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Abs t rac t  

Conventional drawdown i n t e r f e r e n c e  a n a l y s i s  assumes t h a t  t h e  producing 

well f lows at  a cons tan t  flow rate.  Several methods have been developed 

t o  handle  v a r i a t i o n  of f low r a t e  dur ing t h e  tes t .  

I n  t h i s  work, t h e  method of s u p e r p o s i t i o n  of cont inuously  changing rates 

was used t o  g e n e r a t e  dimemsionless p r e s s u r e  s o l u t i o n s  based on t h e  ins tan-  

taneous ra te  f o r  a v a r i e t y  of f u n c t i o n a l  forms of ra te  v a r i a t i o n .  

Curves r e l a t i n g  dimensionless p r e s s u r e  , dimensionless  time, and a 

c o r r e l a t i o n  parameter def ined by r e s e r v o i r  p r o p e r t i e s  and ra te  v a r i a t i o n  

were cons t ruc ted .  E r r o r  curves  were cons t ruc ted  t h a t  can be  used as 

d i a g n o s t i c  t o o l s  t o  determine t h e  v a l i d i t y  of t h e  Aplq approximation. 

When t h e  method of s t epwise  change i n  rate  is t o  be used i n  analyzing 

t h e  d a t a ,  i t  was shown t h a t  t h e  p r e s s u r e  d a t a  a t  t h e  end of t h e  s t e p  pe r iod  

should be  used. An equat ion has  been developed t o  determine t h e  d u r a t i o n  

of t h e  flow rate i n  each s t e p  change t o  provide  d e s i r e d  accuracy.  
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1. In t roduc t ion  

P re s su re  drawdown i n t e r f e r e n c e  a n a l y s i s  g e n e r a l l y  assumes t h a t  t h e  

producing well is  f lowing a t  a cons tan t  rate.  In  some cases i t  i s - d i f f i c u l t  

t o  main ta in  cons tan t  flow rates. Seve ra l  techniques have been publ ished i n  

t h e  l i t e r a t u r e  t o  handle  t h e  changes i n  f low rate  dur ing  a drawdown tes t .  

Due t o  t h e  d i f f i c u l t y  of ob t a in ing  an a n a l y t i c a l  express ion  t o  d e s c r i b e  

p r e s s u r e  behavior  during product ion  at  v a r i a b l e  flow rates, several appro- 

ximations have been developed. The ra te  of v a r i a t i o n  i s  e i t h e r  handled 

by t r e a t i n g  a cont inuous change i n  flow rate as d i s c r e t e  s t e p  changes 10,13 

and then  applying t h e  p r i n c i p l e  of supe rpos i t i on ,  o r  us ing  t h e  Ap/q approxi- 

mat ion .  5y14 y20  The Ap/q approximation is commonly used i n  i n t e r f e r e n c e  

t e s t i n g  . 2,3,5,8,16,17 
The o b j e c t i v e  of t h i s  work is t o  s tudy  t h e  l i m i t a t i o n s  of t h e  Ap/q 

approximation. 

The approach taken  i n  t h i s  s tudy  was t o  assume a f u n c t i o n a l  form of 

vary ing  flow rate, ob ta in  a s o l u t i o n ,  and then  compare t h e  s o l u t i o n  ob- 

ta ined  wi th  t h e  l i n e  source  s o l u t i o n  because t h e  a n a l y s i s  of t h e  drawdown 

i n t e r f e r e n c e  d a t a  i s  based on t h e  l i n e  source  s o l u t i o n .  
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2. L i t e r a t u r e  

The b a s i s  f o r  t r a n s i e n t  f low of f l u i d s  through porous media was presen ted  

by t h e  fundamental  s t u d y  done by van Everdingen and Hurst’’ i n  1949, and 

t h e  p r e s s u r e  bu i ldup  s t u d i e s  by Miller, Dyes, and Hutchinson,12 and by 

Homer.  9 

The a n a l y s i s  of v a r i a b l e  f low rate d a t a  h a s  been s t u d i e d  by several 

au thors .  When flow rate  v a r i a t i o n  is  a r e s u l t  of we l lbore  s t o r a g e ,  t h e  

