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Where t h i s  excess  g a s  o r i  

t o  e x p l a i n  t h e  source.  T 

observed gas/water  produc 

t h e o r e t i c a l  models w e r e  c 

l a t o r s .  One model consid 

i n  pores .  The o t h e r  mode 

above t h e  a q u i f e r .  Reser 

w a s  used t o  determine t h e  

The computer s t u d i e s  

t e r i s t i c a l l y  t h e  wrong sh, 

match of the calculated v< 

The f r e e  g a s  cap model ga. 

r a t i o  p l o t s  i f  t h e  i n i t i a  

t h e  w e l l .  Because t h e r e  i 

(Delcambre No. 4 and No. 

and mechanical problems, 

from a s e p a r a t e  ho r i zon  w 

nearby w e l l s .  Th i s  concli 

t i o n  when t h e  excess  g a s  
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excess  f r e e  g a s  can t h u s  1 

no new model f o r  g a s  e n t r ;  
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ABSTRACT 

Spergy test of t h e  Edna Delcambre No. 1 w e l l  f o r  

)m geopressured-geothermal b r i n e ,  p a r t  of t h e  test 

:he amount t h a t  could b e  d i s so lved  i n  t h e  b r i n e .  

.nated w a s  unknown and s e v e r a l  t h e o r i e s  were proposed 

Is annual  r e p o r t  d e s c r i b e s  I G T ' s  work t o  match t h e  

ion w i t h  computer s imula t ion .  Two d i f f e r e n t  

. cu l a t ed  i n  d e t a i l  u s i n g  a v a i l a b l e  r e s e r v o i r  simu- 

-ed t h e  excess  g a s  t o  be d i spe r sed  as  small bubbles 

considered t h e  excess g a s  as  a nearby f r e e  gas  cap 

lir engineer ing a n a l y s i s  of  t h e  f low test d a t a  

)asic r e s e r v o i r  c h a r a c t e r i s t i c s .  

bevea led ' t ha t  t h e  d i spe r sed  g a s  model gave charac- 

be f o r  p l o t s  of g a d w a t e r  r a t i o ,  and no r easonab le  

.ues could b e  made to the experimental resul ts .  

! c h a r a c t e r i s t i c a l l y  b e t t e r  shapes t o  t h e  gas/water  

edge of t h e  f r e e  g a s  w a s  o n l y  about  400 f e e t  from 

!re two o t h e r  w e l l s  a t  approximately t h i s  d i s t a n c e  

, w e l l s )  which had a h i s t o r y  of down-hole blowouts 

appea r s  that  t h e  sou rce  of t h e  excess  f r e e  g a s  i s  

.ch connected t o  t h e  Delcambre No. 1 sand v i a  t h e s e  

i o n  i s  corroborated by t h e  changes i n  g a s  composi- 

c u r s  and t h e  g e o l o g i c a l  s t u d i e s  which i n d i c a t e  t h e  

s e v e r a l  thousand f e e t  away. The occur rence  of t h i s  

explained by known r e s e r v o i r  c h a r a c t e r i s t i c s ,  and 

ment o r  product ion is  needed. 

i,i 
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I n t r o d u c t i o n  f 

1 ,  
This  i s  t h e  annual  r e p o r t  f o r  1979 under t h e  Department of Energy c o n t r a c t  

I 

o r i g i n a l l y  numbered ET'78-C-08-1600 (later changed t o  DE-AC08-78ET27098) and 

en t i t l e d  'I Computer S imula t (on of P r  oduc t i o n  from Geopressured -Geo t hermal 

Aquifers ."  .The two yea r  c{ntract beginning October 1, 1978 w a s  j u s t  funded 

f o r  one yea r  and then contipued f o r  t h e  second year .  
I> 

This  r e s e a r c h  con ract o r i g i n a t e d  as a r e s u l t  of t h e  test r e s u l t s  from 

DOE'S f i r s t  geopressur  d-geothermal a q u i f e r ,  t h e  Edna Delcambre No. 1 w e l l ,  

which found unexpected gas flow. The anomalous w e l l  behavior  w a s  unexplained,  

and an unde r s t and ing  o f  itbwould have s i g n i f i c a n t  i m p l i c a t i o n s  f o r  t h e  r e s u l t i n g  

t e c h n i c a l  and economictaspects  of t h e  n a t i o n a l  geopressured-geothermal energy 

program. 

and s e v e r a l  t h e o r i e s  were suggested t o  e x p l a i n  i t s  o r i g i n .  The c o n t r a c t  w a s  

t hus  h n d e d  to  e v a l u a t e  some of t h e  p o s s i b l e  t h e o r i e s  i n  d e t a i l  f o r  t h e  Delcambre 

w e l l  and then  c o n t i n u e i a n a l y s i s  work on o t h e r  w e l l s  of i n t e r e s t  t o  t h e  DOE 

n a t i o n a l  geopressured -geo thermal program. 

The main theo ry  t o  be eva lua ted  i n  d e t a i l  w a s  t h e  d i s p e r s e d  gas  phase 

1, 

Gas i n  excess  of t h e  q u a n t i t i e s  d i s s o l v e d  i n  t h e  b r i n e  were produced, 
i 
I' 

I 

i 

1 

t heo ry  which followed some 'prel iminary work a t  t h e  I n s t i t u t e  of Gas Technology. 

This  work i n d i c a t e d  t h a t  i f  a c e r t a i n  r e l a t i o n s h i p  occurred i n  t h e  r e l a t i v e  

pe rmeab i l i t y  of gas  ana water combined wi th  a c e r t a i n  gas  g e n e r a t i o n  and 

t r a p p i n g  mechanism, then  t h e  d i s p e r s e d  gas phase could be generated:  t h i s  

would account  f o r  t h e  anomalous gas  product ion.  

t h i s  t heo ry  could be used t o  match t h e  experimental  d a t a  c a l c u l a t i o n s  of gas  

p roduc t ion ,  t h e  r e l a t e d  economic p r o j e c t i o n s  would be made for v a r i a t i o n s  i n  
t h e  p h y s i c a l  product ion mechanisms. 

and t a s k s  as fo l lows :  I 

Phase I. 

I 

Then, on t h e  assumption t h a t  
I$ 

f 
T h e  work w a s  d i v i d e d  i n t o  t h r e e  phases  

l 

I 

Analysis  Bas,ed-on E x i s t i n g  Data 
Task 1-1. Delcambre Well Analyses 
Task 1-2.  Pa rame t r i c '  Economic Analysis  

I) f 
Phase 11. Analysis  o f  New' Well T e s t  Data 

Task 11-1. Addit ' ional  DOE Well Test Data 
Task 11-2. Add i t iona l  Pa rame t r i c  Economic Analyses 

I 
Phase 111. I n c o r p o r a t i n g  Lab Data i n  P r o j e c t i o n s  

Task 111-1. Refinement of I n t e r p r e t a t i o n  of DOE Well T e s t  Data 
Task 111-2. Update Parametr ic  Economic Analyses 

il 

1 

I N S T I T U T E  : O F  G A S  T E C H N O L O G Y  
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The f i r s t  y e a r ' s  work, r 

Delcambre w e l l  ana lyses .  Pha 

o r  a d d i t i o n a l  test w e l l s  beca 

year .  Phase 111 w a s  a l s o  con 

r epor t ed  l a b  d a t a  on t h e  w e l l  

Computers and Simula tors  

To c a r r y  ou t  t h e  necessa  

t o  use  a v a i l a b l e  r e s e r v o i r  s i  

developed s imula t ions  o r  acqu 

decided t o  e s t a b l i s h  a d a t a  c 

Harris computer i n  Chicago an  

t h i s  means problems could be  

Intercomp computer program on 

I n i t i a l l y  w e  thought  t h a  

communications l i n k  s i n c e  bot  

are  n e a r l y  i d e n t i c a l  i n  phys i  

o u t ,  however, t o  be n o t  so  si1 

ren ted  from t h e  phone company 

o t h e r .  There were bo th  contrc 

c o n t r o l l e r  sof tware  problems I 

key Harris employee who knew 

j u s t  l e f t  t h e  company and h i s  

area. The problems w e r e  even 

o p e r a t i o n a l  i n  February,  s i x  I 

i n t e r i m ,  wh i l e  t h e  high-speed 

by communication wi th  a te le t :  

going t o  Houston and running I 

IGT a l s o  acqui red  a Tekti 

t h e  a n a l y s i s  and d i s p l a y  of t l  

a r r i v e d  a t  v a r i o u s  times so  t l  

copy graphs u n t i l  February.  

t h e  program s i n c e  t h e  test da 

handled than  by hand o r  by t h  

I N S T I T U T E  ( 

61025 

o r t e d  he re ,  w a s  most ly  on Phase I and t h e  

I 11 w a s  cons t r a ined  because no new test  d a t a  

a v a i l a b l e  t o  IGT u n t i l  n e a r  t h e  end of  t h e  
I 

r a i n e d  because of l i m i t e d  amounts of newly I 

of i n t e r e s t .  

I 

r e s e r v o i r  s imula t ions ,  an agreement w a s  made 

l a t o r s  from Intercomp r a t h e r  than us ing  IGT- 

i n g  t h e  computer sof tware .  It w a s  f u r t h e r  

municat ions l i n k  v i a  te lephone  between t h e  IGT 

t h e  Intercomp Harris computer i n  Houston. 

bmi t ted  from IGT t o  run  on t h e  p r o p r i e t a r y  
By l  

r o y a l t y  use  b a s i s .  I 

l 

i t  would be  r e l a t i v e l y  s imple  t o  e s t a b l i s h  t h e  

computers are from t h e  same manufacturer  and 

1 and ope ra t ing  c h a r a c t e r i s t i c s .  It turned 

le .  When t h e  s p e c i f i e d  48K BAUD modem w a s  

t h e  two computers could n o t  understand each 

ler  so f tware  and hardware problems. The 

re f u r t h e r  complicated by t h e  f a c t  t h a t  t h e  
I 

e s p e c i f i c s  of t h e  communications needs had 1 

I eplacement w a s  n o t  y e t  knowledgeable i n  t h i s  
1 

a l l y  overcome and t h e  system w a s  f i n a l l y  

n ths  a f t e r  t h e  i n i t i a t i o n  of t h e  work. I n  the '  

i nk  w a s  n o t  o p e r a t i n g ,  problems were run  e i t h e r  

I1 

l 

I 

i 
l 

I e- ra te  low-speed l i n k  o r  by IGT personnel  

e programs from t h e  Intercomp o f f i c e .  

nix 4051 Graphics computer system t o  a i d  i n  
l~ 

d a t a  and s imula to r  r e s u l t s .  The components 
I 

t t h e  system was n o t  a b l e  t o  genera te thard-  

i s  computer proved t o  be h igh ly  v a l u a b l e  t o  

and a n a l y s i s  computations could b e  more e a s i l y  

l a r g e r  Harris computer. 
, 

2 

F G A S  T E C H N O L O G Y ,  
I1 



simulator. This is a full 
in its mathematics and 

approximations were necessaFy in the input to get a runable problem. 1 

I three-dimension simulator and highly sophisticated 
I 

thejvariables it can handle. 
I 
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By t h e  end of t h i s  

O F  

61025 

y e a r ,  enough computer s i m u l a t o r  runs  had been made 

June 30 wi th  an upwards s l o p e  on t h e  p l o t  of gas  f low rate .  I 



2/80 61025 

t t 

24 25 26 27 
JUNE 

Figure 1. W 

I I I I I I I I I I I I I I I  0 
2 9 3 0 ' 1  2 3 4 5 6 7 8 9 IO II 12 13 

77 JULY 1977 
078113481 

,L TEST DATA FOR DELCAMBRE NO. 1 SAND NO. 1 

I N S T I T U T E  O F  G A S  T E C H N O L O G Y  



2/80 61025 

The theory behind mu1 

The equat ion t h a t  relates 

tine is - 

w rate f o r  n t h  increment (bb l lday )  

where 
Pt = wt 

P = i I  
0 

qn = f: 

t = t: 

r------ 

B = v( 
- 
s = C( 

h = hc 

k = pd 

v = v: 

j (sub: 

So long as t h e  composite I 

remain constant  f o r  a larE 

versus t h e  summation term 

with slope (m') and i n t e r c  

The d a t a  f o r  t h e  June 23 - 
in Table 1 and the r e s u l t j  

c l e a r l y  seen t h a t  t h e  dat: 

theory. The immediate COI 

a r e  not constant  throughoi 

Osborn e t  -- a l .  ' s3  repc 

pos i t i on  equation and t h e  

t o  fit s e l e c t e d  d a t a  segmc 

Table 2 .  It is observed : 

1 b o r e  p r e s s u r e  a t  time t ( p s i )  

t i a l  w e l l  bo re  p r e s s u r e  ( p s i )  

e (hours) 

ume f a c t o r  ( v o l / v o l )  

p o s i t e  s k i n  f a c t o r  (dimensionless)  

ght ( f t )  

m e a b i l i t y  

c o s i t y  (cp) 

r i p t )  = number of flow increment.  

i n  f a c t o r  (z) and t h e  pe rmeab i l i t y - th i ckness  (kh) 

r e s e r v o i r ,  i t  i s  seen  t h a t  a p l o t  of (Pt - Po)/qn 

n t h e  squa re  b r a c k e t s  w i l l  g i v e  a s t r a i g h t  l i n e  

p t  ( b ' )  of - 

162.2vB 
kh 

m' = 

I 

J u l y  3 t es t s  used t o  make t h i s  a n a l y s i s  are given 

g p l o t  i s  seen on F igu re  2.  

do n o t  form a s t r a i g h t  l i n e  as p r e s c r i b e d  by t h e  

l u s i o n  i s  t h a t  e i t h e r  kh, o r  s, o r  both kh and s 

I n  F igu re  2 ,  i t  is 

t h e  test .  

t r d  kh (and o t h e r  parameters) based on t h i s  super- 

se of a mathematical  procedure ( r e g r e s s i o n  a n a l y s i s )  

ts. 6 
The v a l u e s  they  r e p o r t e d  are summarized i n  

Table 2 t h a t  t h e  r e r o r t e d  kh v a l u e s  g e n e r a l l y  
6 

O F  G A S  T E C H N O L O G Y  
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Ij Table 1. DELCAMBp NO. 1 SAND NO. 1 MULTIPOINT FLOW TEST ANALYSES 
'I I 

t3 146 3094 

194 4707 

5951 

t4 

t5 

n -* - *  
Time Time q pw (pi - pw) (qj - qj - 1) log (t - tj - 1> 
Point (hr) (bbllday) psi q, j=1 - -  

1 
11 

n 

i 

j 10,200 0.200 

1 10,050 0.164 

j 9,880 0.160 

I 

i 
1 

-- 0 

50 

98 1988 10,390 0.216 I 

periods. 
! 
! 

1 Test 
Sequence S Number Date 

I 
1 6 I2 3-6 I25 I 

It 

2 6/26-6127 

3 61 28-6 12 9 
4 6130- 4 I1 
5 71 2-713 1 

71 8-tg 
6 71 3-717 

I 
7 71 7-718 

8 

9 71 9-7/10 
10 7 110-7111 

11 7/11-7112 
I/ 

12 7/12-7113 
I 

I 
I 

I N S T  I T U T  E l  O F  

Type Test 

Drawdown 

Drawdown 

Drawdown 

Drawdown 
Drawdown 

Buildup 

Drawdown 

Buildup 

Drawdown 

Buildup 

Drawdown 

Buildup 

7 

: G A S  

-- 

1.699 

1.863 

1.943 

1.986 

2.031 

kh (md-ft) 

2,939 
4,524 

5,878 

5,095 

1,406 
2,716 
5 , 181 
8,697 
8,840 

6 , 181 
11,677' 

* 12,206- 

6 , 666 
11,417 

S 

0.11 
4.13 

11.79 

5.18 

-5.74 
-2.64 
3.68 

12.96 
13.31 

5.06 

17.85 
18.91 

5.42 
15.42 

6,830 4.98 

11 , 926 14.89 

T E C H N O L O G Y '  

. .. 
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0.2 

(c 

ti. cr' 
I 

Q- 

I N S  

0. 

0.0 
0 

kh=2930 n 
s=7.4 

- - 

F i g u r e  2. S 
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d o3 

s = 12.1 
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SAND #I 
5-STEP DRAWDOWN 
6/23/77 - 7/3/77 

n 
I .o 2.0 

f: ( 'Jja",J-') LOG (t-tj-1) 

J=l A78113486 
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increase with time but contain large fluctuations. It is also noted that 

there is a considerable difference between the results, depending on whether 
they are from drawdown data or buildup data. There is almost a factor of 

2 between the kh's for adjacent drawdown and buildup analyses. A s  is apparent 

in Table 2, reported values for the composite skin factor (s) contain large 
fluctuations which do not /seem physically possible. 

1 

In the transmittal letter of the Otis report,' the analysts (John S .  

