BALANCE Eg. ,  AN D WATEW INFLUX FROM
C .SUEROUTION WATRAD, (THIS SU3R0UTI0N USE THE
C..................UNSTEADY STATE EQ. TO CALCULATE WATER
C..................... INFLUX) AND THEN COMPER THE TOW VALUES

DIMENSION P ( 0 / 2 5 0 ) , PC(0 / 2 5 0 } , GP(0 / 2 5 0 ) , W P ( 0 / 250) , P S ( 0 / 2 5 0 ) ,
1 WEM( 0 /2 5 0 )#  WEU( 0 /2 50  ) , X ( 0 /2 .50),HW ( 0 /2 5 0  ) , P O I  ( 0 /2 5 0  ) ,  T IM( 0 / 2 5 0 )
 -----------' 7 5 0 ) , D E L 2 ( 0 / 2 5 0 ' , D E L 3 ( 0 / 2 5 Q ; , D E L 4 ( 0 / 2 5 0 ) , D E l. 5 ( 0 / 2 5 0 )

i) ,  H2( 0 / 2 5 0 ) , H3 ( 0 / 2 5 0 ) , H 4 ( 0 | 2 5 0 ^ H 5 ( 0^250)

. . . _______  . ____________________ HWG(0/250) ,P0G( 0 / 2 5 0 )
C . . . . . . . . . . .   .................................................... ................................. ..
C............................... INPUT DATA

DATA UCl / QC2,gC3/ gC4/ QC5 / 2 0 . E 6 , 5 . 6 E 6 , 7 . 0 E 6 , 2 0 . E 6 , 2 0 . E6/
DATA P.Ml,PM2,PM3,PM4,PM5 / 2 2 9 0 . > 2 9 3 7 2 2 4 3 . , 2 4 4 8 . , 2 2 4 3  . /
DATA CP1,CP2SCP3,CP4,CP5 / . 0 5 7 8 , . 2 , . 0 2 4 7 , . 1 , . 0 8 9 7 /
DATA P I , GI / 7 3 0 0 2 2 0 • E9 /
DATA X 1 , X 2 , X 3 , X 4 , X 5 _ / 3 5  . , 4 9 . , 4 . , 4 6  . , 3 9 . /
DATA T , iA ,PA  7640 . ,  520.  , 1 4  .'77------ ----------------- -
DATA CW,CF,SW,SGR,BW / 4 . E - 6 , 6 . E - 6 , . 3 , . 2 2 8 , 1 .  /
DATA CKG,CKW/CKGI,PQ,H,UW /3 0 0  1 2 3 . , 3 0 0 . 2 6 , 5 0 . , . 8 /

C.  .........................................................................................................
C . « ...................DATA FOR PAST PERFORMANCE

DO 90 1=1,30  
90 R E A D ( 1 8 ,2 2 )C U G ( I ) ,C U C ( I ) , C W P ( I )
22 FORM AT(3G)
C NUMBER OF FEET PERFCRATED ABOVE G-W-C FOR EACH WELL

H i (0 )=54 .
H2(0 5 = 12.
H3(0 ) = 39.
H4(Q ) = 2 5 .
H5(U)=39 .

C..................IN IT IA L IZA T IO N.............. ................ ................
X (0 )=0 .G  
HW(0)=0.0  
P U I ( 0 ) = 0 . 0  
D ELI (0 ) = 0 •
DEL2(0 )=0 .0  
DEL3C0 ) = 0 .
DEL4(0 )=0 .
D EL5( 0 )=0 .
GP(0 )=0 .0  
WP(5)=0.0  
SUM(0 ) = 0 . 0

C.........................................................................................................................................
WEU(0)=0.0  
TD=30.08  
G= .77
QMAX=2.624
CE=CW+CF
A=TA/(T*PA)
P ( 0 ) = P I  
P S ( 0 )= P I  
P2=P(0 )

C . .  CALL PETROLEUM SUaROUTION ...................................
CALL PSEUDO(P(0) ,G,T ,PR,TR)
CALL ZFAC(PR,TR,ZI ,NN)
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CALL VISGAS(T#PCO)/ Z I / G/ V I SGI )  
B G I = . 0 2 8 2 9 * Z I * T / P ( D )
R G = ( G I * B G I / P 0 / H / 3 . 1 4 1 5 9 / ( 1 . - S W ) ) * * . 5  
B=1.119*P0*CE*RG*RG*H 
DET=6• 3 2 3 E-3*CKW/PG/UW/CE/RG/RG 
TIMf 0 ) = 0 •0  
DO 10 1=1,250  
T I M ( I ) = T I M ( I - l ) + 3 0 . 0 8  

