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1.0 EXECUTIVE SUMMARY 

Phase 11-B production testing of the Pleasant Bayou No. 2 well began 
September 2 2 ,  1982. The test plan was designed to evaluate the 
capabilities of the geopressured-geothermal reservoir during an 
extended flow period. Tests were conducted to determine reservoir 
areal extent; aquifer fluid properties; fluid property change with 
production; information on reservoir production drive mechanism; long- 
term scale and corrosion control methods; and disposal well operations. 
During this phase of testing, operational aspects of geopressured- 
geothermal production were also evaluated. 

The test was discontinued prematurely in May 1983 because of a 
production tubing failure. Most of the production tubing was recovered 
from the well and cause of the failure was determined. Plans for 
recompletion of the well were prepared. However, the well was not 
recompleted because of funding constraints and/or program rescheduling. 
Although the test was not taken to its conclusion, some of the original 
objectives were satisfied. 

In March 1984, the Department of Energy, Nevada Operations Office 
(DOE/NV) directed that the site be placed in a standby-secured 
condition. In August 1984, the site was secured. Routine site 
maintenance and security was provided during the secured period. 
Effective April 1,  1985, the Geopressured-Geothermal Program was 
transferred from DOE/NV to the DOE Idaho Operations Office. 

Table 1-1 is the chronological sequence of events included in this 
final report. 

1 
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TABLE 1-1 
PLEASANT BAYOU PROJECT 

SEQUENCE OF EVENTS 

1. Continuation o f  Phase 11-B testing 

2. Evaluation of downhole scaling 

3. Preparation for tubing recovery 

4. Tubing recovery operations 

5. Recompletion studies and procurement 
actions 

6. Restore reserve pit and place 
site on standby-secured 

7. Monitor and maintain site 
during secured period 

10-24-82 04-13-83 

04-1 4-83 05-05-83 

05-06-83 07-05-83 

07-06-83 08-15-83 

08-16-83 02-23-84 

02-24-84 08-25-84 

08-26-84 04-01-85 
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2 .O IMTRODUCTION 

2.1 Background and Objectives 

Phase 11-B t e s t i n g  was a r e d e s i g n  o f  Phase 1 1 - A  w h i c h  had been 
d i scon t inued  i n  J u l y  1981 when t h e  downhole pressure m o n i t o r i n g  
equipment and w i r e l i n e  were l o s t  i n  t h e  No. 2 wel l .  P rev ious l y  i n  
Phase I and Phase 11-A, t h e  downhole pressure was mon i to red  w h i l e  
f l o w i n g  and t h e  pressure l o s s  due t o  f r i c t i o n  f o r  d i f f e r e n t  f l o w  
r a t e s  had been es tab l  ished. 

D u r i n g  Phase 11-B t e s t i n g ,  t h e  downho le  p r e s s u r e s  were  n o t  
measured b u t  were ca lcu lated.  The p r imary  o b j e c t i v e  o f  t h e  f i r s t  
90 days o f  Phase 11-B was t o  f u r t h e r  eva lua te  t h e  c a p a b i l i t i e s  and 
c h a r a c t e r i s t i c s  o f  t h e  r e s e r v o i r  and compare t h e  r e s u l t s  w i t h  
p r e v i o u s  t e s t s  r e s u l t s .  Beyond t h e  f i r s t  90 days, o b j e c t i v e s  
inc luded a d d i t i o n a l  r e s e r v o i r  c h a r a c t e r i z a t i o n  b u t  a1 s o  i n c l u d e d  
some o p e r a t i o n a l  o b j e c t i v e s  such a s  d e t e r m i n i n g  t h e  min imum 
p r a c t i c a l  manning requi rements;  e s t a b l i s h i n g  performance p r o f i l e s  
and maintenance requi rements o f  p roduc t i on  equipment; eva lua t i ng  
t h e  economics  o f  gas s a l e s ;  e s t a b l i s h i n g  p rog rams  f o r  s c a l e  and 
c o r r o s i o n  c o n t r o l ;  and u l t i m a t e l y  t o  e v a l u a t e  and d e m o n s t r a t e  
e l e c t r i c  power generations. 

Gruy P e t r o l e u m  Techno logy ,  1nc.k f i n a l  r e p o r t ,  d a t e d  12-31-82, 
and t i t l e d  " D r i l l i n g  and C o m p l e t i o n  o f  P l e a s a n t  Bayou No. 2 
B r a z o r i a  County, Texas," d i s c u s s e s  t h e  P l e a s a n t  Bayou P r o j e c t  
a c t i v i t i e s  f rom i n i t i a l  d r i l l i n g  a c t i v i t i e s  through t h e  f i r s t  31 
days  o f  t h e  Phase 1 1 - B  t e s t .  T h i s  f i n a l  r e p o r t  d i s c u s s e s  t h e  
a c t i v i t i e s  f o r  t h e  remainder o f  t h e  Phase 11-B t e s t  and subsequent 
p r o j e c t  a c t i v i t i e s  f rom t e r m i n a t i o n  o f  t h e  Phase 11-B t e s t  through 
t r a n s f e r  o f  t h e  p rog ram t o  t h e  Depar tmen t  o f  Energy 's  I d a h o  
Opera t i ons  Of f i ce .  

3 



3.0 CONTINUATION OF PHASE 11-8 TESTIN6 

3.1 Data Gathering System 

3.1.1 Microcomputer. During the first 31 days of the Phase II-B 
testing (09-22-82 - 10-23-82) Weatherly Engineering Data 
Systems provided a computerized data gathering system. 
The system is designed to allow accurate on-stream 
m e a s u r e m e n t s  on geopressured-geothermal we1 1s. 
Calculations were performed to produce information related 
to well performance. A1 1 measurements and calculations 
were made at operator-defined intervals and logged on a 
printer in numeric form so that interpretation of meters 
or charts was not necessary. The operator could initiate 
a measurement or calculation on demand, so that activity 
could be monitored as closely as desired. 

The major system components are shown on the information 
flow block diagraml, Figure 3-1. The "brain" of the 
system is the microcomputer module, which performs the 
major timing, control, and calculation functions. It 
features a 3-MHz clock, 69 basic instructions, 64K bytes 
o f  memory addressing capability, two E1A standard RS232C 
communications ports, 16 bits of parallel input/output, 
and 16 levels of prioritized interrupts. 

Closely associated with the microcomputer is the memory 
expansion module, which contains the bulk of the program 
and holds all the temporary values used in execution and 
calculation. 

The operator interface was provided by an Intertec Data 
Systems video terminal featuring a typewriter-oriented 
keyboard. This device is used to enter command functions, 
date and time, report heading information, and other 
needed data. It also displays the results of operator- 
initiated functions. 

Data acquisition for the system is handled by three 
different types of signal interfaces. Wellhead tubing and 
annulus pressures are gathered by a Panex Model 300 
digital indicator featuring special transducers that can 
handle 10,000 psi at 0.01 percent accuracy. All other 
analog values are gathered by a Texas Instruments analog- 
to-digital converter module strapped to take standard 4-20 
ma current loops from the transducers wired to it. 
Accuracy of these transducers is 0.25 percent of full 
scale. The pulses produced by the three liquid-flow 
turbines are accepted by Halliburton flow totalizers. 
These have six-digit liquid-crystal displays that can show 
whole barrels or tenths of a barrel, switch-selectable, 

4 
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and can accommodate different flow turbines by simple 
switch programming. Figure 3-2 is a schema ic showing the 
location of each data sensor in the system. ! 
The reports logged by the system are produced on a Texas 
Instruments Model 810 impact-type printer, which features 
bidirectional printing at up to 150 characters per second 
and can print on multiple-part paper. Reports are 
produced in standard legal-size format. A sample of the 
data printout is shown in Figure 3-3. Table 3-1 is a 
glossary of printout item abbreviations. Power is 
supplied from an external 120-volt AC source. Batteries 
furnish a minimum of eight hours backup at full load. 

This system provided the continuous high accuracy data 
required to further evaluate the reservoir. U s e  of the 
microcomputer system was discontinued at 2400 hours, 
10-23-82. 

3.1.2 Conventional. Prior to discontinuing use of the 
microcomputer system, more conventional type 
instrumentation was installed inside the instrument house, 
and inside the office trailer. Gas flow rate was measured 
through orifice meters with seven-day charts; fluid rates 
were measured with turbine meters. Both at the wellhead 
and at the separator dump; temperatures and pressures were 
measured with conventional gauges except for wellhead 
temperature and pressure which were measured using a Panex 
pressure/temperature transducer. The Panex display and 
printer unit was installed inside the office trailer s o  
that these parameters could be monitored continuously. 
During normal production operations, physical inspection 
of the production system was conducted hourly. Production 
data was reported daily at 0800 hours. Figure 3-4 is a 
sample of the field recbrded daily production report. 
The3e production reports were used for the remainder of 
the Phase 11-B from 10-24-82 through 4-13-83. 

3.2 Production Data 

3.2.1 Brine and Gas Production. Table 3-2 is a summary of 
production data throughout the continuation of the Phase 
XI-B test. During the 171.875 days, from 0001 hours 10- 
24-82 to 2100 hours 4-13-83, the well was flowing 162.4 
days, or 94.5% of the time. During this period, the No. 2 
well produced 2,984,653 barrels of brine and 65,727 MCF of 
gas, for an average gas fluid ratio of 22.02 SCFIbarrel, 
and an average daily production rate of 18,378 barrels 
brine and 405 MCF gas based on flowing time. The flowing 
tubing pressure declined 1289 psi from 2789 psia to 1500 
psia for an average decline rate of 7.93 psi per day based 
on flowing time. Figure 3-5 shows the flowing tubing 
pressure with respect to time during this test interval, 
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TABLE 3-1 

GLOSSARY OF 
DATA I T E M  ABBREVIATIONS 

WHTP = Wellhead tubing pressure (psia) - at Well No. 2 

WHAP = Wellhead annulus pressure (psia) at Well No. 2 - 
(between 9-5/8 inch casing and 5-1/2 inch tubing) 

CSGP = Casing pressure (psia) at Well No. 2 - 
(between 9-5/8 inch casing and 13-3/8 inch casing) 

WHT = Wellhead temperature (OF) - at Well No. 2 

STAT = Static pressure at orifice meter (psig) - at Sep. #1 

DF = Differential pressure across the orifice meter (inches of 
water) - at Sep. #1 

TM P = Flowing gas temperature at orifice meter (OF) - 
at Sep. #1 

MCFD = Measured gas flow rate (MCF/D) - calculated from STAT, DF, 
and TMP 

TRBN 1 = Cumulative flow of water through first turbine meter total 
impul ses 

+ = Incremental flow of water - number of impulses since 

TRBN 2 = Cumulative flow of water through second meter total 

previous reading 

impulses 

TMCFD = Total gas flow rate (MCF/D) - combination of calculated gas 
from each separator 

TBOPD = Total water flow rate (BBL/D) - calculated based on total 
impulses since last reading from both separators 

GFR = Gas-fluid ratio (SCF/BBL) - TMCFD/TBOPD 
FTR = Pressure upstream of filters (psia) - not applicable 
T TRBM = Cumulative fluid flow through 4-inch turbine at wellhead - 

turbine impulses 

DWP = Disposal wellhead pressure (psia) - at Well No. 1 

DWT = Disposal wellhead temperature (OF) - at Well No. 1 

9 



Wellhead p r e s s u r e  - p s i g  

We1 1 head t e m p e r a t u r e  - OF 
Casing p r e s s u r e  - p s i g  
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Accumula t ive  now - B b l  
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Pressure  - p s i g  

D i f f e r e n t i a l  i n  H20 

Temperature - OF 
Volume - M c f / D  

Gas f l u i d  r a t i o  - S c f / B b l  

Choke s e t t i n g  

Hours i n  s e r v i c e  

FIN COOLER 

Pressure  i n  - p s i g  32< 
P r e s s u r e  o u t  - p s i g  ,324 
Temperature i n  - OF 935 
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CHEt!I CAL TREATMENT 
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Gas - Mcf -3 

- .  s-5 
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Cum. f lowing  t i m e ,  hrs. 3249 

DEHYDRATION UNIT 

B o i  1 e r  t e m p e r a t u r e  - OF 
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G l y c o l  volume - g a l  

CORROS I ON 

- Z - L  
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PRESSURE DECLINE 

P a s t  24 h r s .  - l b s  

Pounds/hr.  

Pounds/HElBbl s 
+Corrected volume 

FIGURE 3-4 
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TABLE 3-2 

PLEASANT BAYOU WELL NO. 2 
PHASE 11-8 CONTINUATION 

PRODUCTIONS SUMMARY 
10-24-82 - 4-13-83 

PERIOD 
ENDING TUBING 

HRS. 0800 PRESS. P S I G  

8 10-24-82 
24 10-25-82 
24 10-26-82 
24 10-27-82 
24 10-28-82 
22.25 10-29-82 
24 10-30-82 
24 10-31-82' 
24 11-01-82 
24 11-02-82 

24 11-04-82 
24 11-05-82 
24 11-06-82 
24 11-07-82 
24 11-08-82 
24 11-09-82- 
24 11-10-82 
24 11-11-82 
24 11-12-82 
24 11-13-82 
24 11-14-82 
24 11-15-82 
24 11-16-82 
24 11-17-82 
24 11-18-82 
24 11-19-82 
24 11-20-82 

-1 24 11-03-82' 
-1 

2776 
2753 
2453 
2432 
2410 
2450.51 
2332.32 
2514.95 
2469.96 
2431.79 
2394.58 
2373.57 
2362.18 
2346.91 
2336.92 
2318.14 
2306.97 
2299.33 
2289.03 
2081.11 
2062.02 
2054.89 
2044.43 
2030.88 
2019.36 
1950.89 
2003.54 
2003.58 

ANNULUS CHOKE 
PRESS. PSIG SIZE,  IN .  

