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ABSTRACT 

A model has been developed t o  p r e d i c t  both rese rves  anti 

d e l i v e r a b i l i t y  i n  a "vapor-dominated'' geothermal f i e l d .  The d a t a  usep 

are f i c t i t i o u s ,  al though,  t h e i r  genera l  charac te r  is  similar t o  t h a t  

seen i n  real f i e l d s .  

1 

1 

This  s tudy,  i n i t i a t e d  i n  June 1982 and completed i n  May 1983, is 8 

con t inua t ion  of a previous one by W i l l i a m  E. Brigham. The purpose of 

t h i s  r e p o r t  i s  t o  show t h a t  the empi r i ca l  lumped parameter m d e l  is 

e f f e c t i v e  i n  desc r ib ing  p ressure  drawdown behavior i n  a vapor dominated 

geothermal r e s e r v o i r ,  and t o  demonstrate how a d d i t i o n  of d e l i v e r a b i l i t y  

informat ion can be incorporated i n  the  Brigham model. 

1 
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1. INTRODUCTION 

This r epo r t  is an ex tens ion  of t he  Brigham model t o  f i c t i t i o u s  da ta  

f o r  a vapor-dominated geothermal f i e l d .  The purpose of t h e  s tudy is  t b  

develop a s imp l i f i ed  model t o  match pas t  performance of t he  r e s e r v o i t  

and t o  p r e d i c t  f u t u r e  production rates and u l t ima te  reserves .  A lumpefl 

parameter model w a s  developed f o r  t he  r e s e r v o i r  t h a t  is similar t o  thk 

model developed by Brigham and Neri (1979) f o r  t he  Gabbro zone, and p 

d e l i v e r a b i l i t y  model was developed t o  p r e d i c t  t h e  l i f e  and f u t u r e  

producing rate dec l ines  of the  r e se rvo i r .  This  r epo r t  p r e sen t s  thk 

development and r e s u l t s  of t h i s  geothermal r e s e r v o i r  ana lys i s .  

2. DESCRIPTION OF THE RESERVOIR 

During t h e  course of production from the  r e s e r v o i r ,  flow rates and 

pressures  have decl ined during s e v e r a l  per iods during which the  number 

of w e l l s  has remained approximately constant .  This suggests  t h a t  thk 

r e s e r v o i r  is undergoing deplet ion.  It is  reasonable  t o  assume thaf.  

t h e r e  exis ts  a bo i l i ng  water zone deep i n  t h e  r e se rvo i r .  The rock 
I 

matr ix  between t h i s  deep zone and t h e  producing zone c o n s i s t s  o f  

r e l a t i v e l y  t i g h t  v e r t i c a l  f r a c t u r e s .  The model presented i n  t h i s  r epo r t  

is based on th i s  concept of a deep b o i l i n g  water zone which supp l i e s  

steam t o  a shal lower producing horizon. The pressure  drawdown measured 

i n  t h e  producing zone is  a combination of a pressure  drop due t Q  

dep l e t i on  of the  bo i l i ng  water and a pressure  drop due t o  f r i c t i o n a l  

I 
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flow of t he  steam as it rises through these  v e r t i c a l  f r a c t u r e s .  Using 

a n a l y t i c a l  l i n e a r  flow equat ions t o  match the  v e r t i c a l  f r ic t ion la  

pressure  drop, t h e  pressures  measured i n  t h e  producing zone have beeh 

c l o s e l y  matched. The development of t h e  h i s t o r y  match w i l l  be presented 

i n  t h e  fol lowing sec t ions .  

1 

3. PRESSURE AND PRODUCTION DATA 

The hypo the t i ca l  p ressure  and production da ta  used f o r  t h i s  s tudy 

are presented i n  Table 1 on the  fol lowing page. The value zero  f o r  thk 

number of months corresponds t o  t he  beginning of production. 

Table 1 

CUMULATIVE PRODUCTION & AVERAGE p/Z 
Units  A-C, D, E ,  and F 

Cumulative Production 

( l o 9  l b s . )  
N e t  - Months Gross 

0 
71 
77 
93  

107 
117 
132 
144 
154 
167 
175 
182 
192 
200 
206 
2 12 
220 
2 26 
235 
249 

0.0 
31.0 
33.8 
44.4 
57.0 
66.8 
84.3 

105.3 
131 -9  
166.3 
189.4 
211.1 
244 . 7 
272.0 
291.7 
311.9 
336 . 4 
356.7 
389 . 6 
441 .4 

0.0 
31 .O 
33.8 
44.4 
57 .O 
66.8 
80.1 
98.3 

120.0 
148.8 
167.0 
184.5 
209.7 
231.4 
248 . 3 
262.9 
281.8 
297 . 2 

360.2 
321.7 

p/z 

707 
706 
705 
704 
698 
696 
695 
686 
67 2 
660 
643 
626 
598 
585 
579 
574 
568 
56 1 
546 
533 
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The p/Z da ta  l i s t e d  i n  Table 1 are average p/Z values  f o r  t h e  

e n t i r e  r e se rvo i r .  The Z- factor da ta  were ca l cu l a t ed  assuming i so thermal  

condi t ions  (480°F)  e x i s t  i n  t he  r e se rvo i r .  The PVT da ta  f o r  steam were 

taken from Keenan and Keyes (19691,  and the  r e s u l t i n g  Z- factors are 

l i s t e d  i n  Table 2.  Note t h a t  f o r  p ressures  above 570 p s i a ,  t h e  steam 

condenses a t  480°F.. The Z- factors a t  pressures  above t h i s  value werk 

ca l cu l a t ed  by ex t r apo la t i ng  t h e  values a t  t h e  lower pressures .  Thip 

e x t r a p o l a t i o n  is shown i n  Fig. 1. Of course,  t he se  Z- factors are nop 

real. They merely r e s u l t  from t h e  f a c t  t h a t  t h e  da t a  have been 

a l t e r e d .  These s y n t h e t i c  values  of Z do no t  affect  the  v a l i d i t y  of thk 

concepts used. 

Table 2 

REAL GAS COMPRESSIBILITY FACTORS FOR STEAM AT 480°F 

Pressure  Pressure  
2 (psis) - Z (psis) - 

6 20 0.8038 460 0 . 8666 
600 0.8124 440 0.8736 
580 0.8207 4 20 0 . 8805 
56 0 0 8289 400 0.8872 
5 40 0.8368 380 0.8938 
520 0.8446 36 0 0.9003 
500 0.8521 3 40 0 . 9067 
480 0.8594 

- 

I n  Fig. 2 ,  A(p/Z) has been graphed a g a i n s t  area t o  determine 

average p/Z values.  The A(p/Z) d a t a  were obtained from pressure  contout 

maps. By g raph ica l ly  i n t e g r a t i n g  the  r e s u l t i n g  curves and d iv id ing  the 

- 3 -  



r e s u l t  by t he  t o t a l  area of t he  r e s e r v o i r ,  average values  of A(p/Z) were 

ca lcu la ted .  The f i r s t  curve near  t he  o r i g i n  r ep re sen t s  t he  71 month 

da ta  i n  Table 1, while t h e  las t  curve represen ts  t he  249 month da t a  of 

Table 1. Notice t h e r e  are 19 da t a  po in t s  of reduced p/Z i n  Table 1, 

while  t h e r e  are o n l y  18 curves i n  Fig. 2. This is because t he  da ta  a t  

117 months and 132 months were near ly  i d e n t i c a l .  The values  from these  

i n t e g r a t e d  curves were then sub t r ac t ed  from 707.0, t h e  i n i t i a l  p/Z 

value,  t o  determine the  average values  a t  t he  var ious da tes .  As a note ,  

we have used a f i g u r e  of 2900 ac re s  f o r  t he  t o t a l  drainage area of t he  

f i e l d .  The method of determinat ion of average p/Z ou t l i ned  above is  the  

easiest and most accura te  method of determining average values.  

I I I I  1 1 1 1  

1 1 1 1  1 1 1 1  O I I  

0.79 1 
I l l 1  

INTO CONDENSED REGION 
EXTRAPOLATED 

I l l 1  I l l 1  

- 4 -  
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4. PREVIOUS HISTORY MATCHING EFFORTS j 
I n  t h e i r  s tudy of the  Gabbro Zone, Brigham and Neri(1979) combine/d 

, 
t h e  s tandard gas material balance with an empi r i ca l  power l a w  equat iop 

t o  desc r ibe  p ressure  drawdown i n  t h e  producing zone. The empiricab 

power l a w  equat ion w a s  der ived t o  model the  t r a n s i e n t  p ressure  behaviok 

t h a t  e x i s t e d  between t h e  top  of the  r e s e r v o i r ,  where the  wells arb 

completed, and the  constant  p ressure  b o i l i n g  water i n t e r f a c e  deep i n  the  

r e s e r v o i r .  We would l i k e  t o  review t h e  development of t h i s  empiricab 

equat ion because of i t s  importance t o  the  model. 

To der ive  an equat ion f o r  the  pressure  drop from t h e  deep b o i l i n g  

zone through t h e  f r a c t u r e d  zone t o  t h e  producing horizon,  w e  cab 

env i s ion  t h a t  t h e  flow geometry is  approximately l i n e a r .  This is 

t r a n s i e n t  flow, and t h e r e f o r e  the  magnitude of the  p ressure  drop w i l  

depend on the  terms i n  t h e  pD func t ion  f o r  l i n e a r  flow, and t h e  timin 

of t h e  p ressure  t r a n s i e n t  w i l l  depend on t h e  terms i n  the  t D  function/ .  

Ana ly t i ca l  s o l u t i o n s  f o r  such problems have been published by Millet 

(1962) and by Nabor and Barham (1964). Nabor and Barham's s o l u t i o n s  are 

summarized i n  Fig. 3,  where t h e i r  term F ( t D )  i s  t h e  pD func t ion  fop 

l i n e a r  flow a t  a constant  rate i n n e r  boundary condi t ion.  

The t h r e e  curves shown i n  Fig. 3 represen t  t h r e e  d i f f e r e n t  o u t e t  

boundary condi t ions;  t h a t  is,  the  boundary cond i t ion  a t  the  b o i l i n g  

water i n t e r f a c e .  The system t h a t  mst c l o s e l y  approximates a b o i l i n k  
I 

water i n t e r f a c e  i s  t h e  constant  p ressure  boundary, represented by th/? 

Fo( tD)  curve. This curve alsb 

presumes an inner  boundary cond i t ion  of constant  flow rate. For t h e  

This is marked more heav i ly  i n  Fig. 3. 

- 6 -  
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a c t u a l  v a r i a b l e  flow rate ,  it is necessary t o  use supe rpos i t i on  t o  

c a l c u l a t e  t he  t r a n s i e n t  p ressure  drop. The app rop r i a t e  s u p e r p o s i t i m  

equa t ion  is  the  following: 

+ (q -9 )p (t -AtD1-AtD2-AtD3)  + 0 + 4 3 D D  

where : 
, 

PD(tD) = t he  value of Fo(tD) from Fig. 3 a t  a t i m e  equal  t o  tD- 

qn = t he  flow rate during t h e  n th  t i m e  per iod.  

I 

L e t  us s tudy  the  Fo(tD) curve i n  Fig. 3 i n  d e t a i l .  A gooid 

approximation t o  t h i s  curve is  t o  assume t h a t  pD i s  p ropor t i ona l  t o  tl+ 

square roo t  of t i m e  u n t i l  t D  = 0.785 and t o  assume it is a constanp 

equa l  t o  1-00 a f t e r  t D  = 0.785. The maximum e r r o r  us ing  thie 

approximation is  only about 10%. This can a l s o  be seen from the  

a n a l y t i c a l  s o l u t i o n  t o  t he  l i n e a r  flow equat ion f o r  an i n f i n i t e  system: 

In  Eq. 2, Ap is propor t iona l  t o  t h e  square roo t  of t i m e .  Once t h e  outcb: 

boundary is f e l t  by the  pressure  t r a n s i e n t ,  Eq. 2 no longer  a p p l i e s ,  anid 

a t  long t i m e s  Ap w i l l  remain cons tan t  f o r  a cons tan t  p r e s su re  outetr 

boundary. 