Rodgers and J. S .  Mokha) ttribute the differences between drawdown and 

buildup kh values to "the itconcept of gradient permeability discontinuities 

caused by rock deformation." Since there is no experimental data on the 

compressibility or pressure dependence of permeability for the reservoir 

rock, the concept of rock :deformation from pore volume relaxation cannot be 

verified. Laboratory studies of other sandstones suggest it is unlikely, 

however, that the 5% to 7 %  change in reservoir pressure would cause the 

permeability to change to half of its original value and then rapidly restore 

on shut-in for buildup. /I 

II 

1 

I 

1 

11 

li 
I 

The first drawdown step pressure data was plotted in Figure 3. It is 

noted in Equation 1 that when n = 1, a plot of pressure versus logarithm of 
I! 

time should give a straight line with slope m = 162.2VBqIkh and an intercept 

(at t = 1 hr) of b = P - mS. The data did plot a straight line quite well, 
w 11 

and for a viscosity of v ='0.36 CP and volume factor B = 1.0, the permeability- 

thickness value is kh = 2930  millidarcys-ft with the composite skin factor 

of s = 7 . 4 .  
11 

Osborn -- et al., in Table 2 , i  but this value of 
reported ( 7 . 4  versus O.ll>! 

1 -  

This value  of^^ kh is close to the first value reported by 
is much larger than that 

11 

To better define the starting paramters for the Intercomp simulation 

model, additional analyses) were made using the superposition equation and a 
programmable desk calculator (Hewlett Packard Model 9 7 ) .  

programmed so that for a series of flow-rates and times, the resulting 

pressure could be calculated. 

factors to match the down-hole pressure could be estimated by trial and error 

as guided by the reported drawdown and buildup analyses. 

Equation 1 was 
1t 

\ 

1: 

With this program, the required kh's and skin 

The programmable calculator was then used to obtain a combination of kh 
1 

and s which would match the last step in the first drawdown series and the 
following first.buildup test. Trial and error found that kh = 5200 millidarcys-ft 

9 
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and 5 = 1 2 . 1  had a good f i t  t o  t h e  d a t a  from June 30 t o  J u l y  7 .  

S v a l u e s  are almost twice t h o s e  f o r  t h e  f i r s t  s t e p  of t h e  drawdown .test of 

June 23 t o  June 26 d i scussed  above. The e q u i v a l e n t  s l o p e s  and i n t e r c e p t s  f o r  

t h e  m u l t i p l e  flow rate test a n a l y s e s  f o r  t h i s  and t h e  f i r s t  s t e p  a n a l y s e s  

were c a l c u l a t e d  and p l o t t e d  on F igu re  2. 

not  p a s s  through t h e  p o i n t  f o r  t h e  f i r s t  drawdown is  t h a t  t h e  p o i n t  w a s  c a l -  

c u l a t e d  from t h e  end of t h e  drawdown, whereas t h e  l i n e  i s  a b e s t  f i t  t o  a l l  

d a t a  p o i n t s .  Th i s  d i f f e r e n c e  s u g g e s t s  t h a t  kh o r  s o r  bo th  may be changing. 

du r ing  t h e  f i r s t  drawdown, r a t h e r  t han  b o t h  be ing  c o n s t a n t  as assumed i n  t h e  

These kh and 
- 

j' 
The reason t h a t  t h e  upper l i n e  does 

I 

1, 
a n a l y s i s .  j; 

I! 
These s imple a n a l y s e s  sugges t  t h a t  kh and s i n c r e a s e  w i t h  t i m e  through 

I' 
t h e  f i v e  s t e p s  of t h e  f i r s t  drawdown series. 

f o r  t h e  i n c r e a s e  i n  khJ, and several s p e c u l a t i o n s ,  suggested by a v a i l a b l e  w e l l  
i' l o g  in fo rma t ion  and theo ry ,  were explored by a d j u s t i n g  k and h and s t o  
~1 

v a r i o u s  v a l u e s  t o  f i t  t h e  d a t a .  

t i o n s  w e r e  n o t  p roduc i  g i n  t h e  f i r s t  s t e p  of t h e  drawdown b u t  suddenly 

opened up i n  t h e  secon , t h i r d ,  and f o u r t h  drawdown s t e p s .  
ii 

by the 'sudden i n c r e a s e s  found i n  t h e  down-hole p r e s s u r e  wi thou t  a corresponding 

change i n  t h e  water flow rate. 

There can b e  s e v e r a l  r easons  
1' 

One p o s s i b i l i t y  is t h a t  some of t h e  pe r fo ra -  
/I 

This  i s  suggested 

I; 
1 
l~ 
1, 
// 
I 
I1 

1' 
jl 

1 
j 

Using t h e  r eason ing  t h a t  t h e s e  sudden p r e s s u r e  i n c r e a s e s  r e p r e s e n t  t h e  

a d d i t i o n  of more producing ho r i zons  t o  t h e  w e l l ,  i t  can a l s o  be argued t h a t  

t h e  sudden i n f l u x  of excess  gas  t h a t  beg ins  on June 20 i s  t h e  r e s u l t  of a gas- 

r i c h  zone suddenly breaking through t h e  flow b a r r i e r  so  as t o  begin product ion.  

Th i s  i n  t u r n  s u g g e s t s  t h a t  a m u l t i l a y e r  model be -used  f o r  t h e  Intercomp 

r e s e r v o i r  s i m u l a t o r  wherein some of t h e  l a y e r s  c o n t a i n  only gas - sa tu ra t ed  

b r i n e  and a t  least  onelllayer c o n t a i n s  excess  gas .  

c o n s i d e r i n g  t h e  e x c e s s j g a s  e i t h e r  as a f r e e  cap o r  as d i s p e r s e d  bubbles .  

Seve ra l  differei:!  models are suggested,  which can be run on t h e  s i m u l a t o r .  

It should be noted t h a t  a l l  of t h e  a n a l y s e s  d i s c u s s e d  above assume the  both 

kh and 5 are c o n s t a n t  over  t h e  t i m e  i n t e r v a l  spanned by each c a l c u l a t i o n .  

Arguments can b e  made f o r  

~ 

I n  look ing  a t  t h e l g a s  p roduc t ion  i n  F i g u r e  1, i t  i s  observed t h a t  t h e  rate of 
I 
I1 

excess  gas  produced between June 30 and J u l y  3 i s  c o n s t a n t l y  i n c r e a s i n g .  

This  s u g g e s t s  c leanup of a damaged p roduc t ion  p o i n t  o r  some o t h e r  mechanism 

where p r i o r  gas  p roduc t ion  enhances f u r t h e r  p rodsc t ion .  I n  t e r m s  of con- 

v e n t i o n a l  a n a l y s i s ,  none of t h e  gas  p roduc t ion  i s  c o n s t a n t  enough f o r  t h e  

ii 

Ij 

1, 

I '  

I N S T I T U T E  
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u s u a l  r e s e r v o i r  a n a l y s i s .  ' 

tests do suggest  t h a t  more t 

t h e s e  t h r e e  tests, a n  appro: 

v e r s u s  p2 w a s  made. I n  t h i i  

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

relative pe rmeab i l i t y  thresl  

product ion.  

Fu r the r  Drawdown T e s t  Analyi 

It w a s  d i scussed  above 

No. 1 sand showed t h a t  t h e  1 

were changing du r ing  t h e  te,  

of t h e  drawdown even b e f o r e  

s t a n d  t h i s  behavior ,  t h e  da 

Tektronix computer and t h e  1 

A similar a n a l y s i s  w a s  rep0 

Engineering S e r v i c e s  t o  p e r  

p l o t t i n g  p r e s s u r e  a g a i n s t  a 

The kh v a l u e  i s  then  determ 

where v = v i s c o s i t y  ( . 3 6  CP 

B = vo lumet r i c  f a c t o r  

m = s l o p e  of p r e s s u r e  

I f  kh i s  c o n s t a n t ,  t hen  a p 

t h e  f ive - s t ep  drawdown of t 

t h e  s l o p e s  of t h e  f i v e  s t e p  

shown i n  F igu re  *. Note i n  

of sudden o f f s e t s ,  t h e  s l o p  

Also n o t e  t h a t  t h e  s l o p e s  t 

inc reased  kh w i t h  time. F i ]  

t o  b e  encountered i n  i n t e r p -  

I n  r eana lyz ing  t h e  deti 

an e f f e c t  on t h e  i n t e r p r e t a ,  

r a t e  f o r  t h e  f i r s t  1 .75  hou: 

I N S T I T U T E  

61025 

le later p o r t i o n s  of t h e  J u l y  7-July 1 3  drawdown 

m s t a n t  product ion w a s  being e s t a b l i s h e d .  Using 

imate back-pressure p l o t  of excess  gas  product ion 

p l o t ,  t h e  i n t e r c e p t  i s  cons ide rab ly  below t h e  

lrhich i n d i c a t e s  t h a t  t h e r e  i s  a s k i n  e f f e c t  o r  a 

)Id e f f e c t  t h a t  has  a major i n f l u e n c e  on t h e  

Ls 

low t h e  f i v e - s t e p  m u l t f r a t e  drawdown test of t h e  

zrmeabi l i ty  t h i c k n e s s  (kh) and s k i n  e f f e c t  ( S )  

:. This  w a s  t h e  case f o r  t h e  f i r s t  t h r e e  s t e p s  

:he excess  gas s t a r t e d  t o  flow. To f u r t h e r  under- 

1 f o r  p r e s s u r e s  and flow rates were placed i n  t h e  

i l t i s t e p  flow tes t  a n a l y s i s  performed on t h e  d a t a .  

:ed by Osborn e t  a l . ,  where they u t i l i z e d  O t i s  

,rm t h e  a n a l y s i s .  Th i s  a n a l y s i s  c o n s i s t s  of 

summation f u n c t i o n  of t h e  flow rate and t i m e .  

led from t h e  s l o p e  of t h e  p l o t  by t h e  equa t ion  - 

- 

, 

162.6vB 
m kh = 

€ o r  t h i s  a n a l y s i s )  n 

(1.0 f o r  t h i s  a n a l y s i s )  

versus summation f u n c t i o n .  

3 t  of p r e s s u r e  v e r s u s  t h e  summation f u n c t i o n  f o r  

e No. 1 sand should have s t r a i g h t - l i n e  p l o t s  w i t h  

equa l  t o  each o t h e r .  The r e s u l t i n g  p l o t  is  

t h i s  f i g u r e  t h a t ,  b e s i d e s  t h e r e  being a number 

s of t h e  v a r i o u s  segments d i f f e r  from one ano the r .  

nd t o  become less w i t h  t i m e ,  i n d i c a t i n g  an 

Ire 4 is  u s e f u l  i n  g i v i n g  a view of t h e  d i f f i c u l t i e s  

: t i ng  t h e  d a t a .  

i l ed  d a t a ,  s e v e r a l  t h i n g s  were noted which have' 

ion. The f i r s t  of t h e s e  t h i n g s  w a s  t h a t  t h e  flow 

; w a s  no t  recorded.  The p r e s s u r e  d a t a  were n i c e l y  

1 2  

3 F  G A S  T E C H N O L O G Y  
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DRAWI)OUtI O F  6 1 2 4 - 2 6 1 7 7  
10164 CIIOKE 
O S B O R N ,  1 l O D C E S . R O B E R T S .  W I E L A N D  
EDNA DELCAMBRE N O . l  WELL 
T I C R E  LAGOON F I E L D  
V E R M I L I O N  P A  RISII.  L O U I S I A N A  

10679.00 

10671.00 

D A T E :  1 1 1 1 0 1 7 7 .  
TIME: 1 3 . 3 3 . 3 1 .  
F I L E :  Ql 
C A S E :  0 

P A G E :  4 8  

BOTTOM-HOLE SHUT-IN P R E S S U R E  .vs.  sUM((Q(K)-Q(K-~))*LOC(T(J)-T(K-I)), RBPD-LOCCHRS) 
I 

1 
I I 1 I I 

9 
I I I : 

\. 

r t m 10663.00 

0 

n 

10655.00 
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. \  

30 

. . .. . * . a  . - ... 

10679 
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10663 
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SUM((Q(K)-Q(K-l))*LOC(T(J)-T(K-I)), R B P D - L O G ( H R S )  

Figure-5. PLOT BY OTIS SERVICES OF THE BOTTOM HOLE PRESSURE VS. THE SUPERPOSITION 
TIME FUNCTION FOR THE FIRST STEP OF THE MULTISTEP DRAWDOWN TEST 
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p o i n t s  used f o r  t h e  f i t s  were s e l e c t e d  and t h e  o t h e r s  ignored.  

- I N S T I T U T E  
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l i n e .  Analysis  of t h e  bu i ldup  d a t a  i n d i c a t e s  a flow d i s c o n t i n u i t y ,  b u t  i t  i s  

small enough t h a t  it i s n ' t  r e a d i l y  i d e n t i f i a b l e  on F igu re  7. 

s t r a i g h t - l i n e  f i t  t o  t h e  d a t a  up t o  about 40 hours  i n  F igu re  7 g ives  a kh of 

about 3280 m i l l i d a r c y s - f t ,  compared t o  t h e  v a l u e s  of 2939 and 4524 m i l l i d a r c y s -  

f t  f o r  t h e  two f i t s  by O t i s / !  

II 
II 
II 

A s i n g l e  

ll 
When t h e  p r e s s u r e  is  p l o t t e d  v e r s u s  loga r i thm t i m e  f o r  t h i s  f i r s t  draw- 

down, t h e  d a t a  i n d i c a t e  a s t r a i g h t - l i n e  f i t  as shown i n  F igu re  8. Note t h a t  

i n  F igu re  8 t h e r e  i s  a s m a l l  o f f s e t  i n  t h e  d a t a  a t  about 2 hours  and t h a t  

s l i g h t l y  d i f f e r e n t  s l o p e s  are found when t h e  e a r l y  t i m e  d a t a  (Figure 9) and 

mid-time d a t a  (F igu re  10) are p l o t t e d .  This  small o f f s e t  may b e  instrument-  

r e l a t e d  r a t h e r  t han  r e s e r v o i r - r e l a t e d .  It might be t h e  r e s u l t  of a s m a l l  

s h i f t  i n  p o s i t i o n  of t h e  p r e s s u r e  gauge, o r  i t  might b e  a sudden s l i g h t  

dec rease  i n  t h e  e f f e c t i v e  s k i n  f a c t o r  f o r  t h e  producing p e r f o r a t i o n s .  This  

s h i f t  i s  s l i g h t  and i s  on ly  n o t i c e a b l e  because of t h e  u s e  of t h e  high- 

s e n s i t i v i t y  H e w l e t t  Packard down-hole gauge. The kh f o r  t h e  f i t  i n  F igu re  9 

i s  n o t  c a l c u l a t e d  s i n c e  t h e  flow d a t a  are missing f o r  t h i s  t i m e .  For t h e  f i t  

i n  F igu re  10,  t h e  average flow f o r  t h e  t i m e  considered i s  1207 bb l /day  s o  t h e  

kh i s  2825 m i l l i d a r c y s - f t ,  which is  w i t h i n  15% of t h e  kh ob ta ined  from t h e  

f i t  t o  d a t a  i n  F igu re  7 .  

II 
II 
II 
II 
I! 
II 
11, 

II 

The d a t a  between 4 1  and 50 hours  i n  t h i s  f i r s t  f low test were n o t  used 
II 
I1 
II 

i n  t h e  a n a l y s i s  because of t h e i r  unusual behavior .  

rate and p r e s s u r e  i n d i c a t e  dec reases  du r ing  t h i s  t i m e ,  t h e  gas flow rate 

remained s t eady .  Th i s  raises some q u e s t i o n  as t o  t h e  v a l i d i t y  of t h e  d a t a  

f o r  t h i s  pe r iod  s i n c e  i t  i s . b e l i e v e d  t h a t  on ly  s o l u t i o n  gas  w a s  be ing  produced 

a t  t h i s  t i m e .  

While b o t h  t h e  water f low 

Next, a t t e n t i o n  can be d i r e c t e d  t o  t h e  second s t e p  i n  t h e  drawdown test .  

For t h i s  s t e p ,  t h e  p l o t  and i n d i c a t e d  f i t  t o  t h e  d a t a  by O t i s  are shown i n  

F igu re  11. 

p o i n t s  were s e l e c t e d  i n  F igu re  11 t o  r e p r e s e n t  t h e  f i t  t o  t h e  d a t a .  

p l o t ,  a cons t an t  f low of 2068 bbl /day w a s  used. 

F igu re  11 could b e  reasonablly f i t t e d  w i t h  t h r e e  s t r a i g h t  l i n e s :  

t h e  e a r l y  t i m e  d a t a  i n d i c a t e d  by t h e  "10" and "20"; ano the r  f o r  t h e  later d a t a  

i n d i c a t e d  by t h e  "30"; and a f i n a l  l i n e  f o r  t h e  o f f s e t  d a t a  i n d i c a t e d  by t h e  

"40." The la t te r  two l i n e s  would b e  p a r a l l e l  t o  each o t h e r  and simply o f f s e t  

from each o t h e r  t o  accommodate t h e  o f f s e t  i n  t h e  p r e s s u r e  d a t a .  