10 CONTINUE
DO 60 K=1,250  
I  = K
P4=(P1+P2) / 2 •

5C CALL PSEUD0(P4,G/T,PR,TR)
CALL ZFAC(PR,TR,Z,NN)
CALL V IS GAS(T ,P4 ,Z ,G ,V ISG)
B G( K )= .02 829 *Z *T /P 4  
BGCO ) = BGI

 ................... . • .CALCULATING GAS FLO* RATE FOR EACH WELL
C=VISG*BG(K)*CKG/ (VISGI*BGI *CKGI )
I F f K . L T . 3 1 )  GO TO 70 
Q G 1 = C P 1 * H 1 ( K - 1 ) * C * ( P 4 * * 2 . - P M 1 * * 2 . )  
I F ( Q G l . G T .Q C l )  QG1=QC1 
Q G 2 = C P 2 * H 2 ( K - 1 ) * C * ( P 4 * * 2 . - P M 2 * * 2 . )
IF (QG2• GT.QC2) QG2=QC2 
Q G 3 = C P 3 * H 3 ( K - i ) * C * ( P 4 * * 2 . - P M 3 * * 2 . )  
IFfQG3.GT.QC3)  QG3=QC3 
Q C 4 = C P 4 * H 4 ( K - 1 ) * C * ( P 4 * * 2 . - P M 4 * * 2 . )  
I FfQG4.GT.QC4)  QG4=QC4 
Q G b = C P 5 * H 5 ( K - l ) * C * ( P 4 * * 2 . - P M 5 * * 2 . )  
IF(QG5.GT.QC5)  QG5=QC5

C  .................................................................................................................
C............................CALCULATING WATER FLOW RATE FOR EACH WELL

C1=CKW*3W*VISGI*Z*T*PA/ (5.615*UW*TA*CKGI)
QW1=CP1*DEL1(K-1)*C1*(P4-PM1)
QW2=CP2*D£L2(K-1)*C1*(P4-PM2)

i * D E L 3 (K - l ) * C l * (P 4 - P M 3
*DEL4(K-1 ) *C1* (P4 -PM4

>*DEL5(K-1)*C1*(P4-PM5
QW3=CP3*DEL3(K-l  
QW4=CP4 
QW5 = CP5‘

C . . . .
C......................... HOW DO YOU WANT THE PRODUCTION FROM EACH WELL,
C . . . . . ................ (THIS MEANS WHEN DO YOU WANT SHUT THE WELL)

I F ( Q G 1 - 0 . 0 ) 1 , 1 , 2
1 QW1=0•0 

GO TO 3
2 D1=Q*’1/QG1 

I F ( D 1 - < K 0 0 4 ) 3 , 4 , 4
4 QWI=0•0  

QGl=0.0
3 I F ( Q G 2 - 0 . 0 ) 5 , 5 , 6
5 QW2=0.0 

GO TO 7
6 D2=QW2/QG2 

I F ( D 2 - 6 . 0 0 4 ) 7 , 8 , 8
8 QW2=0.0 

QG2=0•0
7 I F ( Q G 3 - 0 . 0 ) 9 , 9 , 1 1
9 QW3=0.0

11 D3=QW3
GO TO 12 
D3=QW3/QG3
I F ( D 3 - 0 . 0 0 4 ) 1 2 , 1 3 , 1 3
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13 QW 3 = 0•0  
QG3=0•0

12 IFCQG4-0 .0 ) 1 4 , 1 4 , 1 5
14 QW4=0•0 

GO TC 16
15 D4=QW4/QG4 

I F C D 4 - 0 . 0 0 4 ) 1 6 , 1 7 , 1 7
17 QW4=0.0 

QG4=0.0
16 I F ( Q G 5 - 0 . 0 ) 1 8 , 1 8 , 1 9
18 QW5=0.0 

GO TO 20
19 D5=Q*5 /QG5 

I F C D 5 - 0 . 0 0 4 ) 2 0 , 2 1 / 2 1
21 QW5=0.0

QG5=0•0
20 BBB=0.0
C........................CALCULATING CUMULATIVE GAS AND CUMULATIVE WATER

GP(KWQG1 + QG2 + QG3 + QG4+QG5)*TD 
WP(K)=(GW1+QW2+QW3+QW4+QW5)*TD 
GP(K)=GP(K- i )+GP(Kj  
WP(K)=WP(K-1)+WP(K)
GO TO 80

C.........................................PAST PERFORMACE CALCULATIONS
70 W E = 6 0 8 4 . / ( 4 7 . - 5 . 9 )