-8- 



In  most real systems, we do not  know the  parameters i n  t D  w e l l  

enough t o  be ab l e  t o  relate the  real t i m e  t o  t D ;  however, we can assume 

a value f o r  t he  real t i m e  t h a t  i s  equiva len t  t o  t D  = 0.78s and observle 

how t h i s  a f f e c t s  Eq. 1. I n  t h i s  r e p o r t ,  we w i l l  r e f e r  t o  t h i s  time 4s 

t h e  " lag t i m e . "  This phrase was chosen f o r  it is meant t o  imply tide 

time requi red  t o  reach e f f e c t i v e  s teady- sta te  flow. Therefore ,  i f  de 

assume a l a g  t i m e  of 30 months, then the  r e l a t i o n s h i p  between tD and ~t 

can be expressed as follows: I 

D t 
t 

- = -  
0.785 30 (3 )  

To determine the e f f e c t  of t h e  l a g  t i m e  and t h e  above 

approximations on the  superpos i t ion  equa t ion ,  l e t  us f o r  i l l u s t r a t i o p  

assume s i x  time periods of varying lengths  as follows: 15 mo., 10 mo.1, 

10 mo., 10 mo., 5 m., and 10 mo., f o r  a t o t a l  of 60 months. From Eql. 

1, we see t h a t  t he  pressure  drawdown due t o  t he  f i r s t  rate is  f e l t  fop  

t h e  entire 60 months, t he  drawdown due t o  t h e  second rate is f e l t  f o r  45 

months, and so on. The r e s u l t  is Eq. 4 : 

I 

, 

k A Ap 
U L  

- =  

+ 

where : 

pD( 25) = t h e  value of Fo(tD> from Fig. 3 a t  a t i m e  equal  t o  2/5 

months. Other PD(t) values  are def ined similarly.1 

Because our assumed l a g  t i m e  is 30 months, t he  values  f o r  PD(t) f o r  

a l l  times g r e a t e r  than 30 months are equa l  t o  1.0 i n  Eq. 4. For alk 

times less than 30 months, t h e  values  f o r  PD(t) are p ropor t i ona l  t o  the '  

( 4 )  

-9 -  



square  root  of time. This follows d i r e c t l y  from t h e  r e l a t i o n s h i p  

expressed i n  Eq. 3. For example, ~ ~ ( 2 5 )  = m. Using theqe 
I 

d e f i n i t i o n s ,  Eq. 4 becomes: ~ 

Notice the  l e f t  hand s i d e  of Eq. 5 i s  equal  t o  the  flow rate i f  we h4d 

l i n e a r  s t eady- s ta te  flow; thus ,  we can ca l l  t h i s  term t h e  equivaleqt  

s t eady- s ta te  flow rate,  qeq. The r i g h t  hand s i d e  conta ins  a number of 

terms t h a t  cancel  each o t h e r ,  so t h e  equat ion can be s i m p l i f i e d  a,k 

follows: 

Equation 6 gives  us a bas i s  f o r  a general  formulat ion f o t  c a l c u l a t i a p  

the  equ iva len t  flow rate as a func t ion  of the  l a g  t i m e .  

Because t h e  t r a n s i e n t  p r o p e r t i e s  of the  r e s e r v o i r  are not known, 

the  l a g  time is  not  known. Thus, it is necessary t o  c a l c u l a t e  a leasti- 

squares f i t  assuming var ious  l a g  times, and then choose t h e  l a g  ti& 

which gives  the  bes t  f i t  t o  t h e  data.  Thus, it is necessary  t l o  

c a l c u l a t e  t h e  equivalent  flow rates a t  var ious  l a g  times us ing t r ans ienk  

m u l t i p l i e r s  as i n  Eq. 6 above. The c a l c u l a t e d  equivalent  flow ratels 

were based on the  gross steam rate from t h e  r e s e r v o i r ,  c a l c u l a t e d  f r o b  

the  d a t a  i n  Table 1. These flow rates are l i s t e d  i n  Tables 3 and 4 on 

t h e  fo l lowing pages f o r  a l a g  t i m e  of 30 months. Notice i n  Table 3 t h a t  

production from Unit D has been separa ted from production i n  t h e  Unik 

I 

-10- 



A-C, E and F area. I n  Table 4 ,  production from both Unit D and F have 

been separa ted  from Uni ts  A-C and E. The reasons f o r  these  d iv i s ion6  

w i l l  be c l a r i f i e d  later  i n  t h e  r e p o r t ,  where we d i scuss  drawdo+ 

behavior i n  var ious  por t ions  of the rese rvo i r .  
I 

When we combine t h e  concept of r e s e r v o i r  dep le t ion  i n  a deeb 

b o i l i n g  zone wi th  t h e  concept of l i n e a r  flow from t h a t  zone t o  th(e 

producing horizon,  the  r e s e r v o i r  dep le t ion  model can be w r i t t e n  i n  thp 

fol lowing form: 

I 

I 

where : 

(P /z 1 top = the  p/Z seen a t  t h e  producing zone; it is less than t h  

value of p/Z wi th in  the  deep b o i l i n g  i n t e r v a l  due t o  

l i n e a r  flow from t h e  deep zone t o  t h e  producing zone. 

= the  value of p/Z a t  the  deep b o i l i n g  zone; t h i s  value  (p /z deep 

drops as the  zone deple tes .  
I 

U P  /z 1 flow = the  drop i n  p/Z due t o  steam flow from the  deep zone t b  

t h e  upper producing i n t e r v a l .  

- 1 1-  



Table 3 

GROSS EQUIVALENT FLOW RATES 
(Uni ts  A-C, E,  F toge ther ;  Unit D s e p a r a t e )  

9 Equivalent  flow rate, qeq, 10 lbs./mo. 

Gross Rate t l a g  = 30 mo. 

Uni ts  Uni ts  
--------*------- ---------------- 

Months A-C, E, F D A-C, E, F D 

71 0.46 0 0.46 0 

77 0.47 0 0.46 0 

93 0.66 0 0.60 0 

107 0.90 0 0.83 0 

117 0.98 0 0.92 0 

132 

144 

154 

167 

175 

182 

192 

200 

2 06 

212 

2 20 

2 26 

2 35 

249 

1.17 

1.75 

2.66 

2.64 

2.58 

2.48 

2.61 

2.63 

2.53 

2.74 

2.51 

2.70 

2.98 

2.99 

0 

0 

0 

0 

0.31 

0.62 

0.75 

0.79 

0.74 

0.64 

0.55 

0.68 

0.68 

0.71 

1.11 

1.53 

2.19 

2.53 

2.61 

2.55 

2.58 

2.60 

2.57 

2.66 

2.58 

2.64 

2.83 

3.02 

0 

0 

0 

0 

0.16 

0.37 

0.59 

0.71 

0.74 

0.71 

0.64 

0.66 

0.66 

0.69 
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Table 4 

GROSS EQUIVALENT FLOW RATES 
(Uni ts  A-C, E toge ther ;  Units D and F s e p a r a t e )  

Equivalent  flow r a t e ,  qeq, 10 9 lbs./mo. 

Units  Uni ts  
Months A-C, E D F A-C, E D F 

I. 

71 

77 

93 

107 

117 

132 

144 

154 

167 

175 

182 

192 

200 

2 06 

212 

2 20 

226 

2 35 

249 

0.46 

0.47 

0.66 

0.90 

0.98 

1.17 

1.75 

2.66 

2.64 

2.58 

2.48 

2.61 

2.63 

2.43 

2.61 

2-38 

2.54 

2.76 

2.74 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.31 

0.62 

0.75 

0.79 

0.74 

0.64 

0.55 

0.68 

0.68 

0.71 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.10 

0.13 

0.13 

0.16 

0.22 

0.25 

0.46 

0.46 

0.60 

0.83 

0.92 

1.11 

1.53 

2.19 

2.53 

2.61 

2.55 

2.58 

2.60 

2.52 

2.58 

2.47 

2.51 

2.64 

2.72 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.16 

0.37 

0.59 

0.71 

0.74 

0.71 

0.64 

0.66 

0.66 

0.69 

0 

0 

0 

0 

0 

0 

0 I 

0 

0 O I  

0 

0 

0 

0.046 

0.077 

0.11 

0.13 

0.18 

0.23 

I 
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The problem now is  t o  de f ine  t h e  changes i n  p/Z as a func t ion  of t h e  

volume produced and t h e  producing rate. F i r s t ,  l e t  us  cons ider  

(p/z)deep. The work by Brigham and Morrow (1977) shows t h a t  t h e  value 

of p/Z i n  a b o i l i n g  system is nea r ly  linear with cumulative product ion 

a t  least f o r  t h e  f i r s t  1/3 t o  1/2 of t h e  t o t a l  dep le t ion  his toryl .  

Because some of the  condensed water is r e i n j e c t e d  i n  t h i s  r e s e r v o i r  anp 

c l e a r l y  shows s igns  of evaporat ion,  it seems proper t o  use only t h e  ne 

cumulative production f o r  t h i s  dep l e t i on  term. With t h i s  type of model, 

t h e  equat ion is: 

r 
I 

f 

where : 

A = the  i n i t i a l  p/Z of t he  deep r e s e r v o i r  system. 

B = t he  cons tan t  which def ines  t h e  dep le t i on  rate of the 

r e s e r v o i r ;  a l a r g e r  B s i g n i f i e s  a smaller r e se rvo i r .  ~ 

The next problem was t o  determine A(p/Z) due t o  l i n e a r  flow* 

This is discussed i n  the  next s ec t i on .  

5 .  RELATING A(p/Z) TO =OW RATE 

Equation 6 relates t h e  equiva len t  s teady  s ta te  flow rate t o  t h e  

a c t u a l  rates; however, t h i s  equa t ion  was writ ten f o r  l i q u i d  flow rat her^ 
I 
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than steam flow. The co r r ec t  equat ion f o r  t he  equiva len t  s teady  s ta te  

flow of steam is: 

where : 
P, 

2pdp 
d P )  = I uz 

ps  c 

and C '  ' = an unknown cons tan t  i nve r se ly  propor t iona l  t o  t hg  

permeabi l i ty  i n  t he  deep f r a c t u r e d  zone. 

Atkinson and Mannon (1977) have shown t h a t  m(p) i s  almost exactly 

propor t iona l  t o  p2 f o r  steam re se rvo i r s .  Thus, Eq. 9 can be s implif ief l  

to:  

= C" A(pL) 
eq 

2 Note t h a t  Eq. 10 relates flow rate t o  A(p ) , while Eq. 7 requi re@ 

t h a t  t h e  flow rate be r e l a t e d  t o  A(p/Z) There is no t h e o r e t i c a l  bas ib  

whereby these  terms can be r e l a t e d ;  however, it seems reasonable  t p  

assume t h a t  an empir ica l  power l a w  equat ion of the  fol lowing form coulp 

be developed: 

I 

I 

h 
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2 
The reasoning behind Eq. 11 is as fol lows:  For a g r e a t e r  A(p ) , 

f r i c t i o n a l  flow e f f e c t s  w i l l  be g rea te r .  For a g r e a t e r  ( P / Z ) , ~ ~ ,  

f r i c t i o n a l  flow e f f e c t s  w i l l  be smaller, because the re  w i l l  not  exist  & 
g r e a t  a pressure  drop between t h e  top and bottom of the  rese rvo i r .  TP 

tes t  whether t h i s  equation form would work, value 

of A(p ) and A(p/Z) were ca lcu la ted  f o r  r e s e r v o i r  steam a t  values of p/b 

ranging from 375.0 (p = 340 p s i )  t o  738.6 (p = 600 ps i ) .  Thip 

encompassed the  ent ire  pressure  range of the  r e s e r v o i r  h i s t o r y  as w e l t  

as p ro jec t ions  f o r  s e v e r a l  years  i n t o  t h e  fu tu re .  The r e s u l t i n g  besk 

f i t  equat ion was  the  following: 

6 
2 

I 

(12) ~ 

The maximum e r r o r  of the  regress ion  was less than 2.2%. 