G l a d f e l t e r  e t  a l .  ’ method of c o r r e c t i n g  t h e  p r e s s u r e  d i f f e r e n c e  can b e  

used. Ramey14 and Winestock and Co lp i t t s ”  in t roduced t h e  concept of 

t h e  normalized drawdown method. Th is  method r e q u i r e s  graphing t h e  Ap/q vs t h e  

l o g  of producing time. This  t h e o r e t i c a l  development was based on ana lyz ing  

t h e  p r e s s u r e  d a t a  of t h e  producing well. Th is  method l e a d s  t o  u s e f u l  

r e s u l t s  i f  t h e  p r e s s u r e  d a t a  of t h e  producing well are t o  be analyzed.  

This  work d i d  n o t  tes t  t h e  method f o r  i n t e r f e r e n c e  tests .  In 1976, Ramey 15 

e s t a b l i s h e d  t h e  G l a d f e l t e r  e t  a l .  method of graphing t h e  p r e s s u r e  d i f f e r e n c e  

d iv ided  by t h e  ins tan taneous  flow rate  vs t h e  l o g  of time. 

Aron and S c o t t 3  examined t h e  e f f e c t  of ra te  v a r i a t i o n  on water w e l l  

test  a n a l y s i s .  Cooper and Jacob5 developed a method f o r  analyzing p r e s s u r e  

d a t a  of a q u i f e r s  pumped a t  a v a r i a b l e  d i s c h a r g e  rate. Odeh and Jones  13 

i n  1965, and S t embe rg17  i n  1968 a l s o  p resen ted  a method f o r  ana lyz ing  

v a r i a b l e  f low rate d a t a .  The method was based on t h e  s u p e r p o s i t i o n p r i n c i p l e ,  

and approximating t h e  v a r i a b l e  f low rate  d a t a  by s t e p  changes. They 

assumed t h a t  t h e  l o g a r i t h m i c  approximation t o  t h e  l i n e  source  s o l u t i o n  was 

a p p l i c a b l e .  For  t h e  case of i n t e r f e r e n c e  tests, t h e  l o g a r i t h m i c  approxi-  

mation t o  t h e  l i n e  source  s o l u t i o n  might n o t  app ly ,  and t h e r e f o r e  t h i s  

method cannot be  used. 

Jargon and van Poollenl’  in t roduced a method by which vary ing  f low 

rate d a t a  can be conver ted t o  a c o n s t a n t  ra te  p r e s s u r e  response c a l l e d  t h e  

u n i t  r esponse  func t ion .  Economides e t  a1.6 s t u d i e d  t h e  u s e  of i n f l u e n c e  

o r  response f u n c t i o n s  i n  analyzing v a r i a b l e  f low rate  and demonstrated 

a p p l i c a t i o n  t o  geothermal well t e s t i n g .  

Tsang e t  a1.I8 demonstrated t h e  use  of d i g i t a l  computers i n  analyzing 

w e l l  test d a t a  w i t h  v a r i a b l e  f low rate.  The concept was based on reproducing 

- 2.- 



t h e  p r e s s u r e  response by assuming several r e s e r v o i r  parameters ,  and 

s e l e c t i n g  t h e  set t h a t  b e s t  matches t h e  a c t u a l  f i e l d  d a t a .  
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3. Mathematical Model 

F igure  1 is  a schematic diagram of t h e  r e s e r v o i r  i n  t h i s  s tudy .  

The fo l lowing assumptions were made: 

1. The r e s e r v o i r  i s  i n f i n i t e ,  homogeneous, i s o t r o p i c ,  and of uni-  

form th ickness .  

2 .  The f l u i d  i s  s l i g h t l y  compressible and has cons tan t  v i s c o s i t y .  

3.  The flow of f l u i d  is i so the rmal  r a d i a l  flow. 

4 .  The p r e s s u r e  g r a d i e n t s  are small. 