Again, as i n  F igu re  5 ,  i t  i s  n o t  obvious why t h e  p a r t i c u l a r  t h r e e  

For t h i s  II 
II 
I1 
I1 
II 

It appea r s  t h a t  t h e  d a t a  i n  

one l i n e  f o r  

I The change 
II 

I N S T I T U T E  
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i n  s l o p e  between t h e  f i r s t  two l i n e s  would i n d i c a t e  a change i n  t h e  e f f e c t i v e  

kh w h i l e  t h e  o f f s e t  between t h e  lat ter two l i n e s  i n d i c a t e s  a change i n  t h e  

s k i n  f a c t o r .  

I 

Three o f f s e t s  can be seen  i n  t h e  p r e s s u r e  d a t a  f o r  t h i s  second s t e p  of 
I> 

1 

t h e  drawdown i n  F igu re  lB2. 

a l a r g e  o f f s e t  is  a t  abbut 86 hours .  

of t h e  removal of s k i n  'ilamage at t h e  producing zone and an  increase i n  t h e  

e f f e c t i v e  kh. I f  a s t r a i g h t - l i n e  f i t  is  made i n  F igu re  12 t o  t h e  d a t a  f o r  

about 60 hour s  t o  85 hours ,  t h e  r e s u l t i n g  kh is  4170 m i l l i d a r c y s - f t .  Th i s  

same v a l u e  is  a r easonab le  f i t  t o  t h e  85-98 hour d a t a .  

Two small o f f s e t s  are a t  about  52 t o  58 hours  and 
I/ 

These o f f s e t s  appear t o  b e  t h e  r e s u l t  

1) 
I 
I' 

i 
The t h i r d  s t e p  i n  t h e  drawdown, p l o t t e d  i n  F igu re  13, shows even more 

I 

o f f s e t s .  

s een  i n  t h e  f i g u r e  that1 a series of t h r e e  p a r a l l e l  l i n e s  through t h e  segments 

"lo", "20", and "30" can be made. When t h i s  is done, t h e  r e s u l t i n g  kh i s  

about 3270 m i l l i d a r c y s - f t  . T h i s  a g r e e s  reasonably w e l l  w i t h  t h e  p rev ious  

v a l u e s  and i n d i c a t e s  fu!ther changes i n  t h e  e f f e c t i v e  s k i n  f a c t c r  and kh. 

The corresponding presskre-time p l o t  f o r  t h i s  s t e p  i s  shown i n  Figure 14 .  

No f i t s  t o  - t h e  d a t a  were made i n  t h e  O t i s  r e p o r t ,  b u t  i t  can b e  

I1 

I1 

The f o u r t h  drawdoG s t e p  is when excess  o r  f r e e  gas  began t o  flow. The 

pressure- t ime p l o t  f o r  t h i s  s t e p  is  given i n  F i g u r e  15.  

a t  abou t  157 hours  and is a s s o c i a t e d  w i t h  t h e  o f f s e t s  and change i n  s l o p e s  

seen  i n  t h i s  f i g u r e .  

F igu re  16,  w i t h  a f i t  t o  t h e  d a t a  as shown i n  t h e  f i g u r e .  I n  view of t h e  

c o n t i n u a l  s h i f t i n g  of t h e  p r e s s u r e  as seen  by t h e  o f f s e t s ,  t h e  v a l i d i t y  of 

t h i s  f i t  is q u e s t i o n a b l e ,  as are t h e  similar f i t s  t o  t h e  o t h e r  p r e s s u r e  p l o t s .  

The a n a l y s i s  i s  n o t  cont inued p a s t  t h e  o n s e t  of t h e  excess  gas  a t  t h i s  t i m e  

s i n c e  t h e  free g a s  compl i ca t e s  t h e  i n t e r p r e t a t i o n .  

Summary of Brine-Only - -  Flow P e r i o d  

The excess  gas  began 

The mul t i f l ow a n a l y s i s  p l o t  by O t i s  is  shown i n  
11 

/j 

1 

1 
I 

Deta i l ed  a n a l y s i s  of t h e  p r e s s u r e  and flow d a t a  f o r  t h e  f i r s t  f o u r  draw- 

down s t e p s  of t h e  f low test  of t h e  No. l sand s u g g e s t s  t h a t  t h e  mechanical 

c o n d i t i o n s  a t  t h e  w e l l  b o r e  producing zone kep t  changing. The many s h i f t s  

and changes i n  s l o p e s  o f  t h e  d a t a  p l o t s  i n d i c a t e  t h a t  t h e r e  were many changes 

i n  t h e  product ion p a t t e r n  from t h e  sands i n t o  t h e  w e l l  bore .  Th i s  could 

r e s u l t  from intermittent!  opening and c l o s i n g  of c e r t a i n  flow channels  as 

material lodged and dis$odged w i t h  product ion.  

1 

The v a l u e s  of kh and t h e  s k i n  

2 3- 
i! 

T E C H N 0 L 0 G Y I N S T I T U T E ,  O F  G A S  
I/ 

JI 
11 
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f a c t o r  would thus  change 

t h e i r  v a l u e s  would depend 

were blocked a t  any given 

How a changing f low 

t o t a l  amount of sand prod 

t h e r e f o r e  sand product ion 

e f f e c t .  The changes may 

o r  s h i f t s  of t h e  cas ing  o 

c r e a t e d  by t h e  drawdowns. 

of f low channels  o r  a l t e r  

bore.  

Buildup T e s t  Analysis  

The p r e s s u r e  bui ldup  

p l o t s  i n  F igu re  1 7  i n d i c a  

t h e  a f t e r - f low pe r iod  whi 

t h e  r e s e r v o i r  c h a r a c t e r i s  

t h i s  a f t e r - f low pe r iod ,  t 

n e a r l y  l i n e a r  on t h e  s e m i  

followed by a f i n a l  p e r i o  

wi th  a s t e e p e r  s l o p e  than 

t h i s  a n a l y s i s .  

It i s  noted i n  t h e  t 

d a t a  is miss ing  so t h a t  n 

b r e a k  is observed l i k e  t h  

noted t h a t  the time f o r  t 

t h i r d  test .  This  might b 

excess  f r e e  gas  i n  t h e  f o  

o r  more independent zones 

Table  2 a l s o  g i v e s  t h e  ap  

t h a t  t h e  change i n  s l o p e  

Because of t h e  compl 

t h e  usua l  r e s e r v o i r  engin 

p r e s s u r e  ve r sus  logari thm 

i n  Table  2 are l abe led  "a 

61025 

i t h  t h e s e  f l u c t u a t i n g  mechanical c o n d i t i o n s  and 

on which f low channels  o r  sands were open and which 

t i m e  . 
ond i t ion  could occur  is  n o t  r e a d i l y  e v i d e n t .  The 

ced throughout t h e  test w a s  on ly  about  500 c m  . 
would n o t  b e  expected t o  have had a s i g n i f i c a n t  

e due t o  occurrences  i n  t h e  cement around t h e  cas ing  

3 

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

S m a l l  movements could r e s u l t  i n  opening o r  c l o s i n g  

t h e  pe rmeab i l i t y  c;f t h e  zone ad jacen t  t o  t h e  w e l l  

f o r  t h e  No. 1 sand i s  p l o t t e d  i n  F igure  1 7 .  The 

e t h r e e  r eg ions  i n  t h e  bui ldup.  F i r s t ,  t h e r e  i s  

h is  dominated by e a r l y  t i m e  w e l l  bore  e f f e c t s  and 

ics  nea r  t h e  w e l l  bo re  and p e r f o r a t i o n s .  Following 

e r e  is  a per iod  l abe led  "A" on Figure  1 7  which i s  

og p l o t .  Then t h e r e  are  s m a l l  b reaks  i n  t h e  curves  

l a b e l e d  "B" which i s  a l s o  approximately l i n e a r  bu t  

t h e  "A" per iod .  Table  3 summarizes t h e  r e s u l t s  of 

s t  d a t a  t h a t  f o r  t h e  f i r s t  bu i ldup  t h e  e a r l y  t i m e  

"A" r eg ion  i s  seen ,  and i n  t h e  second bui ldup  no 

se found i n  t h e  t h i r d  and f o u r t h  tests. It i s  also 

e break  is  longer  i n  t h e  f o u r t h  test than i n  t h e  

i n t e r p r e t e d  as t h e  r e s u l t  of  recompression of t h e  

na t ion  nea r  t h e  w e l l  bo re  and/or  t h e  e f f e c t s  of two 

producing t o  t h e  w e l l  i n s t e a d  of a s e a l i n g  f a u l t .  

a r e n t  d i s t a n c e  t o  a d i s c o n t i n u i t y  on t h e  assumption 

s t h e  r e s u l t  of a s e a l i n g  f a u l t .  

c a t i o n  of  t h e  excess f r e e  gas  i t  i s  expected t h a t  

e r i n g  procedure t o  o b t a i n  kh from t h e  s l o p e  of t h e  

of t i m e  may no t  be c o r r e c t .  The c a l c u l a t e d  va lues  

parent"  because of t h i s  p o s s i b l e  i n c o r r e c t  

i n t e r p r e t a t i o n .  

29 
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Table  
SAND I 

Q 
Buildup P r i o r  Flow "A" 

Test No. b/day psi 

5950 

7750 

8450 

9850 

kh = 162.6 
* 

m 

h z  30 f e e t  

I N S T I T U T ,  

3' 

44 

4! 

= 54 

P 1 1  

E 

61025 

. SUMMARY OF BUILDUP DATA FOR 

. 1, EDNA DELCAMBRE No. 1 WELL 

Apparent 
Dis tance  .. 

l ope  "A" kk Slope Change "B" Slope to Barrier 
ycle md-ft hours p s i l c y c l e  f t** 

-- -- 52.0 -- 

0 12,200 37.0 

4 11,090 53.0 

6 11,590 62.5 

4.4 

6.0 

18 20 

2170 

3 9  m 

O F  

30 
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Gas/Water Ratio 

A recheck of the gz 

steps up to the time of 

more steady parts of thc 

each step, it is found t 

to 19.5 SCF/bbl. This t 

in the brine at the sepz 

drawdown steps, the seps 

150'F and a pressure of 

0.8 SCF/bbl of natural g 

saturation value of appx 

reported by McNeese Univ 

report suggests that the 

to imagine how there can 

is in contact with the g 

Geochemical Thermometer 

To look for things 

examined the chemical cc 

with time. While doing 

using a geothermometer e 

potassium, and calcium i 

tabulated in Table 4. N 
statistical scatter were 

t("C) = 

where Nay K, and Ca are 

= 1/3 for temper 

Gas Composition Changes 

To further determin 

No. 1 sand, the composit 
percent composition of t 

period reported by Hanki 

carbon dioxide. Note th 

I N S T I T U T E  

61025 

/water ratio was made for the first four drawdown 

he sudden influx of excess gas. By considering the 

production data rather than the gross averages of 

at the gas/water ratio is nearly constant at 19.0 
lue does not include the residual gas still dissolved 

ator pressure and temperature. For these first 

ator was apparently operated at a temperature of about 

bout 300 psi so the brine would still retain about 

s (using 133,000 ppm dissolved solids). This total 

gimately 20.5 SCF/bbl is close to the 22.8 SCF/bbl 

rsity4 from recombination analysis. 

aquifers might not be saturated, but it is difficult 

be free gas in the reservoir without the water which 

s being saturated. 

The McNeese 

emper at ur es 

qat correlated with the onset of the excess gas, we 

position of the produced brine for possible changes 
ais the in situ brine temperature was calculated 

iation which uses the concentrations of the sodium, 

IS. These data and resulting temperatures are 
changes in composition or temperature beyond the 

ioted. The geothermometer equation used is 

-273 1647 
Na 1.740 + log (-) K + 6 log (h) Na 

I moles/liter 

tures above 100°C. 

the source of the excess free gas produced from the 

,n cf the produced gas was examined. 

ree of the minor constituents throughout the test 

; and Karkolits.' These are ethane, propane, and 

: when the free gas begins to be produced, the amount 

Figure 18 plots 
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lr - I - - 
c DISSOLVED GAS 

PLUS FREE GAS 
I 

IO 
I 
I! 

DISSOLVED 
GAS ONLY li 

I .o 

23 25 (i 27 29 I 3 5 7 9 II 13 15 
June 1977 July 1977 

A60020350 1; 
Figure 18. C M F ' O S I T I O N  O F  ETHANE ( C 2 ) ,  PROPANE (C3) AND CAN3ON D I O X I D E  ( C 0 2 )  

I N  THE NATURAL GAS PRODUCED FROM THE EDNA DELCAMBRE NO. 1 WELL, SAND NO. 1 T E S T  

I N S T I T U T E  O F  

~ 
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of C2 (e thane)  and Cg (p ro  

t h e  percentage of carbon d 

t h e  f a c t  t h a t  t h e  e thane  a 

I f  t h e r e  is f r e e  gas  i n  cot 

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

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

These d a t a  are eviden 

a d i f f e r e n t  gas  sou rce  thai 

t h e  f r e e  gas  w a s  i n  t h e  f o  

bu t  i t  does a rgue  a g a i n s t  

by Jones.  I f  t h e  excess  g( 

composition would be expec 

gas  t h a t  might be i n  t h e  h 

as  i n  a f r e e  gas  cap is  no 

composition are c o n s i s t e n t  

a d j a c e n t  w e l l  - t h e  conclui 

Appendix. 

Dispersed Gas Model 

I n  t h i s  d i s p e r s e d  gas  

i n  t h e  ma t r ix  i n  d i scon t in i  

f low because i t s  s a t u r a t i o i  

c u t o f f  p o i n t .  When water : 

t h e  p o i n t  i s  reached where 

exp lana t ion  of t h e  excess  j 

combination of t h e  r i g h t  ar 

curve.  

The p e r m e a b i l i t y  and 1 

phase flow occurs  are no t  1: 

Without d i r e c t  measurement: 

and some theo ry  t o  construc 

t o  determine t h e  re la t ive I 

were compared t o  d i f f e r e n t  

The t h e o r e t i c a l  equat j  

w e r e  t h e  Corey equa t ion ,  t 

t h e  P i r s o n  e q u a t i 0 n . l  The) 

I N S T I T U T E  
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me) i n c r e a s e s  s i g n i f i c a n t l y .  A t  t h e  same , t i m e  

ixide dec reases .  These d a t a  are c o n s i s t e n t  w i th  

I propane are less s o l u b l e  i n  water than  methane. 

.act wi th  water, t h e  h e a v i e r  hydrocarbons w i l l  

.n t h e  gas phase.  Also,  carbon d iox ide  would 

.n t h e  water, as w a s  observed. 

! t h a t  t h e  excess  gas o r i g i n a t e d  from f r e e  gas ,  o r  

t h e  d i s s o l v e d  gas .  

I of a cap o r  whether i t  w a s  i n  d i spe r sed  bubbles ,  

le "champagne b o t t l e "  model of exsolved gas proposed 

It does n o t  answer whether 

w a s  exsolved from t h e  water, t hen  t h e  gas  

d t o  remain c o n s t a n t .  Whether t h e  composition of 

o t h e s i z e d  d i s p e r s e d  gas bubbles  would be t h e  same 

y e t  determined, bu t  t h e  observed changes i n  

5 t h  t h e  gas cap model o r  t h e  e x i s t e n c e  of a l eaky  

on reached f o r  t h e  t e c h n i c a l  r e p o r t  given i n  t h e  

o d e l ,  it is  assumed t h a t  t h e  f r e e  gas  is  t rapped 

u s  s m a l l  bubbles o r  pockets  and w i l l  n o t  i n i t i a l l y  

is  s m a l l  and is above the r e l a t i v e  p e r m e a b i l i t y  

produced, t h e  water s a t u r a t i o n  dec reases  u n t i l  

as can be produced. For t h i s  model t o  g i v e  an  

ee g a s ,  i t  is  necessa ry  t o  f i n d  a p l a u s i b l e  

unt  of f r e e  gas  and a s u i t a b l e  re la t ive pe rmeab i l i t y  

l a t i v e  p e r m e a b i l i t i e s  f o r  gas  and l i q u i d  when two- 

own f o r  t h e  test d a t a  on t h e  Delcambre No. 1 w e l l .  

it i s  necessa ry  t o  use  t h e  product ion test  r e s u l t s  

t h e  r e l a t i v e  p e r m e a b i l i t i e s .  A s  a f i r s t  a t t empt  
3 r m e a b i l i t y  cu rves ,  t h e  r e s u l t s  i n  t h e  O t i s  r e p o r t  

h e o r e t i c a l  curves .  

n s  f o r  r e l a t i v e  pe rmeab i l i t y  which were considered 

e P i r s o n  e q ~ a t i o n , ~  and t h e  O t i s  mod i f i ca t ion  t o  

a r e  as fo l lows :  
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S a m p l e  No.  