We could now combine Eqs .  7, 8, and 12 i n t o  a working dep le t ion  

equation:  

0.987 
(4, ) 

( P / Z  ) top 
0.257 (P /Z> top = A - B Gpnet - C 

This equat ion is l i n e a r ,  so it can be used i n  a l i n e a r  r eg ress iop  

formulation t o  c a l c u l a t e  best values f o r  the  constants  A, B, and C t D  

match the  pressure  h i s to ry .  However, it was discovered t h a t  

communication with t h e  deep zone was apparent ly  more tenuous f o r  Unit b 

I 
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than  it w a s  f o r  Units A-C. 'In o ther  words, a greater pressure drawdown 

was assoc ia ted  with production from the  Unit D area than with production 

from the  Unit A-C area. Therefore,  it was  necessary t o  add qn 

a d d i t i o n a l  parameter t o  Eq. 13 t o  descr ibe  the  f r ac tu red  system i n  tde 

U n i t  D area. This f i n a l  equat ion had the  following form: , 
I 

The constant  A i n  t he  equat ion is the  i n i t i a l  value of p/Z. The secodd 

constant  is inve r se ly  propor t iona l  t o  the  s i z e  of t he  system ( t d e  

reserves) .  The t h i r d  cons tan t ,  C, descr ibes  the v e r t i c a l  l i n e a r  fldw 

behavior of steam i n  the  Unit A - C  area, while the  f i n a l  cons tan t ,  q ,  
descr ibes  the flow behavior i n  the  U n i t  D area. Eq. 14 was found t o  f i / t  

t he  da t a  very w e l l .  Several  l ag  times produced reasonable f i t s ,  but 

Brigham, found t h a t  a l a g  t i m e  of 30 months i n  o ther  ca lucu la t ions ,  

produced the  bes t  r e s u l t s .  Using only da ta  through the  18th year ( t h e  

f i r s t  15 da ta  poin ts  i n  Table l ) ,  the least  squares fit of Eq. 14 f o r  ,a 

30 month l a g  t i m e  w a s  the  following: 
, 

0.987 
('A-C 

0.257 = 719.2 - 0.2245 Gpnet - 49.4 
(P / z  ) top 

0.987 
(qD) 

0.257 - 424 

Note t h a t  i n  Eq. 15 flow rates from U n i t  D have been separated from a l l  

o the r  u n i t s .  
I 

This is how the  da ta  are presented i n  Table 3. 
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6. CURRENT RESERVOIR HISTORY MATCHING EFFORTS 

A s  new da ta  became ava i l ab l e  during the  course of the  study, we werle 

ab l e  t o  determine whether Eq. 15 was accu ra t e ly  p red ic t ing  the r e s e r v o i  

performance. Using a l l  19 da t a  poin ts  i n  Table 1, t he  bes t  f i t  equat ioh 
T 

of t he  form i n  Eq. 14 f o r  a l a g  t i m e  of 30 months was the  following: 

)0.987 
(‘A-C 

0 . 247 ( P / Z ) ~ ~ ~  722.1 - 0.4120 Gpnet - 1.27 
(P /Z 1 top 

0.987 
h,) 

(P /z 1 top 
0.257 - 305.3 - 

The above equat ion suggests  t h a t  f r i c t i o n a l  flow of steam i n  the  Unit AC 

C area had a minimal e f f e c t  on the  pressure  drop between the  dee 

bo i l i ng  zone and the  producing horizon. Notice,  i n  p a r t i c u l a r ,  the  

s i g n i f i c a n t l y  decreased value of the  constant  C compared with t h a t  ip 

Eq. 15. This constant  is d i r e c t l y  propor t iona l  t o  t he  amount of 

drawdown due t o  f r i c t i o n a l  flow i n  the  Unit A-C area. The value of C ip 

Eq. 16 suggests  t h a t  t h i s  f r i c t i o n a l  flow drawdown was  insignif icant l .  

This can be seen more c l e a r l y  i n  Fig. 4 .  Over 76% of the  t o t a l  pressurk 

drop is  due t o  deple t ion ,  and t h i s  is a r e s u l t  of the small value of the  

constant  C i n  Eq. 16 and of the  r a t h e r  l a rge  value of the constant  B ib 

Eq. 16 compared with i ts value i n  Eq. 15. These r e s u l t s  are i n  direck 

con t r ad ic t ion  t o  the model, because the  model is  based on the  concept 01 

a deep bo i l i ng  zone, above which f r i c t i o n a l  flow e f f e c t s  must occur as 

I 

~ 
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t he  steam rises t o  t he  producing zone. It i s  a l s o  i n  con t r ad ic t ion  t o  

the r e s u l t s  us ing  the  f i r s t  15 da ta  poin ts .  For these  reasons, the  Eq. 

16 f i t  appears  t o  be inva l id .  

To produce more reasonable values f o r  t h e  f r i c t i o n a l  flow 

cons tan ts ,  C and D ,  g r e a t e r  l a g  times were used. A l a g  time of 7p 

months produced a regress ion  f i t  similar t o  Eq. 15. However, a verb 

i n t e r e s t i n g  ques t ion  arises a t  t h i s  point .  Is it reasonable t o  develob 

a model i n  which l a g  times have t o  be changed t o  y i e l d  an acceptablk 

match? This is a c r u c i a l  ques t ion  f o r  which the re  is  no d e f i n i t k  

answer. The t r a n s i e n t  p rope r t i e s  of the  r e se rvo i r  are not known, anb 

t he re fo re  the  l a g  t i m e  i s  not  known. I n  add i t i on ,  the  time matches thak 

w e  have used are simply not t h a t  d i agnos t i c  t o  assume t h a t  one i s  more 

v a l i d  than another.  A 70 month l a g  t i m e  may descr ibe  the  t r a n s i e n t  

phenomena more p rec i se ly  than a 30 month l a g  t i m e .  We don't  know which 

is  co r rec t .  

Pred ic t ions  of f u t u r e  performance are o f t en  q u i t e  respec tab le  whe h 
I 

the  h i s t o r y  match is good, even though the  model might not  be a c o r r e c t  

r ep re sen ta t ion  of the  r e se rvo i r .  However, these  p red ic t ions  would b 

even more acceptable  i f  the  same l a g  time produced an accura te  match ag 

new da ta  became ava i l ab l e  and i f  t he  constants  i n  t he  empir ica l  equatio+ 

did not  change s i g n i f i c a n t l y  as time goes on. I n  o ther  words, cap 

Brigham's model be modified so  t h a t  a 30 month l a g  t i m e  would produce b 

reasonable h i s t o r y  match f o r  a l l  19 da t a  po in t s?  I f  so,  t he  model wou+ 

then c o n s i s t e n t l y  descr ibe  the  t . ransient  p rope r t i e s  of t he  pressure  

cell. The answer t o  t h i s  ques t ion  w i l l  be developed i n  the  next  

sec t ion .  

e 

I 

I 
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7. ANALYSIS OF FRICTIONAL F"L0W CONSTANTS 

A s  previously  mentioned i n  t h i s  study, the  A(P /Z)~  low cons tan ts ,  C 

and D, of Eq. 15 descr ibe the r e se rvo i r  f r i c t i o n a l  flow c h a r a c t e r i s t i c $  

of the  Unit A-C and D areas  respec t ive ly .  A s  production of s t e a k  

continues and more da ta  become ava i l ab l e ,  these  f r i c t i o n a l  f lob 

cons tan ts  should not change, because they a re  p ropor t iona l  t o  c e r t a i b  

r e se rvo i r  flow p rope r t i e s ,  such as  permeabi l i ty ,  which a r e  constant .  

Therefore,  a s e n s i t i v i t y  ana lys i s  w a s  performed on the  pressurep  

production data t o  determine whether C var ied with t i m e .  S t a r t i n g  w i t h  

t he  f i r s t  nine data  po in t s ,  and using a l a g  t i m e  of 30 m n t h s ,  p 

mul t ip le  l i n e a r  regress ion  was run t o  produce a f i t  i n  the  form of Eqi. 

14. The cons tan t ,  C, was t abula ted ,  and then an add i t i ona l  data point  

w a s  included i n  the regress ion.  The process was repeated u n t i l  da t a  

through 212 months were included. The results showing the  varioub 

values of C a r e  l i s t e d  i n  Table 5: 

Table 5 

SENSITIVITY OF FRICTIONAL FLOW CONSTANT, C 
(tlag = 30 months) 

C # Data Points  - Months 

167 
175 
182 
192 
200 
206 
2 12 
249 

9 
10 
11 
12 
13 
14 
15 
19 

123.1 
123.1 
125.4 
122.6 
118.4 
92.4 
49.4 

1.3 

The values  of C l i s t e d  above remain approximately constant w i t h  

time u n t i l  approximately 200 months. From t h a t  point  on, C decl ineb 

wi th  t i m e  u n t i l  249 months, when it equals t he  u n r e a l i s t i c  value of 1.31, 

seen i n  Eq.  16. A s teady value of approximately 123 descr ibes  thk 
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l i n e a r  flow behavior of Units A-C f o r  a s i g n i f i c a n t  period of t i m e .  

Therefore,  it seems l o g i c a l  t o  assume t h a t  l a g  times should not  have t o  

be changed, as t i m e  progresses ,  t o  produce a h i s t o r y  match w i t  

reasonable f r i c t i o n a l  flow constants .  Table 3 shows t h a t  the  moslt 
h 

accura te  value f o r  C i s  about 123.  Thus, the  next s t e p  i n  t& 

modif icat ion of the  model was t o  determine what o ther  phenomena couljd 

have been causing C t o  dec l ine  from t h i s  value subsequent t o  200 monthsl, 

and then t o  produce a h i s t o r y  match with more reasonable values f o r  bo* 

C and D. 

I 

I 

8. ANALYSIS OF U N I T  F BEHAVIOR 

In a prel iminary ana lys i s  of these  da ta ,  Brigham determined t h a t  la 

more tenuous communication with the  deep zone w a s  respons ib le  f o r  highelr 

drawdown behavior i n  the  U n i t  D area. Separat ing the  flow rates df 

Units A-C from the rate i n  Unit D, and using d i f f e r e n t  cons tan ts  on t+ 

ind iv idua l  flow and pressure  drop terms produced an exce l l en t  match. qe 

discovered t h a t  Unit F w a s  a l s o  causing a higher  pressure  drop. 

Therefore,  the flow rates of Unit F were separated from those of Unitp 

A-C and D,  and a t h i r d  flow and pressure  drop term w a s  added t o  the 

model. Note t h a t  flow rate da ta  i n  Table 4 are presented accordingly. 

The r e s u l t i n g  equat ion form is shown on the  following page. 

, 
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This equation now has an a d d i t i o n a l  constant ,  E, and t h e  form of the  

equat ion produced an e x c e l l e n t  match as w i l l  be seen later.  

It might be argued t h a t  H least squares f i t  of 19 da ta  po in t s  u s i n  

Eq. 17 is s t a t i s t i c a l l y  unsound, s i n c e  an equation of 4 independed 

v a r i a b l e s  would c l o s e l y  match any set of 19 d a t a  points .  However, 

purpose of Eq. 17 is t o  descr ibe  the  d i f f e r i n g  flow mechanisms of the 

rese rvo i r .  The above equation form produced values f o r  C and D t h a t  

were very similar t o  t h e  previous values. Thus, the  model can be used 

without the  need t o  change the  l a g  t i m e  t o  produce a v a l i d  match. 

9. RESERVOIR PRESSURE MATCH AND EXTRAPOLATION 

e A l a g  time of 30 months (Fig. 5) w a s  used f o r  Eq. 17 s o  t h a t  t h  

f r i c t i o n a l  flow constants  cou’ld be compared with those i n  Eq. 15. Note 

i n  Table 4 t h a t  equivalent  flow rates f o r  Unit F began a t  206 months 

This is  a s l i g h t  overlap from the  previously  discussed h i s t o r y  match1 

The rates had been small enough so t h a t  t h e  e f f e c t s  of Unit F would nof 

have been f e l t  by the  r e s e r v o i r  a t  t h a t  t i m e .  

t 

I 

The least squares f i t  t o  the  da ta  us ing Eq. 17 with a l a g  time ok 

30 months is  t h e  following: 

. 0.987 
(9A-C) 

(P /z 1 top 
0.257 ( P / Z ) ~ ~ ~  = 718.5 - 0.1544 Gpnet - 71.2 

0.987 0.987 
(qF ) 

0.257 - 717.4 0.257 - 436.7 
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The f r i c t i o n a l  flow cons tan t ,  C ,  descr ib ing  flow behavior i n  Units A-C, 

i s  equal  t o  71.2 i n  Eq. 18. Although t h i s  is  less than 123, the value 

w e  had hoped t o  achieve, 71.2 is much more reasonable than a value of 

1.3 seen i n  Eq. 17. I n  add i t i on ,  71.2 is c l o s e r  t o  the value of C i h  

Eq. 15, which was the  o r i g i n a l  regress ion  f i t  of da ta  t o  212 mnthsp  

The same comparisons p e r t a i n  t o  the  f r i c t i o n a l  flow cons tan t ,  D, i n  Eqb 

20. For example, 436.7 i n  Eq. 18 compares t o  424.0 i n  Eq. 15, 

Therefore,  we have modified Brigham's model t o  inc lude  Unit F behavior 

and have produced a reasonable match without changing t h e  assumptionb 

concerning the  t r a n s i e n t  p rope r t i e s  ( t h e  l a g  t ime) of the  r e se rvo i r .  