5. Grav i ty  f o r c e s  are n e g l i g i b l e .  

The mathematical  equa t ions  d e s c r i b i n g  t h e  flow system are: 

(1) The p r e s s u r e  response  due t o  a l i n e  source  wi th  varying f low rate ,  

q ( t )  , r e s u l t s  i n  t h e  express ion4:  

(2) The i n i t i a l  and boundary cond i t ions  are: 

p = pi a t  t = 0 f o r  a l l  r 

p -+ pi as r +- 00, f o r  a l l  t 

There i s  no unique a n a l y t i c a l  s o l u t i o n  t o  t h e  above i n t e g r a l  equat ion 

s u b j e c t  t o  t h e  cond i t ions  s p e c i f i e d .  I n  t h i s  s tudy ,  several f u n c t i o n a l  

forms of varying f low rate w i l l  b e  assumed. 

3.1 L inea r  V a r i a t i o n  of Flow Rate 

The flow ra te  a t  any time is given by: 

q ( t >  = qi + b t  

- 4- 
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S u b s t i t u t i n g  eq. 3.2 i n t o  eq. 3.1: 

e 411 (t--c> 
d t  t --r 

0 

The s o l u t i o n  t o  t h e  f i r s t  i n t e g r a l  is well documented i n  t h e  

l i t e r a t u r e  11. . r2  
2pD(tD,rD) = -Ei(- +-J (3.4) 

The s o l u t i o n  t o  t h e  second i n t e g r a l  i s  given by . .  18. 

1 
r 2  i 
47-l I 

- 

2bt  pD ( t D , r D >  + b - 2 p D  ( t D y r D )  - 4 t D / r i  e ( 3 . 5 )  
L 

c - 
khAp (r-yt)  = 2qipD + 2 b  t p D  b r 2  1 

70.6 By + 2 ~ i P ~  - 2 tD/$ e 

- 
Divide by 2q ( t )  : 

r 1 7  
kh Ap ( r , t )  
141.2 By q ( t )  - 'D -t qi + b t  

- 
- pD - 2 tD/r; e 

Let's d e f i n e :  

- k h A p ( r , t )  
'DV 141.2 Bp q ( t )  

- 
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3.2 Exponent ia l  V a r i a t i o n  of Flow Rate 

The flow rate  i s  given by: 

q ( t )  = qi e-at 

S u b s t i t u t i n g  eq. 3.10 i n t o  3.1: 

(3.10) 

Divide by q ( t )  = q i e  : -at 

- r2 
4n (t-'C> 

p (t , r  ) = + DV D D t - T  d t  (3.12) 

n 

1 L e t  x = - 
U 

ar 8 = -  
4 n  

2 

'0 
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(3.14) 

(3.15) 

(3.16) 
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3 . 3  Stepwise  Change of F lowra te  

The p r e s s u r e  drop due t o  t h e  flow rates q1 and q2 i s  given by: 

(3.18) 

Divide by q 2 :  

8 -- 



4. Computer Programs 

Computer programs were p repa red  t:o compute d imensionless  p r e s s u r e  

as a f u n c t i o n  of d imens ion less  time and t h e  c o r r e l a t i o n  parameter ,  8 ,  
f o r  a v a r i e t y  of f low rate v a r i a t i o n s .  To e v a l u a t e  t h e  d imensionless  

p r e s s u r e  f o r  e x p o n e n t i a l  v a r i a t i o n  of f low rate,  g iven by Eq. 3.17, a 

numer ica l  t e c h n i q u e  was used t o  c a r r y  o u t  t h e  i n t e g r a t i o n .  

The f low c h a r t s  showing t h e  main s t e p s  i n  t h e  computer programs are 

p r e s e n t e d  i n  Appendix A. 

-9- 



5. R e s u l t s  and Discussion 

The dimensionless  p r e s s u r e  as def ined by Eq. 3 . 7  w a s  computed f o r  a 

wide range of v a l u e s  of r e s e r v o i r  and flow rate parameters.  The parameters 

are grouped i n  t h e  dimensionless parameter  B as def ined  . by Eq. 3 . 8 .  These 

d e f i n i t i o n s  are convenient  i n  t h i s  s tudy  because they  al low a comparison 

of t h e  s o l u t i o n s  obta ined under c e r t a i n  f low rate v a r i a t i o n s  w i t h  t h e  l i n e  

source  s o l u t i o n .  