-0- 56/64" 
-0- 56 
-0- 60 
-0- 60 
-0- 60 
-0- 60 
-0- 60 
-0- 56 
-0- 56 
-0- 56 
-0- 56 
-0- 56 
-0- 56 
-0- 56 
-0- 56 
-0- 56 
-0- 56 
-0- 56 
-0- 56 
-0- 60 
-0- 60 
-0- 60 
-0- 60 
-0- 60 
-0- 60 
-0- 62 
-0- 62 
-0- 62 

WELLHEAD 
TEMP. OF 

GAS PROD. 
MCFI DAY 

BRINE PROD. 
BBLIDAY 

SEP. PRESS. 
PSIG. 

INJECTION 
PRESS. PSIG 

287 
287 
289 
289 
289 
288.66 
289.05 
288.50 
288.00 
289.10 
288.93 
289.23 
289.38 
289.19 
289.28 
289.38 
289.42 
289.31 
289.44 
290.54 
290.37 
290.64 
290.39 
290.45 
290.73 
291.07 
291 .OO 
291.25 

134 
404 
432 
418 
432 
395 
460 
409 
409 
41 1 
405 
386 
399 
405 
383 
386 
368 
380 
405 
409 
406 
403 
41 1 
404 
41 1 
41 7 
403 
403 

~~ 

6.141 57 0 350 
17;238 
19,057 
191047 
19,072 
20,129 
15.627 
19;055 
17,954 
17 1926 
18,130 
17,967 
18,182 
18,014 
18,017 
17,971 
17,856 
17,769 
17,562 
18,747 
18,663 
18.662 
18,796 
18,641 
18.559 
18,858 
18,610 
18,882 

520 
570 
570 
570 
570 
570 
565 
565 
570 
,570 
570 
570 
570 
570 
570 
570 
570 
570 
570 
570 
570 
570 
57 0 
560 
575 
570 
570 

360 
395 
405 
405 
410 
410 
400 
405 
405 
400 
400 
400 
400 
400 
400 
400 
405 
400 
450 
450 
455 
450 
450 
435 
445 
440 
450 

AVG 
SCF188i 

21.82 
22.03 
21.42 
20.73 
21.41 
18.54 
27.86 
20.28 
22.03 
21.67 
21.11 
20.29 
20.74 
21.22 
20.09 
20.28 
19.45 
20.24 
21.79 
21.81 
21.75 
21.59 
21.87 
21.67 
22.14 
22.11 
21.65 
21.34 
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24 
24 
24 
24 
21.8 
24 
24 
21 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 

w 24 
Iu 24 

24 
24 
24 
04 
0 
20 
23 
24 
24 
24 
24 
24 
24 
24 

1 1-21 -82 
11-22-82 
11-23-82 
11-24-82 
11-25-82 
11-26-82 
11-27-82 
11-28-82 
11 -29-82 
11 -30-82 
12-01-82 
12-02-82 
12-03-82 
12-04-82 
12-05-82 
12-06-82 
12-07-82 
12-08-82 
12-09-82 
12-10-82 
12-1 1-82 
12-12-82 
12-13-82 
12-14-82 
12-15-82 
12-16-82 
12-1 7-82 
12-18-82 
12-19-82 
12-20-82 
12-21-82 
12-22-82 
12-23-82 
12-24-82 

22.5 12-25-82 
22.5 12-26-82 
24 12-27-82 

1994.16 -0- 
1983.78 -0- 
1978.56 -0- 
1966.66 -0- 
2035.60 -0- 
2031.29 -0- 
2025.03 -0- 
2000.62 -0- 
1990.44 -0- 
1988.43 -0- 
1978.29 -0- 
1989.75 -0- 
1985.20 -0- 
1981.62 -0- 
1978.77 -0- 
1973.36 -0- 
1972.29 -0- 
1966.54 -0- 
1963.34 -0- 
1 954.. 4 1 -0- 
1959.45 -0- 
1962.06 -0- 
1956.27 -0- 
1960.20 -0- 

1987.49 -0- 
1984.39 -0- 
1850.18 -0- 
1843.01 - -0- 
1850.18 -0- 
1843.96 -0- 
1852.98 -0- 
1846.59 -0- 
1842.26 -0- 
1839.87 -0- 
1863.62 -0- 
1857.40 -0- 

O L I O 4  
62 
62 
62 
62 
62 
62 
62 
62 
62 
62 
62 
62 
62 
62 
62 
62 
62 
62 
62 
62 
62 
62 
62 

62 
62 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 

L Y l . S I  

291 .oo 
291.33 
290.92 
290.71 
291.11 
291.07 
291.46 
291.68 
291.43 
291.29 
291.38 
291.33 
291.73 
291.79 
291.65 
291.60 

4U.Y 

403 
401 
408 
,360 
399 
398 
352 
41 1 
408 
415 
405 
406 
415 
404 
414 
414 

291.50 418 
291.37 419 
291.20 421 
291.50 409 
291.51 408 
291.58 418 
291.34 70 

SHUT I N  FOR MAINTENANCE 
289.44 355 
290.35 402 
291.30 434 
291.43 428 
291.30 434 
291.58 434 
291.54 434 
291.47 425 
291.18 413 
291.35 391 
291.44 38 1 
291.32 403 

18,869 
18,835 
18,716 
18,786 
16,662 
18.506 
18.459 
16,058 
19,130 
19,030 
19,020 
19,053 
19,088 
19,005 
19,006 
19,060 
19,037 
18,998 
18.940 
19,123 
19,050 
19,131 
19,071 
4,823 

15,123 
17.521 
18.883 
19.054 
18.968 
18,971 
19,049 
19.040 
19,023 
17,738 
18,362 
18,757 

- 

570 
570 
570 
570 
570 
570 
570 
570 
570 
57 0 
570 
570 
570 
570 
570 
570 
570 
570 
570 
570 
570 
570 
570 
570 

570 
585 
580 
575 
580 
580 
580 
578 
570 
570 
580 
570 

450 
440 
450 
440 
420 
420 
410 
410 
380 
380 
380 
410 
380 
410 
410 
405 
420 
420 
422 
420 
430 
430 
440 
430 

400 
385 
400 
405 
410 
422 
425 
427 
422 
425 
410 
405 

21.36 
21.40 
21.42 
21.72 
21.22 
22.88 
21.56 
21.92 
21.48 
21.44 
21.82 
21.26 
21.27 
21.84 
21.26 
21.72 
21.74 
22.00 
22.12 
22.02 
21.46 
21.33 
21.92 
22.00 

23.47 
22.94 
22.98 
22.08 
22.91 
22.87 
22.80 
22.32 
21.69 
22.03 
20.73 
21.47 
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24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 

12-28-82 
12-29-82 
12-30-82 
12-31 -82 
01-01-83 
01-02-83 
01-03-83 
01 -04-83 
01-05-83 
01 -06-83 
01-07-83 
01-08-83 
01-09-83 
01-10-83 
01 -1 1-83 
01-92-83 
01 -13-83 
01- 14-83 
01-15-83 
01 - 16-83 
01-17-83 
01-18-83 
01-19-83 
0 1-20-83 
01-21-83 
01-22-83 
01-23-83 
01-24-83 
01-25-83 
01-26-83 
01-27-83 
01-28-83 
01-29-83 
01-30-83 

3.75 01-31-83 

1853.56 
1845.39 
1828.70 
1860.38 
1831.24 
1823.49 
1771.71 
1822.69 
1 825 :14 
1875.00 
1875.00 
1806.41 
1900.00 
1900.00 
1804.58 
1798.66 
1799.39 
1690.44 
1683:12 
1683.26 
1680.07 
1674.27 
1670.23 
1671.42 
1671.13 
1667.84 

1675.25 
1673.90 
1673.36 
1677.41 
1673.67 
1674.42 
1677.40 
1677.55 

1681.50 

- 2-11213-83 4048.20 
17.5 02-04-83 1774.68 

-0- 
-0- 
-0- 
-0- 
-0- 
-0- 
-0- 
-0- 
-0- 
40-0 
-0- 
-0- 
-0- 
-0- 
-0- 
-0- 
-0- 
-0- 
-0- 
-0- 
-0- 
-0- 
-0- 
-0- 
-0- 
-0- 
-0- 
-0- 
-0- 
-0- 
-0- 
-0- 
-0- 
-0- 
-0- 
-0- 
-0- 

64/64" 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
66 
66 
66 
66 
64 
66 
66 
66 
66 
66 
65 
66 
66 
66 
66 
66 
66 
66 

SHUT IN FOR REPAIRS 
64 286.97 

291.58 
291 .35 
291.51 
291.20 
291.22 
291.29 
291.61 
291.38 
291.54 
291 .oo 
291 .oo 
291.48 
291 .oo 
291 .oo 
290.14 
289.83 
290.16 
290.60 
290.28 
290.45 
290.43 
290.22 
289.91 
290.18 
290.40 
290.36 
290.59 
290.52 
290.27 
290.57 
290.38 
290.37 
290.45 
290.36 
290.09 

41 6 
403 
43 1 
40 1 
425 
428 

4.17 
425 
428 
421 
425 
420 
4 20 
398 
420 
422 
424 
423 
425 
424 
427 

415 
420 
419 
425 
424 
430 
424 
410 
409 
408 
414 
64 

306 

388 

418 

18,760 
18,754 
18.827 
lei569 
18.727 

lei675 
18.567 
18,652 
18,551 
18,663 
18.570 
18;552 
18.556 
lei531 
18,552 
18,998 

18,987 
18,973 

19,050 

19.012 

18,922 

18,941 
18,994 

18.834 

18.986 

18,903 

lei771 
18.641 
lei776 
2,958 

13,452 

580 
570 
540 
630 
550 
555 
480 
560 
570 
565 
570 
570 
570 
570 
570 
570 
570 
600 
590 
600 
600 
600 
600 

580 

600 
600 
600 
600 
620 
620 
620 
620 
620 

595 

580 

580 

- 

415 
410 
422 
400 
430 
432 
440 
435 
445 
446 
455 
450 
445 
455 
455 
455 
455 
468 
460 

460 
455 
445 
460 
465 
465 
472 
475 
470 
47 5 
472 
47 2 
470 
475 
475 

455 

468 

22.18 
21.53 
22.90 
21.59 
22.68 
22.79 

22.32 

22.96 

20.86 

22.86 

22.69 
22.75 
22.64 
22.66 
21.59 
22.76 
22.74 
22.34 
22.21 
22.40 
22.54 
22.65 

21.93 
22.14 

22.08 

22.12 
22.41 
22.60 
22.83 
22.44 
21.77 

21.88 
22.03 
21.59 

22.73 

21.78 
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' 24 
24 

24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 

w 24 
24 P 

24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 

' 24 

02-05-83 
02-06-83 
02-07-83 
02-08-83 
02-09-83 
02-10-83 
02-11-83 
02-12-83 
02-13-83 
02-14-83 
02- 15-83 
02-16-83 
02- 17-83 
02-18-83 
02-19-83 
02-20-83 
02-21-83 
02-22-83 
02-23-83 
02-24-83 
02-25-83 
02-26-83 
02-27-83 
02-28-83 
03-01-83 
03-02-83 
03-03-83 
03-04-83 
03-05-83 
03-06-83 
03-07-83 
03-08-83 
03-09-83 
03-10-83 
03- 1 1-83 
03- 12-83 

1762.57 
1751.16 
1742.62 
1740.38 
1744.16 
1735.15 
1737.89 
1730.92 
1739.43 
1734.79 
1736.99 
1738.66 
1734.24 
1732.92 
1724.55 
1725.67 
1728.09 
1720.61 
1719.27 
1719.22 
17 12.25 
1704.05 
1715.24 
1724.65 
1722.64 
1724.66 
1712.74 
1711.87 
1710.36 
1702.82 
1702.07 
1700.04 
1689.46 
1690.50 
1682.35 
1687.08 

-0- 
240-0 
150-0 
180-0 
200-0 
-0- 

100-0 
-0- 
-0- 
-0- 

50-0 
150-0 
140-0 
-0- 
-0- 
-0- 
-0- 
-0- 
-0- 
-0- 
-0- 
-0- 
-0- 
-0- 
-0- 
-0- -e- 
-0- 
-0- 
-0- 
-0- 
-0- 
-0- 
-0- 
-0- 
-0- 

64/64" 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 
64 

288.29 
289.16 
289.47 
289.56 
289.66 
289.62 
289.89 
289.84 
289.95 
290.02 
289.82 
289.78 
290.05 
290.09 
290.02 
289.89 
290.07 
289.16 
290.13 
290.23 
290.14 
289.80 
290.02 
290.12 
290.20 
290.64 
289.92 
289.89 
290.13 
290.05 
290.19 
290.21 
290.02 
290.20 
290.02 
290.13 

419 
413 
41 1 
428 
406 
403 
400 
400 
400 
394 
401 
395 
399 
399 
401 
398 
394 
394 
392 
392 
397 
388 
391 
380 
388 
384 
387 
380 
383 
382 
380 
383 
378 
390 
376 
377 