L e t  us  now t u r n  t o  p red ic t ion  of f u t u r e  performance of thk 

r e se rvo i r .  I n  order  t o  e x t r a p o l a t e  the  da t a ,  it was necessary t b  

estimate the  f u t u r e  r e s e r v o i r  production rates subsequent t o  249 

months. It w a s  also necessary t o  p r e d i c t  whether new power p l a n t s  woulb 

act  l i k e  Units A-C, Unit D,  or  Unit F i n  t h e i r  l i n e a r  flow behavior,  an# 

what por t ion  of the  new p l a n t s '  production would come from t h i s  pressure  

cel l .  Table 6 below summarizes these  estimates: 

Table 6 

SUMMARY OF PROJECTED N E W  UNIT BEHAVIOR 
I 

GrossProduction Equivalent I 
Unit S t a r t  i ng  Rate f om Study Unit 
Letter Month Unit Size Area (10 lbs./mo.) Behavior 5 

E On Line Large 0.49 
F On Line Small 0.21 
G 305 Small 0.35 
H 269 Large 0.70 

A-C 
F 
A-C, F 
D 

~ 

Next, it w a s  necessary t o  c a l c u l a t e  net cumulative production and 

equiva len t  flow rates f o r  the  fu tu re  based on the  da ta  from Table 4. A 

r e i n j e c t i o n  rate of 25% of the  gross production has been assumed f o r  the  

-25- 



n e t  cumulative production f igu res .  These p ro j ec t ions  are l i s t e d  i n  

Table 7 f o r  a l a g  time of 30 months. I n  Table 7 ,  the column l a b e l l e d  

"Units A-C" inc ludes  Units A, B, C, E,  and ha l f  of Unit G. The colu 

l a b e l l e d  "Unit D" inc ludes  Unit D and Unit H. 

F" includes Unit F and ha l f  of Unit G. 

Qm 
The column l a b e l l e d  "Unik 

Using the  da ta  from Table 7, it is  poss ib le  t o  p ro j ec t  p/Z dec l ink  

i n t o  the  f u t u r e  using Eq. 18. However, such p red ic t ions  do not  takk 

i n t o  account the  d e l i v e r a b i l i t y  of the  reservoi r .  Ce r t a in ly ,  it is nop 

poss ib l e  t o  produce a t  a constant  rate i n d e f i n i t e l y ,  un less  t he re  i b  

100% recharge i n  the  system. A t  some poin t  i n  the  fu tu re ,  the reservoi f  

pressure  w i l l  have decl ined such t h a t  t he  flow rate mst s t a r t  dec l in ing  

as w e l l .  D r i l l i n g  more w e l l s  w i l l  help f o r  a period of t i m e ,  buk 

according t o  t h i s  model, t he  problem of d e l i v e r a b i l i t y  is  a r e s e r v o i t  

problem. , 

I n  t h e  fol lowing sec t ion ,  t he  d e l i v e r a b i l i t y  problem i s  addresse 

i n  f u l l .  The d e l i v e r a b i l i t y  equat ions are then combined with Eq. 18  to^ 

p r e d i c t  both p/Z dec l ine  and flow rate dec l ine  f o r  t he  r e se rvo i r .  

, 

il 

10. DELIVERABILITY AND FUTURE PRODUCING RATES 

I n  genera l ,  f o r  gas flow from a r e se rvo i r ,  it is  poss ib l e  t o  

c a l c u l a t e  flow rate based on a vers ion  of the  Forchheimer equation), 

known as the  universa l  d e l i v e r a b i l i t y  equation. The development of t h i s  

equat ion proceeds as follows. 

I 
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FUTURE PRODUCTION AND DESIRED EQUIVALENT FLOW RATES i 
i 

Unit F; q Unit D; q 
t = 3%q = 3oeq t eq 

N e t  Cu u l .  Units  A-C; q 
= 30 Year Prod. (10  lbs . )  tlag 8 

23.5 

24.0 

24.5 

25.0 

25.5 

26 .O 
26.5 

27.0 

27.5 

28.0 

28.5 

29.0 

29.5 

30.0 

30.5 

31 .O 

435.7 

455.5 

475 04 

495.2 

515.1 

534.9 

556.3 

577.8 

599.2 

620.6 

642.0 

663.4 

684.9 

706.3 

727.7 

749.1 

2.80 

2.80 

2.80 

2.80 

2.80 

2.80 

2.88 

2.91 

2.94 

2.96 

2.97 

2.975 

2.975 

2.975 

2.975 

2.975 

1.01 

1.14 

1.24 

1.33 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.400 

1.400 

1.400 

1.400 

1.400 

0.21 

0.21 

0.21 

0.21 

0.21 

0.21 

0.29 

0.32 

0.35 

0.37 

0.38 

0.385 

0.385 

0.385 

0.385 

0.385 

A t  high flow rates,  i n  add i t i on  t o  the viscous force  represented by 

Darcy's equat ion,  t he re  a l s o  e x i s t s  an i n e r t i a l  fo rce  caused by 

convective acce l e ra t ion  of t he  f l u i d  molecules passing through pore 

spaces,  as described by Geertsma (1974) .  The appropr ia te  equat io  

descr ib ing  these  condit ions is  the  Forchheimer equation: 

t 

dP 2 - -  = LJ + B p v  
dx k 
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as the  c o e f f i c i e n t  of i n e r t i a l  r e s i s t ance .  The dens i ty ,  p , and t t  

ve loc i ty ,  v, are each func t ions  of pressure.  In  order  t o  perform t t  

9 The term pv is  the  mass rate of flow and is  the re fo re  independent 

pressure.  By using the  real gas l a w s ,  we can express  ~v i n  t h e  
, 

fol lowing way: I 

2 

t 

qsc  psc Mw 
A T  R 

sc 
pv = 

where : 

sc = standard condit ions.  

S u b s t i t u t i o n  of the  mass flow r a t e  expression (Eq. 21) i n t o  Eq. 2/0 

produces the  des i red  un ive r sa l  d e l i v e r a b i l i t y  equation: 

L L 

qsc  M P  W - a =  
Z R T  dx k T R  A + ' T  R A 

& psc  Mw Q,, psc  Mw - 
sc sc 
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Separat ing va r i ab l e s ,  i n t e g r a t i n g  and rearranging t h e  above equat ion 

r e s u l t s  i n  our working d e l i v e r a b i l i t y  equation: 

where : 

q = t he  producing rate l 

a & b = unknown constants  which include v/k, B , and the  

real gas l a w  terms. 

We are now able  t o  use Eq. 23 t o  develop a r e se rvo i r ,  w e l l ,  and sur face  

f lowl ine  model, which can then be combined with the deple t ion  equationis 

developed earlier.  I n  essence,  Eq. 23 can be appl ied t o  t h ree  differenit  

flow conf igura t ions  : 

1) Flow from the r e s e r v o i r  t o  the  w e l l ,  I 

2) Flow from the  bottom of the  w e l l  t o  the wellhead, and I 

3)  Flow from the wellhead t o  the  power p lan t .  

I 

Each of these  conf igura t ions  w i l l  produce d i f f e r e n t  values f o r  thie 

unknown constants  a & b i n  t h e  d e l i v e r a b i l i t y  equation. However, the  

th ree  r e s u l t i n g  equat ions can be added t o  produce one equat iob 

descr ib ing  flow from the  r e s e r v o i r  t o  the  i n l e t  of the  power p lan t .  Th(e 

r e s u l t i n g  equat ion has the  fol lowing form: 

I 

, 

(24l) 
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where : 
- 
p = t he  average producing zone pressure ( p s i )  

= t he  pressure  a t  t he  i n l e t  t o  t he  power p l an t  ( p s i )  P i n l e t  

q = the  producing rate (Mlb./mo./well) 

a '  & b' = unknown cons tan ts  

The cons tan t ,  a ' ,  expresses  t he  Darcy r e s i s t a n c e  t o  flow i n  thp 

r e se rvo i r .  The cons tan t ,  b ' ,  expresses  t he  sum of non-Darcy flow i n  t h  

r e s e r v o i r  plus  flowing f r i c t i o n  wi th in  the  w e l l  and sur face  flow l i n e .  

I. 
The h i s t o r i c a l  production rate da ta  f o r  the  r e se rvo i r  were testev 

aga ins t  t h i s  equation. This w a s  f i r s t  done on a Unit by Unit basis , ,  

which produced exce l l en t  r e s u l t s .  L e t  us look a t  Eq. 24 i n  morb 

d e t a i l .  

produce an equat ion f o r  a s t r a i g h t  l i n e  as follows: 

I f  we d iv ide  both s i d e s  of the  equat ion by the flow rate, q, 

2 Ap /q = a '  + b'q 

2 I 

Therefore,  graphing A(p) /q versus q should produce a s t r a i g h t  line 

whose s lope  and i n t e r c e p t  y i e l d  the  des i red  values of the  unknown 

cons tan ts ,  a '  & b'. Various values of q and A(p) 2 /q f o r  s p e c i f i c  Unil  

areas are l i s t e d  i n  Table 8, while the  corresponding values f o r  alJ 

Units  combined are l i s t e d  i n  Table 9. 
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c? 
I \  

N 

I 

1 la 

I 

I la 

w 
I \  

N 
l a  

I d  
I 

u 

I I  

m m m m m m m  
I I 1 0 0 0 0 0 0 0  

r l r l r l r l r l r l r l  

b N c n b b N N N  . . . . . . . . 

m m m m m m m m  
0 0 0 0 0 0 0 0  
r l r l r l r l r l r l r l r l  

m m m m m m m m  
0 0 0 0 0 0 0 0  
r l r l r l r l r l r l r l r l  

m m b rl \D m "0.2 p . . . . . .  



Table 9 

DELIVERABILITY DATA 
(ALL UNITS COMBINED) 

13 

14 

15 

16 

17 

18 

19 

20 

560 

546 

527 

500 

48 3 

47 1 

46 1 

449 

105 

105 

105 

105 

105 

105 

105 

105 

1772.1 

1616.9 

1660.2 

1502.0 

1363.3 

1203.4 

1166.7 

1119.7 

170.7 

177.6 

160.6 

159.1 

163.0 

175.2 

172.7 

170.2 

p = (p s i a ) .  

q = (Mlb/day/well). 

The values l i s t e d  i n  Tables 8 and 9 are shown graphica l ly  i n  Figs,  

6, 7, 8, 9, and 10. L e t  us look a t  these  f i g u r e s  i n  more d e t a i l .  Figs1 
6, 7, 8, and 9 show exce l l en t  r e s u l t s  f o r  a s t r a i g h t  l i n e  match. Figurp 

7, which dep ic t s  d e l i v e r a b i l i t y  i n  the  Unit B area, revea ls  the  steepesL 

s lope  f o r  the  s t r a i g h t  l i n e  match. This is a r e s u l t  of an increase  

value of b '  i n  Eq. 25, which shows t h a t  non-Darcy flow i s  mor+ 

s i g n i f i c a n t  i n  t h i s  area. Figure 9 revea ls  a s lope  equal t o  zero fok 

Unit D. Apparently, a l l  flow can be represented by Darcy flow i n  t h i s  

area, s ince  the  non-Darcy component, b' ,  is equal  t o  zero. I n  each of 

t he se  f i g u r e s  it is evident  t h a t  a '  and b' assume d i f f e r e n t  values.  I@ 

d 

I 

e other  words, the  d e l i v e r a b i l i t y  is  d i f f e r e n t  f o r  each Unit area of t h  

r e s e r v o i r  A ques t ion  then arises. 

d e l i v e r a b i l i t i e s  t o  the  system as a whole? 

pressure  is interdependent  between Eq. 18 and Eq. 24. Thus, the  

How can we relate these  ind iv idua l  

I n  add i t i on ,  the  reservoi f  
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0 cn 
4 
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d e l i v e r a b i l i t y  of the  e n t i r e  system must be represented i n  terms of the  

average r e se rvo i r  pressure  seen i n  Eq. 18, which is  higher  than the 

ind iv idua l  average r e s e r v o i r  pressures  seen i n  t he  v i c i n i t y  of the  

wells(Eq. 24).  

To answer these  quest ions and accomplish these  t a sks ,  tide 
i nd iv idua l  flow rate da t a  i n  Table 8 have been combined t o  produce m 
o v e r a l l  flow rate per w e l l  €or  t he  e n t i r e  r e se rvo i r ,  and the  averagie 

r e se rvo i r  pressures  have been used r a t h e r  than the  ind iv idua l  

pressures .  These values are l i s t e d  i n  Table 9. The average pressure+ 

seen i n  Table 9 are higher  than those seen i n  Table 8, as discuss& 

above The da t a  were graphed i n  Fig. 10 t o  show the  overalb 

d e l i v e r a b i l i t y  of the  reservoi r .  