5 .1  L inea r  Change i n  Flow Rate 

F igure  2 shows t h e  dimensionless p r e s s u r e  as a f u n c t i o n  of dimension- 

less time f o r  a range of t h e  parameter  6. In  t h e  case of decreas ing flow 

ra te ,  t h e  curves  start w i t h  t h e  l i n e  source  and then bend upwards. For  

i n c r e a s i n g  flow ra te ,  t h e  curves start w i t h  t h e  l i n e  source  and then bend 

downwards. The s e p a r a t i o n  reaches  a cons tan t  v a l u e  a t  about 0.5. A f t e r  

t h i s ,  a l l  t h e  curves  provide  a semi- log s t r a i g h t  l i n e  of s l o p e  1.151, low 

by 0.5 compared t o  t h e  l i n e  source  s o l u t i o n  as shown on F ig .  3 .  I n  t h e  

case  of well  bore  s t o r a g e ,  Ramey15 found a s e p a r a t i o n  of about 0.4 and a 

s l o p e  of 1.151, then t h e  curves bend upwards t o  j o i n  t h e  l i n e  source  solu-  

t i o n .  

Er ro r  curves  have been prepared.  See F igures  4 and 5. These r e s u l t s  

may be  used t o  estimate t h e  e r r o r  t h a t  results i n  t h e  Ap/q approximation 

g iven t h e  r a t e  v a r i a t i o n  and t h e  es t ima ted  r e s e r v o i r  p r o p e r t i e s .  

5.2 Exponent ia l  Flow Rate 

F igure  6 shows t h e  dimensionless p r e s s u r e  as a f u n c t i o n  of dimension- 

less time f o r  a range of t h e  parameter B .  The curves  s tart  wi th  t h e  l i n e  

source  then bend upwards i n  t h e  case  of decreas ing f low rate;  and bend 

downwards i n  t h e  case of i n c r e a s i n g  f low rate. 

The i n c r e a s i n g  f low rate case  i s  i n t e r e s t i n g .  Figure  7 shows a 

semi- log graph of t h e  dimensionless p r e s s u r e  v s  dimensionless time. 

-10 -- 
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A f t e r  t h e  curves d e p a r t  from t h e  l i n e  source ,  they become n e a r l y  a 

s t r a i g h t  l i n e  of a u n i t  s l o p e ,  and then reach a cons tan t  v a l u e  a t  about 

tD/r; = [;I. This  case  i s  similar t o  t h e  we l lbore  s t o r a g e  c a s e ,  ,except  

i n  t h e  we l lbore  s t o r a g e  case curves  bend towards t h e  l i n e  source  s o l u t i o n .  

E r r o r  curves have been prepared and are presented  i n  F igures  8 and 9 

t o  estimate t h e  e r r o r  t h a t  r e s u l t s  i n  t h e  Ap/q approximation,  g iven a 

rate v a r i a t i o n  and t h e  es t ima ted  r e s e r v o i r  p r o p e r t i e s .  

5 .3  Stepwise Change of Flow Rate 

For t h e  case of s t e p  changes i n  flow ra te  t h e r e  i s  a jump a t  t h e  time 

of i n i t i a t i o n  of a new f low rate,  then t h e  curve bends towards t h e  l i n e  

source  s o l u t i o n .  An example i s  shown i n  F igure  10 f o r  d i f f e r e n t  flow rate  

r a t i o s  occur ing a t  d i f f e r e n t  dimensionless times. F igure  10 sugges t s  t h a t  

t h e  p o i n t s  a t  t h e  end of each s t e p  pe r iod  should be  used f o r  a n a l y s i s .  The 

impor tant  ques t ion  i s  how long should t h e  ra te  i n  each s t e p  last i n  o r d e r  

t o  o b t a i n  s u f f i c i e n t  accuracy? Using Eq. 3.20: 

(3.20) 

S u b t r a c t i n g  pD(tD)  from bo th  s i d e s :  

I f  w e  r e q u i r e  t h e  d i f f e r e n c e  t o  be  ze ro ,  Eq. 5.2 sugges t s  t h a t  

t >> t . Let's r e q u i r e  t h e  d i f f e r e n c e  t o  be 6 .  Then Eq. 5.2 becomes: D D l  

- 1 7 -  
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Define;  Aq = q 2 - 41 

Equation 5.5 provides  t h e  r e l a t i o n s h i p  between A t  and Aq. 