1F 
2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 
19 

20 

21 

22 

23 

24 . 
25 
26 

27 

28 

29 

Tal  
N a -  

T ime 

6-23 PM 

6-23 PM 

6-24 AM 

6-24 PM 

6-25 AM 
6-25 PM 

6-26 AM 
6-26 PM 

6-27 AM 
-6-27 PM 

6-28 AM 
6-28 PM 

6-29 AM 

6-29 PM 

6-30 AM 
6-30 PM 

7- 1 AM 
7- 1 PM 
7- 2 AM 
7- 2 PM 
7- 3 AM 
7- 7 PM 
7- 8 AM 
7-10 AM 
7-10 PM 

7-11 PM 

7-12 AM 
7-13 AM 

7-13 PM 

A v e r a g e s  

e 4. EDNA DELCAMBRE No. 1 WELL 
-Ca GEOTHERMOMETER TEMPERATURES 

SAND No. 1 

D e p t h  12,573 - 12,605 

C a  N a  K 

PPm 

2030 

2100 

2000 

2030 

2070 

2070 

1770 

2030 
2100 

2070 

1970 

2030 

1970 

1930 

2070 

2070 

2030 
2100 

2070 

2070 

2070 

2030 

2100 

2100 

2100 

2130 

2070 

2100 

2045.7 

46,000 

47,000 

45,000 

46,000 

46,000 

47,000 

45,000 

47,000 

45,000 

50,000 

42,000 

45,000 

46,000 

47,000 

50,000 

45,000 

45,000 
43,000 

43,000 

45 000 

48,000 

44,000 

46,000 

46,000 

47,000 

45,000 

47,000 

43 000 

45,710 

290 

280 

280 

270 

290 

290 

280 

28 0 
290 

270 

290 

290 

280 

300 

290 

290 

290 
290 

290 

290 

290 

280 

290 

290 

260 

290 

300 

280 
285.7 

61025 

(:eo thermomet er 
t ,  O C  

105 
103 

105 

103 

105 

105 

105 

103 

106 

100 

108 

106 

104 

106 

103 
106 

106 
107 

107 

106 

104 

105 

105 

105 

100 

106 

106 

105 

104.86 

= 0.0511 M/R =1.987 M/R =0.00731 M / a  = 220.75"F 
35 
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Corey 

61025 

P i r s o n  

O t i s  

where 

k r g  '= [l 

k =  
r g  -l-(; 

k = re lat ive s a t u :  r w  

k = re lat ive sa tu :  
' r g  

S = s a t u r a t i o n  ( f :  

Sr = r e s i d u a l  sa tu :  
away by gas  f :  

Sm = s a t u r a t i o n  PO: 
. t o  gas. 

Figure 19 p l o t s  t h e  

along wi th  t h e  theo re t i c i  

f o r  Sr and S, were selec, 

k 

m r r 
(3) 

1/ 2 

:)] [1 -( (5) 
- sz)1'4 S1'2] d ra inage  

1 -- s 

s - s  

[1 - ( sm - lr)] ' Imbib i t i on  

s - s  312 

=( sm - lr) s3 r w  (7) 

. t i o n  t o  water . 

. t i o n  t o  gas  

c t i o n  of  po re  space f i l l e d  w i t h  wa te r )  

t i o n  of water i n  po res  a f t e r  mobile water i s  swept 
W 

t a t  which t h e r e  is  no f u r t h e r  continucjus flow p a t h  

e r m e a b i l i t y  r a t i o  and s a t u r a t i o n s  of gas i n  Table 4 

equa t ions  f o r  Sr = 0.2 and S, = 0.98. These va lues  

d s i n c e  they  are t h e  v a l u e s  r e p o r t e d  by O t i s  i n  

36 
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I AEo041180 
WATER SATURATION, fraction of pore space 

Figure 19. PLOT OF CALCULATED GAS SATURATIONS VS.-RELATIVE PERMEABILITY 
RATIO COMPARED WITH COREY, PIRSON, AND OTIS THEORETICAL PEIU4EABILITY 

RATIOS. THE CALICULATED SATURATIONS (triangles) WERE OBTAINED 
FROM THE DRAWqOWN PRODUCTION TESTS AND THE ASSUMPTION THAT 

THE RATIO OF GAS/WATER PRODUCTION WAS THE SAME AS THE 
IN-PLACE GAS/WATER RATIO 

I 

I 
I N S T I T U T E  

I 
O F  
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. 

.- 
Q, 
Q 

L 

w 
3 
(R 
v) w 

a 

a a 

1,000 

IO, 500 

W 
J 

g 10,000 
3 
0 
0 

9500 
3 

Figure 20. PLOT OF PRODU 

EDN 
IN WATER FOR THE 1977 

I N S T I T U T E  

IlTlAL RESERVOIR PRESSURE 

6/24 - 71 3 DRAW DOWN 
TEST SERIES 

\ 

\ 

7/7 -7112 TESTS 

IO 20 30 40 

RE€ GAS PRODUCTION, SCF/bbl 
A78 I I32 29 

CION OF FREE GAS IN EXCESS OF THAT DISSOLVED 
tODUCTION TESTS OF THE NO. 1 SAND IN THE 
DELCAMBRE NO. 1 WELL 

38 
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I n  Table  5, i t  

down sequence, t h e  gas1 

t h e i r  a n a l y s i s .  From F i g u r e  1 9 ,  i t  f i r s t  appears  t h a t  t h e  P i r s o n  equa t ions  

may be t h e  b e s t  t h e o r e t i c a l  equa t ions  t o  use.  
/I 

however, s i n c e  t h e  assumption used t o  o b t a i n  t h e  s a t u r a t i o n s  may n o t  be 
1 4  

c o r r e c t .  
1 must be considered.  

t h e o r e t i c a l  cu rves  come c l o s e r  t o g e t h e r .  

This  r e s u l t  is  not  conc lus ive ,  

Also, t h e  p r k s s u r e  e f f e c t  i n  gas  product ion as shown i n  F igu re  20 

And, i f  Sm i s  set  equa l  t o  1 . 0  r a t h e r  than. 0.98, t h e  
II 

i s i o b s e r v e d  t h a t  f o r  t h e  f i r s t  t h r e e  s t e p s  i n  t h e  draw- 

p roduc t ion  w a s  e s s e n t i a l l y  equa l  t o  t h e  amount of gas 

6/24-6126 23.7 
6/26-6127 20.8 
6/27-6129 21.0 
6129-711 28.2 
7/  1-713 52.0 

* I S a t u r a t i o n  i s  c a l c u l a t e d  on t h e  assumption t h a t  t h e  gas  and water product ion 
are i n  t h e  same p r o p o r t i o n s  as t h e ' i n - p l a c e  water and gas  nea r  t h e  w e l l .  
This  assumption is t r u e  only f o r  one s p e c i f i c  s a t u r a t i o n  which is dependent 
on t h e  relative p e r m e a b i l i t i e s .  I n  g e n e r a l ,  t h i s  assumption w i l l  no t  be 
t r u e ,  and e i t h e r  more water o r  more gas  w i l l  b e  produced comrlared t o  t h e  
i n  s i t u  gas lwa te r  p r o p o r t i o n s .  

I1 

1 

1 23.0 -- -- 10,600 --- 1 
; 22.9 -- -- 10,380 --- : 22.8 -- -- 10,200 --- 
j 22.7 5.5 0.00021 10,100 0.003 
i 22.7 29.3 0.00116 9,880 0.014 

39 
I' 

7/ 9-7/10 57.7 
7/11-7112 58.8 

I N S T I T U T E  
I 

1 22.6 35.1 0.00138 9,740 0.017 
1 22.6 36.2 0.00309 9,650 0.017 

O F  G A S  T E C H N O L O G Y  
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Finding t h e  Right Model 

s p e c i f i e d  water product ion.  

e f f e c t  t o  g e t  a match of t h e  

II 
II 
II 

Afte r  a cons ide rab le  amount of work and computer s imula to r  runs  w i t h  t h e  

two-dimensional r a d i a l  coning model, i t  became apparent  t h a t  t h e  d i spe r sed  

gas  phase model w a s  n o t  c o r r e c t  t o  d e s c r i b e  t h e  excess  gas  i n  t h e  Delcambre 

No. 1 sand. The e f f o r t  w a s  then s h i f t e d  t o  eva lua t ion  of o t h e r  proposed 

models t o  determine which one might be c o r r e c t .  I The b e s t  cand ida te  w a s  t h e  

f r e e  gas cap model, which w a s  1 d i scussed  i n  some d e t a i l  by Charles  l latthews, 

so an e f f o r t  w a s  s t a r t e d  t o  model t h i s  theory.  This  r equ i r ed  t h e  use  of 
Intercomp's three-dimensional i s imula to r ,  Beta 11. This  e f f o r t  came t o  t h e  

I/ 
II 
I1 

conclusion t h a t  t h i s  model a l s o  d i d  n o t  match t h e  experimental  d a t a  on t h e  

excess  gas ,  bu t  t h a t  a computer match t o  t h e  start  t i m e  occurred when t h e  

There w a s  no a t tempt  t o  match t h e  w e l l  bore  s k i n  

c a l c u l a t e d  and measured bottom h o l e  p re s su re .  

40 /I 

d id .  From t h i s  c a l c u l a t i o n ,  i t  appears  t h a t  t h e  proposed model of a sudden 

flow of gas  from a d i spe r sed  system w i l l  no t  adequate ly  match t h e  d a t a .  

I N S T I T U T E  O F  G A S  T E C H N O L O G Y  
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.95 .9t 

Figure 21. 
DISPERSED GA: 

I N S T I T U T E  

on 

\ 

I 1 

Water S a t u r a t i o n  ( f r a c t  i on ) 

.97  .98 .99 1 . o  

RELATIVE PERMEABILITY CURVE USED FOR 
- RELATIVE PERMEABILITY TURN-ON MODEL 
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Table  6 .  INPUT PA 
PEN 

C y l i n d r i c a l  Syr 

Permeab i l i t y  

Thickness 

P o r o s i t y  

I n i t i a l  Pressui  

T o t a l  Compress: 

I n i t i a l  Gas Sat 

I n i t i a l  Free  Gz 

Table  7. RELATIVE PERME 

Water 
S a t u r a t i o n  

0.9870 
0.9880 
0.9885 
0.9886 
0.9900 

Table  8. P-V 

P r e s s u r e  
( p s i  1 

10,000 
10,868 

GE 
Saturz  

( S C F I  

20. 
20. 

Table  9. 

Drawdown 
Step  

1 
2 
3 
4 
5 

0 I N S T I T U T E  

61025 

AMETERS FOR DISPERSED-PHASE RELATIVE 
ABILITY TURN-ON MODEL 

e t r y  

396 md 

30 f t  

0.293 

10,868 p s i  

i l i t y  21.7 x 10-6 psi-' 

r a t i o n  20.5 SCF/bbl 

0.01139 

3ILITY TABLE (over  range of c a l c u l a t i o n s )  

K K -rg- 

0.9366 0.0018 
0.9414 0.0012 

0.0006 0.9438 
0.0000 0.9442 
0.0000 0.9510 

-rw- 

ATA (over  range of ca l cu laE ions )  

Water Gas 
ion Vi scos i ty  Vi scos i ty  
TB) (CP) (CP) 

0.0349 
0.0365 

0.3605 
0.3664 

WATER PRODUCTION SCHEDULE 

T i m e  Flow 
(hours  ) (.b b 1 /day)  

0-50 1163 
50-98 1980 
98-146 3150 

146-194 4707 
194-233 5951 

F 
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F i g u r e  22. COMPARISON OF ACTUAL GAS FLOW FROM THE EDNA DELCAMBRE NO. 1 SAND WITH THE 
CALCULATED GAS FLOW USING THE DISPERSED GAS - RELATIVE PERMEABILITY TURN-ON MODEL 
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APPENDIX A. Ratio 
Edna Delcambre No. 1 

I N S T I T U T E  

1 

f Produced Gas to Produced Water From DOE'S 
Zeopressured-Geothermal Aquifer Gas Well Test 

61025 
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RATIO 0 
DOE'S EDNA 

Abs t r ac t  

A paper  p re sen ted  

Geopressured-Geotliermal 

produced gas  t o  produce 

w e l l  w a s  due t o  f r e e  ga 

Th i s  hypo thes i s  w a s  exa  

r e p o r t e d  on ly  average g 

flow rate. 

Subsequent p u b l i c  

d e p a r t u r e s  from t h e  p r e  

d a t a  now i n  t h e  p u b l i c  I 

t e s t e d .  

T h i s  paper  describl  

d u c t i o n  w i t h  computer s 

of gas  i n  excess of t h a  

c o n s i d e r s  t h e  gas  t o  be 

c o n s i d e r s  t h e  gas  as a 1 

r evea led  t h a t  t h e  dispe.  

t o  p l o t s  of gas  product  

match of t h e s e  p l o t s  t o  

model gave a c h a r a c t e r i :  

p rov ide  an approximate : 

on ly  about 400 f e e t  fro1 

Because t h e  geoiog: 

several thousand f e e t  ai 

d i s t a n c e  t o  t h e  nearby I 

of t h e  excess  f r e e  gas  : 

w e l l s .  The gas  sou rce  : 

c o n t a c t  w i t h  t h e  No. 1 I 

I N S T I T U T E  

PRODUCED GAS TO PRODUCED WATER FROM 
IELCAMBRE NO. 1 GEOPRESSUWD-GEOTHERMAL 

AQUIFER GAS WELL TEST 

Leo A. Rogers 
P h i l i p  L. Randolph 

I n s t i t u t e  of Gas Technology 

r t h e  I n s t i t u t e  of Gas Technology (IGT) st  t h e  Third 

Snergy Conference hypothesized t h a t  t h e  high r a t i o  of 

water from t h e  No. 1 sand i n  t h e  Edna D2lcambre No. 1 

trapped i n  po res  by i m b i b i t i o n  over g e o l o g i c a l  t i m e .  

.ned i n  r e l a t i o n  t o  p re l imina ry  test dataz which 

;-to-water r a t i o s  over  t h e  roughly 2-day s t e p s  i n  

!lease of d e t a i l e d  t e s t  d a t a  r evea led  s u . > s t a n t i a l  

.ously r e p o r t e d  computer s i m u l a t i o n  r e s u l t s .  Also, 

imain reveal t h e  e x i s t e n c e  of a gas  cap m t h e  a q u i f e r '  

i I G T ' s  e f f o r t s  t o  match t h e  observed gas lwa te r  pro- 

iulation.: Two models f o r  t h e  occurrence and product ion 

d i s s o l v e d  i n  t h e  b r i n e  have been used. One model 

Aspersed i n  po res  by i m b i b i t i o n ,  and t h e  o t h e r  model 

sarby f r e e  g a s  cap above t h e  a q u i f e r .  The s t u d i e s  

ed gas  model c h a r a c t e r i s t i c a l l y  gave t h e  wrong shape . 

In on t h e  gas/water  r a t i o  p l o t s ,  and no r easonab le  

he flow d a t a  could b e  achieved.  The f r e e  gas  cap 

i c a l l y  b e t t e r  shape t o  t h e  p roduc t ion  p:Lots and could 

t t o  t h e  d a t a  i f  t h e  edge of t h e  f r e e  gi2S cap i s  

t h e  w e l l .  

a1 s t r u c t u r e  maps i n d i c a t e  t h e  f r e e  gas  cap t o  be 

y and t h e  computer s i m u l a t i o n  r e s u l t s  match t h e  

lcambre w e l l s  4 and 4 A ,  i t  appea r s  t h a t  t h e  sou rce  

t h e  test of t h e  No. 1 sand may be from t h e s e  nearby 

probably a s e p a r a t e  gas  zone and is brought i n t o  

nd via a condui t  around t h e  N o .  4 w e l l .  

4 9  
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a n a l y s i s  are contained i n j a  

D O E . 2 ~ 3  While bo th  zones 

could b e  d i s s o l v e d  i n  t h e  
. 3  

11 
RATIO OF PRODUCED GAS TO PRODUCED WATER FROM 

DOE'S EDNA DELCAMBRE NO. l'GEOPR.ESSURF,D-GEOTHERMAL 
11 AQUIFER GAS WELL TEST 

I series of r e p o r t s  prepared by t h e  c o n t r a c t o r s  and 

iproduced n a t u r a l  gas  i n  excess  of t h e  amount t h a t  

b r i n e ,  t h e  sou rce  of t h e  excess gas  i n  t h e  upper 1 

61025 

I 
is lowered around t h e  w e l l ]  by r ap id  product ion,  gas exsolves  from t h e  s o l u t i o n  

51 
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and mig ra t e s  t o  t h e  t o p ,  where i t  i s  produced l i k e  a gas  cap. A f o u r t h  theo ry  

is t h a t  t h e  gas  came frdm a zone above o r  below t h e  p e r f o r a t e d  i n t e r v a l ,  t h e  

free gas having moved through a channel  i n  t h e  cement annulus  between t h e  It 
w e l l  c a s ing  and t h e  well!  'i bore  w a l l .  Th i s  could r e s u l t  from a poor cement 

job.  A f i f t h  theo ry  i s  t h a t  t h e  gas came from t h e  nearby Edna Delcambre No. 4 

o r  No. 4A w e l l ,  which had flow p a t h s  i n  t h e i r  w e l l  bo res  o r  a n n u l i .  