“ “ . 5 / ( 1 3 1 . 5 + 4
UCG(K)=QCG(K-1)+CUG(K)
GRC = 1 4 1 . 5 / ( 1 3 1 . 5 + 4 7 . )
QCC(K)=QCC(K- l )+CUC(K)* l3 3 0 0 0 . *GRC/WE
GP(K)=QCC(K)+QCG(K)
WP(K)=WP(K-1)+CWP(K)

C..............................THE MATERIAL BALANCE EQUATION................ ..
80 CC1=GP(K)*Z/P4+A*5.615*WP(K)*BW

C C * = G I * ( Z / P 4 - Z I / P ( 0 ) )  ,
C C 3 = G I * Z I / P ( 0 ) / ( 1 . - S W ) * ( C W * S W + C F ) * ( P ( C ) - P 4 )  
WEM(K)=(CC1-CC2-CC3) / (A*5.615)
KI=K+1 
PS(K ) -P4  
KK=K

C . . . . . . . . . . . . .SUBRQUTIQN WATRAD.. . . . . . . . . . . . . . . . . . .
CALL WATRAD(DET,KK/QMAX,TIM/PS/KI / i )  
WEU(K)=W*B 

C................................ METHOD CF CONVERGANCE
IF ( A 3 S ( « E M ( K ) - W E U ( K ) ) . L T . 5 0 0 . )  GO TO 40 
IFvWEM(K) .GT.WEU(K)) GO TO 30 
P1 = P4
P 4= (P 1+ P 2) /2 .
GO TO 50 

30 P2=P4
P 4 = ( P l + P 2 ) / 2 .
GO T050

C . . ..........................................................................................................
40 PC(K ) = P4
C............................ CALCULATING WATER INVADED Z O N E . . . .

S U M m  = SUM(K- l )  + DVW(K- l ) *SGR/BG(K- l )
E1= (WEU(K) -WEU(K-1 ) ) *5 .615
E 2 = (W P (K ) - W P( K -1 ) ) *5 .6 15
E3=SUM(K) * (BG(K) -BG(K-1 ) )
DVW(K)=(E1-E2+E3) / (1 . -SW-SGR)
POI (K )=POI (K- l )+DVW(K)

C................   CALCULATING HEIGHT OF G-W-C.
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110
120

111
130

140

150
160

REWIND 19 
DO 110 M=1, 16 
READ(19/ 120)POG(M),HWG(M)  
FORMAT( * G '
DO 1 1 1 1 , 1 6
I F ( A B S ( P Q G ( M ) - P O I ( K ) ) . L T . 1 0 . E - 4 )  GC TO 140 
IFCA3s ( P G G ( M + 1 ) - P O I ( K ) )•LT.10.E-4) GO TO 150 
I F ( P C I ( K )  .GT.POG(M).AND.POI(K).LT.PQG(Mn))
CONTINUE
HW(K)=HWG(M)+(HWG(M+1)-HWG(M))*(POI(K)-  
l PO G(M n/ ( PO G( M>l ) -P OC (M) )
GO TO 160
H W ( K )
GO TOT0= f g § (M)
HW fK )= HWG(M+l)
CONTINUE
I F ( H W ( K ) . L T . 0 . 0 )  HW(K) = Q .0

.CALCULATING THE NUMBER OF FEET PERFORATED BELOW G-W-C 
FOR EACH WELL

D E L I  
D E L 2  
D E L 3  
D E L 4  
D E L S  
I F ( D E L 1  
I F i D E L 2 ( K  _ 
I F ( D E L 3 ( K ) . L T . 0 . 0  

. L T . 0 . 0

• L T . 0 . 0
DELI
DEL2
DEL3
DEL4

=  0 . 0
=  0 . 0
= 0 . 0
= 0 . 0

c .  •  •  .

57
C
56
C

IF(DEL4(K
I F ( DEL5 ( K ) . L T . 0 . 0 )  DEL5(K)=0.0  
. .CALCULATING THE NUMBER OF PERFORATED FEET REMAINING 

ABOVE G-W-C FOR EACH WELL 
0 ) - D E L l ( K 
' -DEL2CK 

-DEL3 ( K:
-DEL4( K 
-DEL5( K .0 .0  .0.0  .0.0  .0.0  . 0 . 0 .