I f  we now assume t h a t  a logar i thmic  f low rate  approximation a p p l i e s ,  

then : 

pD( tDl  = '/2 f I n  tD + 0.8091' 1.151 [ l o g  t + l o g  
L i =  $11 C t  r +0.351] 

S u b s t i t u t e  equat ion 5.6 i n t o  equat ion 5.5: 

6 q 2 / 1 .  151 A q  
t - t l = t 1 0  

6q2/1. 151 A q  

-5  

t =  
6 q 2 / 1 .  151 Aq 

1 - 10 

A t = t -  - 
- 

6q2/1. 151 A q  - 
1 - 10 

(5.10 

(5.11) 

6 i s  p o s i t i v e  f o r  dec reas ing  f low rates, and n e g a t i v e  f o r  i n c r e a s i n g  

f low rates. 

Solving f o r  A q  w e  o b t a i n :  

92 A q  = - L 

1.151 log  - c 
A t  

(5.12) 
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Equat ions 5.11 and 5.12 are u s e f u l  i n  e s t ima t ing  A t  g iven  A q  o r  

v i c e  v e r s a ,  i f  t h e  s t e p  changes i n  rate  method i s  t o  be used. 
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6. Conclusions 

The purpose of t h i s  work was t o  s tudy  t h e  l i m i t a t i o n s  of t h e  Ap/q 

approximation i n  t h e  a n a l y s i s  of p r e s s u r e  drawdown i n t e r f e r e n c e  t e s t i n g  

wi th  varying f low rates. A v a r i e t y  of f u n c t i o n a l  forms of varying f low 

rates have been s t u d i e d  and t h e  d imensionless  p r e s s u r e  based on t h e  

ins tan taneous  f low rate  has been used t o  provide  a comparison between 

t h e  Ap/q approximation,  and t h e  l i n e  source  s o l u t i o n .  

As a r e s u l t  of t h i s  s tudy t h e  fo l lowing conclus ions  have been 

reached : 

(1) The Ap/q approximation l e a d s  t o  s u c c e s s f u l  r e s u l t s  only i f  t h e  

p r e s s u r e  d a t a  a t  t h e  producing well is analyzed,  o r  t h e  change i n  

f low rate  i s  smooth. 

(2) The e r r o r  r e s u l t i n g  from t h e  Ap/q approximation i s  a f u n c t i o n  of 

t h e  d i s t a n c e  between t h e  producing w e l l  and t h e  tes t  wel l ,  and t h e  

n a t u r e  of t h e  change of t h e  f low rate. 

(3) Er ro r  curves  f o r  l i n e a r  and exponen t i a l  v a r i a t i o n s  of flow ra te  

were cons t ruc ted .  These curves  can be  used as d i a g n o s t i c  t o o l s  i n  

analyzing p r e s s u r e  drawdown d a t a  obta ined from varying flow rate 

tests. 

( 4 )  I f  a continuous change i n  f low rate can be approximated by 

d i s c r e t e  s t e p  changes, t h e  p r e s s u r e  d a t a  a t  t h e  end of each s t e p  

pe r iod  i s  recommended f o r  a n a l y s i s .  