An important point  here is t h a t  the  pressure i n  the  v i c i n i t y  of thk 

w e l l s  r e f l e c t s  the  t r u e  d e l i v e r a b i l i t y  of the  system, while i n  Fig. 1K) 

w e  are dea l ing  only with the  average r e se rvo i r  pressure.  By usin$ 

average r e se rvo i r  pressure  i n s t ead  of pressure  i n  the v i c i n i t y  of thp 

w e l l s ,  h igher  values f o r  a '  and b'  are ca l cu la t ed ,  r e s u l t i n g  i n  whak 

appears t o  be a lower d e l i v e r a b i l i t y .  Actual ly ,  using t h i s  techniquei, 

both t h e  t r u e  d e l i v e r a b i l i t y  and the t r u e  pressure  i n  the  v i c i n i t y  of 

the  w e l l s  have been incorporated i n t o  the model. I 

Notice i n  Fig. 10 t h a t  a s t r a i g h t  l i n e  of zero s lope matches thle 

da ta  reasonably w e l l .  We found t h a t  the r e se rvo i r  production rate could 

be matched with a maximum e r r o r  of 6.0% using the  following equation: 

= 5.54 q 
- 2  2 
P -  ' i n l e t  

where : 

q = flow rate (Mlb./mo./well) 

A s  Fig. 10 i n d i c a t e s ,  the  non-Darcy component, b ' ,  w a s  found t o  bb 
neg l ig ib l e .  This does not mean t h a t  t he  non-Darcy term is  neg l ig ib lb  

f o r  t h i s  reservoi r .  This i s  an a r t i f a c t  of the  r e s e r v o i r  pressure  

averaging process used t o  f i t  t he  equation. 
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We can now p r o j e c t  flow rates and pressures  i n t o  the  f u t u r e ,  

assuming t h a t  p l a n t  i n l e t  pressures  remain constant  a t  105 ps i .  These 

p ro jec t ions  requ i re  a t r i a l  and e r r o r  c a l c u l a t i o n ,  because both flow 

rate  and p ressure  are interdependent i n  Eqs. 18 and 26. Rapid 

convergence t o  the  answers occurred i n  2 t o  4 i t e r a t i o n s .  The t r i a l  and 

e r r o r  method t h a t  we used sets both the  pressure  and flow rate a t  t h e  

new l e v e l  of i t e r a t i o n  equal  t o  t h e  values a t  the  o ld  l e v e l  of 

i t e r a t i o n .  Eq.  18 then produced a new value f o r  p/Z, and Eq. 216 

produced a new value f o r  q. These new values were then used t o  continule 

the  i t e r a t i o n  i n  Eq. 18 u n t i l  convergence w a s  achieved. 

Inherent  in  t h e s e  p ro jec t ions  of flow rate  and pressure  is  the  

underlying assumption of f u t u r e  d r i l l i n g .  We have assumed t h r e e  

scenar ios  i n  our p red ic t ions :  t h e  f u t u r e  d e l i v e r a b i l i t y  w i l l  equal  2.0, 

2.5, and 3.0 times the  cur ren t  d e l i v e r a b i l i t y  of t h e  rese rvo i r .  

However, fewer than 2.0 t i m e s  t he  cu r ren t  number of w e l l s  w i l l  be needed 

t o  produce t w i c e  the cu r ren t  d e l i v e r a b i l i t y  of the  r e s e r v o i r ,  because 

newer wells w i l l  be d r i l l e d  i n  higher pressure  areas and w i l l  t he re fo re  

have b e t t e r  d e l i v e r a b i l i t y  than o lde r  w e l l s .  

The flow rates were projec ted  f o r  32 years through the  year 55, 

us ing the  l a g  t i m e  equation developed earl ier  i n  t h i s  r epor t :  Eq. 18. 

These p ro jec t ions  are l i s t e d  i n  Table 10, where both production rate and 

p ressure  are shown. The gross  flow rate p ro jec t ions  are graphed i n  Figr 

11. 

An important point  t o  n o t i c e  is t h a t  the re  is  not a s i g n i f i c a n t  

d i f fe rence  between t h e  t h r e e  d i f f e r e n t  assumptions of f u t u r e  d r i l l i n g *  

The th ree  curves i n  Fig. 11, r ep resen t ing  2.0, 2.5, and 3.0 times t h e  

cur ren t  d e l i v e r a b i l i t y  of the  r e s e r v o i r  are each separa ted  by only two 

t o  three  years.  This emphasizes the  f a c t  t h a t  d r i l l i n g  new w e l l s  can 

only temporari ly r e l i e v e  t h e  problem of d e l i v e r a b i l i t y .  

P ro jec t ions  of f u t u r e  p/Z decl ine  are presented i n  Fig. 12. The 

s o l i d  l i n e  is In Fig-  12 t h e  

p ressure  begins t o  drop rap id ly  i n  t h e  year 23 (Gpnet = 415.8 * lo9 

lbs./mo.) a f t e r  Unit H goes on production. This is because Unit H was 

assumed t o  have t h e  more tmuous  connection with the  deep b o i l i n g  

zone. I n  Fig. 12 t h i s  is Labeled "Unit D" s i n c e  Unit H i s  assumed t o  

and the dashed l i n e  is (P/Z)deep* 
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T a b l e  10 

PROJECTIONS OF GROSS FLOW RATE (lo9 lbs./mo.) & PRESSURE ( p s i a )  
(ASSUMES 2.5 TIMES THE CURRENT DELIVERABILITY OF THE RESERVOIR) 

23.0 
24.0 

25.0 

26.0 

27.0 

28.0 

29.0 

30.0 
31 .O 
32.0 
33.0 

34.0 

35.0 

36.0 

37.0 

38.0 

39.0 

40.0 
41 .O 

42.0* 

415.8 
455.5 

495.2 

534 . 9 
577.8 

620.6 

663 . 4 
706.1 

747.9 

789.0 
829.4 
869.2 

908.3 

946 . 8 
984.7 

1022 .o 
1058.6 

1094.7 
1130.2 
1165.2 

3.71 
4.41 

4.41 

4.41 

4.76 

4.76 

4.76 
4.71 

4.61 
4.53 
4.46 
4.39 

4.32 

4.25 

4.18 

4.11 

4.05 

3.98 
3.92 
3.86 

521.5 
474.0 

449 . 0 
434 . 6 
405 . 7 
388 . 8 
377.2 
371.0 

367.1 
364.2 

361.3 

358 . 4 
355.5 

352.7 

349.8 

347.1 

344.4 

341.7 
339.0 
336 . 4 

* 
F o r  p r o j e c t i o n s  t o  the  y e a r  55, see Fig. 11. 
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act l i k e  Unit D. Another sudden drop i n  pressure  can be seen, beginning 

i n  t he  year 26 (Gpnet = 534.9 * lo9 lbs./mo.). This i s  due t o  

production i n  t he  Unit G area. Unit G was assumed t o  behave i n  a manner 

similar t o  Unit F, which was a l s o  experiencing a rap id  pressure  

decl ine.  Af te r  these  rap id  drops, t he  pressure tends t o  l e v e l  off 

again. Then, the  pressure  dec l ine  almost f l a t t e n s  completely a t  abouk 

370 ps i a  i n  Fig. 12. This f l a t t e n e d  por t ion  of t he  ( P / Z ) , ~ ~  curve 

corresponds t o  the  period of flow rate dec l ine  seen i n  Fig. 11. Durinb 

t h i s  t i m e  per iod,  the  pressure  drawdown due t o  f r i c t i o n a l  flow decl ine6 

as the  flow rate dec l ines .  Note t h a t  a f t e r  the  beginning of flow ratp 

dec l ine ,  t he  (p/Z)top and (P/Z)deep curves begin t o  converge. Thb 

sepa ra t ion  between the  two l i n e s  determines the  amount of drawdown due 

l 

t o  f r i c t i o n .  

11. CONCLUSIONS 

The r e se rvo i r  pressure  and production da t a  used he re in  i n d i c a t e  

t h a t  deple t ion  is occuring i n  t h i s  r e se rvo i r .  A reasonable assumption 

of the flow behavior is t h a t  t he re  e x i s t s  a zone of bo i l i ng  water deei, 

i n  the  r e se rvo i r ,  which suppl ies  steam t o  the  producing horizon whet+ 

t h e  wells are completed. The pressure  drop seen a t  t h i s  producing zone 

i s  a combination of deple t ion  of the  bo i l i ng  water and f r i c t i o n a l  floV 

e f f e c t s .  The f r i c t i o n a l  flow drawdown is  an a d d i t i o n a l  t r a n s i e n t  

pressure  drop due t o  f r i c t i o n a l  l o s ses  as the  steam rises through 

r e l a t i v e l y  t i g h t  v e r t i c a l  f r ac tu re s .  

Using the  above concepts,  we have succes s fu l ly  developed a lumped 

reservoir 1 parameter model descr ib ing  pressure  drawdown i n  the  

Depletion of t he  bo i l i ng  wat.er zone is  assumed t o  f i t  l i n e a r l y  w i t h  

p/Z. The t r a n s i e n t  l i n e a r  v e r t i c a l  flow is ca l cu la t ed  using a l a g  time 
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concept t o  change t r a n s i e n t  flow i n t o  equivalent  s teady  s ta te  flow. The 

l a g  t i m e  is  unknown, but a l a g  t i m e  of 30 months has produced a 

reasonable f i t .  Various areas wi th in  the  system have experienced 

d i f f e r e n t  drawdown behavior,  and theref  ore ,  the  flow rates from these  

areas were separa ted  from the  t o t a l  flow rate and were then incorporateb 

i n t o  sepa ra t e  flow and pressure  drop parameters. 

I 

~ 

The d e l l v e r a b i l i t y  problem described by these  example da t a  i s  8 

r e s e r v o i r  problem, and a sus ta ined  flow rate can only be maintained 

u n t i l  approxi.mately the  30th year. However, subsequent t o  t h a t  t i m e  

t he  flow rate dec l ine  w i l l  be gradual ,  i n  t he  neighborhood of t w b  

percent  per  year. This is q u i t e  similar t o  t he  behavior of severa 

geothermal r e se rvo i r s .  I 

1 

P 
Many people f e e l  t he re  i s  considerable  "perched" and adsorbeb 

l i q u i d  water i n  i nacces s ib l e  areas wi th in  the  producing horizon. A s  thp 

pressure  drops, t h i s  "perched" water could b o i l  and the  r e s u l t i n g  stea$ 

would then flow toward the  highly permeable channels connected t o  t he  

wells. Presumably, t he  flow connection between the  perched water and 

the  permeable channels is  tenuous. In  o ther  words, we are descr ib ing  C 

two-porosity system. An important po in t  is t h a t  t h e  r e s e r v o i r  model 

developed he re in  f i t s  t h i s  phys ica l  p i c t u r e  equal ly  w e l l .  The r e s u l t i n g  

equat ions would be i d e n t i c a l .  
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NOMENCLATURE 

English 

b = l i n e a r  r e s e r v o i r  width, f t  

ct = t o t a l  compress ib i l i ty ,  psi-' 

F ( t D )  = dimensionless t D  funct ion 

Gpnet = n e t  cumulative steam production,  lo9 l b s  

h = linear r e s e r v o i r  th ickness ,  f t  

k = permeabi l i ty ,  md 

M, = molecular weight, lb / lb-mole  

p = pressure ,  p s i  

pD = dimensionless pressure  

q = production rate, 10 9 lbs/mo 

= equivalent  s teady- sta te  production rate, lo9 lbs/mo qeq 

R = universa l  gas constant  

t = t i m e ,  months 

tD = dimensionless t i m e  

= l a g  t i m e ,  months 

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

x = s p a t i a l  coordinate  i n  x- direction 

Z = gas dev ia t ion  f a c t o r  

t l a g  

Greek 

B = tu rbu len t  c o e f f i c i e n t  f o r  non-Darcy flow 

1-1 = v i s c o s i t y ,  cp 

(p = poros i ty  
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3 = density,  lb, / ft  

Subscripts 

A-C = Units A,  B ,  and C 

D = Unit D 

D = dimensionless 

F = Unit F 

eq = equivalent 

t = t o t a l  
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APPEND I X 

The fol lowing pages conta in  a l i s t i n g  of t h e  computer program which 

was w r i t t e n  t o  make t h e  flow rate and pressure  p ro jec t ions  i n  Cbis 

repor t .  E s s e n t i a l l y ,  l h e  

program conta ins  two pa r t s .  The f i r s t  p a r t  employs t h e  reserves  mopel 

and t h e  second p a r t  employs the  d e l i v e r a b i l i t y  model. The t r i a l  and 

e r r o r  c a l c u l a t i o n  of flow rate is  the  main algori thm i n  t h e  program. A 

l i s t i n g  of a sample run is a l s o  included. 