18,553 
18,354 
18,317 
18,317 
18.226 
18;169 
18.115 
18;098 
18,064 
18,091 
18;lOo 
18,024 
18,030 
18.111 
18;029 
17,933 
18,053 
17,961 
17,902 
17,886 
17.883 
17,954 
17,886 
17,864 
17,850 
17,822 
17,724 
17,746 
17,665 
17,670 
17,630 
17,596 
17.553 
17,479 
17,450 
17,490 

590 
590 
585 
600 
610 
620 
630 
630 
630 
610 
630 
630 
640 
640 
640 
630 
630 
630 
630 
630 
635 
620 
630 
630 
660 
670 
660 
660 
670 
670 
660 
670 
660 
670 
660 
670 

450 
475 
480 
480 
485 
480 
482 
482 
485 
485 
480 
485 
490 
495 
495 
500 
500 
500 
515 
520 
512 
505 
515 
520 
520 
525 
500 
518 
525 
525 
530 
525 
520 
528 
520 
525 

22.56 
22.50 
22.48 
23.41 
22.26 
22.18 
22.07 
22.09 
22.14 
21.79 
22.17 
21.91 
22.11 
22.01 
22.21 
22.18 
21.86 
21.96 
21.90 
21.94 
22.20 
21.63. 
21.87 
21.28 
21.78 
21.57 
21.81 
21.43 
21.68 
21.62 
21.55 
21.77 
21.60 
22.40 
21.54 
21.58 
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24 03-13-83 
24 03-14-83 
24 03-15-83 
24 03-16-83 
8.5 03-17-83 - 3-18/19-83 

23.1 03-20-83 
24 03-21-83 
24 03-22-83 
24 03-23-83 
19.75 03-24-83 
23.75 03-25-83 
24 03-26-83 
24 03-27-83 
24 03-28-83 
24 03-29-83 
24 03-30-83 
24 03-31-83 
24 04-01-83 
24 04-02-83 
24 04-03-83 
24 04-04-83 
24 04-05-83 
24 04-06-83 
24 04-07-83 
24 04-08-83 
24 04-09-83 
24 04-10-83 
24 04-11-83 
24 04-12-83 
24 04-13-83 
13 04-14-83 

)--. 
cn 

- 
3,898.4 

1683.12 
1698.83 
171 2.28 
1687.55 
1687.63 

1665.97 
1664.58 
1655.74 
1650.85 
1651.52 
1600.17 
1607.37 
1574.92 
1584.68 
1576.00 

- 

1577.53 
1575.82 
1565.60 
1561.53 
1561.10 
1553.85 
1555.09 
1539.02 
1536.38 
1530.04 - 
1523.53 
1521.46 
1510.10 
1506.96 
1501.49 
1499.99 

-0- 
-0- 
-0- 
-0- 
-0- 
-0- 
-0- 

120-0 
-0- 
-0- 
-0- 
80-0 
-0- 

120-0 
100-0 
100-0 
-0- 
-0- 
-0- 
-0- 
-0- 
-0- 
-0- 
-0- 

100-0 
57-0 
-0- 
-0- 
-0- 
-0- 
-0- 
-0- 

64/64" 290.09 
64 290.11 
64 290.10 
64 290.09 
64 290.10 

64 288.56 
64 289.52 
64 289.97 
64 290.04 
64 290.20 
65 290.29 
65 ' 290.40 
65 290.60 
65 290.77 
65 290.55 
65 290.60 
65 290.79 

290.51 65 
65 290.52 
65 290.68 
65 290.56 
65 290.57 
65 290.59 
65 290.66 
65 290.72 
65 290.71 
65 290.80 
65 290.66 
65 290.67 
65 290.66 
65 290.50 

SHUT IN FOR REPAIRS 

378 
375 
37 5 
376 
133 

383 
395 
394 
390 
317 
381 
39 1 
402 
403 
398 
396 
400 
393 
39 1 
398 
392 
394 
388 
384 
384 
386 
386 
385 
385 
384 
209 

17.506 
17,416 
17,451 
17,506 
6,066 

17,644 
17,925 
17,935 
17.854 
14.944 
17.815 
17,914 
17,932 
17,983 
18,088 
17,988 
17.983 
17.983 
17,993 
17.873 
17.813 
17,768 
17.726 
17,694 
17,638 
17,706 
17.471 
17,371 
17,398 
17,398 
9,248 

- 

65,727 2,984,653 

670 
660 
660 
660 
670 

600 
610 
610 
615 
620 
610 
610 
585 
590 
585 
585 
600 
580 
583 
600 
585 
600 
588 
580 
580 
585 
590 
585 
585 
580 
585 

- 

525 
525 
520 
505 
515 

475 
480 
485 
490 
495 
440 
435 
448 
455 
455 
458 
468 
458 
465 
465 
465 
470 
460 
470 
47 5 
475 
47 5 
465 
465 
468 
465 

21.59 
21.54 
21.48 
21.46 
21.89 

21.69 
21.91 
21.96 
21.85 
21.21 
21.40 
21 -80 
22.43 
22.45 
22.00 
22.04 
22.26 
21.90 
21.73 
22.29 
21.96 
22.18 
21.80 
21.70 
21.75 
21.78 
22.11 
22.07 
22.04 
22.07 
20.81 

22.02 
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and for the entire Phase 11-B period. The solid line 
represents the actual measured flowing pressure. The 
individual points are calculated using a computer 
reservoir model, which is discussed in Section 11.1, page 
53. The increasing in slope, shown by the three dashed 
lines, indicates that scale build u p  in the production 
tubing and wellhead began influencing the wellhead 
pressures between March 01 and March 15. 

3.2.2 Hydrocarbon Production. During the first week of December 
1982. hvdrocarbons were observed in the effluent water 
from -thi glycol dehydrator. A "gun barrel" separator was 
fabricated to separate and collect the small amount of 
hydrocarbon. Following the installation of the separator, 
representatives from the University of Southwest Louisiana 
collected samples of the liquid hydrocarbon, the wet gas, 
and effluent water. Test results showed the hydrocarbons 
to be 30% benzene with the remainder light aromatics, at a 
concentration of 123 ml per 1000 MCF gas. This equates to 
approximately 13 gallons per day at a fluid rate of 18,000 
barrels brine per day. 

An emulsion later developed in the "gun barrel." Champion 
Chemical Co. attempted to treat and break the emulsion 
with chemicals. However, the amount of chemical required 
was cost prohibitive for the recovery of such a small 
volume. Rather than treat the emulsion with chemicals, a 
larger excess tank (500  gallon) was converted into a 
retention tank for the dehydrator effluent. The tank 
was plumbed s o  that the hydrocarbon could be collected 
from the top of the tank and clean water discharged from 
the bottom. This proved to be an effective method of 
isolating the hydrocarbons. 

3.3 Scale and Corrosion Treatment 

3.3.1 Scale. Scale inhibiting chemicals were provided by 
Champion Chemical Co. The chemical was stored i n  an 
enclosed fiberglass tank adjacent to the No. 2 wellhead. 
The chemical was injected into the flow stream at an 
autoclave fitting on the bottom turn of the flow loop 
upstream of the adjustable choke. Injection was from a 
low volume, high pressure, electric-driven, positive 
displacement pump through 1/4-inch stainless steel 
tubing. ChamPCion Chemjca Co. worked closely with 
representatives from Rice University to select the most 
effective chemicals<-and d,etermine the most effective 
treatment rates. The chemical chosen 'was Champion's 
Gyptron T-121, which proved to be effective in preventing 
scale accumulation inside the surface equipment and piping 
with treatment rates as-low as 4 gallons per day at flow 
rates of 18,000 barrels/day. This is equivalent to 
approximately four parts per million (PPM) by volume. 
Gyptron T-121 is an aminomethylene phosphonate. 
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3.3.2 C o r r o s i o n .  A s  f o r  t h e  s c a l e  i n h i b i t o r ,  t h e  c o r r o s i o n  ' 

i n h i b i t o r  was a l s o  p r o v i d e d  by  Champion Chemica l  Co. 
Se lec t i on  again was coord ina ted  w i t h  Rice U n i v e r s i t y  and 
t h e  chemicals  se lec ted  were Champion's Cor t ron  RN-97 and 
RU-22 ,  w h i c h  a r e  w a t e r  s o l u a b l e  Q u a t e r n a r y  amines. 
T r e a t m e n t  began a t  20 g a l l o n s  p e r  day ( a p p r o x i m a t e l y  23 
PPM) and was s l o w l y  reduced, based on da ta  f rom c o r r o s i o n  
coupons, t o  8 g a l l o n s  per  day (approx imate ly  10 PPM). The 
10 PPM t rea tmen t  proved t o  be e f f e c t i v e  aga ins t  co r ros ion  
i n s i d e  p r o d u c t i o n  e q u i p m e n t  and p i p i n g ,  e x c e p t  f o r  
downstream f l a n g e  faces i n  h i g h  pressure p ip ing .  F igu re  
3 -6  shows t h e  l o c a t i o n  o f  c o r r o s i o n  coupons w i t h i n  t h e  
p roduc t i on  system.2 Table 3-3 i s  a t a b u l a t i o n  o f  r e s u l t s  
o f  c o r r o s i o n  coupon analys is .  

As m e n t i o n e d  above, some s e v e r e  p i t t i n g  was obse rved  on 
t h e  downs t ream s i d e  o f  f l a n g e s  i n  some h i g h  p r e s s u r e  
p ip ing.  The p i t t i n g  appeared t o  be wors t  a t  t h e  i n t e r n a l  
f l a n g e  f a c e  j u s t  i n s i d e  t h e  r i n g  sea l .  R e g u l a r  c a r b o n  
s t e e l  seal  r i n g s  were a l s o  severe ly  p i t t e d  i n  a number 
o f  f langes. On 1-31-83, t h e  spool between t h e  4" W i l l i s  
choke and t a r g e t  t e e  had t o  be removed because t h e  f l a n g e  
and sea l  were damaged beyond r e p a i r .  Radian Corpo ra t i on  
examined one 4 -1 /16  i n c h  15M and one 4 -1 /16  i n c h  10M 
f l a n g e  and concluded t h a t  t h e  l o c a l i z e d  c o r r o s i o n  was n o t  
t h e  r e s u l t  o f  m e t a l l u r g i c a l  m o d i f i c a t i o n s  p roduced  by 
w e l d i n g  b u t  was t h e  r e s u l t  o f  t h e  i n h e r e n t  l a c k  o f  
c o r r o s i o n  r e s i s t a n c e  o f  t h i s  c a s t  s t e e l  a l l o y  t o  t h e  
g e o f l u i d .  A d d i t i o n a l l y ,  t h e  p r o p r i e t a r y  c o r r o s i o n  
i n h i b i t o r s  were n o t  effective.3 See Appendix A, which i s  
t h e  r e p o r t  f r o m  Rad ian  C o r p o r a t i o n  t i t l e d  "F langes  From 
t h e  H i g h  P r e s s u r e  G e o f l u i d  System o f  t h e  P l e a s a n t  Bayou 
Geopressured Geo the rma l  Well." To remedy t h i s  p rob lem,  
t h e  r i n g  s e a l s  were  r e p l a c e d  w i t h  316 s t a i n l e s s  s t e e l  
r i n g s  and t h e  r e p l a c e m e n t  f l a n g e s  i n t e r n a l l y  n i c k e l  
coated. 

3.4 6as Sales 

3.4.1 Gas t rea tmen t  Equipment. Gas f r o m  t h e  3-phase separa tors  
was i n i t i a l l y  c o o l e d  u s i n a  a F i n - X - L i n e  a i r - c o o l e d  h e a t  
exchanger  r a t e d  a t  500M iTU/hour ,  1000 p s i  and 300' F. 
The exchanger was equipped w i t h  a 60- inch f a n  powered by a 
5-hp, 220-440\1, t h r e e - p h a s e  e l e c t r i c  mo to r .  T y p i c a l  l y ,  
gas e n t e r i n g  t h e  c o o l e r  ranged f rom 220 t o  230° F w i t h  an 
e x i t i n g  temperature f r o m  60 t o  750 F. Downstream o f  t h e  
c o o l e r  m o i s t u r e  was removed u s i n g  a g l y c o l  d e h y d r a t i o n  
u n i t  w i t h  an 8-5/8 i n c h  absorber r a t e d  a t  1.4 MMSCF a t  600 
p s i .  A 6 - i n c h  O.D. x 6 - f o o t  l o n g  s c r u b b e r  was i n s t a l l e d  
ahead o f  t h e  dehydra t ion  u n i t  t o  remove any condensation 
f o r m e d  as a r e s u l t  o f  c o o l e d  w a t e r  v a p o r s  f r o m  t h e  h e a t  
exchanger. G lyco l  b o i l e r  temperatures were main ta ined a t  
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TABLE 3-3 

CORROSION COUPON ANALYSIS 

Coupon 
tlo . 