. . . . . . . . . .THE O U T P U T * . . . . . . . . . . . . . . . . . . . . . . . . . * . . . . . .
PP=PC(K) /1 .0
GGP=GP(K)/1.E6
WWP=WP(K)/1000.
WEE=WEU(K)/1000.
HWW=HW(K)/1.0
* R I T E ( 6 , 5 7 )
FORMAT( 0 *)
WRITE(6*56)TIM(I ) ,PP.GGP,WWP,WEE,HWW 
F O R H A T ( 2 X c <L£ 6 X , F 6 . 0 , 5 X , F 1 1 . 2 ( 6 X , F 9 . 2 , 6 X , F 9 . 2 / 6 X / F 5 . 2 )  
W R IT E i6 ,5 5 } T IM ( K ) / PC(K) / GP(K) / WP(K)/ iEU(K) /HW(K)  
SS2=GP(K) /1 .E9  
S S l = W P ( K ) / l i E 6 .

=T IM ‘ “  *

= 0 . 0
= 0 . 0
= 0 . 0
= 0 . 0

T I M ( I ) U ) / 3 0 . 0 8

100
55

60

W R I T E ( 2 7 / 1 0 0 ) T I M ( I ) / S S 2  
W R I T E L 2 5 / 1 0 0 } T l M | l j /_ _ TIM
WRITE(26/ 100)TIMi  
FORMAT(2X/2G

p 5 - o ao ( 2 X / 6 ( 3 X / G ) )
P2=P( 0 )
CONTINUE
STOP

SSI  
PC( K )

END
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CSM f ' r o a r a m  L i b r a r y  
rseudo reduced properties

REFERENCE NUMBER: P E : S R 0 0 2 ♦F A 

t i t l e :  p s e u d o . F 4

AUTHOR: J d u n s h t

HATE:  2 9 - 0 C T - 7 4

SOURCE l a n g u a g e : F O R T R A N - 4 0

D E S C R I P T I O N :  t h i s  s u b r o u t i n e  c a l c u l a t e s  t h e  p s e u d o  r e d u c e d  p r e s s u r e  
arid p s e u d o  r e d u c e d  t e m p e r a t u r e  o f  a m i x t u r e  o f  n a t u r a l  s s s e s .  
t h e  a c c e p t a b l e  r a n s e  o f  e o s  d r a v i t y  i s  . 5 5  t o  1 . 2

C A L L  PSEUDO < F’ i G »  TRANK . PR . T R)

P
G

I N P U T :  p r e s s u r e ,  e s i a
I N P U T :  3>3 s  3  r  a  v  i  t  y  ( a i r  =  1 )
I N P U T :  t e m p e r a t u r e .  d e 3  r a n k i n e
0 U 1 P U T :  e s e u d o  r e d u c e d  p r e s s u r e  
O U T P U T :  P s e u d o  r e d u c e d  t e m r - e r a t u r c

TRANK
PR
TR

SUBPROGRAMS U S E D :  n o n e

P L F F r - : F N C E S : u m y  ■ * h a y s .  a r i d  u h i t i r i d .  p a d e  2 5 9  -  m i s e  s a s e s
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CSM Program Library 
2-factor subroutine

REFERENCE NUMBER! R E J S R 0 0 1 . F 4 . JDW

t i t l e :  z f a c . f a

a u t h o r : J d w n s h t

HATE:  2 9 - 0 C T - 7 4

SOURCE LANGUAGE: F OR T R A N - 4 0

D E S C R I P T I O N !  t h i s  s u b r o u t i n e  c a l c u l a t e s  t h e  c o m p r e s s i b i l i t y  f a c t o r  o f  
a m i x t u r e  o f  n a t u r a l  s a s e s .  t h e  m e t h o d  i s  a t a b l e  l o o k u p  a n d  
i n t e r p o l a t i o n  on a t a b l e  o f  4 0 0  r - f a c t o r s .  4 - p o i n t  l a s r a n s e  
i n t e r p o l a t i o n  i s  u s e d  on p s e u d o  r e d u c e d  p r e s s u r e  a n d  e i t h e r  
4 - p o i n t  l a a r a n a e  o r  l i n e a r  i n t e r p o l a t i o n  i s  u s e d  on r e d u c e d  
t e m p e r a t u r e .

t h e  l i m i t s  on r e d u c e d  p r e s s u r e  a r e  r e r o  t o  1 5 .  t h e  l i m i t s  
or. r e d u c e d  t e m p e r a t u r e  a r e  1 . 0 5  t o  3 . 0 0 .