(5) Equations were developed t o  estimate t h e  A t  o r  Aq necessary  

t o  o b t a i n  a d e s i r e d  accuracy f o r  s t e p  changes i n  f low rate. 
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7. Nomenclature 

a 

b 

B 

ct 

h 

P 

AP 

PD 

'DV 

q 

q i  

r 

r 
W 

t 

A t  

The exponent of t h e  exponent ia l  v a r y i n g  f low rate express ion ,  h r  -1 . 
Slope of l i n e a r  va ry ing  f low rate express ion ,  STB/D/hour 

Oil format ion volume f a c t o r ,  Res bbl/STB 

The t o t a l  system c o m p r e s s i b i l i t y ,  p s i  -1 

Formation t h i c k n e s s  , f t 

P r e s s u r e ,  p s i  

P r e s s u r e  drop,  p s i  
k h (Pi - P r , t  1 

Dimensionless p r e s s u r e  , 141.2 B v  q 

k h  (Pi - P,,t ) 
Dimensionless p r e s s u r e ,  141.2 BLI q ( t )  

Flow ra te ,  STB/D 

I n i t i a l  f low ra te ,  STB/D 

Radia l  d i s t a n c e ,  f t  

Wellbore r a d i u s ,  f t  

T ime  , hours  

Time increment,  hours  

t /r Dimensionless t i m e ,  2.637 X k t 
D D  $ v  Ct r 2 

B Dimensionless parameter ,  -- b r2  r2  o r  a- 
q i  n 4n 

n Hydraul ic  d i f  f u s i v i t y  , 2.637 x k 
(bP CL L 

1! V i s c o s i t y ,  cp 

$ P o r o s i t y  , F r a c t i o n  
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9. Appendix: Flow Charts  and L i s t i n g s  of the  Computer Programs 
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B ,  tD/rD , A t  2 

1 tD/r; = tD/r: + AtD/.: I 
I 

I 
I 

Compute 

I 

P r i n t  t 

A-1: Flow Chart f o r  Linear  V a r i a t i o n  

of Flow Rate 
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START 

I n i t i a l i z e  

1_3r P r i n t  

, ; 1 tD/r; = tD / r i  + A t  / r  
D l  

I I 

I 
I 

\ 

PD, pDvy D i f ,  %Dif 

I P r i n t  

A-2 : Flow Chart f o r  Exponential  

Va r i a t i on  of Flow Rate 
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Compute q 

I 

1 . , tD = tD + A t D  

I 
Compute I 

I 'D' 'DV' Dif %Dif I 

A-3: Flow Chart  f o r  S t ep  Change of Flow Rate 
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1 0 0  

THIS  PROGRAM CALCULATES THE DIKENSIONLESS PRESStJHF, PDV 
AT DIMENSIONLESS TIME, TD FOR A WELL PRODUSING AT LINEAR 
CHANGE OF FLOW RATE 
DEFINITION @F VARIABLES 
PD: DIMENSIONLESS PRESSURE FOR CONSTANT FLOW R A i  :- 
PDV: DIMENSIDNLESS PRESSURE FOR VARIABLE FLOW RP,’lF- 
TDR: DIMENSIONLESS TIME 
BETA: D1ME:JSlONLES.s PARAMETER TO SPECIFY CHANGE ctr. : -LON RATE 
C :  -1 FDF. f:EC:REASING FLOW RATE J +! FOR INCREASINC FLOW RATE 
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THIS PROGRAM CALCULATES THE DIMENSIONLESS PRESS;IJKt, PDV 
AT DIMENSIONLESS TIME, TG FOR A WELL PRODUSING AI L-XPONENTIAL 
CHANGE OF FLOW RATE 
DEFINITION OF VARIABLES 
PD: DIMENSI CNLESS PRESSURE FOR CONSTANT FLOW RA'I :- 
PDV: DIMENSIONLESS PRESSURE FOR VARIABLE FLOW R k 7  t. 
TDR: DIMENSIONLESS TIME 
BETA: DIMENSIONLESS PARAMETER TD SPECIFY CHANGE [IF. FLOW RATE 
C: +1 FOR PEC:REASING FLOW RATE , -1 FOR INCREASlNC :-LOW RATE 

.I 00 

: I O ( )  