Of t h e s e  t h e o r i e s ,  t h e  f i r s t  two have been given modest amounts of 

cons ide ra t ion .  QualitatrLve and s e m i q u a n t i t a t i v e  p l a u s i b i l i t y  arguments f o r  

t h e  f i r s t  t heo ry  - t h e  gas  cap theo ry  - have been r e p o r t e d  by C.  L. Matthews 

fo l lowing  t h e  Third Geopressured-Geothermal Energy Conference and t h e  i n t r o -  

duc t ion  of t h e  dispersed-gas-phase theo ry  by Randolph.' The purpose of t h i s  

r e p o r t  i s  t o  d e s c r i b e  t h e  p rogres s  made t o  d a t e  a t  t h e  I n s t i t u t e  of Gas 

4 II 
I1 
II 
II 

II 
II 

Technology (IGT) t o  ana lyze  I1 t h e  d a t a  concerning t h e  Edna Delcambre No. 1 w e l l  

test and t h e  gas producGion i n  o r d e r  t o  determine which model b e s t  d e s c r i b e s  

t h e  occurrence of t h e  excess  free gas from t h e  No. 1 sand i n  t h e  Delcambre 

No. 1 w e l l  and e v a l u a t e  t h e  p o s s i b l e  occurrence of such d i spe r sed  gas  i n  

geopressured a q u i f e r s  i n  g e n e r a l .  li 
ll 

il Product ion T e s t  Data 

II The product ion tese of t h e  No. 1 sand c o n s i s t e d  of a f i v e - s t e p  drawdown 
II 

ll 
test  followed by a bu i ldup  tes t  and then  t h r e e  a d d i t i o n a l  s h o r t e r  t e r m  flow 

and shu t - in  tests. F igu re  A-1 shows t h e  r e s u l t i n g  p r e s s u r e  and product ion 

da ta .  

e s s e n t i a l l y  on ly  b r i n e  w i t h  d i s so lved  gas f o r  t h e  f i r s t  t h r e e  s t e p s  of t h e  

m u l t i s t e p  drawdown t e s t ?  The excess  gas d i d  no t  occur u n t i l  t h e  f o u r t h  s t e p  

a t  about 160 hours  a f t e r  t h e  beginning of t h e  t e s t .  Once t h e  e x t r a  gas  began 

product ion,  i t  then  contiinued through a l l  t h e  subsequent flow pe r iods .  

F igu re  A-2 shows t h e  gas/water  r a t i o .  Note t h a t  t h e  w e l l  produced I 
II 
II 

It 
I1 
II 
11 

I/ 
A Hewlett-Packard down-hole p r e s s u r e  gauge provided bottom-hole p r e s s u r e  

f o r  most of t h e  test  pe r iod .  Product ion w a s  through v a r i a b l e  and f i x e d  chokes 

and a gas/water  s e p a r a t o r .  

t h e  s e p a r a t o r  system: 

d a t a  were obtained and r e p o r t e d  by O t i s  E n g i n e e r i ~ ~ g . ~  

The produced gas w a s  measured a t  two p o i n t s  i n  

one a t  "high s t age"  and one a t  "low s t age . "  The flow 

Water and gas samples 
6 were taken and analyzed by McNeese State  Un ive r s i ty .  

52 4 
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JUNE 1977 JULY 1977 
I 

I 

Figure A-1. WELL TEST DATA FOR DELCAMBRE NO. 1, SAND NO. 1 
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Area D r i l l i n g  and Product ion  

The Edna Delcambre No. 1 w e l l  is i n  an area which has  had c:onsiderable 

e x p l o r a t i o n  and product ion  p r i o r  t o  t h e  DOE test. 

o t h e r  ac t iv i t i e s  had ad i n f l u e n c e  on t h e  s t a t u s  of t h e  r e se rvo i r ,  around t h e  

test w e l l .  A summary of t h e  d r i l l i n g  and gas  product ion  i n  t h e  area by 

Don Clark7 is a follows(>: 

It is  p o s s i b l e  t h a t  t h e s e  
I 

I) 

"The P l a n u l i n a  sans zone of t h e  T i g r e  Lagoon F i e l d  comprises 
s e v e r a l  de f ined  sand r e s e r v o i r s  of which s e v e r a l - h a v e  produ.ced 
gas  i n  commercial b u a n t i t i e s  over  t h e  p a s t  20 yea r s .  The E:dna 
Delcambre No. 1 w e l l  w a s  d r i l l e d  by t h e  Coas ta l  S ta tes  Gas 
Producing Company and w a s  i n i t i a l l y  completed i n  t h e  P lanu l ina  8 
geopressured gas  sand w i t h  p e r f o r a t i o n s  between 13,716 f e e t  t o  
13,726 f e e t .  The I n i t i a l  bottom-hole p r e s s u r e  w a s  measured a t  
11,736 p s i  on February 1, 1968. 
of gas  b e f o r e  i t  w a s  recompleted i n  t h e  P lanu l ina  No. 7 sand i n  
March 1970. 
PI.anulina No. 7 sand. 

"The w e l l  w a s  recompleted i n  t h e  P lanu l ina  No. 6 gas  sand i n  
September 1971 and1 produced 4,058,307 MCF of  gas  be fo re  d e p l e t i n g  
t h e  sand i n  March 1975, a t  which t i m e  i t  w a s  t emporar i ly  

The w e l l  produced 5,551,490 MCF 

The w e l l  produced 270,491 MCF of  gas  from t h e  

I 

abandoned. // 
I 
I 

I 
"Coastal  S t a t e s  d r i l l e d  t h e  Delcambre No. 4, a k00-foot o f f s e t  
t o  t h e  Delcambre No. 1 w e l l  and completed t h e  w e l l  i n  t h e  
P l a n u l i n a  No. 8 sand du r ing  December 1969. 
5,217,813 MCF of gas  and blew o u t  du r ing  a workover and w a s  
plugged and abandoned i n  October 1971. 

If 
"The Coas t a l  S t a t e s  E. Delcambre No. 4A w a s  d i r e c t i o n a l  d r i l l e d  
t o  k i l l  t h e  Delcamgre No. 4 w e l l  which w a s  blowing ou t  
underground. 
completed i n  t h e  P l a n u l i n a  No. 1 sand i n  November 1971. This  
completion produced 3,666,867 MCF of gas b e f o r e  i t  w a s  junked 
a f t e r  k i l l i n g  E. Delcambre No. 4 w e l l  a second t i m e .  
underground mishaps may have some bea r ing  on f u t u r e  tests 
conducted on t h e  Delcambre No. 1 i n  t h e  P lanu l ina  sand s e c t i o n .  

"Union O i l  Company, t h e  o f f s e t  ope ra to r  t o  t h e  Delcambre l e a s e ,  
d r i l l e d  and completed t h e  E. E. Broussard No. 8 w e l l  i n  t h e  
P lanu l ina  No. 8 sand i n  November 1968. 
3,607,836 MCF of gas ,  59,897 b a r r # e l s  of condensate ,  and 524,527 
b a r r e l s  of s a l t  water b e f o r e  wa te r ing  ou t  i n  March 1971. 
w e l l .  w a s  recompleted i n  t h e  upper p a r t  of t h e  No. 8 sand and 
produced 34,625 MCF of gas  b e f o r e  sanding  up. 
completed i n  P lanu l ina  No. 7 sand du r ing  January 1972. 

"The f i n a l  completion of t h e  w e l l  w a s  i n  t h e  P l a n u l i n a  NO. 2 
sand where i t  produced 331,628 MCF of gas  and sanded up i n  
1974. 

The w e l l  produced 

This  ) w e l l ,  a f t e r  k i l l i n g  t h e  blow o u t ,  was 

These 

I 

j/ 

This  w e l l  produced 

The 

The w e l l  w a s  

I 
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"Union E. Dugas No. 7 
i n  A p r i l  1969 and, thi  
20,316,137 MCF of gas 
3,168,428 b a r r e l s  of I 

Union E. E. Broussarc 
No. 6 sand i n  March l! 
duced 15,199,921 MCF ( 

w a s  opened i n  t h i s  N o ,  
3,803,073 MCF of gas  1 

r e s u l t e d  i n  t h e  blowoi 

I 1  

"The P l a n u l i n a  No. 1 I 

No. 3 w e l l  from Febru: 
duc t ion  f o r  t h i s  w e l l  
condensate and water. 

''In r e t r o s p e c t  , most i 

been produced i n  corn6 
T i g r e  Lagoon F i e l d .  : 
Engineering and perfoi 
i s  t h e  same sand d e s i )  
P l a n u l i n a  No. 3 Sand. 
s a t u r a t i o n  i n  t h e  E. 1 
t h i s  w e l l  i n  . t h e  very 
duced commercial gas ; 
June 1977 i n  t h e  Delci 

"The d i s c u s s i o n  of the 
t h e  Delcambre No. 1 w( 
above gas  product ion 1 
is  made known t o  t h e  1 

d e f i n i t e l y  expect  a gi 
p o s s i b i l i t i e s  of some 
r e l a t i v e l y  high s t r u c i  
The e f f e c t  of t h e  undc 
communication could cl 
t h e  g e n e r a l  w e l l  area 

F igure  A-3 i s  a s t r u c l  

sand) as r e p o r t e d  by Matthc 

by Clark.  There are some c 

f e a t u r e s  are similar. Fro1 

f a u l t  t o  t h e  east and some 

g e n t l y  upwards t o  t h e  nortl  

Wirel ine W e l l  Logs 

Figure A-5 t o  A-9 she> 

(P lanu l ina  No. 3 ) .  Examin, 

I N S T I T U T E  

as completed i n  t h e  P l a n u l i n a  No. 8 sand 
ugh December 1978, had produced 
422,769 b a r r e l s  of condensate,  and 
It water. 

No. 9 w a s  completed i n  t h e  P l a n u l i n a  
9 and, through December 1978, had pro- 

gas.  The Coas t a l  S t a t e s  No. 4D w e l l  
6 sand i n  December 1968 and produced 
en communication between sand members 

and e a r l y  abandonment of t h e  w e l l .  

nd w a s  produced i n  t h e  Eraste Thibodeaux 
y 1967 t o  January 1969. The t o t a l  pro- 
as 799,229 MCF of gas a long wi th  some 

1 t h e  sands i n  t h e  P l a n u l i n a  Zone have 
c i a 1  q u a n t i t i e s  from w e l l s  i n  t h e  
e N o .  1 sand, des igna ted  by OHRW 
t e d  between 12,751 f t .  t o  12,605 f t . ,  
a t e d  by Union O i l  Company as t h e  
Th i s  sand has  some 50 f t .  of gas  
gas No. 7 w e l l  and w i l l  be  produced by 
ear f u t u r e . . . .  This  sand had n o t  pro- 

t h e  t i m e  of t h e  geopressured test of 
b r e  No. 1 w e l l .  

61025 

geopressure product ion behavior  of 
1 would no t  be r e l i a b l e  u n l e s s  t h e  
s t o r y  of t h i s  P l a n u l i n a  age sand s e c t i o n  
viewer.  I n  o t h e r  words, one should 

s a t u r a t e d  a q u i f e r  as w e l l  as high 
linor f r e e  gas s a t u r a t i o n  i n  t h e  
ra l  p o s i t i o n  i n  t h e  P l a n u l i n a  sands.  
ground blowouts and in t e r - sand  
nge t h e  normal s a t u r a t i o n  expected i n  

re  map of t h e  DOE No. 1 sand ( t h e  Planu i n a  No. 3 

s Y 3  and F igure  A-4 is  t h e  s t r u c t u r e  map r epor t ed  

f f e r e n c e s  between t h e s e  two maps, bu t  t h e  g e n e r a l  

t h e  w e l l  l o c a t i o n ,  t h e r e  i s  a major north-south 

dd ' i t i ona l  f a u l t i n g  t o  t h e  south.  The zone s l o p e s  

where t h e r e  i s  a gas cap i n  a s t r u c t u r a l  high.  

t he  log d a t a  over  t h e  i n t e r v a l  of t h e  No. 1 sand 

. ion of t h e s e  f i g u r e s  i n d i c a t e s  t h a t  t h e r e  are 
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TlGRE LAGOON FIELD 
V-0 8 l k i r  Prbh.l, 

STRUCTURE MAP 
NUMBER ONE SAND 

CI. loo fa 4/18/70 

0 

Figure  A-3. STRUCTURE MAP AS REPORTED BY MATTHEWS.3 (Or ig ina l  Scwrce Was 
an FPC' F i l i n g  by Coas t a l  S t a t e s  Gas) 

57 
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Figure A-4. STRUCTl 

I 
I N S T I T U T E  

61025 

E MAP AS S U P P L I E D  BY J .  DONALD CLARK 
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I 

Figure A-5. WELL LOG OF THE NO. 1 SAND 

I 
I 

I 
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RECORDED COLLARS 

' 
C W R f t l E D  COLLAR! 

r 

Figure  A-6.  

I N S T I T U T E  

61025 

WELL LOG OF THE NO. 1 SAND 

O F  

60 

G A S  T E C H N O L O G Y  



2 / 8 0  61025 

I N S T 

I 
I! 

INTERVAL TRANSIT TIME mANEouf Wlm 
m-canactnwm 

CALIPER 

I 
I! 

INTERVAL TRANSIT TIME mANEouf Wlm 
m-canactnwm 

CALIPER 

, 
Figure A-7. 

11 

I 

WELL LOG OF THE NO. 1. SAND 
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F i g u r e  

I N S  T I T U T E  

. WELL LOG OF THE N O .  1 SAND 

O F  
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Figure  A-10 p r e s s u r e  d a t a  f o r  t h e  f i r s t  s t e p  of t h e  m u l t i s t e p  

drawdown test .  Note t h e  d a t a  can reasonably  be  f i t t e d  w i t h  several 

61025 

l a y e r s  would normally b e  

t h e  producing in te rva l .  

expected t o  be the bounding and conf in ing  l a y e r s  f o r  

Analys is  of  Test Data 

from t h e  w e l l .  

of  p r e s s u r e  d a t a  f o r  t h e  

Hewlett-Packard p r e s s u r e  

f i r s t  shut - in  were miss ing .  The use  of  t h e  down-hole 

gauge, however, provided reasonably  good bottom-hole 
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'"'7 PSI/cYCLE - -22.73 
PCI HOUR> - 10639.12 
TItlEC0) - 8.88 
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Figure  A-10.  PLOT OF PRESSURE VERSUS LOG TIME FOR FIRST DRAWDOWN 
I 

s t r a i g h t - l i n e  segments. From t h e  s l o p e s  and i n t e r c e p t s  of t h e s e  s t r a i g h t -  

l i n e  segments,  t h e  pern isab i l i ty  th i ckness  i s  c a l c u l a t e d  t o  be  about  3,000 

m i l l i d a r c y s - f t .  I f  an estimate i s  made f o r  t h e  miss ing  b r i n e  flow d a t a  and 

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

a n a l y s i s  based on suppos i t i on  ( see  r e f e r e n c e  8 ) ,  then t h e  r e s u l t s  a r e  seen  i n  

F igu re  A - 1 1 .  This  p l o t  has  s u f f i c i e n t  sca t te r  t h a t  i t  is  d i f f i c u l t  t o  d e t e r -  

mine where s t r a i g h t - l i n e  segments should be  f i t t e d .  The p l o t  a l s o  shows t h a t  

t h e r e  are probably some i n a c c u r a c i e s  so t h a t  c a u t i o n  i s  i n d i c a t e d  i n  ana lyz ing  

t h e  d a t a .  

The p r e s s u r e  build-up d a t a  f o r  t h e  shu t - in  pe r iods  are p l o t t e d  i n  

F igure  A-12. Alt?iough t h e  f i r s t  few hours  of t h e  f i r s t  test are  miss ing ,  t h e  

f o u r  p l o t s  are similar i n  shape and show t h e  e x i s t e n c e  of a change i n  s l o p e  

a t  about  5 hours .  Th i s  corresponds t o  an  apparent  d i s t a n c e  of about 1900 f e e t  

t o  a f low b a r r i e r .  This  d i s t a n c e  i s  i n  g e n e r a l  agreement w i t h  t h e  geology of 

t h e  area, which shows a major north-south f a u l t  about  t h i s  d i s t a n c e  from t h e  

w e l l  a t  t h e  No. 1 s a n d ' h o r i z o n .  

A n  a n a l y s i s  of t h e s e  p r e s s u r e  d a t a  w a s  a l s o  made by J .  Donald Clark. '  

I n  h i s  a n a l y s i s ,  g iven  i n  Table A-1,  h e  n o t e s  a d d i t i o n a l  b a r r i e r s  both c l o s e r  
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suncoCJ,-oCJ-l,).LOO<t-tCJ-l)) 

Figure  A-11. PLOT OF PRESSURE VERSUS THE SUMMATION FUNCTION I 
FOR MULTIRATE TESTS (See Appdenix B. )  

and more d i s t a n t  t han  1900 f e e t .  His a n a l y s i s  is  based on d a t a  from nearby 

w e l l s  i n  a d d i t i o n  t o  t h e  DOE Delcambre N o .  1 w e l l .  H i s  a n a l y s i s  t h e o r i z e s  

e x i s t e n c e  of a second s e a l i n g  'I 

t h e  w e l l ,  such t h a t  t h e  w e l l  I/ i s  producing from i n s i d e  t h e  pie-shaped s e c t o r .  

f a u l t  a t  a n  a n g l e  of about 60 deg rees  t o  t h e  
II 
II 

II 

f i r s t  f a u l t  and a t h i r d  f a u l t  t h a t  c u t s  o f f  t h e  t i p  of t h e  60-degree p ie -  

shaped producing area. Other f low boundar ies  are  t o  t h e  sou th  and w e s t  of  

F igu re  A-13  i s  h i s  a n a l y s i s  of t h e  f a u l t  l o c a t i o n s  from t h e  r e s e r v o i r  l i m i t  

tes t  a n a l y s i s .  