CALL ZF A C ( R R * TR * Z * NT I  M E )

NT IME

RR
TR
Z

I N R U T :  p s e u d o  r e d u c e d  p r e s s u r e
I N P U T : p s e u d o  r e d u c e d  t e m p e r a t u r e
OUTPUT:  2 - f a c t o r .  s e t  t o  r e r o  i f  p r  o r . t r  o u t  o f

r a n s e .
I N P U T !  c a l l  t o  r t i m e  c a n  b e  d i s a b l e d  by  s u p p l y i n g

a n e g a t i v e  n u m b e r  f o r  n t i m e  when t h e
s u b r o u t i n e  i s  c a l l e d .  t h i s  w i l l  s a v e
Q u i t e  s b i t  o f  t i m e  s i n c e  t wo c a l l s  t o
r t i m e  a r e  made i n  r f a c .

OUTPUT:  c p u  t i m e  o f  t h i s  c a l l  t o  r f a c  i n  m i l l i s e c .
u s u a l l y  s h o u l d  b e  d i s a b l e d  as s ho wn  a b o v e .

JJLPPOGPArtS USED: f . -  l a s r a n 3 e  i n t e r p o l a t i o n  s u b r o u t i n e

P- f F E PENCES : 3 r a y  a nd  s imm s*  o i l  a n d  3a s u o u r n e l  ? J u l  y 2 0  * 1 9 5 9 *  v o l
5 7 *  no 3 0
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S U B R O U T I N E  V I S G A S ( T R / P , Z , G / V I S G )

T H I S  S U B R O U T I N E  C A L C U L A T E S  G A S  V I S C O S I T Y

R E F E R E N C E :  L E E /  F T  A L /  J P T  A U G .  1 9 6 6  P .  9 9 7 - 1 0 0 0

DEFINITIONS
TR= TEMPERATURE (DEG RANKINE)
P =  P R E S S U k E ( P S I A )
z= c o m p r e s s i b i l i t y  factor
K / X / Y  a r e  I N T E R M E D I A T E  V A L U E S  
G=  G A S  G R A V I T Y  ( A I R  =  1 . 0 )
R H G =  G A S  D E N S I T Y  G M / C C  
V I S G =  G A S  V I S C O S I T Y  CP

REAL K, M 
in I AG = 4 
R -  670.
M =  G * 2 8 . 96
RHO = M* P / (Z *R*TR )
K = ( ( 7 . 7 7 + 0 . 0 0 6  3 * M ) * T R * * 1 . 5 )

1 / ( 1 2 2 • 4  ♦ 12 .9*M ♦ TR)
X = 2 ,57  ♦ 1 9 1 4 . 5/TR ♦ .0095*M
Y = 1.11  4 • 04*X
V I S G  =  K*EXP(X*RHO**Y) / 1 0 0 0 0 .
RETURN
END
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SUBROUTINE FRICT(RN,EPS,D,F)
CALCULATES MOODY FRICTION FACTOR BASED ON COLEBROOK 
FUNCTION FOR RN > 2000,
REFERENCE: CRAFT, HOLDEN, AND GRAVES PG 23.
NOTE: MOODY F IS 4 TIMES FANNING F .  _______
DEFINITIONS:

RN -  REYNOLDS NUMBER
EPS -  ABSOLUTE ROUGHNESS (GOOD GUESS .00065 I N . )
D -  PIPE DIAMETER 
F -  FRICTION FACTOR 

D AND EPS MUST BE IN SAME UNITS!