The program i s  w e l l  documented f o r  t h e  user .  
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1. 
2. 
3. 
4. 
5. 
6. 
7.  
8. 
9 .  
10. 
11. 
12. 
13. 
14. 
15. 
lh. 
17. 
18. 
19. 
2 9 .  
21. 
22. 
2 3 .  
24. 
25. 
2 6 .  
27. 
29. 
29. 
30 * 
31. 
32. 
33. 
744. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
Q 6 .  
47. 
48. 
49. 
50. 
51. 
52. 
53 * 
54 
5 5 .  
5 6 .  
57. 
53. 
59. 
60. 

//SI!! JOB 
/ /  EXbC CATFIV 
//S3.SYSIN DT) * 
LWATFI V 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
t 
C 
C 
c 

c 
C 
c 
C 
C 
C 
C 

c c 

c 

C c 

c 
c 
C 
c 
C 
c 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 

THIS PROGRAY I S  DESIGNEI: TO PROJECT FUlIOi iE PRODUCTION, 
PRESSUS?, A N ?  PLOW RATES POF A GECTHFFEAL B E S E L V O I R .  
THE PROGRAY COt4EI'r'FS T H E  
3-PlRA!!EETEF HU2EIs ,  Y H X C H  P2EDICTS RESFRVVEY , UITF! A 
DELIVEHADILITY t4OBEL. TBESE RODELS RAVE BEFK DISCUSSF3 
X U  DETLTL I!: TEE ACC3UfANYIbG REPCFT. THE €ROGFAY HAS BEEN 
WELL DOCV'JFNTPD SO T9AT TEE USE?, UNPA.IILIAF WITH THF 
DEVTLJ?!IENT 3F THP % Q U A ? I C N S ,  C A N  R G D I P Y  T i i T  APPHOfRIhTE 
VA?!IhSLFS T O  V T C R T E  PROJECTIONS AS REW PRESS'IRE-PP003UC7ION 
DATA P E C O I S  AVbTL4ULD. 

TH2 P O L L O d I N G  E O 3 I F ' I C A ~ I O ~ S  SHOTLD EE YA3E AT Tf!S 
STAY? O F  5 9 C A  KUK: 

T E E  VhnIA31,E 'TEST' CETERY1NE.S WHETFFR I i iE  
D E i I V E i X S I I I T Y  PAFT CF TiiE ZICDEI I S  IWCL'JCLD IN 
P R O J L C T I O N S .  PGR " T E S T '  = 0.0, T I E  DELIVEPAYILLTY 
P A R ?  I S  W T  I V C L U D E D .  PO9 ' TEST '  = 1 . 3 ,  Tt iF  
DELIVE 'ABILI ' ??  ?RP? I S  I N C L U D L D .  BOFY14LLY,  "1251' 
5'1-7:!'? YQ'JkT I . ! ) .  D O  YCT CCNFUSE THr VAHIAPLC 
" P Z S T F '  Ih' T P F  U 4 T N  PROGP43 S T T H  THE VAR1AbI.E 'TCST' 
IL m H F  SWPFG;RA 5s. 

C M 4 \ i l ; ?  TP" VA2IAPIECr A ,  E ,  C I  0, A N D  Y F O B  T!IE 
AFPFCPSIATE LAG TIUF AWE RESERVES U O D F -  B E I C S  U S F D .  

SY:T THE CORRECT LAG T I 3 E  TO THF VARIABLE 'TLAC' .  

CHAKGF T H E  A R R A Y S  QKCII ) ,  QND:I), 3 N F  :I) I A N D  
2 ? ( T )  TO TqE. APPROPRIATE HAXIRU!! VAITJFS PCB PLOW 
PATFS TY TF!F U K l T  A-C, D ,  P, A N D  TOTAI  A R E A  
F ES PECT IVPLY. 

CHANCE TY? CBTA &T TRE E N 3  O F  THE P R O G P A Y I .  THE P I R S T  
1 4  P O W 5  CP DlT9  CCRFFSPON3 TO PAST GRCSS PTOX B9TES IN 
UNITS 1-2, 11, A N ?  15 R E S ? E C ? I V E L Y .  'IRE C O P R E S P 3 Y D i N G  

9 F G V P  OF DRTA CUXRESPOKTI TO F U T U R E  EXPECTED P L O d  

P3P ALL 22 R O U S  OF D A T A  I S  THE TIUE: PERTCC I N  RONTI1S 
P O P  EACH ROW OF FLOW RATES. 

SET 'DEIIV' E21JAL TO THE TOTAL NUY89F O F  PVTUI'E WELLS 

A F Q A Y S  Y R P  cx.r::s), Q G ~ : T ) ,  ASD CCP:I). T H E  LKqr 

fic4rEs T N  3 ~ ~ s  n-c, D,  P. THE FIRST coLor,H 

PRFPICTED p o a  T V F  PRESS'JRE CFLL. 
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61. 
62. 
63. 
64 .  
65 .  
66 .  
67 .  
68. 
69. 
70.  
7 1. 
72.  
73. 
74. 
75. 
76. 
77. 
78. 
73. 
R O  
4 1 .  
82. 
83. &I. 
85. 
86. 
07.  
8 9  * 
89 .  
90. 
91. 
9 2 .  
93. 
94. 
9 5. 
96. 
97. 
9 e .  
99. 

1 0 3 .  
101.  
102 .  
103.  
1 0 4 .  
105. 
1 0 5 .  
107.  
109 .  
109 .  
110 .  
111 .  
1 1 2 .  
113. 
114 .  
115. 
116 .  
117 .  
118 .  
119.  
120 .  

C****** . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
c 
C 
c 
C 
C 
c 
c 
c 
C 
C 
C 
C 
C 
c 
C 
c 
C 

C 
C 
c 

P - 

DESCEIPIION OF VARIAELES A N D  ARRAYS 

~ - _  
A, €3, C, D, E = UULTIPLE LINEAR REGFESSION C O N S T A N T S  

CALCULllTED I N  THE RESERVES M O D E L  

DELIV = HAXZt!O!! NUYBFP OF WELLS PFEDICTEC FOR THE RESPPVOIR 

P, G = LINFIL? R E G R E S S I C N  CONSTANTS P6OH THE EnPIRICAL .__ 
PO???F LAW EOUATXCN,  RELATING DELTA $?/Z) PLOW 
W I T H  Q-Fg A N D  [P/Z) TOP. 

P = A VkPIAFLF USFD I N  SU3ROUTIflE SHIFT TC P ICF  T H E  CORRECT 
P03ITIOY IN T H F  APRAYS R Y N f T ) ,  QKC:I), 

J t r D ( T ) ,  A N D  Q S " [ I ) .  

TESY = TESTS i iHZTHE3  ?HE DELIVERAFILTTY PART CF THF RODEL 
UTLL B E  US:>. 

TLAS = T H E  LAG TI*€ 

DPS:I)  = D E L 7 4  P S2UARPD: THP DIPPEIENCE EVI'WEER TR'? SQUARE 
CP THI: PRESSTIEE I N  TEE RPSEPVDIP. A S D  THE SQrlAkE OF 
?HE P ? P S S r l P P  A ?  'THE INZUT TC T9E FOi,'S& PLBLT. 

G ? ; I )  = GR3:S STEAI PRODUCED : l O F C  L E S . )  

Q A V ; ; I )  = AVSBSSE PLOU BATE D U R I N G  T I R E  PEBIOD. 

Q C : I )  = FL3'i RAT' THAT I S  CCEPABED WITH A V E R A G E  FLOW 
R4T5 T O  C E T E E Y I N E  W H L T B E R  CONVEPGENCE W S  BEE'; 
&CY11 V ? ? .  

Q G : I )  = TYZ P R f n I C T P D  GROSS PLGW RATF OF TAC ENTISF RESERVOIR. 
DEPENES OK THE R E L A T I V E  AREAS OF 'IF? UtiITS C O R T A I Y E D  
I N  T P E  TFLL. 

C ** *+* * *** **  0 

c 
c 
c: 
C QNC [I) 
C 

ALL FLOF RATES = 11029 LBS./FiO.) ************ 

= F U T U F E  GROSS PLoa R A T E  IN T E E  U N I T  A-c A R S A .  

= FUTURE GROSS PLOX RATE I N  ?fir ORIT D AREA. 

= PUTUFE G R O S S  FLOF RATE I N  TEE U N I T  F APEA. 

= PAST GROSS FLOW B A T E  I N  TAE U N I T  A-C A R E A .  

= PAST GROSS PLOU R A T E  I N  T H E  U N I T  D A R E A .  

= PRST GROSS PLOW RATE IN THE UNIT P & R E A .  

= P/Z AT ? H E  OLD I?ERAT'ION LEVEL. 
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121 .  
122 .  
123.  
1 2 4 .  
1 2 s .  
1 2 6 .  
127.  
1 2 9 .  
129.  
130. 
131.  
132.  
133.  
134 .  
135.  
136 .  
1 3 7 .  
1 3 3 .  
139. 
1 4 0 .  
141 .  
142 .  
143 .  
143, 
145.  
146 .  
147 .  
t c o .  
1 4 9 .  
1 5 0 .  
151.  
152.  
153 .  
154. 
155.  
1 5 6 .  
1 5 7 .  
159.  
159 .  
1 6 0 .  
161.  
162.  
1 6 3 .  
1 6 Q .  
165.  
1 6 6 .  
1 6 7 .  
166.  
169 .  
1 7 0 .  
1 7 1 .  
17 ) .  
173 .  
174 .  
175 .  
1 7 6 .  
177.  
1 7 6 .  
179 .  
l e g .  

~ - _ _  C 
C PZ2 (I) = P/Z AT TEE NEW TTERATIOlC LEVFL. 
C 
c P ( 1 )  = PRESSURE 
c 
C R I ( 1 )  = THE I I X E  S T E P  FOR PAST PLOY PERIODS. :RONTHS). 
C 
C R M N ( 1 )  = TAP TIME PEFIOD FOR FUTURE FLOW PERIODS. {IlO.) 
C 
C hELLS(1)  = TRE N U R B E R  OP WELLS AT SPECIFIC DATES.  ASSUnES- 
c THAT E N O U G H  WELLS KILL HAVE B E E h  DBILLED IN 
C T H E  FDTlJRE T O  ALLOW ?RE N E E D E D  PLOY RATE, 
C UNTIL THE n s n a u n  N O R P E R  CP WELLS R A V E  BEES 
C DRILLF9. 
C 
C YEAPs( i )  = THE DATT: I N  YFARS. 
(3 
c 
C**************** . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

_ _  - . -  

- _ .  

C 
C 
c 
c. 

SUEPCDTINE VARIABLES 

C 
C R!IT)T = V F F P S  4 R U E ; N ( J N G  C O U N ?  O? THE PAST NCNTRS WHICR 
C t lUST E% U S E D  TN TAE E Q 3 I V A L E I ’ I  PLOY R A T E  CALZULATION. 
C 
C QE’dC = E Q U l V A L E N T  PLOW BATE I N  THE UKIT A-C AEEA. 
C 
C QEQD = EQUIVALSYT PLOW R A T E  IK TFL UNIT D A R E A .  
C 
C QE.jP = EQlJIVALPYT PLOF RATE IU TfiE U N I T  F A R E & .  
C 
C TEST = A V A F I A B L E  T H A ?  TESTS TO S E E  I? TEE LRG T I R E  
c HZLS REEK EXCFE3E3. 
C 
c ** *** * *** * * **** * ** * * ** * ************** ********** **** ** ******* ******* 

TLA”.30.0 
TEST=l.O 

ASSUYES 2 . 5  TXRES THY CURRENT DELIVERAEILTTY O F  THE 
RES3 R V O I  R. 

D E Z I V = 2 4 9 . @  
K =0 
A=718.5 
B=O. 1 5 4 4  
C=71.2 
D=43 6.7 
E-717.4 
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F=O. 987  
G=O. 2 5 7  

1e1.  
1 8 2 .  
183.  
l eu .  
1R5. 
186 .  
187 .  
188 .  
189. 
1 9 0 .  
19 1. 
1 9 2 .  
193 .  
19u  * 
195.  
1 9 6 .  
197. 
1 9 5 .  
199.  
203 .  
20  1. 
202. 
20  7. 
20u.  
205.  
206 .  
207.  
209 .  
209.  
210 .  
211 .  
2 1 2 .  
213 .  
214 .  
215 .  
216.  
217 .  
218 .  
219 .  
2 2 0 .  
221 .  
222 .  
223.  
224.  
225 .  
276 .  
227.  
228.  
229.  
2 3 0 .  
231.  
232 .  
233 .  
2 3 4 .  
235.  
236 .  
237.  
2 3 8 .  
239 .  
240 .  