The many j o g s  i n  t h e  p r e s s u r e  and f low d a t a  du r ing  t h e  p roduc t ion  p e r i o d s  
II 
It 
/I 
II 
I I  
It 
I /  
II 

i n d i c a t e  t h a t  t h e r e  may have been occas iona l  s lugg ing  of gas  and b r i n e  i n t o  

t h e  w e l l  from t h e  s u r r o u n d h g  r e s e r v o i r .  

could b e  approximately matched us ing  a v a l u e  of about  3,000 m i l l i d a r c y s - f t  

f o r  t h e  f i r s t  two s t e p s  and about  5,000 m i l l i d a r c y s - f t  f o r  t h e  las t  two s t e p s  

a f t e r  t h e  o n s e t  of  t h e  excess  gas .  The f i r s t  i n c r e a s e  occurred  a t  about  

85  hours  i n  t h e  l a t t e r  p a r t  of  t h e  second s t e p .  It i s  a l s o  p o s s i b l e ,  from 

t h e  complexity of  t h e  p r e s s u r e  d a t a  and t h e  m u l t i p l i c i t y  of  sands  as  evidenced 

by t h e  w e l l  l o g s ,  t h a t  variious l a y e r s  could begin  product ion  a t  d i f f e r e n t  

t i m e s .  

The f i v e - s t e p  drawdown sequence 

1 
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Time , 
days 

0.004 

0.600 

0.770 

2.083 

Table A-1. 

Distance , 
ft 

154 

1886 

2137 

35.5 

* 
Analys,s by J. Dona 
of plot of pressure ve 

Assumed constant flow 

Porosity = 0.293 

Viscosity = 0.386 

Height = 30 ft 

Water volume factor = 

I N S T I T U T E  

LCAMBRE NO. 1 WELL NO. 1 SAND RESERVOIR 
, LIMIT TEST" 

Plot Slope, Flow Angle, 
2 s  i / cycle degrees 

24.5 

' 49.0 

12 .5  

.ark based on fir drawdown t 

360 

180 

Gas zone 

61025 

I 

I 

t (June 23-24, 1 9 7 7 ) ,  
,us log time and the following data: 

.te = 1163 bbl/day 

04 Reservoir bbl/bbl 
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A t a b u l a t i o n  of t h e  va r ious  v a l u e s  f o r  kh obta ined  from a p p l i c a t i o n  of 
I1 t h e  m u l t i r a t e  theory i s  given i n  Table A-2. A t a b u l a t i o n  of t h e  d a t a  and 
I1 

Appendix B. 

Water and Gas Composition 

Both b r i n e  and gas  s 

by McNeese S t a t e  Univers i  

changes which would be  as 

showed no observable  chan 

The composition of  t h e  m i  

a s i g n i f i c a n t  change a s s o  

p l o t s  t h e  percentage  of e 

per iod .  Note t h a t  when t 

and butane approximately 

reduced almost by h a l f .  

a d i f f e r e n t  composition a 

b r ine .  Ethane and butane 

p l o t s  of t h e  d a t a  segments used f o r  t h e  piecewise a n a l y s i s  a re  given i n  

ip les  were analyzed f o r  t h e i r  chemical c o n s t i t u e n t s  

These r epor t ed  ana lyses  w e r e  eva lua ted  f o r  

i 
I 

I 
i' 
i 
) c i a t e d  w i t h  t h e  onse t  of f r e e  gas .  The b r i n e  d a t a  

i n  t h e  ion  concen t r a t ions  throughout t h e  test .  

)r c o n s t i t u e n t s  i n  t h e  n a t u r a l  gas ,  however, shoved 

.ated wi th  t h e  onse t  of t h e  f r e e  gas .  Figure A-14 

lane, butane,  and carbon d iox ide  over  t h e  tes t  

: excess gas  w a s  produced, t h e  percentages  of  e thane  

p r e f e r e n t i a l l y  conaen t r a t  

concent ra ted  i n  t h e  b r i n e  

composition could a l s o  re 

source .  

Gas S o l u b i l i t y  and S a t u r a  

Analysis  of t h e  gas  

t h e  drawdown t e s t ,  b e f o r e  

20.5 SCF/bbl ( inc lud ing  t 

temperature  and p res su re )  

Un ive r s i ty  r epor t ed  so lub  

and t h e  au tho r s  of t h e  re 

s a t u r a t e d .  Methane so lub  

For t h e  cond i t ions  of t h e  

methane s o l u b i l i t y ,  accor  

b r i n e  is about 89% N a C 1 ,  

The gas  composition is  90 

b r i n e  should,  t h e r e f o r e ,  

The r e s u l t s  of Blount and 

I N S T I T U T E  

mbled,  whi le  t h e  percentage  of carbon d ioxide  w a s  

lis i s  convincing evidence t h a t  t h e  excess  gas  had 

I probably came from f r e e  gas  i n  con tac t  w i t h  t h e  

being less s o l u b l e  i n  w a t e r  than methane, would 

i n  t h e  f r e e  gas  cap ,  and carbon d iox ide  would be  

- a the r  than  t h e  gas  cap. This  d i f f e r e n c e  i n  

ilt i f  t h e  gas  w a s  from a p rev ious ly  disconnected 

/ 

.on 

id water  flow rates  du r ing  t h e  f i rs t  two s t e p s  of 

:he excess  gas  began, gave t h e  va lue  of about 

: gas s t i l l  d i s so lved  i n  t h e  b r i n e  a t  t h e  s e p a r a t o r  

- 

The recombination s t u d i e s  by McNeese State 

. i t i e s  of 2 2 . 8  t o  24.0 SCF/bbl to be f u l l y  s a t u r a t e d ,  

)r t  suggested t h a t  t h e  a q u i f e r  might no t  be  f u l l y  
. i t y  i n  b r i n e  w a s  a l s o  r e c e n t l y  r epor t ed  by Blount .  1 2  

lo. 1 sand ( 1 3 . 3 %  sa l t ,  10,830 p s i ,  378'K), t h e  

.ng t o  h i s  equat ion ,  is  2 5 . 4  SCF/bbl. The Delcambre 

o t h e r  c h l o r i d e s ,  and 6% o t h e r  d i s so lved  s o l i d s .  

methane. B loun t ' s  equat ion  f o r  methane i n  N a C l  

! reasonably  c l o s e  f o r  t h e  Delcambre gas  s o l u b i l i t y .  

.he McNeese r e s e a r c h e r s  ag ree  wi th  each o t h e r  and 
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I 

I 

I 

I 
11 

Table A-2B. PERMEABILITIES-THICKNESS (kh) VALUES BY OTIS ENGINEERING 
DELCAMBRE NO. 1 WELL, SAND NO. 1 TEST SERIES 

I 

I Test 
Sequence 1 

Number Date - - - 
I 

1 6 / 23-6 / 2 5 

2 6/26-6127 

3 6 128-6 I29 

4 6130-7 I1 

5 7/ 2-713 

(See Appendix B.) 

T ~ e  Test 

6 7/ 3-717 

I 

7 71 7-718 

8 71 8-719 

9 7/ 9-7/10 

10 7 110-7/11 
11 7/11-7112 
12 7 112-7113 

I 

I N S T I T U T E  

Drawdown 

Drawdown 

Drawdown 

Drawdown 

Drawdown 

Buildup 

Drawdown 

Buildup 

Drawdown 

Buildup 

Drawdown 
Buj.ldup 

71 

O F  G A S  

kh (md-ft) 

2,939 
4,524 

5,878 

5,095 
-- 
1,406 
2,716 
5,181 

8,697 - 

8,840 

6,181 

11,677 
12,206 

6,666 
11,417 

6,830 
11,926 

- 
S 

0.11 
4.13 

11.79 

5.18 

-5.74 
-2.64 
3.68 

12.96 
13.31 

5.06 

17.85 
18.91 

5.42 
15.42 

4.98 
14.89 

T E C H N O L O G Y  
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1; 
p r e d i c t  a h igher  gas  s o l u b i l i t y  i n  t h e  Delcambre b r i n e  than  w a s  found from 

t h e  w e l l  t e s t .  The conclus ion  i s  t h a t  t h e  Delcambre No .  1 b r i n e  w a s  s l i g h t l y  

unde r sa tu ra t ed ,  assuming t h e  gas  and w a t e r  f low measurements were a c c u r a t e .  

This  a rgues  a g a i n s t  t h e  p o s s i b l e  e x i s t e n c e  of a d i spe r sed  f r e e  gas  phase (or  

even a f r e e  gas  cap) i n  t t e  main br ine-producing zones i n  t h e  No. 1 sand.  

Modeling t h e  Dispersed G a s  Phase Hypothesis 

ll 

I 

The occurrence  of a d i spe r sed  gas  phase of  s m a l l  bubbles  t rapped w i t h i n  

t h e  rock matrix w a s  p o s t u l a t e d  on t h e  b a s i s  of d i scon t inuous  c y c l e s  of p r e s -  
1 s u r i z a t i o n  and p res su re  release of growth f a u l t s  i n  r e s e r v o i r  (Randolph ) .  

On each cyc le  of p r e s s u r e l , r e l e a s e ,  a d d i t i o n a l  amounts of n a t u r a l  gas  a r e  

p o s t u l a t e d  t o  be  r e l eased land  remain as f r e e  gas .  During r e p r e s s u r i z a t i o n ,  

a d d i t i o n a l  gas  mig ra t e s  i n  wi th  t h e  inf lowing  s a t u r a t e d  b r i n e ,  s o  t h a t  t h e  

now f r e e  and t rapped  gas  does no t  r e d i s s o l v e .  The f r e e  gas  does no t  f low 

because i t s  concen t r a t ion  i s  below t h e  c r i t i c a l  s a t u r a t i o n  p o i n t .  Through 

r epea ted  c y c l e s  of  f a u l t  leakage and r e p r e s s u r i z a t i o n  as s a t u r a t e d  b r i n e  

migrated through,  t h e  postu!.ated d i spe r sed  gas  phase would be developed. 

I 

I 

I1 

t 
An argument a g a i n s t  t$he occurrence  of  a d i spe r sed  gas  phase has  been 

given by C.  matt hew^,^ 
t h a t  mig ra t ing  gas  i n  t h e  'b r ine ,  o r  r e l e a s e d  from t h e  b r i n e ,  would move t o  

t h e  upper p a r t  of t h e  r e s e r v o i r  l a y e r  and would n o t  remain d i spe r sed  through 

t h e  ma t r ix ,  c a p i l l a r y  and ' d i f fus ion  f o r c e s  being f a s t  enough dur ing  geo log ica l  

t i m e  f o r  r e s e r v o i r  format3'on and gas  migra t ion  t o  cause  gas  movement t o  t h e  

t o p  of t h e  sands and updip.  

i n  which he  p r e s e n t s  p l a u s i b l y  a n a l y s e s  t o  s h o w  

I 

I 

I! 
To model t h e  d i s p e r s e h  gas phase  h y p o t h e s i s  w i t h  computer r e s e r v o i r  

s imu la to r s ,  t h e  r e l a t i v e  pe rmeab i l i t y  equa t ions  by Corey and P i r son  1 2  913  were 

cons idered ,  but  w i t h  a mod i f i ca t ion  a t  t h e  c r i t i c a l  gas  s a t u r a t i o n  p o i n t .  

The mod i f i ca t ion ,  sliown i n  F igure  A-15 ,  i s  where t h e  r e l a t i v e  pe rmeab i l i t y  

t o  gas  drops r a p i d l y  t o  zelro r a t h e r  than  curv ing  smoothly t o  z e r o ,  as given 

by t h e  Corey equat ion .  The i n i t i a l  amount of f r e e  gas  i n  t h e  d i spe r sed  phase 

i s  then placed a t  a va lue  lbetween t h i s  c u t o f f  and f u l l  water  s a t u r a t i o n .  

With t h i s  i n i t i a l  cond i t ion  t h e  f r e e  gas  i s  no t  i n i t i a l l y  produced wi th  t h e  

b r i n e ,  bu t  as t h e  pressure ,  dec reases  i n  t h e  r e s e r v o i r  neas  t h e  w e l l  and t h e  

gas  s a t u r a t i o n  i n c r e a s e s ,   the c r i t i c a l  s a t u r a t i o n  p o i n t  i s  reached. When 

t h i s  occur s ,  t h e  f r e e  gas  beg ins  t o  be  produced. 

/I 

l 

I 
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For the reservoir simulator, input values for the relative permeabilities 
1 
I1 

and saturations were adjusted by trial and error in an attempt to have the 
free gas begin at the time observed in the field test and to approximate the 

produced gas with time.: The computer simulator used was Intercomp's two- 

dimensional radial coning model. I1 

I Some of the earlier calculations , as reported by Randolph, indicated 

that the free gas required to match the hypothesis needed to be about 6.5%, 
or 5 times the amount 01 gas dissolved in the brine. This amount of free gas 

was not observed from analysis of the well logs. 

Henry Dunlap9 indicated possible 100% water saturation. 

data in the Otis Engineering report5 indicated a possible gas saturation of 

2% to 4% based on their,modifications of the relative permeability curves and 

estimated values for the critical saturation. This was a calculated value 

rather than a measured value, however, and dependent on the theory. 

I 

The well log analysis by 

The analysis of the I 
~l 

1 

I1 
: 

1 1  

Figures A-16 and A'17 show representative results of the trial-and-error 

matching attempts using1 modified Pirson and Corey relative permeability curves 

and various initial dispersed free gas saturations. 

was not obtained. 

or the gas/water ratio are systematically at variance with the observed data. 

In the well test, the gas continually increases throughout the fourth and 

fifth steps of the drawdown test. 

gas model, however, indicate that a sharp increase in gas was followed by a 

tailing off to give a "sawtooth" appearance to the plot of the gas/water ratio. 

Since the t1:zoretical model of the dispersed gas phase yields a character- 

istically different pattern for the gaslwater ratio through a multistep draw- 
down test, a good fit to the data cannot be expected. 

however, to get larger amounts of free gas to be produced in the computer 

calculation during the fourth and fifth drawdown steps by judicious selection 

of the initial gas saturation and shape of the relative permeability to gas 

curve. 

the data and theoretical computer calculations, it is clear that the theoretical 
model does not fit these data. 

A good fit to the data 
ll 

It 
Further, the general shapes of the plots for gas production 

/I 
j 

11 
li 
I1 

The computer calculations of the dispersed 
~1 

I It was possible, 
1 
I 

II 
~I 
I1 
11 

Because of the characteristically different shapes of the plots of 

I I 

A study of expected gas productim from aquifers containing initial 
I1 
/I 

immobile free gas was-recently reported by John C. Martin." 

directed to the question of how to identify such gas in addition to predicting 

His study was 

75 
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t h e  expected product ion.  

where t h e  key parameters  

r ep resen t  geopressured-gl 

sawtooth shape i n  t h e  ga 

suggested t h a t  such a shC 

t h e  p o s t u l a t e d  immobile 

This  s tudy  a l s o  shoi 

r a t i o  may r e s u l t  from a 1 

cond i t ions  are r i g h t .  T! 

of  t h e  curve of r e l a t i v e  

as w e l l  as t h e  smooth re. 

as t h e  i n i t i a l  gas  sa tu r i  

va lue .  

Modeling t h e  Free  Gas Ca] 

Modeling t h e  f r e e  g4 

reservoir simulator. Th 

t h e  r e s e r v o i r  i nc lud ing  

used i n  t h e  r a d i a l  f low I 

w a s  approximately 3" w i t 1  

and 3 angular  f o r  180". 

l a t e  t h e  g e n e r a l  f e a t u r e :  

w e l l .  Based on t h e  s t ru t  

s l o p e s  upward t o  t h e  no r  

by t h e  geology and reser 

The d i s t a n c e  from tl 

by a d j u s t i n g  t h e  gas/wati 

t h e  f r e e  gas  broke throu:  

160 hours .  Using a permi 

30 f t  t o  match t h e  300 m 

a n a l y s i s  of t h e  d a t a ,  thi 

i n  t h e  range  of about 401 

t h e  coarseness  of t h e  g r  

p r e s s u r e  spreading  ou t  tl 

of t h e  r e s e r v o i r  physica 

t o  s t a t e  t h a t  t h e  f r e e  g, 

I N S T I T U T E  

61025 

The s tudy  cons i s t ed  of a computer s imula t ion  s tudy  

rere v a r i e d  over  a range of t y p i c a l  va lues  t o  

lthermal a q u i f e r s .  H i s  r e s u l t s  a l s o  i n d i c a t e d  t h e  

water r a t i o  p l o t s  f o r  m u l t i s t e p  flow tes ts ,  which 

le on t h e  gas/water  r a t i o  p l o t  would be evidence of 

'ee gas .  