E09652 
EO-654 
EO-656 
E09658 
E09661 

A0202 
A0206 
A0203 
A0209 
A0208 

A0210 
A0207 
A0204 
A0201 

GO4696 
GO4694 
GO4695 

GO4679 
GO4678 
GO4677 
GO4675 

GO4697 
GO4698 
GO4699 
GO4700 
GO4703 

GO4657 
GO4658 
GO4659 
GO4661 

Locat ion 

B 
D 
E 
A 
C 

A 
D 
C 
E 
B 

E 
6 
C 
A 

B 
0 
C 

E 
O 
B 
C 

A 
E 
0 
6 
C 

8 
C 
D 
A 

. .  
Date 

Instal led 

10-25-82 

11-01-82 

11-01-82 " 

1 

11-08-82 

11-15-82 

11-22-82 

12-13-82 

0 

Date 
Rerno v ed 

11-01-82 
I 

11-08-82 

1) 

11-15-82 

11-15-82 

11 -22-82 
4 

11-29-82 

01-1 1-83 

, 

*T-121 - Scale treatment, gal/day 
RN97/RU22 - Corrosion treatment, gallday 

Wt. Loss 
mg 

388.9 
1075.9 
1117.8 
1207.5 
1087,4 

599.7 
553.2 
684.3 
554.6 

11.6 

640.4 
9.0 

638.5 
654.6 

10.9 
286.8 
323.5 

222.9 
293.1 

14.6 
2441.7 

282.9 
199.2 
245.2 

18.6 
218.6 

59.0 
314.5 
304.2 
425.8 

Chemical Injection* 
Corrosion Rate RN97/ 

i4PY T-!21 RU22 

4-15 0 
0 

35.8 

0 
99.0 

0 
102.8 
111.1 
100.0 0 

55.2 15 10 
50.9 
62.9 
51.0 
1.1 

29.5 15-12 10-15 
0.4 t 

29.4 
30.1 

1 .o 
26.4 
29.8 

20.5 
27.0 

1.3 
22.2 

26.0 
18.3 
22.6 

1.7 
20.1 

1.14 
5.97 
5.77 
8.09 

12 

12-4 

4 

I 

4 

15 

t 

15-20 

I 

20 

I 

20 

L - . . - . . . .. ... . 
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approximately 350° F, r e su l t i ng  i n  o u t l e t  temperatures of 
60 t o  80° F. Moisture content was maintained a t  7 pounds 
p e r  MMSCF of gas  or below; e f f l u e n t  f rom t h e  d e h y d r a t o r  
was run t h r o u g h  a 500-ga l lon  r e t e n t i o n  tank w i t h  water 
draining i n t o  the  separator  blowdown p i t .  

3.4.2 Measurement. Gas was metered through a prefabricated 3- 
i n c h  me te r  run pe r  s p e c i f i c a t i o n s  of t h e  p u r c h a s e r ,  
Houston Pipe Line Co. A scrubber was in s t a l l ed  ahead of 
t he  o r i f i c e  flange w i t h  an automatic high-level shut-down 
valve should there  be excessive f l u i d  carryover from the  
d e h y d r a t o r .  A 2- inch  b a c k - p r e s s u r e  r e g u l a t o r  was 
i n s t a l l e d  downstream of the  sa l e s  meter o u t l e t  as a sa fe ty  
v a l v e  t o  r e l e a s e  p r e s s u r e  o n  t h e  l i n e  s h o u l d  t h e  
automatic valve on the  sa l e s  scrubber close. This allowed 
f o r  f l a r i n g  t h e  produced gas.  A d d i t i o n a l  m e t e r i n g  was 
provided on wet gas from each separator.  

3.4.3 Gas Sales Contract. Fenix & Scisson, Inc., entered i n t o  a 
gas  s a l e s  c o n t r a c t  w i t h  Houston Pipe  Line Co. ( C o n t r a c t  
No. 12-28131-101) t o  s e l l  t h e  gas  produced by t h e  No. 2 
w e l l .  In acco rdance  w i t h  t h e  c o n t r a c t ,  t h e  g a s  s a l e s  
p r i ce  was regulated by the  pr ice  specif ied f o r  Subpart B 
of P a r t  271 i n  Table  I of S e c t i o n  271.101(a) of t h e  F E R C  
R e g u l a t i o n s ,  which were a p p l i c a b l e  d u r i n g  each month. 
Contract terms l imited the  moisture content of the gas t o  
seven pounds of water vapor per mi l l i on  cubic f e e t  and C O  
c o n t e n t  t o  a maximum of 10% by volume a t  a r a t e  of 100  
MCF pe r  day. However, t h e  buyer  d i d  a c c e p t  a h i g h e r  C02 
content a t  volumes l e s s  than 1000 MCF per day. 

6 

Measurement of the  gas was the  r e s p o n s i b i l i t y  of the  buyer 
and m e t e r i n g  f a c i l i t i e s  were provided  by t h e  s e l l e r .  
M e a s u r e m e n t  c o n f o r m e d  t o  t h e  T e x a s  S t a n d a r d  Gas 
M e a s u r e m e n t  A c t  and Amer ican  Gas A s s o c i a t i o n  Gas 
Measurement Committee Report No. 3. 

In acco rdance  w i t h  the  D O E ' S  l e a s e  agreement  w i t h  IP 
Farms, Inc., (Lease No. DE-RC08-80NV10085), r o y a l t y  
payments of 25% were paid t o  t h e  IP Farms, Inc., f o r  a l l  
gas sold. Table 3-4 i s  a tabula t ion  of monthly gas sa l e s  
during the  Phase 11-B t e s t .  The gross  heating values were 
determined by chromatographic ana lys i s  or  calor imeter  of 
s amples  c o l l e c t e d  by t h e  buyer. A t o t a l  of 69.6 m i l l i o n  
cubic f e e t  of gas was sold f o r  the  period 10-01-82 through 
4-13-83. 

3.5 Production Problems 

3.5.1 Block Valves. Rockwell 4-inch and 3-inch Model 2345 plug 
valves were used on br ine p i p i n g  a t  separator  discharges,  
on the  br ine bypass, a t  separator  chokes and on the  blow 
d o w n  l i n e  t o  t h e  p i t .  These v a l v e s  had t o  be g r e a s e d ,  
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TABLE 3 - 4 

GAS SALES SUMMARY 

MAX L I N E  MAX TOTAL 
PRESSURE TEMP. AVG. VOLUME'  TOTAL C02 N 2  S P E C I F I C  

O F  BTU/SCF MCF MMBTU % % GRAVITY MONTH P S I G  

10-82 290 89  927 1 0 , 6 7 5  9 , 8 9 3  12 .3  0.52 0 .705  

11-82 340 76 923  1 1 , 7 9 5  10 ,945  12 .3  0.52 0 .705  

12-82 340 67 923  11 ,328  1 0 , 5 1 3  12 .3  0.52 0.705 

1-83 340 60 930 1 1 , 1 7 5  1 0 , 3 9 3  12 .4  0.52 0.705 

2-83 335  67 9 3 1  9 , 6 1 1  8 , 9 4 8  12 .4  0.52 0.708 

3-83 330 7 1  943  11 ,359  1 0 , 7 1 3  12 .1  0.50 0 .693  

4-83 330 73  927 3 , 6 9 3  3 , 4 2 5  12 .1  0.50 0.704 

SALES PERIOD 10-01-82 - 4-13-83 

TOTAL GAS SALES 69 ,636  64 ,830  



packed and o p e r a t e d  f r e q u e n t l y  i n  o r d e r  t o  keep them 
f u n c t i o n i n g  proper ly .  When n o t  operated f requen t l y ,  smal l  
amounts o f  sca le  o r  i n h i b i t o r  res idue  would b u i l d  up on o r  
be tween  t h e  p l u g  and v a l v e  body. T h i s  made i t  d i f f i c u l t  
t o  work t h e  va l ve  o r  achieve complete f l u i d  shut  o f f  when 
t h e  v a l v e  was c l o s e d .  When n o t  g r e a s e d  o r  p a c k e d  
f requen t l y ,  leaks  develop through t h e  grease f i t t i n g s  o r  
a round  t h e  v a l v e  stem. Once l e a k s  deve lop ,  t h e s e  a r e a s  
become more  r e s t r i c t e d  due t o  t h e  b u i l d u p  o f  s a l t  and 
m i n e r a l s  f r o m  t h e  l e a k i n g  b r i n e .  F r e q u e n t  g r e a s i n g  and 
pack ing o f  t h e  va lves proved t o  be an e f f e c t i v e  method o f  
p r e v e n t i n g  l e a k s  a round  t h e  s tems o r  t h r o u g h  t h e  g r e a s e  
f i t t i n g s .  However, w h i l e  f l o w i n g  t h e  we1 1 cont inuous ly ,  
i t  i s  n o t  p o s s i b l e  t o  o p e r a t e  t h e  v a l v e  (open and c l o s e )  
as o f t e n  as necessary. N icke l  c o a t i n g  t h e  p l u g  and va l ve  
body a r e a  a round  t h e  p l u g  a l l o w s  t h e  v a l v e  t o  be  opened 
and c l o s e d  e a s i l y  even a f t e r  b e i n g  i n  s e r v i c e  f o r  l o n g  
pe r iods  o f  t ime. 

Gate va lves were used on t h e  gas p i p i n g  and prov ided good 
s e r v i c e  w i t h  no unusual problems. 

3.5.2 Turb ine Meters. A t o t a l  o f  f i v e  t u r b i n e  meters were used 
i n  t h e  p r o d u c t i o n  s y s t e m  t o  m e a s u r e  b r i n e  v o l u m e .  
L o c a t i o n  o f  t h e s e  f i v e  m e t e r s  a r e  shown i n  F i g u r e  3-7,  
w h i c h  i s  a s c h e m a t i c  o f  t h e  t e s t  equipment.2 I t e m  4 i s  
t h e  m a i n  h i g h  p r e s s u r e  t u r b i n e  w h i c h  measures  t h e  f u l l  
f l u i d  s t ream d i r e c t l y  o f f  t h e  we l lhead f l o w  loop. Th is  i s  
a Camco meter  and proved t o  be very  r e l i a b l e .  There i s  a 
f l u i d  m e t e r i n g  m a n i f o l d  on t h e  f l u i d  d i s c h a r g e  o f  each 
separator. Each m a n i f o l d  c o n s i s t s  o f  two  3- inch  t u r b i n e  
m e t e r  runs .  Each m e t e r  r u n  can be  i s o l a t e d  f o r  s e r v i c e  
w h i l e  t h e  w e l l  i s  f l o w i n g .  D u r i n g  t h e  Phase 1 1 - B  t e s t ,  
a l l  o f  t h e  f l u i d  was p roduced  t h r o u g h  t h e  l a r g e r  No. 1 
s e p a r a t o r  and t h e  No. 2 s e p a r a t o r  h e l d  i n  r e s e r v e ,  t h u s  
a l l  f l u i d  p roduced  was g o i n g  t h r o u g h  one o f  t h e  3 - i n c h  
t u r b i n e s .  E a r l y  on i n  t h e  t e s t  t h e r e  was a p r o b l e m  w i t h  
l i f e  o f  t h e  3 - i n c h  t u r b i n e s .  A t  one p o i n t ,  t h e  t u r b i n e s  
were be ing  redressed every f o u r  - f i v e  days due t o  t u r b i n e  
b e a r i n g  f a i l u r e .  The p r o b l e m  was a t t r i b u t e d  t o  excess  
h e a t  on t h e  b e a r i n g  caused by a c o m b i n a t i o n  o f  t h e  h o t  
b r i n e  and f r i c t i o n a l  heat  f rom t h e  r o t o r  sp inn ing  a t  such 
h i g h  speeds. The m e t e r  s e r v i c e  company was a b l e  t o  
f a b r i c a t e  a b e a r i n g  f r o m  a n o t h e r  m a t e r i a l  w h i c h  c o u l d  
s u r v i v e  t h e  e l e v a t e d  t e m p e r a t u r e s .  The m e t e r s  o p e r a t e d  
w e l l  a f t e r  i n s t a l l a t i o n  o f  t h e  redesigned k i t s .  

' 3.5.3 C o n t r o l  Valves.  F l u i d  dump. v a l v e s  on t h e  s e p a r a t o r s  
g e n e r a l l y  f u n c t i o n e d  w e l l .  However, t h e r e  was one 
occasion on 1-30-85, when a r o l l  p i n  eroded away a l l o w i n g  
t h e  v a l v e  t r i m  t o  unscrew. W i t h  t h e  t r i m  l oose ,  t h e  
s e p a r a t o r  c o u l d  n o t  u n l o a d  and t h e  emergency s h u t  down 
(ESD) system a u t o m a t i c a l l y  shut  i n  t h e  w e l l  on a separa tor  
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h i g h  l e v e l .  O t h e r  t h a n  m i n o r  a d j u s t m e n t s ,  b o t h  l i q u i d  
dump v a l v e s  and gas l i n e  back p r e s s u r e  r e g u l a t o r  v a l v e s  
operated w e l l .  

3.5.4 P i p i n g  Flanges. Problems w i t h  c o r r o s i o n  o f  p i p i n g  f langes  
a r e  discussed i n  Sect ion 3.3.2, page 18. 

3.5.5 E l e c t r i c a l  Outages. S i t e  e l e c t r i c a l  power was ob ta ined 
commercial l y  , f rom Houston L i g h t i n g  and Power Co., and was 
r e l a t i v e l y  dependable. A t  t i m e s  t h e r e  were s h o r t  per iods  
o f  power l o s s  due t o  damage f rom thunderstorms o r  winds. 
S i n c e  b o t h  i n s t r u m e n t  a i r  compressors were e l e c t r i c a l l y  
powered, a power  outage,  i f  l o n g e r  t h a n  f o u r  t o  f i v e  
minutes, r e s u l t e d  i n  a w e l l  s h u t  i n  on low i n s t r u m e n t  a i r  
pressure. T h i s  problem was c o r r e c t e d  by c o n v e r t i n g  one of 
the  standby i n s t r u m e n t  a i r  compressors t o  gaso l ine-dr iven  
and by f a b r i c a t i n g  a much l a r g e r  i n s t r u m e n t  a i r  r e s e r v o i r .  