J 0 
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THIS PROGRAM CALCULATES THE DIKENSIONLESS PRESHlJllt-, PDV 
AT DIMENSIONLESS TIME, TD FOR A WELL PRODUSING t?T STEP 
CHANGE OF FLOW RATE 
DEFINIT ION GF VARIkULES 
PD: DIMENSIONLESS PRESSURE FOR CONSTANT FLOW R A i  :- 
PDV: DIMENSICINLESS PRESSURE FOR VARIABLE FLOW RP,lF 
TDR:DJHENSIONLESS TIME 

QI: I N I T I A L  FLOW RATE 
BETA: DIMENSIONLESS PARAMETER TO SFECIFY CHANGE cIr. F LO W  RATE 

I M P L I C I T  REf'eL*8 (A-H, 0-Z) 
DIMENSION Q ( b O ) ,  TD(60 !  
EXTERNAL E3 
DATA Q I / 2 0 C ) O .  / I  D T I / .  25/, I/50/ 
WRITE (21, 100) 
FORMAT ( / / / ,  lox, 'STEP CHANGE OF FLOW RATE', / / i  
DO i GOO N G = = l  2 
GI= QIi2. 

DTD=ND*LTi 

FLOW RATE SCHECWlEa*-r;. 
IF (IS . EG. 1 )  GD TO 1 
IF (IS . EG. 2) W TO 2 
QD=i. -0. c ? S + ( I S - z )  
GO TO 1 C  
OD= . 99 
GO TO 10 
QD = . 95 
Q ( l i  = G i  
TD( 1 )  = D f l )  
PQD= ( 1 ,  -Ql , )* l i )O 
WRITE (21, f ,f*D) PQD 
FORHAT /', 30);1 'PERCENT RATE CHANGE PER STEP = ', F!,. / /  1 
WRITE (21, 3C;i)) 

DO 900 NP= J t ;! 

DO SGO IS= 1 1 :.( 

FORMAT ( l o x ,  'STEP', 3 X ,  'FLOW RATE !STB/D) ', 3 X ,  'DIPiEiW. T IME' ,  
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COMPUTE D:MENSIOb!LESS PRESSURE *** 
I F  ( Q(N)  . L T .  10. ) GO TO 800 
SUM =O. 0 
I F  ( N  . EQ. 1 )  GO TD 450 
DO 400 J =21 N 
T =TD(N) -TI)( J-1 ) 

x = l .  / ( 4 .  * T I  
SUM = S L i M r ( Q ( J )  - Q i J - l ) ) * ( E l ( X j / 2 . + S )  
C ONT I NUE 
T =TD(N j  
X = 1. i ( 4 .  * T I  
PD = E l ( X j / t ? .  
PDV = (SUM + Q ( l ) * P D )  / Q ( N )  
EIF = PDV -PI3 
P D I F  = (DIF /PDV)*lOO. 

DO 200 N=! 1 1 

URITE (21:  600) N, Q!N): T, PDV, PD, C I F J  P D I F  
FORMAT 11x1 I21 ? X ,  F6. 1, 1 x 1  3 ( 8 X ,  F6. 3)) 5 X t  F 7 .  41 4X1 ! .J:{ .  5 )  
CONT I NUE 
CONTINUE 
CONT I NUE 
CONT I NUE 
STOP 
END 

FUNCTION El(X) 

El<X) = - E I < - - X )  
IMPLICIT  E EAL.*S ( A-HJ 0-Z 
I F  (X.  GT. 1. GO TO 100 
Y = +LOG( X ) - .  5772?566+X*( .  9?9?91?3+XU(-. 2499105:~ 

f + X * ( .  05519968+X*(-. 00976004+X*. 001078571) 1 f 
El = Y 
RETURN 
Y=(  1.  O/ ( X *  EXP ( X  1 1 i *(  . 2677737343+X*(8. 6347608?;’5 1 .  

3 X * (  1 8 .  059Q16973+X*!8.  5733287401+Xt 1 1  ) / (3 .  954969:’;’E-r:. 
X*(21.  0996530827+X*(25. 6329561484+X*(9. 57332234W!+>O 1 )  1 
E l  = Y 
RETURN 
END 