I F ( RN .GT.  2 0 0 0 . )  GO TO 1 
LAMINAR FLOW

F = 1 6 . /RN
GO TO 3

TURBULENT FLOW
(TRIAL AND ERROR SOLUTION)

1 F I  = .005
2 F = ( - l . / ( 4 . * A L G G 1 0 ( E P S / ( 3 . 7 2 * D )  + 1 . 2 5 5 / (RN*SQRT(FI ) ) )  ) ) * * 2  

I F (AR S(F -F 1 )  .L T .  . 0 0 0 0 1 )  GO TO 3
F I  = F
GU TO 2

MAKE MOODY OUT OF FANNING

RETURN
END
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CSH Program Library 
water influx subroutine

REFERENCE NUMBER I PE I SR009 .FOR . JI<U

t i t l e : u a t r a d . f o r

AUTHOR: J d w r i s h t

h a t e : 1 0 - d e c - 7 4

SOURCE l a n g u a g e : f o r t r a n - i o

D E S C R I F T I O n : t h i s  s u b r o u t i n e  c a l c u l a t e s  w a t e r  i n f l u x  b a s e d  on c u r v e s  
f i t t e d  t o  t h e  t a b l e s  p r e s e n t e d  b y  v a n  e v e r d i n a e n  a n d  h u r s t ,  
t h i s  r o u t i n e  f o l l o w s  t h e  u n s t e a d y  s t a t e  c u r v e  u n t i l  t h e  a - s u b - t d  
c a l c u l a t e d  i s  s r e a t e r  t h a n  t h e  a t d m a x  s p e c i f i e d  i n  t h e  c a l l  
s t a t e m e n t .  t h i s  h a s  t h e  e f f e c t  o f  i g n o r i n g  t h e  t r a n s i t i o n  f r o m  
u n s t e a d y  s t a t e  t o  p s e u d o  s t e a d y  s t a t e  f l o w .  t h e  u s e r  mu s t  
p r o v i d e  an a r r a y  o f  t i m e  a n d  an a r r a y  o f  t h e  c o r r e s p o n d i n g  
p r e s s u r e s  d i m e n s i o n e d  f r o m  z e r o  t o  w h a t e v e r  t h e  maxi mum n u m b e r  
o f  t i m e  s t e p s  i s .

CALL WATRAIK B E L T D Q T D M A X , T I M E »P * U F L U X )

DELTH = I N P U T :
i n p u t :

n r r i M A /  -  i n p u t :

t i m p

K
WFLU/

I N P U T : 

I N P U T :

I N P U T : 
OUTPUT:

d e l t a  d 1 mens 1o n 1 e s s  t i m e
t i m e  o f  i n t e r e s t .  y o u  w a n t  t o  s o l v e  f o r  
t h e  c u m u l a t i v e  w a t e r  i n f l u x  a t  t h i s  t i m e .  
< t h i s  i s  t h e  l o c a t i o n  o f  t h e  t i m e  o f  
i n t e r e s t  i n  t h e  t i m e  a r r a y . )  r e m e m b e r  
t h a t  t h e  i n i t i a l  t i m e  a n d  p r e s s u r e  a r e  
s t o r e d  i n  t h e  z e r o  l o c a t i o n  i n  t h e  t i m e  
a n d  p a r r a y s .
f o r  f i n i t e  r e s e r v o i r s  t h i s  i s  t h e  maximum  
c i - s u b - t d  t h a t  t h e y  c a n  p r o v i d e .  f o r  an 
i n f i n i t e  r e s e r v o i r  s e t  o t d m a x  t o  z e r o  o r  a 
n e g a t i v e  n u m b e r ,  
a n a r r a y  ( f r o m  0 t o  
v a r i o u s  t i m e s ,  
a n a r r a y  ' f r o m  0 t c

V > c o n t a i n i n g  t h e

k > c o n t a i n i n g  
c o r r e s p o n d i n g  t o

t h e
t h ev a r i o u s  p r e s s u r e s  

a b o v e  t i m e s .
t h e  s i z e  n f  th**  t i m e  and  p a r r a y s ,  
t h e  s u m m a t i o n  o f  $ - s u b - t d  t i m e s  d e l t a  p  
f r o m  t i m e - 0  t o  t imc-  = n .  m u s t  b e  m u l t i p l i e d  
b y ' b '  ( t h e  w a t e r  i n f l u x  c o e f f i c i e n t )  t o  
3 e t  c u m u l a t i v e  w a t e r  i n f l u x  a t  t i m e  n .

ri Ur LPOGP AhS USED:  n o n e

AE?‘ F P FN C EG : c r a f t  a n d  h g u f i n s f  p a s e  2 2 1 .
v a n  e v e r o i n a e n *  t i m m e r m a n » a n d  mcmahon» ' a p p l i c a 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 o u s t i o n  t o  a P a r t i a l  w a t e r  d r i v e  r e s e r v o i r '»  
p e t r o l e u m  t r a n s a c t i o n s *  s i n e *  v o l  1 9 8 *  1 9 5 3 *  P a g e  5 1 .
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