, t h a t  a sawtooth shape t o  a p l o t  of t h e  gas/water  

i l t i r a t e  drawdown tes t  i f  t h e  r e s e r v o i r  and tes t  

s cond i t ion  occurred f o r  t h e  cases  of a sharp  cu to f f  

lermeabi l i ty  t o  gas  t h a t  Randolph p rev ious ly  used 

t i v e  pe rmeab i l i t y  curves  t h a t  Mart in  used as  long 

i o n  w a s  c l o s e  enough t o  t h e  c r i t i c a l  gas  s a t u r a t i o n  

Hypothesis c 

cap hypothes is  w a s  done us ing  In te rcomp's  Beta I1 

model allows full three-dimensional simulation of 

p ang le s  t o  t h e  g r i d  b lock  system. The program was 

de wi th  t h e  w e l l  i n  t h e  c e n t e r .  The ang le  of d i p  

t h e  g r i d  b lock  mesh be ing  15  h o r i z o n t a l ,  5 v e r t i c a l ,  

' h i s  g r i d  was r a t h e r  c o a r s e ,  but  adequate  t o  calcu-  

of a gas  cap and i t s  coning down i n t o  t h e  producing 

u r e  maps shown i n  F igu res  A-3 and A-4 ,  t h e  formation 

I ,  and t h e  major f a u l t  a t  about 1900 f e e t ,  as deduced 

lir l i m i t  t e s t ,  i s  t o  t h e  eas t .  

I w e l l  t o  t h e  edge of t h e  f r e e  gas  cap w a s  determined 

' con tac t  e l e v a t i o n  i n  s e v e r a l  computer runs  u n t i l  

I t o  t h e  w e l l  bore  a t  t h e  righrr t i m e  of about 

l b i l i t y  of about 100 m i l l i d a r c y s  and a h e i g h t  of 

l i da rcys - f t -kh  deduced from t h e  r e s e r v o i r  engineer ing  

r e s u l t i n g  d i s t a n c e  t o  t h e  edge of  t h e  f r e e  g a s  w a s  

f t .  An exac t  d i s t a n c e  cannot be s t a t e d  because of 

i n  t h e  computer model, t h e  e f f e c t  of  c a p i l l a r y  

b con tac t  zone, and t h e  u n c e r t a i n t y  i n  t h e  assumptions 

p r o p e r t i e s .  This  r e s u l t  i s  judged a c c u r a t e  enough 

source ,  assuming a f r e e  gas  cap model, i s  only  a 
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few hundred f e e t  from t h e l w e l l  and n o t  thousands of f e e t  as i n d i c a t e d  i n  t h e  

g e o l o g i c a l  s t r u c t u r e  mapsh. 

I 

I 

I 

The discrepancy  between t h e  computer match of on ly  a few hundred f e e t  t o  

t h e  f r e e  gas  sou rce  and t h e  g e o l o g i c a l  s t r u c t u r e  maps, which show t h e  caps 

t o  b e  thousands of f e e t  away, raises t h e  p o s s i b i l i t y  t h a t  t h e  sou rce  of t h e  

f r e e  gas  is  n o t  t h e  gas  cap, bu t  r a t h e r  t h e  Edna Delcambre No. 4 w e l l ,  which 

is on ly  about  400 f e e t  away and had a h i s t o r y  of gas  product ion  and t r o u b l e  

wi th  underground blowouts. There is t h e  d i s t i n c t  p o s s i b i l i t y  t h a t  t h e  f r e e  

gas  o r i g i n a t e d  from some o t h e r  zone and i t s  f low pa th  w a s  up, o r  down, t h e  

w e l l  c a s i n g  o r  annulus  o f l w e l l  No. 4 o r  4A and then  i n t o  t h e  No. 1 sand when 

t h e  p r e s s u r e  i n  t h e  No. l ' s a n d  w a s  lowered du r ing  t h e  test .  

i s  a l s o  i n  agreement  with^ t h e  f a c t  t h a t  t h e  water composition remains c o n s t a n t ,  

bu t  t h e  gas chemical composi t ion changes when t h e  excess  f r e e  gas  b reaks  

through. 

I 

I 

This  p o s s i b i l i t y  

I 

I 

Figures  A-18 and A-19 show t h e  gas  product ion  and gas /water  r a t i o s  

ob ta ined  from t h e  f r e e  gas  cap model computer runs  made t o  t h i s  r e p o r t  d a t e .  

This is  a n  e a r l y  i t c h  s i n c e  by t h e  t i m e  of t h e  d e a d l i n e  f o r  s u b m i t t a l  of 

I 

t h i s  r e p o r t  t h e  necessa ry  Inumber of t r i a l  and e r r o r  runs  had n o t  been made t o  

g e t  a more p r e c i s e  match. From t h e  few runs  made, however, i t  w a s  ev iden t  t h a t  

t h e  f r e e  gas  cap ,  o r  sou rce ,  a few hundred f e e t  away from t h e  w e l l  gave t h e  

c h a r a c t e r i s t i c a l l y  b e t t e r  lshape t o  t h e  p l o t s  of gas  product ion  f o r  r e s e r v o i r  

parameters ,  and are i n  t h e  range  as determined by r e s e r v o i r  eng inee r ing  a n a l y s i s  

of t h e  test product ion  d a t a .  Add i t iona l  computer runs  are needed t o  g e t  a b e t t e r  

match t o  t h e  d a t a  f o r  t h e l g a s  cap hypo thes i s  and t o  determine whether computer 

s i m u l a t i o n  can  adequate ly  d i s t i n g u i s h  between t h e  gas  cap  hypo thes i s  ai:d t h e  

No. 4 w e l l  sou rce  hypothes is .  

Conclusions I - 
Since  t h e  Edna Delcambre No. 1 w e l l  w a s  t h e  f i r s t  DOE w e l l  tested under 

t h e  Geopressured-Geothermal Gas program, t h e r e  w a s  cons ide rab le  i n t e r e s t  i n  

i t s  r e s u l t s .  When t h e  w e l l  unexpectedly produced n a t u r a l  gas  i n  q u a n t i t i e s  

above t h e  amount d i s s o l v e d l i n  t h e  b r i n e ,  t h e r e  w a s  a l i v e l y  concern as t o  t h e  

o r i g i n  of t h e  gas  and whet6er i t  w a s  a g e n e r a l  phenomenon t h a t  could be 

expected i n  o t h e r  geothermal w e l l s .  

a s t r o n g  i n f l u e n c e  on t h e  economics of t h e  r e source .  

I 

The p o s s i b l e  occurrence  of e x t r a  gas  has  

The test  d a t a  have now been analyzed by s e v e r a l  groups o r  persons.  It i s  

found t h a t  t h e  g e o l o g i c a l  s t r u c t u r e  nea r  t h e  w e l l  i s  complex, i nc lud ing  nearby 
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faults and gas caps. The 

dissolved gas from which i 

gas content and reservoir 

production of the excess g 

of whether the extra gas m 

reservoir matrix or whethe 

possibilities were that th 

level was lowered through 

a channel around the well 

Detailed examination 

and computer modeling to s 

the permeability-thickness 

3000 millidarcys-ft. The 

during the test. There ar 

which both indicate the er 
analysis using routine ana 

Computer modeling was 

but originally immobile, f 

cap 'or zone. These studie 

time would yield stair-ste 

istically the wrong shape 

test of the No. 1 sand in 
for the free gas cap model 

which were characteristica 

By judicious selection of 

engineering analyses of te 

match of the computed gas 

computed fit did not deter 

provide a consistent set o 

measured values. In this 
have its edge about 400 ft 

For these computer st 

but immobile gas model is 

N o .  1 well. The free gas 

view of the computer simul 

I N S T 1 . T  U T E 
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low tests first successfully produced brine and 

portant engineering parameters such as dissolved 

haracteristics were obtained. The subsequent 

s complicated the test and raised technical issues 

ght be from a dispersed phase throughout the 

it was from a free gas cap. Other suggested 

extra gas exsolved from solution as the water 

roduction, or that it came L'rom another zone via 
asing in the nearby N o .  4 well. 

f the data by usual reservoir engineering techniques 
mulate the observed pressure and flow data indicate 

of the No. 1 sand interval to be initially about 
ffective permeability-thickness then increased 

numerous breaks and offsets in the pressure data 

atic behavior of the flow and complicate the 
ytic reservoir engineering methods. 

performed to test both the theory of a dispersed, 

ee gas phase and the theory of a nearby free gas 

indicated that plots of the gas/water ratio versus 

or sawtooth-shaped curves which were character- 

o match the experimental data from the production 

he Edna Delcambre No. 1 well. Computer results 

gave gas production and gaslwater ratio values 

ly a better shape to match the experimental data. 

he various reservoir parameters based on reservoir 

t data, it was possible to get an approximate 

roduction to the measured gas production. The 

ine a unique solution to the problem, but it did 

reservoir parameters which were in line with the 

tudy, the postulated free gas cap was required to 

from the well. 

dies, it is apparent that the initially dispersed 

ot correct for the No. 1 sand in the Edna Delcambr 

ap model is more consistent with the data, but in 

tion studies along with the data, this model does 
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3 

I 

not appear to be correct either. 

now appears to be from a yet undetermined gas zone which became connected to 

the No. 1 sand via a conduit around the No. 4 or No. 4A well. 

stair-step and sawtooth gaslwater ratio plots for multiple rate drawdown 

tests, it may be possible Ito identify such reservoirs by a multiple rate 

test. The authors are not! aware of any such test data, but it might be found 

in tests of abandoned watered-out geopressured gas wells where flooding of 

the gas cap creates a dispersed free gas phase by imbibitions, and capillary 

effects trap free gas in {he pores of the rock. 

found where they were formed over geologic time periods, and equilibrium 

thermodynamic principles apply. 

from production of gas cads on top of aquifers which were recently flooded 

by intrusion of water, or ~lin the upper edge of an aquifer where the capillary 

pressures spread the gas out like a transition zone. 
'I 

II 

The most likely source of the excess gas 
1 

~1 

II 

Because the dispersed but immobile free gas model produces characteristic 

11 

~l 

11 

I1 
Such reservoirs may not be 

I1 

They may, however, be left behind 

1 
ll 

I 

Finally, the Department of Energy program of completing both old and new 

geopressured-geothermal aquifers should provide additional data, detailed 

analysis of which should give better understanding of the physical mechanisms 

stood, improved productiod' and economic projections can be made. 
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The theo ry  behind m u l t i p l e  flow rate a n a l y s i s  i s  given i n  Reference 8. 

The equa t ion  t h a t  relates t h e  down-hole w e l l  bo re  p r e s s u r e  t o  flow ra te  and 

t i m e  i s  - 

I 
I 

where : 
I 

P, = w e l l  bo re  p r e s s u r e  a t  t i m e  t ( p s i )  

P .= i n i t i a l  w e l l  b o r e  p r e s s u r e  ( p s i )  
0 

I 

= f low rate f o r  n t h  increment (bbl /day)  

~ 

qn 

t = time (hour s )  

B = d u m  f a c t o r  ( v o l / v o l )  

S = composite s k i n  f a c t o r  (dimensionless)  

h = h e i g h t  ( f t )  

I 

, 
- 

I 

I 

k = permeab i l i t y  

v = v i s c o s i t y  (CP) 

j ( s u b s c r i p t )  = number of f low increment.  
I 

So long as t h e  composite s k i n  f a c t o r  (x) and t h e  permeabi l i ty- thickness  (kh) 

remain c o n s t a n t  f o r  a l a r g e  r e s e r v o i r ,  i t  i s  seen t h a t  a p l o t  of (Pt - Po)/qn 

v e r s u s  t h e  summation t e r m  i n  t h e  squa re  b r a c k e t s  w i l l  g i v e  a s t r a i g h t  l i n e  

w i t h  s l o p e  (m') and i n t e r c e p t  ( b ' )  of - 
r 

162.2vB m'  =-- 
kh 

A t a b u l a t i o n  of t h e  d a t a  taken from t h e  w e l l  test r e p o r t s  f o r  t h e  Edna 

Delcambre No. 1 sand i s  given i n  Table  B-1. 

t h e  cumulative gas  p roduc t ion ,  cumulat ive b r i n e  p roduc t ion ,  and t h e  summation 

f u n c t i o n  i n  Equation B-1 excluding 3. The p r e s s u r e  i s  p l o t t e d  v e r s u s  t h e  

sum ( q , t )  f u n c t i o n  i n  F igu re  B-1. 

of  t h e  theo ry  used t o  o b t a i n  Equation B-1, t hen  a series of p a r a l l e l  s t r a i g h t  

l i n e  segments would have r e s u l t e d .  

Also included i n  t h e  t a b l e  are 

I 

I f  t h e  d a t a  were i d e a l  and m e t  t h e  c o n d i t i o n s  

Note i n  F igu re  B-1,  however, t h a t  t h e r e  
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T a b l e  B-1, P a r t  1. TABULATION OF MULTIRATE FLOW TEST DATA 
FOR THE DOE EDNA DELCAMBRE NO. 1 WELL, SAND NO. 1 

(Time zero i s  a t  20:OO hours on June 23, 1977)  

YQII 
O.OO0 

2.000 
2.250 

1.m 

W / M Y  
27.40 I 
27.40 I 
27-40 I 
27.40 I 
27.40 I 
27.40 1 
27.40 I 
27.40 I 
27.40 I 
27.40 1 
27.40 I 
27.40 I 
27.40 I 

=27.40=1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
la 

euC BIL 
I3 0.0 
M 86.1 
I4 ?0.4 
I2 111.2 
IO , 124.4 
IO 136.9 
13 149.b 
a 162.2 
16 174.b 
19 187.1 
15 1W.E 
LO 212.8 
18 2a.a 
b5-250.8 

8 
0 
7 
0 
8 

.u()(cf 
0.00 
2.00 
2.28 
2.57 
2.m 
3.14 
3.43 
3.71 
4.00 

I 4.28 
4.57 
4.85 
5.14 

6.28 
1 S . 7 l i  

U L W M Y  
1231 e 5 1  
1192.73 
1163.64 
1241.21 
1200.00 
1197.57 
1197. 57 
1197.57 
1192.73 
1192 -73 
1197.57 
1195.15 
1044.65 

,1183.03, 
1171.11 

K F / M Y  
27.72 
27.72 
27.49 
27.49 
27.49 
27.58 
20 44 
27.87 
27.64 
27.64 
27.64 
27. IS 
28.43 

=a .73- 
26.70 

C(*.i) 
10605.03 
10607.06 
10607 64 
10607.69 
10605.26 
10604 ~ 7 9  
10604.38 
10603.41 
10605.38 
10604.35 
10603. 75 
10601.63 10603.42 

,l0605...0-9= 
10604 .Ol 

UY( 
13 
I 3  
I3 
14 
I4 
I¶ 
I¶ 
I6 
16 
17 
17 
18 

.e 
is 
IO 
I4 
I9 
15 
10 
LO 
10 
10 
I9 
L9 

UY((.rC) 
0.00 

291.65 
30.3.13 
421.89 
412.01 
S21.86 
622.83 
S.6. I7 
712.49 
663.43 
750.91 
710.62 
793.17 

-849.72 - --_ 
896.55 

U L W M Y  
1200.00 
1163- 64 
1183.03 
1289.70 

2.500 1241.21 
2.750 1153.94 
1.000 1280.00 
3.250 1144.24 
3.500 1241.21 
3.750 1163.64 
4.000 1270.30 
4.250 1221.82 
4.500 1212.12 
5;000=1216.97= 
5.500 
4.000 
6.500 
7.000 

26.500 
27.000 
27.500 
2s.000 
29 + 000 
30.000 
41 ,000 
32.000 
33.000 
34.000 
35.000 
36.OOo 
37.000 
.38.000, 

C 6 
3 
I 
4 -4 

rn 39.03 l84O.u 
40.10 1053.30 
41.32 lS64.71 

4 

I 
18 

-18 
19 

- 
27.40 10625.17 
27.40 10622.81 
27.40 10622.37 
27.40 10621.33 
33.82 10620.31 
27.32 10621.1a 
27.55 106IV.24 
27.55 10619.50 
27.58 1OAIB.00 
27.64 10617.01 
27.64 10616.41 
27.64 10616.24 
27.58 10615.31 
27.58 10614.49 
27.49 10614.76 

27.35 10112.39 
27.29 10613.83 
27.35 10613.13 
27.35 10613.66 
27.26 10611.10 
27.24 10612.64 
27.14 10610.67 
27.19 10108.66 
27.16 10600.92 
27.16 10600.42 
27.03 10609.12 
27.03 10607.77 
27.02 10606.31 
27.02 10609.12 
27.02 10606.73 
27.03 10600.24 
27.03 10606.00 
27.03 10606.89 
27.16 10609.72 
27.16 10604.13 
27.16 10604.62 
27.16 10605.72 
27.16 10606.25 
28.05 10604.54 
27.94 10605.90 
27.94 10606.54 