C 
C 
C 

C 
C 
C 

10 

C 
C 
C 

20 

30 

C 
C 
C 

40 

C 
C 
C 

C 
C 
C 

50 

C 
C 
C 
r 

C 
C 
C 

SET THE F I R S T  PRESSURE EQUAL TO 540. 

PZ1 ( 1 ) = 5 4 3 . 0  

D O  1 0  I = 2 , 7 9  

THIS GIVES THE CATF EVERY 6 RONTAS.  

GP: 1) = 3 6 0 . 2  .~ 

YEAR [ I + l ) = Y E A R [ I )  +0.5 
CON T 1% 3E 
D O  2 0  I=1,14 

REA:! I N  ? H E  PAST PLOY PATE CATA AT TI19 EX3 OF P R O G R A F .  

R E A D  ( 5 , * )  
C0STI::UF 
D O  30 I = 1 5 , 1 3 9  
R H  :I) =O.  0 
QGC [I) = 3 . 3  

QGP [1)=3.) 

F r l l I )  , @ G C ( T ) ,  Q G C [ I )  , Q G F ( I )  

P G D : I )  =o.o 

30 1 3  1=1,?3 
COti T Tb 3? 

READ 1:: Ti!,? FrlT'JRE PBFCICTEC FLOP R A T E  E C H A V T 3 . R .  

RE.!!, (5,*) ~ ~ ~ [ ~ ) , ~ ~ C [ T ) , ~ ~ ~ ~ ~ ) , ~ N F l I ~  , Q r J : i )  
COWTIN q E  
D O  50  I = 9 , 5 0 3  

P U T U R C  T T Y P  PEPIDDS = 6 R O N T H S .  

B R N  [I)  = 6 . 3  

PUTURi 9 A X T Y U f l  €LO% RATES P R E D I C T E D  FOR V A R I O ' J S  AREAS. 

QNC ( I ) = 2 . 3 7 5  
PN3:I) = l . U O  
Q N F ( I ) = 3 . 3 9 5  
Q G : I )  =4.76 
C ONT I67 P 
DO 9C I = 1 , 4 0 0  

COJPUTFS F'nTUFE P F P 3 U C l I C N  A S S U Y I Y ! ;  A 2 5 %  RATF O F  
REPLACE!!ETNT. 

G P ( I + l ) = G P  11) +0.75*BXN ( I ) * Q G ( I )  

S U B B 0 O ' ; I N E  SSIFT ACJDSTS T I M E  PERIODS AHEAD. SUBROUTINZ 
Q E 2 U T V  C A L C m 4 T F S  THE E C U I V A L E N T  PLGii RATE POB V A R I O U S  
A REAS. 

CALL SHIFT 
CALL Q L a U I V  

CALCULATE P/Z A T  THF NEW L E V E L  OF T T E R A T I O N  UNTIL 
CONVkRGENCE. PZ2 T H E N  BLCOYES THE V A L U E  OF P/Z A T  THE 
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241 .  
2 4 2 .  
243.  
244 .  
245 .  
246 .  
2U7. 
248 .  
249 .  
250 .  
251 .  
2 5 2 .  
2 5 3 .  
25Q. 
255 .  
2 5 6 .  
2 5 7 .  
2 5 8 .  
2 5 9 .  
260 .  
261 .  
262. 
263.  
26U. 
265 .  
266. 
267 .  
268 .  
2 6 9 .  
270 .  
271 .  
272.  
273. 
274.  
2 7 5 .  
2 7 6 .  
277 .  
278 .  
279 .  
280 .  
2 8 1 .  
282 .  
2 8 3 .  
2 8 4 .  
2 8 5 .  
2 8 6 .  
207.  
289 .  
289 .  
2 q o .  
291 .  
2 9 2 .  
29 3 .  
2 9 4 .  
295. 
2 9 6 .  
297 .  
2 9 8 ,  
293 .  
300.  

C 
C 

60 

C 
C 
C 
C 

70 
C 
C 
C 
C 
C 

C 
C 
C 
C 

13 
C 
C 
C 

80 

90 
103 
1 1 3  
120 
133 

140 

150  

160 
170  
183 
1 9 3  
203  

C 
C 
C 
C 
C 
C 

210 

blEF LEVEL OP T I U F .  

P Z 2 : I )  =A-B*GP :I+l) -C* :QF@C**P)/PZl :I) **G-D*(CEQD**P)/ 
1 PZ1 :I) **G-E*(QEQF**P)/PZl (T) * * G  

THE CONVERGENCE CRITERIA IS A DIFFERENCE LFSS THAN 0.1 
PSI. 

IF(A13S (PZ1 ( I ) -PZZ[I ) ) .LT.O.  1) GO TO 70 

G C  T O  b 3  
IF :TEST.E2.0.9) SO TO 80 

CALCULATV PRPSS[IRE USING V A L U E  OP P/Z AND ASSU!¶ING 
A SThAIGH; L I N E  IN ? H E  LOUEF PRESSURE R E G I O N  OF THE 
COY P R E S S I F I T L I  TY :Z-PACTCR) CB ARTS. 

- 

P z 1 : I )  = P 2 2 ; I )  ~ _ _  

e : x )  =~22:r)*:i-c.~002447*~22 : I ) )  

IS E Q U A L  r o  11325 .  
TRE SnYR?!? O F  1 0 5  PSI, THE PROSSZIRC AT THE E C I I E R  PLANTS, 

Di'3 ( I ) = P  (I)  **2-11025 .0  

TUX5 I S  T H E  " J Y E E R  OF UELLS NFC3EI'  TO SUST4TN A 
D E S I R F 3  FLOW RATE U L T I I  ! l A X T H U P l  N U Y E E R  IS IIFRCFEC. 

WELLS:T) = J Z  ; 1 ) * 5 . 5 4 v + O 6 / D P S  ;T) 
1F:WELLS:X) . G T .  D E L T V )  GO TO 2 1 0  
PZ1 ( I + l ) = P Z 2 ( 1 )  
I F  :.?22:1) .LT.150) G3 TO 100  
CCN?I? !"?  
U B T T F .  : G, 11 0) 
PORYA':  (133  !I*') , / / )  
W R i T E  (6,130) 
POBYAS:ZOX,*YERP*, I O Y , ' G ?  NET : l0E9 LBS)* , lOX, 'P /Z  TOP :PSI) * )  
U X Z E  ( 0 , 1 1 3 )  
FOR". IT : 20X, 4: '- *)  ,13X, 17 :'- * )  ,1 O X  ,13 :* - * )  ,//) 
DC 130 I=1 ,4Oc)  
I F  : P Z 2 : T )  . L T . 1 5 0 )  20 TC 190 
I F  ( f i O h ( T , 2 5 ) . A E . @ )  G O  TO 160 
WRITZ:6,lSO) 
FOR91:T (103 I * * ' )  , / l ! i l ,  1 0 0  I * * * ) ,  //) 
W R I T E  ( 6 , 1 3 0 )  
WRI:E:6,lUO) 
P X T Z  ( 6 , 1 7 3 )  Y EA8 ( I ) ,  GP [ I + l )  , P Z 2 (  I) 
PO!'YAT:19X,F6.1,15X,ph. 1,2OX,F5.1/) 
C 0 NT I E IT F 
UFTTE: :6,200) 
PORYAT (103 [ * * * )  , / 1  H1) 
GO T3 409 

TBIS I S  THE DELIVEPABILTTY PART OF THE H O D E L .  A TRTAL 
A N D  E R R O R  PFOCED'JRE I S  USED TO CALCULATE F U T U R E  FLOW 
RATES. THIS I S  DESCRIBFD I N  THE A C C O R E I N Y I N G  RPPOF'. 
B A P I D  CONVEFGENCE IS A C H I E V E D  IN 2 "3 4 ITEFATIONS. 

- 
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301. 
302 .  
303.  
304.  
305 .  
306.  
307.  
308. 
309.  
310.  
3 1 1 .  
3 12. 
313 .  
314.  
3 1 5 .  
3 16. 
3 1 7 .  
318 .  
3 1 9 .  
3 2 0 .  
3 2 1 .  
322 .  
323 .  
324 .  
325 .  
326.  
327 .  
328 .  
329 .  
339.  
3 3 1 .  
372.  
333 .  
334 .  
335 .  
336 .  
3 3 7 .  
338. 
339 .  
340 .  
34  1. 
343 .  
343 .  
3 4 4 .  
345.  
7 4 t .  
3 4 7 .  
345. 
3 u 9 .  
3 5 0 .  
351 .  
352 .  
353.  
3 5 4 .  
355 .  
356.  
357 .  
358.  
359.  
3 6 0 .  

C 
C 
C 
C 

C 
C 
C 
C 

220 

C 
c 
c 

C 
C 
C 
C 

C 
C 
C 

C 
C 
C 
C 

C 
C 
C 

230 

24 0 
250 
260 
27 0 
26 3 

290 

PZ2 [ I * l ) = P X Z ( T )  
ISTA R T = I +  1 
I E N D = I  4% 3 3  

CALL SHIFT 
DO 2 4 0  I.=ISTART,IEND ~~ 

THE PUTURE T I Y E  PERIOD I S  NOU O N L Y  ONE HOYTH SO THAT 
THE PLOW RAT? DECLINE:  AILX BE SCOCTHER. 

RH:l) = 1 . 0  

PUTlEiE SR3SS PLOW RLTES I N  SPECIFIC U N I T  A B E A S  WILL 
B E  I L  T H E  SAME PROPORTION AS BEFORE D E C L I N E  B P E A N .  

QGC : l )=QNC ( 9 )  * Q A V G  ( L ) / Q G ( 9 )  
QG3[1)=2HD(?)*2AVG f L ) / Q G ( 9 )  

CAT.L QcQLlIV 
G P : L + l )  = G ?  :I.) +0.75*RY : l ) * Q S V ;  :I) 

THIS I S  THf V I ? L  A N D  E R R O R  CALCULATION O v  PIOW RATE.  

QGF: 1) =CNP :9) * z n v G  :LI / C G  :9) 

PZF.:i,) = R - B * G F  : L + l ) - C *  ;QE'JC**P)/FZ? :I) **G-D+{CFQD**i)/ 
1 ?22 :T.) **G-?+ : Q E a F * * F )  /PZ2 :L) * * G  

TO C 3 4 7 P h T  P B Q M  P/Z TO FRESSURF, ASSUWZ A ZINE4R 
h E L A T 1 0 V S Y I P  Ob! T H E  Z-FACTOF CHAR'TS. 

P [ L ) = P Z Z  (L) *( l -O .O002447*PZE(L) )  

1 1 7 2 5  TS T H F  ZCTIAFF O F  105, P INLET. 

D P S ; L ) = P ( L )  **2-11325.0 
QFN3 ( L )  =3? S (L) * hTLLF/5. 54Z+ Oh 
QC: L) =: C E N i l  :L) +SEN f : L - l )  ) /2 

C3NVEI iSENZE CPITFF.IA P O R  THE PLCV RATE I S  4 
DIFPEREHCE CP 0.0 1 110E9 L B S .  /no.) . 
I F  [ABS(QC[L)-QAVG(L)).LT.D.Ol) GO T3 230 
Q A V ;  :L) = 2 C  :i) 

ON:? C 3 F V E P X N C E  I S  BPACHE3, RESET VALUPS OF Q A V G  A N D  PZ2. 

Pz2:L) =PZY :L) 

PzI:L+1) =PZ":L) 
G G  T O  220  

Q A 7 t G  ( L + l ) = O A V ? [ L )  
1P:YEA;q :I+ :L-I )  /6) .EQ.55) G O  TO 2 5 0  
CONTXh'JS 
WRIT!!: 6 , 2 6 0 )  
P O B Y A T  1130 ( I * ' )  , / / I  
C R I T E  [ti, 2 9 0 )  
PORYAT;20X,'YPAR', lOX,'GP NPT : l O E 9  LRS)',lOX,'P/Z T O P  :PSI) ', 

1 IOX,'PLOW PATE (10E9 L B S / R O )  '1 
YBlTE : 6 ,290)  
P OR:! A'? j20X, U ( ' - I) , 1DX , 1 7 1' - I) , lox, 1 3 

D O  330 L = l , T  

- ) , 
- 1 l o x ,  2 3  ( * - I )  ,//) _ _  

IF ( Y O 0  [ L , 2 6 ) .  NE.0) GO T O  310  
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3 6 1 .  
3 6 2 .  
3 6 3 .  
364. 
365. 
3 6 6 .  
3 6 7 .  
3 6 8 .  
3 6 9 .  
3 7 0 .  
371 .  
372 .  
373 .  
3 7 4 .  
3 7 5 .  
3 7 6 .  
3 7 7 .  
3 7 8 .  
3 7 9 .  
380 .  
3R1. 
382 .  
3 8 3 .  
3 A U .  
385. 
3 36. 
387. 
3 8 8 .  
393. 
390. 
3 9 1 .  
3 9 2 .  
3 9 3 .  
33u. 
3 9 5 .  
3 9 6 .  
397. 