3.5.6 D i s p o s a l  W e l l  I n j e c t i o n  Pressure .  The d i s p o s a l  we1 1 
i n j e c t i o n  p r e s s u r e  d i d  n o t  have any r e a l  e f f e c t  on 
c o n t i n u a t i o n  o f  t h e  Phase I I - B  t e s t ,  b u t  p r e s s u r e s  were  
h i g h e r  t h a n  e x p e c t e d  and w o u l d  have had some e f f e c t  had 
the  t e s t  been 1 onger. The i n j e c t i o n  pressures presented 
i n  Table 3-2 were taken on the  6- inch i n j e c t i o n  l i n e  near 
the  produc t ion  separators. Actual  we1 1 head pressures were 
40 t o  50 p s i  l o w e r .  F i g u r e  3-8 g r a p h i c a l l y  i l l u s t r a t e s  
t h e  i n j e c t i o n  p r e s s u r e s  a s  t h e  t e s t  p r o g r e s s e d .  A t  t h e  
b e g i n n i n g  o f  t h i s  t e s t  p e r i o d ,  i n j e c t i o n  p r e s s u r e s  were 
approx imate ly  400 p s i g  w i t h  a f l o w  r a t e  o f  19,000 b a r r e l s  
p e r  day.  A t  t h e  e n d  o f  t h e  p e r i o d ,  p r e s s u r e s  h a d  
i n c r e a s e d  t o  a p p r o x i m a t e l y  475 p s i g  a t  r e d u c e d  r a t e s  of  
17,700 b a r r e l s  per  day. A t  one p e r i o d  between 2-20-83 and 
3-17-83, i n j e c t i o n  p r e s s u r e s  r o s e  above 500 p s i g  t o  a 
maximum o f  530 psig.  Dur ing t h a t  per iod,  i t  was necessary 
t o  r a i s e  t h e  s e p a r a t o r  o p e r a t i n g  p r e s s u r e  t o  670 p s i g  i n  
o r d e r  t o  m a i n t a i n  a steady f l u i d  l e v e l .  

A minimum o f  approx imate ly  130 p s i  pressure d i f f e r e n t i a l  
was needed across t h e  f l o w  c o n t r o l  (dump) va lve  t o  keep a 
s t e a d y  s e p a r a t o r  f l u i d  l e v e l .  The i n c r e a s e  i n  t h e  
i n j e c t i o n  p r e s s u r e  c o u l d  h a v e  b e e n  c a u s e d  b y  a n  
accumulat ion o f  m a t e r i a l s ,  such as carbonate scale, a t  the  
i n j e c t i o n  p e r f o r a t i o n s .  Plans were t o  connect a skidded 
f i l t e r  u n i t  t o  t h e  i n j e c t i o n  l i n e  t o  a l l o w  f o r  p e r i o d i c  
i n j e c t i o n '  w e l l  t r e a t m e n t  w i t h  a c i d i c  acid.  The f i l t e r  p o t  
w i t h  6 i l t e r s  removed w o u l d  be' used a s  a c o n t a i n e r  f o r  
powdered a c i d i c  acid.  The a c i d  would be dumped i n t o  t h e  
f i l t e r  po t .  A f ' t e r - t h e  p o t ' s  c o v e r  had been r e i n s t a l  l e d ,  
the  i n j e c t i  on stream u l d  be d i v e r t e d  through t h e  p o t  and 
a c i d  f l u s h e d  down t o  t h e  p e r f o r a t i o n s .  The f i l t e r  u n i t  
p i p i n g ,  f i l t e r  p o t s ,  and v a l v e s  were r e c o n d i t i o n e d  a n d  
t e s t e d  b u t  had n o t  y e t  been i n s t a l l e d  when t h e  t e s t  was 
terminated. The s k i d  u n i t  and powdered a c i d i c  a c i d  were 
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t r a n s f e r r e d  f r o m  t h e  Dow P r o j e c t  where  t h i s  method was 
used w i t h  l i m i t e d  success. 

Operat ions and Maintenance Manual 

As p a r t  o f  Gruy Petro leum Technology, Inc.'s r e s p o n s i b i l i t y  under 
F e n i x  & S c i  sson, Inc., S u b c o n t r a c t  SC-PB-80-374, o p e r a t i o n  and  
maintenance procedures were t o  be developed d u r i n g  t h e  long- term 
t e s t .  T h e s e  p r o c e d u r e s ,  i n  t h e  f o r m  o f  a n  o p e r a t i o n  a n d  
maintenance manual, were completed and approved and a r e  l o c a t e d  i n  
t h e  s i t e  o f f i c e  t r a i l e r .  T a b l e  3-5  i s  a copy o f  t h e  manual 
con ten ts  wh ich  o u t l i n e s  the  s u b j e c t  m a t t e r  contained. 

Terminat ion  o f  Phase 11-B T e s t i n g  

A t  2100 hours, .4-13-83, t h e  w e l l  was s h u t  i n  by t h e  ESD system. 
The ESD system a c t i v a t e d  the  au tomat ic  w ing  va l ve  apparen t l y  due 
t o  a 1 ow p r e s s u r e  i n d i c a t i o n  f r o m  t h e  we1 1 head p r e s s u r e  sensor .  
The l o w  p r e s s u r e  was f a l s e l y  sensed because a c c e s s  t o  t h e  f l o w  
stream had been plugged w i t h  an accumula t ion  o f  carbonate scale. 
The a c c u m u l a t i o n  o f  s c a l e  was u p s t r e a m  o f  t h e  s c a l e  i n h i b i t o r  
i n j e c t i o n  p o i  n t .  F o l  1 ow i ng d i  scove ry  o f  t h e  s c a l e  p rob lem,  t h e  
Phase 11-B t e s t  was d i scon t inued  u n t i l  t h e  extend o f  t h e  problem 
a t  t h e  we l lhead and downhole cou ld  be determined. 
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4.0 EVALUATING EXTENT OF SCALE PROBLEMS 

4.1 Wellhead and Flow LOOP 

On 4-15-85, t he  f l o w  loop was removed f o r  inspec t ion .  I n s i d e  t h e  
upper  h a l f  o f  t h e  l o o p  was a u n i f o r m  a c c u m u l a t i o n  o f  c a r b o n a t e  
s c a l e  1 / 2  i n c h  t h i c k .  A n a l y s i s  c o n f i r m e d  t h a t  t h e  s c a l e  was 
e n t i r e l y  ca l c ium carbonate (CaC03) mos t l y  i n  t h e  fo rm o f  c a l c i t e ,  
b u t  w i t h  t r a c e  amounts o f  aragonite. The bo t tom h a l f  o f  t h e  l oop  
a l s o  had a 1 / 2  i n c h  s c a l e  d e p o s i t  w i t h  t h e  e x c e p t i o n  o f  a 5 - f o o t  
s e c t i o n  n e a r  t h e  m i d d l e .  A s h o r t  l e n g t h  o f  w i r e l i n e  had become 
e n t a n g l e d  a r o u n d  a 1 / 2  i n c h  p i p e  n i p p l e  w h i c h  was p r o t r u d i n g  
i n s i d e  t h e  f l o w  stream. Scale had accumulated on and around the  
sna r led  w i r e l i n e  n e a r l y  p lugg ing  t h e  i n s i d e  o f  t h e  f l o w  loop. The 
i n t e r i o r  o f  t h e  t r e e  a l s o  had a 1 / 2  i n c h  d e p o s i t  o f  s c a l e  
e f f e c t i v e l y  reduc ing  t h e  bore  through the  va lves  f rom 5-1/16 i n c h  
t o  4 -1 /16  i nch .  The c a r b o n a t e  s c a l e  was v e r y  h a r d  and  c o u l d  n o t  
be washed o r  b l a s t e d  o u t  w i t h  h i g h  pressure water. To remove t h i s  
s c a l e  f r o m  t h e  f l o w  l o o p  i t  was necessa ry  t o  c i r c u l a t e  a c i d  
through t h e  l o o p  o f  12-1/2 hours then b l a s t  t h e  r e s i d u e  o u t  us ing  
a h i g h  p r e s s u r e  w a t e r  j e t .  A f t e r  r e m o v a l  o f  t h e  s c a l e ,  t h e  l o o p  
was r e i n s t a l l e d  and pressure tested. 

4.2 Well No. 1 

A 40-arm cas ing  i n s p e c t i o n  c a l i p e r  t o o l  was chosen t o  eva lua te  the  
e x t e n t  o f  downho le  s c a l e  a c c u m u l a t i o n  by  m e a s u r i n g  t h e  i n s i d e  
d i a m e t e r  o f  t h e  t u b i n g .  P r i o r  t o  r u n n i n g  t h e  c a l i p e r  t o o l ,  a 
c a s i n g  c o l l a r  l o c a t o r  (CCL) and a 4 - i n c h  O.D. gauge r i n g  were  r u n  
t o  v e r i f y  t h a t  t h e r e  were no unusual r e s t r i c t i o n s  o r  o b s t r u c t i o n s  
i n s i d e  t h e  tubing, and check f o r  any f i l l  w i t h i n  t h e  p e r f o r a t e d  
i n t e r v a l .  The CCL c o n f i r m e d  t h a t  t h e r e  was f i l l  w i t h i n  t h e  
pe r fo ra ted  i n t e r v a l .  P e r f o r a t i o n s  b e l o w  6406 f e e t  were  p l u g g e d  
O f f .  O f  t h e  t o t a l  o f  150 f e e t  o f  p e r f o r a t i o n s ,  80  f e e t  were  
plugged. Th is  i s  i l l u s t r a t e d  i n  F igu re  4-1. 

The c a l i p e r  s u r v e y  was t h e n  r u n  f r o m  a d e p t h  o f  5810 f e e t  t o  t h e  
surface. The survey showed normal i n s i d e  d iameters  f o r  t he  s i z e  
and w e i g h t  o f  p i p e  surveyed, w i t h  the  except ion  o f  numerous s h o r t  
e r r a t i c  i n t e r v a l s  i n d i c a t i n g  r e s t r i c t i o n s .  There was a very  t h i n ,  
S o f t  s c a l e  on t h e  i n s i d e  w a l l .  As t h e  c a l i p e r  was p u l l e d  up t h e  
ho le  t h i s  sca le  was d is lodged by t h e  c a l i p e r  arms. The d i s lodged  
sca le  accumulated a'bove the  arms. Continued accumula t ion  o f  sca le  
above t h e  arms and around the  body o f  t he  t o o l  e v e n t u a l l y  caused 
enough r e s i s t a n c e  t o  f o r c e  t h e  s c a l e  p a s t  t h e  arms c r e a t i n g  t h e  
appearance o f  a r e s t r i c t i o n .  Thi.s i s  why a r e p e a t  on t h e  
r e s t r i c t i o n s  cou ld  n o t  be ob ta ined when runn ing  the  c a l i p e r  aga in  
through t h e  same i n t e r v a l .  The sca le  c o l l e c t e d  f r o m  t h e  c a l i p e r  
t o o l  was v e r y  t h i n ,  l i g h t  g r e e n  i n  c o l o r ,  and was n o t  c a l c i u m  
carbonate. A l though an a n a l y s i s  o f  t he  sca le  was n o t  performed, 
i t  i s  b e l i e v e d  t o  be a r e s i d u e  f r o m  t h e  s c a l e  o r  c o r r o s i o n  
i n h i b i t o r .  
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. - 4.3 Well No. 2 

As i n  t h e  No. 1 W e l l ,  p r i o r  t o  r u n n i n g  t h e  c a l i p e r  su rvey ,  a CCL 
was run. F i l l  was tagged a t  14,705', j u s t  below t h e  bo t tom of the  
p roduc t i on  p e r f o r a t i o n s  as i l l u s t r a t e d  i n  F i g u r e  4-2. On 5-04-83, 
an a t t e m p t  was made t o  run  the  40-arm c a l i p e r  i n  Well  No. 2. The 
l o g  was n o t  run, however, s ince  the  r e s t r i c t e d  I.D. o f  t he  t u b i n g  
hanger  d i d  n o t  a l l o w  f o r  enough c l e a r a n c e  f o r  t h e  c a l i p e r  t o o l  
body. On 5-05-83, a 1 -1 /16  i n c h  O.D. 3-arm c a l i p e r  t o o l  was run. 
The 3-arm c a l i p e r  t o o l  measured t h e  I.D. a t  t h e  t u b i n g  hanger  t o  
be 3.75 i n c h ;  f r o m  4.0 t o  4.2 i n c h e s  f r o m  s u r f a c e  t o  1,000 f e e t ;  
4.2 i n c h e s  a t  2,400 f e e t ;  4.3 i n c h e s  a t  3,900 f e e t ;  and  4.3 i n c h e s  
a t  5,200 f e e t .  The n o m i n a l  I.D. o f  5 -1 /2  i n c h  O.D., 23 l b / f t .  
t u b i n g  i s  4.67 i nches .  Thus t h e  c a l i p e r  s u r v e y  i n d i c a t e d  s c a l e  
t h i c k n e s s  f r o m  a p p r o x i m a t e l y  0.46 i n c h  a t  t h e  h a n g e r  t o  
approx imate ly  0.185 i n c h  a t  5,200 feet. Actual  measurements when 
t h e  t u b i n g  was l a t e r  p u l l e d  showed sca le  th ickness  a t  t h e  su r face  
t o  be 0.400 i n c h  and 0.312 i n c h  a t  5,200 f e e t .  