28.11 106ia.70 

274.12 1212.12 
1231.51 
1212.12 
1192.73 

301.58 
327.03 
352 08 
378.14 
403.35 
427.44 
452.74 
477.64 
502.18 
527.03 
551.93 
576.88 
601.83 
626.83 
6Sl.88 
676.93 
701.93 
726.88 
751 .88 
776.93 
802.08 
827.28 
052.49 
877.69 
902.84 
928.04 
953.24 
978.40 
1003.60 
1028.75 
1053.90 
1079.05 
1104. IS 
1129.25 
1154.25 
1179.a 
1204.30 
1229.30 
1254- 20 
1279.05 
1303.60 

~ .~ _..... 
27.10 10604.05 
27.10 10604.36 
27.07 10605.29 
26.94 10602.U 
26-08 10602.46 

. ... - 
45.82 
46.95 

49.20 
50.b5 
51.45 
51.73 
52.01 
52.20 
52.57 
53.13 
53. 70 
54.85 
50.02 
57.1? 
57.89 
58.30 
58.71 
59.53 
60.34 
61.97 
63.58 
65.10 
66.78 
68.38 
69.98 
71-37 
73.13 
74.70 
76-20 
77 * 87 
79.48 

82.68 
04.44 
86.37 
88.31 
90. 25 
92.03 
93.64 
95.26 

4e.08 

81.0e 

1994.30 
2043.44 
2093.44 
2142.33 
2212.67 
2237.43 
2250.09 
2262.08 
2274.02 
2286.07 
2310.01 
2333. BO 
2380.06 
2426.88 
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T a b l e  B-1, Part 4 .  TABULATION OF MULTIliATE FLOW TEST DATA 
FOR THE DOE EDNA DELCAMBRE NO. 1 WELL, SAND NO. 1 

f f / M Y  
3.0.00 
w. IO 
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515.21 
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1310.T6 
1317.16 
1321.20 
I 32% 31 
1333.15 
1341 e IO 
1349.40 
1357.77 
I W A . 3 V  
1384.97 
1405.58 
1427.03 
I448 64 
1470.26 
1492.03 
1513.47 
1933.97 
1554.40 
1575.10 
1595.82 
1617.44 
lAJV.93 
14b2.39 
I 684.69 
1706.45 
1723.82 
1724.91 
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464.300 0.00 0.00 10754.&2 52747.28 

, 

OLUl I(u MUl(me8, 

3m. T4 
1488.44 
2741.41 
4235.72 

6257.1’1 
6935.41 
rnl6.50 
0421.07 
9140.09 

a1w.m 

520~.4a 

9733.52 10209,07 ~ ~ - ~~ ~~ ~~~~-~~ ~- 
10621.29 
lOVV8.27 
11323.40 

11947.14 
12165.48 
12413.59 
12612.60 
12822.81 
12957.33 
13138 .SI 
13297.53 
13410.39 
13430~68 
21896. 78 
8220 * 60 
6285. I4 
5284.92 
4443.77 
4361.69 
4157.2s 
-845.57 
1678.72 
3377.45 
4436.91 

11629.33 

5363. ~e 
6121.13 
72VI e48 
8924.08 

I WS5 e 02 
10901.75 
11545.52 
12115.42 
l25V6 e 41 
13059 eo1 
13433.02 
13780. 54 
14162.46 
144SO. 84 
14725 e 51 
I4V85.01 
15189.00 
15434.21 

N 
\ 
m 
0 



- 
-4 

9900 

107007 

........ 
..e. 

. .  - . . . . .  ... 

I 1 I I I I 

.. 

c P 
-I R 
rn E 12!4CO i 

S i 
I S i 

. . .  - ....... . .  -- 

-4 

rn 

n 
I 

z 
0 

r 

0 

0 

* 

..... *- ...... . -  - . .-.-.a 

t 10000 

.C-- ..-..- 
. . .  . .  .......... : 



2/80 61025 

are j o g s  and o f f s e t s  i n  t h e  d a t a ,  and t h a t  t h e  v a r i o u s  segments of t h e  p l o t  

are n o t  p a r a l l e l  t o  each o t h e r .  

s t r a i g h t - l i n e  p l o t s  g i v e  a v a r i e t y  of s l o p e s  and hence kh va lues .  

shows a p l o t  of t h e  d a t a  f o r  t h e  f i r s t  drawdown test and t h e  r e s u l t i n g  least-  

squa res  f i t  t o  t h e  d a t a .  

f o r  t h e  drawdown and bui ldup tests us ing  t h e  d a t a  i n  Table  B-1. 

The p i e c e s  of t h e  d a t a  t h a t  do y i e l d  

F igu re  A-11 

Table A-2A g i v e s  t h e  r e s u l t s  of making such p l o t s  

A s i m i l a r  m u l t i r a t e  a n a l y s i s  w a s  performed by O t i s  Engineer ing i n  t h e i r  

w e l l  test  r e p o r t .  The i r  a n a l y s i s  w a s  d i f f e r e n t ,  however, i n  t h a t  f o r  t h e i r  

summation f u n c t i o n  they  made a l l  t h e  q j ' s  c o n s t a n t  and equa l  t o  t h e  average 

flow ra te  over t h e  p l o t  i n t e r v a l .  They then  s e l e c t e d  s m a l l  segments ou t  of 

t h e  p l o t s  from which t o  g e t  t h e  kh. The r e s u l t s  t hey  r epor t ed  are given i n  

Table A-2B. 

w e  are u n c e r t a i n  as t o  how t h e  segments were s e l e c t e d  f o r  t h e  s t r a i g h t - l i n e  

I n  examining t h e  f i t s  t hey  s e l e c t e d  t o  o b t a i n  t h e  r e p o r t e d  k h ' s ,  
-_ 

f i t s .  
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This  annual  r e p o r t  

t h e  proposed models t o  e 

f low tests of t h e  No. 1 

geothermal w e l l .  S ince  

of Energy geopressured-g 

i n  i t s  r e s u l t s .  When t h  

i n  excess  of t h e  amount 

i n  i t s  o r i g i n .  There wa 

gene ra l  phenomenon t h a t  

w e l l s .  Severa l  t h e o r i e s  

and t h e  Department of En 

matter. The work funded 

s imula t ion  modeling of t 

model w a s  t o  be  e v a l u a t e  

Reservoi r  e n g i n e e r i  

d e s c r i p t i o n  of t h e  usua l  

b i l i t y ,  e t c .  Some geolo 

of  t h e  area around t h e  w 

t o  run  numerical  r e s e r v o  

computer s imula t ion  of t 

by j u d i c i o u s l y  s e l e c t i n g  

and composing a r e l a t i v e  

c u t o f f .  An a t t e m p t  w a s  

g a s  was i n i t i a l l y  trappel 

t o  be produced a s  t h e  p r  

of t h e  t rapped sillall bub 

f low as  a f r e e  gas  phase 

The numerical  reser  

2D Radia l  Coning model f 

d a t a  communications l i n k  

made from Chicago and t h  

cons ide rab le  d i f f i c u l t y  

l i n k  between computers t i  
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CONCLUSIONS 

m c e n t r a t e s  p r imar i ly  on t h e  t e c h n i c a l  a s p e c t s  of 

) l a i n  t h e  excess f r e e  g a s  t h a t  occur red  dur ing  t h e  

md i n  t h e  Edna Delcambre No. 1 geopressured- 

lis w a s  t h e  f i r s t  w e l l  t e s t e d  under t h e  Department 

) thermal  g a s  program, t h e r e  w a s  cons ide rab le  i n t e r e s t  

w e l l  unexpectedly produced n a t u r a l  gas  i n  q u a n t i t i e s  

issolved i n  t h e  b r i n e ,  t h e r e  w a s  s i g n i f i c a n t  i n t e r e s t  

some s p e c u l a t i o n  a s  t o  whether t h i s  might be a 

iuld be  expected i n  o t h e r  geopressured-geothermal 

Jere proposed t o  exp la in  t h e  source  of t h e  excess  gas ,  

:gy funded s e v e r a l  s t u d i e s  t o  f u r t h e r  understand t h e  

i t  IGT w a s  t o  ana lyze  t h e  d a t a  and perform computer 

: t h e o r i e s .  I n  p a r t i c u l a r ,  t h e  d i spe r sed  gas  phase 

; a n a l y s i s  of t h e  f low test d a t a  provided a b a s i c  

)arameters such a s  pay th i ckness ,  p o r o s i t y ,  permea- 

. ca l  s t r u c t u r e  maps provided a g e n e r a l  d e s c r i p t i o n  

.Is. A l l  of t h i s  provided a s t a r t i n g  set of d a t a  

* s imula to r  models. With t h i s  b a s i c  set of d a t a ,  

5 hypothesized d i spe r sed  g a s  phase w a s  accomplished 

:he i n i t i a l  f r e e  g a s  s a t u r a t i o n  t o  a s m a l l  f r a c t i o n  

, e rmeab i l i t y  t a b l e  wi th  t h e  a p p r o p r i a t e  shape and 

Ide t o  s imula t e  t h e  s i t u a t i o n  where t h e  d i spe r sed  

w i t h i n  t h e  sands tone  ma t r ix ,  bu t  would then  begin  

; su re  drawdown around t h e  w e l l  bore  allowed expansion 

.es t o  exceed t h e  c r i t i c a l  s a t u r a t i o n  p o i n t  and then  

lir s imula tor  used f o r  t h i s  s tudy  w a s  i n i t i a l l y  t h e  

im Intercomp I n c . ,  Houston, Texas. A te lephone  

ras e s t a b l i s h e d  so  t h a t  i npu t  and ou tpu t  could be  

problems run  on t h e  computer i n  Houston. There w a s  

L g e t t i n g  both  t h e  s imula tor  and t h e  communications 

work, bu t  they even tua l ly  worked s a t i s f a c t o r i l y .  
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I 

1 
The d i spe r sed  g a s  phase model w a s  i n i t i a l l y  proposed on t h e  b a s i s  of t h e  

p re l imina ry  test d a t a  r epor t ed  a t  t h e  Third Geopressured-Geothermal Energy 

Conference. The model w a s  proposed i n  a paper g iven  a t  t h e  conference  based 

on c e r t a i n  assumptions about  how such an i n i t i a l  d i spe r sed  g a s  phase might 

be  obta ined  and how r e l a t i v e  p e r m e a b i l i t i e s  need t o  behave t o  produce t h e  ex- 

c e s s  gas .  Subsequent eva lua t ion  of  t h e  d a t a  and work by o t h e r s  quest ioned t h e  

v a l i d i t y  of t h e s e  assumptions.  

w i th  t h e  r e s e r v o i r  s imula to r ,  i t  became apparent  t h a t  t h e  d i spe r sed  g a s  phase 

model w a s  n o t  s a t i s f a c t o r y  f o r  exp la in ing  t h e  occurrence  of t h e  excess f r e e  

gas  t h a t  began a t  about  160 hours  i n t o  t h e  Cest and i n  t h e  f o u r t h  s t e p  of a 

f i v e - s t e p  i sochrona l  drawdown t e s t .  

I 

I 

Fur the r ,  a f t e r  a dozen o r  so computer r u n s  

I 

Because t h e  disperse! g a s  phase model would not  s a t i s f a c t o r i l y  exp la in  

t h e  occurrence  o f  t h e  excess gas ,  o t h e r  models were cons idered ,  

"champagne b o t t l e "  model l(by Paul  H. Jones)  which presumes t h a t  r ap id  produc- 

t i o n  o f  t h e  b r i n e  w i l l  lower t h e  water l e v e l  and p r e s s u r e  around t h e  w e l l  >ore  

siich t h a t  t h e  d isqolved  gas  e f e r v e s c e s  from t h e  b r i n e  l i k e  bubbles  i n  a 

champagne b o t t l e .  This  model w a s  qu ick ly  determined n o t  t o  be  a p p l i c a b l e  i n  

t h e  Delcambre w e l l  because t h e  p r e s s u r e  g r a d i e n t s  and r e l a t i v e  pe rmeab i l i t y  

e f f e c t s  t o  create such a phenomenon would be p h y s i c a l l y  imposs ib le  i n  t h e  

t i m e  frame of t h e  test pe'r iod i n  t h i s  w e l l .  

atempted f o r  t h i s  model. 

One w a s  t h e  
(I 

N o  computer c a l c u l a t i o n s  were r 
I 

The most l i k e l y  t h e o r e t i c a l  model t o  exp la in  t h e  f r e e  g a s  a f t e r  t h e  two 

Arguments f o r  
11 

above models a re  d i m i n a t l e d  i s  t h e  nearby f r e e  g a s  cap model. 

t h i s  model were g iven  by lCharles  Matthews i n  a s e p a r a t e  DOE r e p o r t .  

then  at tempted t o  model t h i s  f r e e  g a s  hypothes is  us ing  t h e  Intercomp Beta I1 

r e s e r v o i r  s imula to r .  

IGT 

Th i s  s imula to r  i s  a f u l l  3-dimensidnal s imula to r  t h a t  
I1 would approximately a l low f o r  i nc lus ion  o f  t h e  f a u l t s  and t i l t  t o  t h e  r e s e r v o i r  

sands tone  l a y e r .  

w e r e  handled i n  t h e  computer program l e f t  much t o  b e  d e s i r e d .  Never the less ,  

a n  approximation t o  t h e  f r e e  gas cap  model w a s  se t  up and run .  By a d j u s t i n g  

t h e  edge of t h e  f r e e  gas  ' cap  updip away from t h e  w e l l  bo re  t o  v a r i o u s  

d i s t a n c e s ,  i t  w a s  possibde t o  g e t  a c a l c u l a t e d  product ion  of excess f r e e  gas  

t o  match t h e  o n s e t  time and approximately t h e  product ion  q u a n t i t i e s .  A 

c h a r a c t e r i s t i c a l l y  more c o r r e c t  g a d w a t e r  r a t i o  p l o t  w a s  ob ta ined .  

f i t  t h e  f low d a t a  b e t t e r ,  but  d i d  no t  match t h e  geologic  p i c t u r e .  The geo log ic  

I1 

The manner i n  which t h e  g r i d  b locks  and w e l l  bo re  e f f e c t s  

I 

I 

This  model 
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s t r u c t u r e  map i n d i c a t e d  

t h e  r equ i r ed  d i s t a n c e  t c  

A d i f f e r e n t  model 1 

a n a l y s i s  of t h e  g a s  chen 

h i s t o r y  of t h e  w e l l s  i n  

of Union O i l ,  i t  w a s  not 

were about  400 f e e t  fron 

o u t s  and mechanical pro€ 

ho r i zons  being brought 1 

t h e  chemical a n a l y s i s  oi 

t h e  test showed s i g n i f i c  

f r e e  gas .  Th i s  e f f e c t i \  

d i f f e r e n t  t han  t h e  d i s sc  

t h u s  d i c t a t e d  t h e  model 

test  horizon via a path\ 

over  t o  t h e  t es t  w e l l .  

- T h i s  leaky nearby \ 

be t h e  most c o r r e c t  mode 

d a t a .  F u r t h e r ,  no new c 

re la t ive  pe rmeab i l i  t i e s  

some c o n s i d e r a t i o n  had t 
l eaky  w e l l  model, b u t  ar 

devised. A s  work c o n t i r  

c o n s i d e r a t i o n  w i l l  be g j  

economics and e v a l u a t i o r  

RS : wpc 
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he nearest g a s  cap t o  be abou t  3000 f e e t  away, whereas 

t h e  f r e e  gas cap w a s  about  400 f e e t .  

en  became apparent  i n  l i g h t  of t h e s e  computer runs ,  

s t r y  d a t a ,  and a d d i t i o n a l  information about t h e  

he area. I n  an unpublished r e p o r t  by J. Donald C la rk  

d t h a t  t h e  Delcambre No. 4 and No. 4A w e l l s ,  which 

t h e  s u b j e c t  w e l l ,  had a h i s t o r y  of underground blow- 

e m s  which might have r e s u l t e d  i n  gas  from d i f f e r e n t  

c o n t a c t  w i th  t h e  No. 1 sand of t h e  DOE test. Fur the r ,  

t h e  gas  composition from tests on samples taken during 

n t  changes i n  composition w i t h  t h e  o n s e t  of excess  

l y  confirmed t h a t  t h e  excess  g a s  w a s  from a source 

ved g a s  i n  t h e  No. 1 sand. These p i e c e s  of evidence 

f g a s  from some unknown horizon coming i n t o  t h e  

y a long  t h e  No. 4 o r  No. 4A w e l l s  and then  channel ing 

11 model i s  t h e  model be l i eved  by IGT a t  t h i s  t i m e  t o  

. T h i s  model b e s t  f i t s  t h e  a v a i l a b l e  experimental  

unusual mechanisms of g a s  t r a p p i n g  mechanisms o r  

eed t o  be involved.  A t  t h e  end of t h i s  r e p o r t  pe r iod ,  

en g iven  towards a f u l l  3D computer s imula t ion  of t h e  

adequate way t o  set up t h e  problem had no t  been 

es i n t o  t h e  nex t  yea r  of t h e  c o n t r a c t ,  f u r t h e r  

en t o  making t h i s  computer s imula t ion ,  a long w i t h  t h e  

of o t h e r  wells of i n t e r e s t  t o  DOE. 
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