397. 
403. 
4 0 1 .  
40 2. 
4 0 3 .  
4 0 4 .  
4 0 5 .  
406. 
407. 
408. 
409. 
410. 
411. 
412. 
41-3. 
414. 
U15.  
U 1 6 .  
4 17. 
418. 
9 1 9 .  
4 2 0 .  

3 9 ~ .  

30 0 

310 
320 
330 

340 

350 
360 
37 0 
380  

393 
4 0 3  

C 
C 
C 
c 

10 

C 
C 
C 
c 

YRTT3 ( 6 , 3 0 0 )  
POBRAT:130:'*') ,/lFl, 1 3 0 : ' * ' )  ,//) 

URITE:6,290) - 
Y R I T Z  ( D ,  3 2 0 )  Y E A R  ( L )  , GP [ L + l )  , PZ2(L) ,QG :L) 
POHYAT(19X,P6.1,15X,F6.1,20X,P5. 1 , 2 2 X 8 P 4 . 2 , / )  
CONT I N3 E 
I STA RT=IST A RT+5 
Y PA9 S=YEAE :I) 
D O  3 6 0  L=IS?AFT,IEAD,6 
Y E A R  S=YEAS S+O. 5 
IP(YEARS.EO.55. 5 )  GO T O  370  
I P : Y 3 D : I * : I - I ) / 6 , 2 6 )  . N E . O )  G O  TO 350 
W R I T E  ( 6 , 3 4 9 )  
PO21 IT : 130 : '* I) , / 1  H 1 , 1 3  C [ ' * I )  ,//) 
Y R I T F :  {G , 23  0 )  
URITE ( 6 , 2 3 0 )  
URITE;6,320) 
CC41 I N ' I E  
WRITE:6,3RO) WLLQ 
POPYAT [ / / ,5X,  'IT BAS B E E N  ASSUXED THAT PUTIJRT: D R I L L I N G  UILL PRO) TIC 

U R I T E  (6,230) 

_ _  - 

YLAFS,SP :Z+1) ,PZ2 :5) , Q A V G  :L) 

1H A T 3 T 4 L  O F  ',F5.1,l COTLS IN THE CLD GEYSERS PRESSURE CELL 
2 I , / / /) 

WFTTE ( 6 , 3 3 0 )  
P O d ~ A T : 1 3 0 : ' * ' )  , / l q l )  
STOP 
EN? 
s o3n nuTI KZ SH T PT 

?VIS SIJbRO'ITI'iF ST4?LY ADJ'IS'FS THY ARRAYS BY O Y P  TTSL P E R I O D .  
T H I S  I S  D3PP SO T P A T  A NEW E Q U I V R f E h T  FLOW CAN F F  C A L C J I A T E D .  

C05'13L JvJC,2EQ3,2FP! ' ,QGC :500) , Q n D  :500) , Q G C ( 5 3 0 )  ,RPI I530), 
F Y V  : 5 0 0 )  ,Qt iC:500) ,QNr :500) ,QNP : 5 0 3 )  , P Z 1  :509) ,PZ2 :590), 1 

7 
& 3 G  [SO3) ,K8T2X6,GP(500) 
DO 1 9  1=1,7@ 
R R  ( 7 2 - I ) z R R  I7 1-1) 
QGC:72-1) = 3 G C  :71-T) 
Q G 3  ( 72 - I ) zQGD (7 1-I) 
QGF: 72-T) =QGP :71 -1 )  
c 0 NT I h-'3 r 
K = Y +  1 
R M  (1 ) = P l h ' (  P) 
QGC: 1) =2N: ;!') 
QGD;l)=QKD (K) 
QGF: 1) = 2 N F  : Y )  
REiU R h '  
f N  D 
S U B R O U ' T T F E  QEQU IV 

T H I S  S'JBBOUTINE CALCULATES E Q U I V A L E N T  =OF RAlES B Y  USING 
THE DEVPL3PED F c U 4  'IIONS IN TAE L C C O B P I  L Y I N G  EYPOFT.  

COCT3N JYJC,OE9D,QEaP,QGC :5@0) ,Q;D : S O O )  ,QGP[530)  ,Rf l  [SOO) , 
R N N  :500) ,QNC:500), Q N n  :500) ,QNP : 5 0 3 )  ,PZ1 :500), PZ2 :503) , 1 

2 ? G  (503) ,K,TLAG,GP[SOO) 
TEST=O. 0 
R R T O T = O .  0 
Q E J C = O . O  
QEQD=O.  3 
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421 .  
u 2 2  * 
423. 
4 2 4 .  
025. 
426 .  
427. 
02R. 
429.  
4 3 0 .  
431 .  
432 .  
4 3 7 .  
4 3 4 .  
435 .  
436 .  
4 3 7 .  
4 3 8 .  
4 3 9 .  
440 .  
4 4 1 .  
442.  
443 .  
4411. 
4 4 5 .  
446. 
447 .  
443 .  
4 4 9 .  
4 5 3 .  
4 5 1 .  
452.  
4 5 3 .  
454.  
4 5 5 .  
456.  
4 5 7 .  
058. 
u59. 
460. 
461 .  
462.  
463.  
464 .  
465. 
4 6 6 .  

10 
2 0  

30 

C 
C 
C 
C 
C 

QE;IF=O. 0 
D O  1 0  I = 1 , 7 1  
TEST=TEST+RE :I) 

CO3TIE;IIE 
N=I- 1 
DO 30 J=l ,N 
RllPOT=RITOT+R?!  (J) 
Q R C = Q E 2 C +  :QGC :J) -QGC :J+I ]  ) *SQRT [BRTOT) 
QEQD=QSQD+ :CGD:J) -QGD:J+l))*SQRT (RYTOT) 
QEdP=;IFQF+ (QGF ( J ) - Q G P  (J+l)) *SQPT(R3TOT) 
CONTINUE 
QEQC=QEQC/SQPT ( T L A Q )  +QGC(I )  
4 EaD=2EJD/SQR T : T U G )  +QSD :I) 
QEgP=QEQP/SGRT (‘;LAG) +QGF(I) 
RETLJRL 
E ND 

I P ( T L A G . L T . T E S T )  GO TO 20 - 

THP F I E S T  1 4  ROES APE PAST D A T A .  THESE N3RHALLY 
H I L L  N 3 T  B F  CHANSFD. THF F I N I L  8 ROWS ARE F U T U R E  
ASSUNP7IONS OF FLOP R A T E ,  A N D  THESE RUST B P  CHANGED 
PO3 A S S g C ? T ? O ? T S  ZOh’CERh’IblG A R E A 1  EXTENT O F  T I I E  B E S E F V O I I ? .  

C 
$ 3 h T h  

14.0 ,  
9.0, 
6 .0 ,  
8.0, 
6 . 0 ,  
6 .  0, 
8 . 0 ,  
10.3 ,  
7 .0 ,  
8.9, 
1 3 . 3 ,  
10 .9 ,  
1 2 . 3 ,  
15 .0 ,  
9.5, 
1 2 . 0 ,  
6 . 3 ,  
6.0,  
6 . 3 ,  
6 .0 ,  
6.3, 
6.9, 

2 . 7 4  
2.76 
2 . 5 4  

2 . 6 1  
1 . 4 3  
2. 0 3  
2.61 
2.41. 
2.58 
2. b4 , 
2 . 6 6 .  
1.75, 
1.17, 

2.38 

2.8 

2 . 3  

2. R 
2.8 
2 . 8  
2.8 

2. a 

2 .8  

3 . 7 1  
0.65 
0.68 
0.55 
0 .64  
0.74 
9 .73 ,  
0.75, 
0 .62 ,  
0.31, 
0 .0 ,  
0.0, 
0.0, 
0.0, 

0.7 
0.7 
1.4 
1.4 
1. 4 
1 .4  
1.4 
1.4 

0. 2 5  
0.220 
0. 16 
0 .13  
0. 13 
0.100 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0. n 

0 .21  
0.21 
0 .21  
0.21 

0.21 
0 .21  
0.21 

0 . 2 1  

3.71 
3 .71 
4. 41 
4 .41 
4.41 
4.111 
4. 41 
4 .41 
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********************************************************************************#****$** **************** * 

23.5 ~~ - 435.7 489. 4 - 4. 4 1  

24.0 455.5 474.0 4.41 

2 r .  3 475.4 460.8 4.41 

25.3 495.2 449.0 4.41 

25.5 515.1 438.1 4.41 

26. 0 534.9 434.6 4.41 

20.5 556.3 415.9 4.76 

-37.0 577.8 405.7 4.76 

27.5 539.2 396.5 4.76 

‘3.0 620.6 38P. 8 4.76 

23.5 642.0 3e1.2 4.76 

29.0 663.4 377. 2 4.76 

29.5 63Y. 9 373.3 4.76 

30.0 706.1 371.0 4.71 

30.5 727.1 363.9 4.65 

31.0 747.9 367.1 4.6 1 

31.5 768.5 365.6 4. 57 

32.0 789.0 364. 2 4.53 

3 2 . 5  809.3 362. 8 4. 5 0  

33.0 829.4 361.3 0.46 

33.5 849.4 359.9 4.43 

34.0 869.2 358. 4 4.39 

3u.5 888.8 356.9 4. 35 

- - ._ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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YEAE ---- 

35.3 

35.5 

36.0 

36.5 

37.9 

37.5 

39.0 

38.5 

39.0 

39.5 

40.0 

90.5 

41.0 

41.5 

4 2 . 3  

42.5 

43.0 

u3.5 

44.0 

44.5 

45.0  

45.5 

46.0 

U6.5 

47.0 

47.5 

GP U E T  (1OE9 LBS) ------- ---_____ 
~ 

908.3 

927.6 

946.8 

965.8 

984.7 

1003.4 

1022.0 

1940.9 

1058.6 

1076.8 

1094.7 

1112.6 

1130.2 

1147.8 

1165. 2 

1182.5 

1199.6 

1216.6 

1233.5 

1250.2 

1266.9 

1283.3 

1299.7 

1315.9 

1332.0 

1348.0 

___- - 

~ ~~ ~ 

- 

- 

-- 

*********#I**** . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~- F/Z TCP (PSI )  .- ------------- 

355.5 

354.1 

352.7 

351.2 

349.6 

348.5 

347. 1 

345.7 

344.4 

343.0 

34 1.7 

340.4 

339.0 

337.7 

336.4 

335.2 

333.5 

332.3 

33 1.0 

329.7 

328.5 

327. 3 

326.0 

324.8 

323.6 

- 322.4 

_ _  
4.32 

~ 0.28 

9.25 

4.21 

4. 18 

4.15 

4.11 

4. 08 

4.05 

4.02 

3.90 

3.95 

3.92 

3.83 

3.66 

3.83 

3.79 

3.76 

3.73 

3.70 

3.67 

3.65 
- 

_ - -  3.62 

3.59 

3.56 
~ ._ . ._ - 

._ 3.5 3 

. . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  **. 
- _ _  _._ - -~ _ -  
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ********* ***  

48.0 

49.5 

49.0 

49.5 

53.0 

50.5 

51.0 

51. 5 

52. c) 

52.5 

53.0 

53.5 

5Q. 0 

54.5 

55.0 

_ _  
1363.8 

- -~ 1 37-9.6 

1395.2 
___  

1410,7 

1426.1 

14b1.3 

1456.4 

1471.5 

1486.4 

150 1.2 

1515.9 

1530.0 

1 w 4 . 9  

1553.2 

1573.5 

. -  

321.2 

320. 1 

318.9 

317.7 

316.6 

315.4 

314.3 

313. 1 

312.9 

310.9 

309.9 

305.7 

307.6 

306.5 

305.4 

._ . _ _  -~ 
3.51 

3.48 

3. 45 

3. u3 

3.40 

3. 37 

3.35 

3.32 

3.30 

3. 27 

3.25 

3.22 

3.20 

3. 18 

3.15 

P A 7  PIZf:; ASSUYED T H i T  F’JTUHE D R I L L I N G  U I L L  PRODUCE A TOThL O F  253.5 WLLLS I N  THE OLD G E Y S E R S  PRZSSURE CEL: 

*******  * * c * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  ********: 
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