31 



co\,~,p~Sy GENERAL CRUDE O I L  CO. 
D E P T .  OF E K E 2 C Y  

W I L D C A T  (CHSCOLATE ELYOU A R E & )  

GCO-DOE P L E L S L N T  GAYOU 8 2  I 
! 

FIELD 
J U L Z  6 1979 

I !  ! ! ! ! ! ! : ! '  8 ,  ' 

FfGURE 4-2 
PB No. 2 INDUCTION L O G ,  PERFORATED INTERVAL 

32 



5.0 RECOVERY OF PARTED TUBING 

5.1 Caliper Survey 

The 3-arm c a l i p e r  s u r v e y  r u n  5 - 0 5 - 8 3  i n d i c a t e d  t h e  5 - 1 / 2  i n c h  
p r o d u c t i o n  t u b i n g  t o  b e  p a r t e d  a t  5 2 2 5  f e e t .  S u b s e q u e n t  
i n s p e c t i o n  o f  t h e  5 - 1 / 2  i n c h  x 9 - 5 / 8  i n c h  a n n u l u s  v e r i f i e d  t h a t  
t h e r e  was c o m m u n i c a t i o n s  be tween t h e  t w o  s t r i n g s .  The t u b i n g  
p a r t e d  sometime between the  evening o f  5-04-83 and t h e  morning o f  
5-05-83, s i n c e  t h e r e  was no pressure on t h e  annulus t h e  a f t e r n o o n  
of 5-04-83. T h i s  i s  approx imate ly  t h r e e  weeks a f t e r  t h e  w e l l  was 
s h u t  i n .  

5.2 Recovery Opera ti oris 

5 . 2 . 1  

5 . 2 . 2  

5 . 2 . 3  

5 . 2 . 4  

" K i l l i n g "  t h e  No. 2 W e l l .  The f i r s t  s tep  i n  the recovery 
opera t ion  was k i l l i n g  the  w e l l  and r e l i e v i n g  t h e  pressure 
from the  annulus. To e s t a b l i s h  the  i n j e c t i o n  c h a r a c t e r i s -  
t i c s  o f  t h e  w e l l ,  an i n j e c t i o n  t e s t  was p e r f o r m e d  u s i n g  
9 . 2  p o u n d s / g a l l o n  s a l t  w a t e r  a t  r a t e s  o f  1 / 2  - 1 
bar re l /m inu te .  The w e l l  was then k i l l e d  by i n j e c t i n g  250 
b a r r e l s  o f  16 .5  p o u n d s / g a l l o n  XC-polymer mud down t h e  
t u b i n g  and c i r c u l a t i n g  t h e  a n n u l u s  f r o m  5 2 2 5  f e e t  t o  
s u r f a c e  w i t h  2 7 2  b a r r e l s .  The XC-polymer mud was used 
because o f  i t s  r e s i s t a n c e  t o  contaminat ion  by t h e  c a l c i u m  
and z i n c  b r o m i d e  f l u i d  i n  t h e  annu lus .  Due t o  m i g r a t i o n  
o f  t h e  l i g h t e r  b r o m i d e  f l u i d  up t h e  h o l e  i n  t h e  a n n u l u s  
above t h e  t u b i n g  par t ,  a d i f f e r e n t i a l  pressure developed 
i n  t h e  annu lus .  When t h e  p r e s s u r e  r e a c h e d  9 8 0  p s i g ,  t h e  
a n n u l u s  was a g a i n  c i r c u l a t e d  w i t h  3 5 4  b a r r e l s  o f  16.4  
pounds/gal l  on mud. 

I n s t a l l i n g  t h e  W i r e l i n e  B r i d g e  Plug.  As an a d d i t i o n a l  
measure o f  s a f e t y  t o  i s o l a t e  t h e  p r o d u c t i o n  p e r f o r a t i o n s  
f r o m  t h e  s u r f a c e ,  a w i r e l i n e  s e t  b r i d g e  p l u g  was s e t  
i n s i d e  the '5-1/2 i n c h  t u b i n g  19 f e e t  below t h e  t o p  of the  
bottom sect ion.  

P r e p a r a t i o n  o f  S i t e  f o r  R i g .  I n  p r e p a r a t i o n  f o r  
m o b i l i z i n g  a r i g ,  t h e  area a d j a c e n t  t o  t h e  wel lhead has t o  
be c l e a r e d  ' i n  a ' m a n n e r  such t h a t  i t  c o u l d  be q u i c k l y  
r e i n s t a l  l e d  upon recomple t ion  # o f  t h e  we1 1. The f l o w  l o o p  
a n d  w e l l h e a d  .above t h e  b o t t o m  m a s t e r  v a l v e  w e r e  
d i s a s s e m b l e d  a n d  removed. A1 1 equ ipment ,  p i p i n g ,  a i r  
l i n e s ,  and e l e c t r i c a l  l i n e s  above ground, be tween t h e  
t a r g e t  t e e  a n d  t h e  r e s e r v e  p i t ,  were  d i s a s s e m b l e d  and 
removed. 

R i g  M o b i l i z a t i o n .  Between 7 - 0 5 - 8 3  and 7 - 1 4 - 8 3 ,  B l a n k s  
D r i l l i n g  Corporat ion 's  R ig  No. 5 was m o b i l i z e d  and r i g g e d  
up o v e r  t h e  No. 2 w e l l .  The r i g  was a 1 , 7 0 0  H P  Sky top-  
Brews t e r  N95A w i  t h  a one-mi 11 i o n  pound hook1 oad capaci tu. 

I 
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5.2.5 Rig Operations. Since t h e  annulus was l a s t  c i r c u l a t e d  ' 

5-27-83, f u r t h e r  m i g r a t i o n  o f  t h e  bromide f l u i d  caused a 
h y d r o s t a t i c  d i f f e r e n t i a l  p r e s s u r e  i n  t h e  a n n u l u s  o f  870 
p s i g .  P r i o r  t o  r e m o v i n g  t h e  b o t t o m  m a s t e r  v a l v e  and 
i n s t a l l i n g  t h e  b lowout  p reventor  (BOP) stack, t h e  annulus 
was once again c i r cu la ted .  The upper p o r t i o n  ( su r face  t o  
5225 f e e t )  o f  t h e  p a r t e d  t u b i n g  was t h e n  p u l l e d .  The 
h a r d  s c a l e  made i t  v e r y  d i f f i c u l t  t o  b r e a k  t h e  t u b i n g  
connections. Torques i n  excess o f  30,000 foot-pounds were 
r e q u i r e d  t o  break connect ions which would n o r m a l l y  break 
between 10,000 and 12,000 foot-pounds. The t u b i n g  pa r ted  
because o f  a f a i . l e d  A P I  8rd. c o u p l i n g  w h i c h  had s p l i t  
l o n g i t u d i n a l l y  o v e r  i t s  e n t i r e  l e n g t h .  F i g u r e  5-1  i s  a 
p h o t o g r a p h  o f  t h e  f a i l e d  c o u p l i n g .  The m i l l  p i n  end had 
p u l l e d  o u t  o f  t h e  s p l i t  coup l i ng  and lower  s e c t i o n  o f  t h e  
s t r i n g  dropped downhole. Cause o f  f a i l u r e  i s  d iscussed 
i n  S e c t i o n  6.0, page 40. 

The b r i d g e  p l u g  i n s i d e  t h e  5-1/2 i nch  t u b i n g  was then 
r e c o v e r e d  by mak ing  an o u t s i d e  c u t  j u s t  b e l o w  t h e  f i r s t  
c o u p l i n g  f r o m  t h e  top.  The 5 - 1 / 2  i n c h  t u b i n g  was t h e n  
r e c o v e r e d  down t o  11,738 f e e t  u s i n g  an o v e r s h o t  and 
s t r i n g - s h o t  b a c k - o f f ,  and down t o  12,353 f e e t  u s i n g  an 
overshot  w i t h  a r e v e r s i n g  t o o l .  From 12,353 t o  13,750, i t  
was necessa ry  t o  wash o v e r  t h e  o u t s i d e  o f  t h e  5 - 1 / 2  i n c h  
t u b i n g  and aga in  use a s t r i n g - s h o t  back-of f .  

Recovery  o p e r a t i o n s  w e r e  d i s c o n t i n u e d  w i t h  f i v e  j o i n t s  
(13,750 - 13,964 f e e t )  o f  t u b i n g  r e m a i n i n g  i n  t h e  h o l e .  
P r i o r  t o  l a y i n g  down t h e  d r i l l  pipe, t h e  polymer mud was 
cond i t i oned  w i t h  a b i o c i d e  and a r e t r i e v a b l e  b r i d g e  p l u g  
s e t  i n s i d e  t h e  9 - 5 / 8  i n c h  c a s i n g  above t h e  5 - 1 / 2  i n c h  
t u b i n g  w i t h  t h e  p l u g  t o p  a t  13,725 f e e t .  F i g u r e  5-2  i s  a 
schematic o f  t h e  w e l l b o r e  as i t  e x i s t e d  when t h e  r i g  was 
r e l e a s e d  8-15-83. F i g u r e  5-3  i s  a s c h e m a t i c  o f  t h e  
b r i d g e  p l u g  and r e t r i e v i n g  t o o l ,  and F i g u r e  5-4  i s  a 
d r a f t e d  ve rs ion  o f  t h e  o r i g i n a l  "O t i s  Packer I n s t a l l a t i o n  
R e p o r t "  when t h e  w e l l  s e t t i n g  was f i r s t  run .  The t o p  o f  
I t e m  7 o f  F i g u r e  5-4, VTR Sea l  Assembly,  was t a g g e d  a t  
13,964 f e e t ,  d r i l l  p i p e  measurements,  w i t h  z e r o  a t  25 
f e e t  above permanent datum (G.L.). 

W h i l e  r e c o v e r i n g  t h e  p r o d u c t i o n  t u b i n g ,  s c a l e  t h i c k n e s s  
measurements  were  o b t a i n e d .  F i g u r e  5-5 shows s c a l e  
th i ckness  as a f u n c t i o n  o f  depth. 

. . 
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FIGURE 5-1 
FAILED COUPLING 
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DM foot above m t a r y  t a b l e  
Ground level  t o  1' above r o t a r y  t a b l e  
Bottom '26" 136.171 dr ive  pipe 
Bottom 9-518" 53.501 S-105 bu t t  ca r fng  

~ottan 20*~ 94.001 H-40 STLC cas ing  

Bottom 20" 106.501 K55 STLC cas ing  
Bottom of 24" d r i l l  hole  

Bottom 9-518' 53.50l 5-95 b u t t  ca s ing  

Bottom 13-318" 72.001 5-95 STLC cas ing  
TOP 13-318" OV tool  

Bottom 9-518" 47.001 S-95 b u t t  ca s ing  
Bottom 13-3/8" OCT mud l f n e  hanger 
Bottom 9-518" mud l f n e  hanger j o i n t  
Bottom 9-518" O C l  nud  l i n e  hanger 
Bottom 9-518" Dud l i n e  hanger j o i n t  

8392' Bottom 13-318' 72.001 L-Bo STLC cas lng  
8487' Bottom 13-318" 72.001 14-80 516C cas ing  
8517' Bottom 17-112" d r i l l  hole  

Hole f i l l e d  with 16.3 PPG mud 

10643' Bottom 9-518" 53.50t 5-95 b u t t  ca s ing  

Re t r i evab le  br idge plug a t  13,725' 
Top of 5 I/?' 0.0. tubing a t  13,750' 
13967' Bottom 5-112" tubing l o c a t o r  sub 

' 13970' Bottom 9-518" x 4-112" Otis N D  oroduct ion packer 
13973' Bottom 9-518' x 4-1/2" Otis NO product ion packer ( n o t  s e t )  

13984' Bottom Rule shoe gulde on packer s e a l s  
13991' l o p  o f  1 1 Y  9-518' x 7" l i n e r  hanger 

14014' Bottom T1Y l i n e r  s e a l s  

14284' *Bottom 9-518" 53.501 5-95 b u t t  ca s ing  
14343' Bottom 12-114" d r i l l  ho le  

14483' Battom 4-112' 18.981 Hydri l l . tubing I - . . - . a  - .. - - .-" ... . _".... . 1-m. mottom 4 - 1 1 ~ -  utis -AN n ipp le  
14285' Bottan 4-112" rule shoe 

146006 Top o f  per fo ra t lon  sqwezed  off 
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14644' Top product 1 on p e r f o r a t  ion 
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l o p  25sx cement plug 
l o p  EZ-SV cement r e t a i n e r  
l o p  o f  per fo ra t ions  f o r  DSll2 
Bottun o f  oe r fo ra t ions  for MTf2 
l o p  50sx ccment plug 
l o p  EZ-SV cement r e t a i n e r  
l o p  o f  per fo ra t lons  f o r  OS111 
Bottom o f  pe r fo ra t fons  f o r  O S T f l  
Top of pe r fo ra t lons  f o r  M l l l  
Bottom o f  per fo ra t lons  f o r  OSTll 
COT0 i n  7' l l n e r  
Bottom 7' 11Mr 
Bottom 8-314' hole  

FIGURE 5-2  
CONDITION O F  No. 2 WELL 8 / 1 5 / 8 3  
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,YE TABLE AT mE END OF THI: 
SECTION FOR OPTIONAL PACKEI 
RINGS, SPACER RINGS AND 
SHOES. 

D 
OPTIONAL STEEL WICKER 
W P E  SLIP: 89(1.60021. 

D 

03 

4/83 
TCOl3-0002-89 

4 1/2'.- M LF. FW THO. 

70.35173 - DRIV-LOK PIN . 
2 REOD. 8.12" 

(155.4 mm) 3.50- ID. 

695.22881 - LUG 
4.12'. LUG- 

(104.8 mm) - 695.17241 - RETRIEVING HEAD 
LENGTH 

20.74" 
(528.8 mn) 

1.50" D!A 
(190.5 mn) 

OVERSHOT 695.11254 - SPRING 

695.17243 - MANDREL 

(195.11248 ~ RETAINER - SUP RETAINER BOLT - 4 REOD. 

(184.17241 - WPEU CARED€ S L P  - 3 REa'D. 

695.0252 -SEAL 
(195.17253 - BACK-UP SPACER 

3.41" 10.33993 - "0" RING 

UPPER S H O E - B  
, 

8.94" 
127.1 nun) 5,31" 

(138.4 mn) 

(2u11 nun) 

(197.95812 - SLIP STOP PIN 

8.lP' DIA. 
(207.0 nun) 

-DRAG BLOCK ~a REO'D. - INCONEL ORAG BLOCK SPRING ~ 

32 REO'D. . D 

695.09127 -INCONEL BOLT - 8  REO'D. 

70.44987 *SET SCREW - 4 REO'D. 

695.11251   CAP 

+ - SLOT J - SLOT 

2 3 1 0  0.0. EUE BRO. T e a  nio. 

MODEL 3 PACKER TYPE 
RETRIEVABLE BRIDGE PLUG 

9 518" - 29.3 - 53.58 - 695.1724 
ASSEMBLY NOT AVAILABLE 

)..IC ..e I1 .".IL.eLL 0" S.CCI.L 0101m 

2-57 

FIGURE 5-3 

BRIDGE PLUG AND R E T R I E V I N G  TOOL 

37 



I 

2 

1 

3 

4 

5 

6 

7 

A 

A 

B 

C 

D 

I 

f 
I 1  

5.351 -[ Otis WD Packer 212WD9503 8.06 OD 5.00 ID 1 
8.04 OD 5.00 ID 

6.26 OD 5.00 ID 

Xovw to S.B. Receptacle 

Otis Seal Eon 

13991.08 Adaptor to TIW 

13998.60 10.90 TIW Extension 5.01 OD 

[ 1 i 0 9 . 5 0  1 4 1  1 113dS ' 5.90 OD 1 
14014.35 469.03 lbg. 4%'' 18.981 Hydril 

14483.38 5.00 OD 

14483.91 .83 Otis "XN' Nipple 11XN3313 4.50 OD 3.313 ID 

14485.30 

I 

F I G U R E  5-4 
OTIS PACKER INSTALLATION REPORT 
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6.0 TUBING FAILURE ANALYSIS 

I n  p l a n n i n g  f o r  r e c o m p l e t i o n  o f  t h e  No. 2 w e l l ,  t w o  m a j o r  d e t e r m i n a -  
t i o n s  had t o  be made. F i r s t ,  was t h e  recovered t u b i n g  s u i t a b l e  f o r  use 
i n  recomplet ion.  Second, what was t h e  b e s t  method o f  recomple t ion  t o  
c o n t r o l  downhole sca le  and cor ros ion .  

Analyses o f  the  f a i l e d  c o u p l i n g  and downhole c o r r o s i o n  were per formed 
b y  Rad ian  C o r p o r a t i o n  a n d  O i l  Techn'ology S e r v i c e s ,  Inc., (OTS) .  
!ppendix B i s  an e x c e r p t  (pages  3 t o  3 6 )  f r o m  Rad ian 's  r e p o r t  t i t l e d  
F a i  1 u r e  A n a l y s i s  R e p o r t  P r o d u c t i o n  Tube Components f r o m  Three D O E  

Geopressured-Geothermal  We1 1 s on t h e  Texas-Lou i  s i a n a  G u l f  Coast." 
C o n c l u s i o n s  and r e c o m m e n d a t i o n s  a r e  f o u n d  on pages 19  t o  2 1  o f  t h e  
r e p o r t .  

OTS prepared a two-par t  r e p o r t  t i t l e d  " F a i l u r e  I n v e s t i g a t i o n  - P leasant  
Bayou No. 2." Appendix  C i s  a copy o f  t h e  c o n c l u s i o n  s e c t i o n  o f  each 
p a r t  o f  t h a t  r e p o r t .  

6.1 Sumnary o f  Concl usions 

The combined a n a l y s e s  a n d  i n v e s t i g a t i o n s  prov  d by Radian and 
OTS r e s u l t e d  i n  t h e  f o l l o w i n g  major conc lus ions:  $3 
- C o u p l i n g  f a i l u r e  i n i t i a t e d  a t o n g  gouge w h i c h  s e r v e d  a s  a 

s t r e s s  concentrator .  

- There  was no e v i d e n c e  o f  b r i t t l e  f r a c t u r e ,  c y c l i c  ( f a t i g u e )  
f r a c t u r e ,  o r  c o r r o s i o n  induced f a t i g u e .  

- F a i l u r e  was n o t  a r e s u l t  o f  a m e t a l l u r i g i c a l  defect .  Coupl ing 
m a t e r i a l  s a t i s f i e d  a l l  r e q u i r e m e n t s  o f  i t s  s p e c i f i e d  P-110 
grade 

- The t e f l o n  r i n g  j u n p - o u t  d u r i n g  make up a p p e a r s  t o  have 
c o n t r i b u t e d  t o  the  f a i l u r e .  

- Problems i n h e r e n t  t o  t h e  des ign o f  b o t h  t h e  8rd. LTC and FL-4S 
connect ions make them u n s u i t a b l e  f o r  t h i s  a p p l i c a t i o n .  



7.0 DOUNHOLE CORROSION 

Significant corrosion of tubing below +13,000 feet (point below at 
which scale deposition stopped) was observed on those interior surfaces 
where the organic coating had failed. Radian, Appendix B, Pages 16 and 
19, attributes this to carbonic acid attack,and calculates the pH of 
the brine to be 4.3 at a depth of 13,700 feet. The metal loss was 
most severe on the FL-4s pin lips, see Figure 2-17, Page 33 of Appendix 
B, probably as a result of increased turbulence at the sharp edges of 
the FL-4s coupling configuration. Radian also expresses concern that 
if a downhole scale treatment system were used, the entire string would 
be subjected to this type of corrosion. Interior surfaces covered with 
scale suffered very minor corrosion. Radian's recommendations to 
remedy the corrosion problems are summarized below. 
- Consider the use of couplings which do not have sharp-edged lips 

- Evaluate use of other organic coating such as "Spincoat" 

- Consider use of alternate low allow steels such as 2.25Cr-1Mo with 
low sulfur content 

7.1 Metal 1 uraical A1 ternatives 

OTS studied the metallurgical alternatives and issued a report 
titled "Reducing Crevice Corrosion - Pleasant Bayou No. 2, Part C, 
Metallurgical Alternatives to Reduce Crevice Corrosion on 5-1/2 
Inch T&C Connections." This report discussed the available 
options to protect T&C couplings against corrosion. Options 
discussed included coatings, claddings, vapor deposition, 
electroless plating, weld cladding, thermoplastics and corrosion 
resistant alloys. Serviceability, lead time, and costs were also 
discussed. Details of the discussions are included in Appendix D. 
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8.0 RECOMPLETION PLANS 

8.1 Production Tubing 

Based on t h e  ana lyses ,  i n v e s t i g a t i o n s ,  and s t u d i e s  d i s c u s s e d  i n  
Sec t ion  7.0, t h e  f o l l o w i n g  p lans  were developed. 

- The e x i s t i n g  5 - 1 / 2  i n c h ,  23 p o u n d s / f o o t ,  P-110, 8rd.  LTC, and 
FL-4S t u b i n g  was n o t  s u i t a b l e  f o r  use i n  recomp le t i ng  t h e  No. 2 
we l l .  Fur ther ,  i t  was n o t  economical t o  c lean and r e c o n d i t i o n  
t h e  tube f o r  i n s t a l l a t i o n  o f  a new premium t y p e  T&C connection. 

- New 5-1/2 inch, 23 pounds/foot, P-110 Grade p l a i n  end tube and 
coup l i ng  s tock  would be purchased. A premium type  th read would 
be machined on t h e  new tube and new coup l ings  manufactured w i t h  
very  s t r i c t  q u a l i t y  c o n t r o l  i n s p e c t  i o n  f r o m  pu rchase  t h r o u g h  
downhole i n s t a l  l a t i o n .  

8.2 Scale and Corrosion Control 

R e c o m p l e t i o n  was t o  i n c l u d e  p r o v i s i o n s  f o r  c o n t i n u o u s  downho le  
chemical  i n j e c t i o n  us ing  a s p e c i a l l y  f a b r i c a t e d  chemical i n j e c t i o n  
sub and 1 /4  i n c h  t u b i n g  on t h e  e x t e r i o r  of  t h e  p roduc t i on  tubing. 
T h i s  s y s t e m  w o u l d  a l l o w  f o r  i n j e c t i o n  o f  s c a l e  i n h i b i t o r s  and 
p o s s i b l y  c o r r o s i o n  i n h i b i t o r s  i n  t h e  f l o w . s t r e a m  j u s t  above t h e  
p roduc t i on  packer. F igu re  8-1 i l l u s t r a t e s  t h i s  comp le t i on  method. 
Chemical i n j e c t i o n  a t  t h e  su r face  i s  through a s p e c i a l l y  prepared 
a d a p t e r  f l a n g e  be tween  t h e  u p p e r  s e c t i o n  o f  t h e  t r e e  and t h e  
t u b i n g  head and a po r ted  mandrel t ype  t u b i n g  hanger. The 114 i n c h  
t u b i n g  i s  connected t o  t h e  bot tom o f  t h e  mandrel hanger body and 
secu red  t o  t h e  o u t s i d e  o f  t h e  t u b i n g .  F i g u r e  8 -2  i l l u s t r a t e s  a 
t y p i c a l  w e l l h e a d  system. J u s t  above t h e  p a c k e r ,  t h e  1 / 4  i n c h  
t u b i n g  c o n n e c t s  t o  a s p e c i a l l y  f a b r i c a t e d  sub w h i c h  a l l o w s  
chemicals  pumped f rom t h e  su r face  t o  e n t e r  t h e  f l o w  stream. 

8.3 Production Packer 

R e c o m p l e t i o n  p l a n s  a l s o  i n c l u d e d  r e m o v a l  o f  t h e  t w o  p r o d u c t i o n  
p a c k e r s  and t a i l  p i p e  and i n s t a l l a t i o n  o f  a new p a c k e r  and t a i l  
p ipe .  The e x i s t i n g  sys tem was d e s i g n e d  f o r  s e a l  assemb ly  t r a v e l  
through t h e  packers and seal  bore  ex tens ion  as t h e  t u b i n g  s t r i n g  
expanded o r  cont racted.  The equipment, however, d i d  n o t  f u n c t i o n  
as des igned.  The s e a l  assemb ly  became l o d g e d  i n s i d e  t h e  s e a l  
bore.  W i t h  t h i s  des ign ,  i t  i s  p o s s i b l e  f o r  e l e v a t e d  t e n s i o n s  t o  
d e v e l o p  i n  t h e  s t r i n g  i f  t h e  s e a l  assemb ly  becomes s t u c k  i n  t h e  
down p o s i t i o n  w h i l e  f low ing .  When f l o w  i s  stopped and t h e  s t r i n g  
cools, a d d i t i o n a l  t e n s i o n a l  s t resses  a r e  experienced. Th is  cou ld  
be  c r i t i c a l  i f  c o o l e r  f l u i d  w e r e  i n j e c t e d  t h r o u g h  t h e  t u b i n g  
s t r i n g  d u r i n g  a c i d i z a t i o n  o r  o t h e r  s i m i l a r  o p e r a t i o n s .  The new 
equ ipmen t  w o u l d  be  d e s i g n e d  w i t h  an adequate  s e a l  l e n g t h  t o  
i s o l a t e  t h e  p roduc t i on  t u b i n g  f rom t h e  annulus. A p o s i t i v e  l a t c h  
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0' OM foot rbove m t a r y  table 

126' Bottom 26" 136.171 dr ive D I O C  
202' Bottom 9-5/8" 53.501 5-105 b u t t  casing 

944' Bottom 20" 9 4 . M I  H-40 STLC casing 

1395' Bottom 20' 106.501 K55 STLC casing 
1415' Bottom o f  24" d r i l l  hole 

31' Cround level  t o  1'  rbovc ro ta ry  table 

2070' 
2486' TOP 13-3/8" OV too l  

Bottom 9-518' 53.501 5-95 butt CASing 

3949. Bottom 13-3/8" 7 2 . W  5-95 S T U  casing 

5942' Botodm 9-518- 47.001 5-95 b u t t  cAsing 
6003' Bottom 13-3/8' OCI mud l i n e  hanger 
6004' Bottom 9-5/8" mud l i n e  hanger j o i n t  
6006' Bottom 9-5/8" OCT mid l ine hanger 
6021' Bottan 9-5/8" md l i n e  hanger j o i n t  

6392' Bottom 13-3/8' 72.00l L-80 STLC casing 
8487' Bottom 13-3/8" 72.001 14-80 STLC casing 
8517' Bottom 17-1/2' d r i l l  hole 

10643' B o t t m  9-5/8' 53.501 5-95 b u t t  casing 

114'' chemical i n j ec t ion  t u b i n g  

Chemical i n j e c t i o n  sub 
Production packer with l a t c h  type seal  assembly 
13991' 

14014' Bottom TlY llner SeAlS 

Top o f  T1Y 9-5/8' x 7" l l n e r  hanger 

14284' Bottom 9-5/8" 53.501 S-95 b u t t  casing 
14343' Bottom 12-1/4' d r i l l  hole 

Tail  pipe below oacker 7 

C t * t * l  I 

14600: 
14602 
14644' Top production oe r fo ra t ion  

14704'Bottom Droduction pe r fo ra t ion  

Top o f  perforat fon squeezed o f f  
Bottom o f  perforat ion rqverzed o f f  

14714' Top o f  perforat ion squeezed off 
14716' Bottom o f  w r f o r a t i o n  squeezed off 
Clean o u t  hole t o  14950' minimum 

15475' Cleaned out t o t a l  depth 
15510' Top 25rx cement plug 
15535' Top EZ-SV c m n t  re ta lner  
15576' Top o f  perforations f o r  05112 
15586' B o t t m  o f  Dcrforations for 05112 
15900' Top SOsx c e n t  olug 
15950' Top EZ-SV cement re ta iner  
15988' Top o f  perforations f o r  05111 
16006' Bottom o f  perforations f o r  OS111 
16038' Too o f  perforatlons f o r  M T I l  
16046' Bottom o f  perforations f o r  OS'f1 
16420' COT0 i n  7' l i n e r  

16500' Bottom 8-3/4. hole 
16465' B O t t U n  7' 1 f W t  

FIGURE 8-1 
COMPLETION WITH DOWNHOLE 

CHEMICAL INJECTION 
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ADAPTER FLANGE 

- TUBING HEAD 

Type U Tubing Head Spool with Type USS-1 Tubing Hanger 

FIGURE 8-2  
TYPICAL WELLHEAD ADAPTED 

FOR CHEMICAL INJECTION 
44 
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would h o l d  t h e  seal  assembly i n  p lace  and a l l o w  f o r  t e n s i o n i n g  t h e  
p roduc t i on  s t r i n g  t o  a predetermined amount. 

8.4 Procurement Actions 

I n  p r e p a r a t i o n  f o r  r e c o m p l e t i n g  t h e  No. 2 w e l l ,  p r o c e d u r e s  and 
procurement s p e c i f i c a t i o n s  were prepared f o r  t h e  f o l l o w i n g  major  
i tems : 

- New 5-1/2 inch, 22.54 pounds/foot, P-110 Grade p l a i n  end tube 

- M a c h i n i n g  new t h r e a d s  on  t u b e  a n d  m a n u f a c t u r i n g  new 
connections 

- Downhole chemical i n j e c t i o n  system 

- D r i l l  r i g  and a n c i l l a r y  equipment 

- New adapter f l a n g e  and tub ing  hanger 

- New p roduc t i on  packer and hardware 

On F e b r u a r y  23, 1984, t h e  Depar tmen t  o f  Energy  (DOE) Nevada 
O p e r a t i o n s  O f f i c e  d i r e c t e d  t h a t  t h e  p r o c u r e m e n t  a c t i o n s  be  
cance l l ed  "because o f  i n s u f f i c i e n t  program fund ing  and assoc ia ted  
g u i d a n c e  on t h e  a v a i l a b i l i t y  o f  n e a r  f u t u r e  fund ing . "  On March 
14, 1984, t h e  DOE i s s u e d  a s t o p  work  o r d e r  and d i r e c t e d  t h a t  
a r r a n g e m e n t s  be  made t o  p l a c e  t h e  s i t e  i n  a s t a n d b y - s e c u r e d  
cond i t i on .  
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9.0 PLACING THE SITE OM STANDBY-SECURED 

9.1 Plans 

D e t a i l e d  p l a n s  w e r e  d e v e l o p e d  f o r  p l a c i n g  t h e  s i t e  on s t a n d b y -  
secured.  The o b j e c t i v e  was t o  suspend a l l  f i e l d  a c t i v i t i e s  and 
s e c u r e  t h e  s i t e  i n  a manner w h i c h  w o u l d  b e  c o s t  e f f e c t i v e  b o t h  
d u r i n g  t h e  s u s p e n d e d  p e r i o d  a n d  u p o n  r e s u m p t i o n  o f  s i t e  
operat ions.  

- 
Summary o f  t h e  planned opera t ions  were as f o l l o w s :  

Remove t h e  Blanks D r i l l i n g  Corp.'s r i g  f rom t h e  l o c a t i o n  

- F l u s h  t h e  s u r f a c e  p i p i n g  and p r o d u c t i o n  e q u i p m e n t  w i t h  
c o r r o s i o n  i n h i b i t o r  and m a i n t a i n  on n i t r o g e n  purge t o  p r o t e c t  
a g a i n s t  c o r r o s i o n  

- Drain,  b a c k f i l l ,  compact, and reseed t h e  reserve  p i t  area 

- M a i n t a i n  s i t e  e l e c t r i c a l  p o w e r ,  s e c u r i t y  f e n c e ,  a n d  
f 1 ood 1 i ghts  

Prov ide  f o r  s i t e  maintenance d u r i n g  t h e  secured p e r i o d  - 
A l l  o f  t h e  a b o v e  was a c c o m p l i s h e d  w i t h  t h e  e x c e p t i o n  o f  
d e m o b i l i z i n g  t h e  r i g .  

9.2 Rig Demobilization. 

B l a n k s  D r i l l  i n g  Corp.'s s u b c o n t r a c t  was m o d i f i e d  a l l o w i n g  Blanks 
t o  s t o r e  i t s  r i g  on l o c a t i o n  d u r i n g  t h e  secured per iod.  

9.3 Reserve Pit Restoration 

For p lann ing  purposes, i t  was necessary t o  de termine t h e  amount o f  
c l e a n  f l u i d  and s l u d g e  c o n t a i n e d  i n  t h e  r e s e r v e  p i t .  T h i s  was 
done by o b t a i n i n g  depth measurements o f  f l u i d  and sludge on a g r i d  
p a t t e r n  across t h e  e n t i r e  p i t  area. Using these measurements, t h e  
volumes were ca lcu lated.  

9.3.1 Dewater in  P r i o r  t o  dewater ing,  t h e  reserve  p i t  samples 
d i d  w e r e  a n a l y z e d  t o  d e t e r m i n e  w h a t  method o f  
w a t e r  d i s p o s a l  was m o s t  a p p r o p r i a t e .  T a b l e  9-1 i s  a 
t a b u l a t i o n  o f  t h e  r e s u l t s  o f  t h e  analyses. 

The water  q u a l i t y  d i d  n o t  meet t h e  d ischarge requi rements 
o f  t h e  R a i l r o a d  Commiss ion  o f  Texas (RCC) o r  t h e  Texas 
Department o f  Water Resources. A l t e r n a t i v e s  were t o  haul  
t h e  w a t e r  by t r u c k  t o  an RRC-approved d i s p o s a l  s i t e  o r  
i n j e c t  i t  i n t o  t h e  No. 1 w e l l .  E c o n o m i c s  f a v o r e d  
i n j e c t i o n  s i n c e  t h e r e  was l i t t l e  r i s k  i n  f o r m a t i o n  damage 
w i t h  t h e  e levated c h l o r i d e  leve l .  
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TABLE 9-1 
RESERWE PIT FLUID ANALYSIS 

PH 
Alkalinity mg/l 
Chlorides xlO3 rn /1 

Salinity pprn 
Specific gravity at 60° F 
Sulfates rng/l 
Suspended solids mg/l 
Dissolved solids mg/l 
Hardness as mg/l CaC03 
Hydrocarbons rng/l 

Conductivity x10 9 

Heavy Metals mg/l 

Ar sen i c 
Boron 
Cadrni urn 
Chrorni urn 
Copper 
Lead 
Manganese 
Mercury 
Zinc 
Bar i urn 
Nickel 
Selenium 
Silver 
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5.8 
30 

9.8 
22.3 

13,700 
1.01 
15.6 
49 

19,860 
6,200 

<0.05 

0.21 
0.24 < 0.05 

< 0.05 < 0.05 < 0.05 
4.80 < 0.05 

81.60 
3.80 

< 0.05 
< 0.05 
< 0.05 



The water  was removed f rom t h e  p i t  w i t h  a c e n t r i f u g a l  pump 
and pumped through a 10 mic ron  f i l t e r  i n t o  a s torage tank. 
From t h e  tank ,  a p o s i t i v e  d i s p l a c e m e n t  t r i p l e x  pump was 
used t o  i n j e c t  t h e  w a t e r  i n t o  t h e  No. 1 w e l l .  I n j e c t i o n  
r a t e s  v a r i e d  b e t w e e n  150 and 250 gpm w i t h  i n j e c t i o n  
p r e s s u r e s  b e t w e e n  350 and 500 p s i g .  A l l  b u t  500 b a r r e l s  
o f  p i t  f l u i d  were  d i s p o s e d  o f  by t h i s  method, a t o t a l  o f  
approx imate ly  30,000 b a r r e l s .  The r e m a i n i n g  500 b a r r e l s  
were  removed by vacuum t r u c k  and d i  sposed o f  a t  an R R C -  
approved s i t e .  

D u r i  ng f 1 u i  d i n j e c t i  on, communi c a t i o n s  devel oped be tween 
t h e  5-1 /2  i n c h  t u b i n g  and t h e  9 - 5 / 8  i n c h  c a s i n g  annu lus .  
A maximum o f  130 p s i g  was observed on t h e  annulus when the  
i n j e c t i o n  p r e s s u r e  was 500 p s i g .  Cause o f  t h e  
communications has n o t  y e t  been determined. 

Seal assembly movement due t o  t u b i n g  s t r i n g  c o n t r a c t i o n ,  
f r o m  i n j e c t i o n  o f  c o o l e r  w a t e r ,  c o u l d  have caused s e a l  
f a i l u r e .  I t  i s  a l s o  p o s s i b l e  t h a t ,  a f t e r  s i x  months o f  
i n j e c t i n g  h o t  br ine,  t h e  seal assembly became stuck i n s i d e  
t h e  seal b o r e  i n  t h e  expanded p o s i t i o n .  The a d d i t i o n a l  
s t resses  f rom i n j e c t i o n  o f  c o o l e r  f l u i d s  may have caused a 
connect ion leak .  

9.3.2 B a c k f i l l i n g .  F o l l o w i n g  r e m o v a l  o f  t h e  w a t e r ,  t h e  
r e m a i n i n g  s l u d g e  was s o l i d i f i e d  by a d d i t i o n  of  l a r g e  
q u a n t i t i e s  o f  l i m e  and f l y a s h .  A c o m b i n e d  t o t a l  o f  
approx imate ly  500 tons  o f  l i m e  and f l y a s h  were used. The 
area was then covered w i t h  s o i l ,  contoured t o  approx imate 
t h e  e x i s t i n g  t e r r a i n ,  t i l l e d ,  f e r t i l i z e d ,  a n d  reseeded.  
P i t  r e s t o r a t i o n  was c o m p l e t e d  8-25-84 a n d  t h e  s i t e  was 
secured. 



- 

8 -  

10.0 ACTIVITIES DURING THE SECURED PERIOD 

Agreements  were  e x e c u t e d  be tween  DOE's Nevada Operat ions O f f i c e  
and t h e  FDIC a n d  be tween  F e n i x  & Sc i sson ,  Inc., and  B l a n k s  
D r i l l i n g  Corp., w i t h  a l l o w e d  B l a n k s  t o  s t o r e  i t s  r i g  a t  t h e  
P leasant  Bayou s i t e .  The i n i t i a l  agreement was f o r  t he  p e r i o d  of 
June 10, 1984 t h r o u g h  O c t o b e r  7, 1934. These ag reemen ts  were  
l a t e r  ammended t o  e x t e n d  t h e  s t o r a g e  p e r i o d  and t r a n s f e r r e d  t o  
DOE's Idaho Operat ions O f f i c e .  

I 10.1 Rig Storage 

10.2 S i t e  Maintenance 

I 

Rout ine maintenance was per formed a t  t he  s i t e  d u r i n g  t h e  secured 
p e r i o d  t o  e n s u r e  t h a t  t h e  e q u i p m e n t  and o v e r a l l  s i t e  c o u l d  be 
p laced back i n  ope ra t i on  w i t h  minimal r e h a b i l i t a t i o n .  

10.2.1 Weekly Maintenance. A l o c a l  lease s e r v i c e  was employed t o  
p e r t o r m  w e e k l y  m a i n t e n a n c e  i n  acco rdance  w i t h  a p r e -  
e s t a b l i s h e d  check l i s t .  Weekly maintenance and m o n i t o r i n g  
i nc 1 uded : 

- C h e c k i n g  o i l  l e v e l s  i n  a i r  compresso rs  and g a s o l i n e  
engine 

- D r a i n i n g  mois tu re  f rom a i r  compressor tanks 

- Running e l e c t r i c  motors and gaso l i ne  engine 

- Operat ing manual and a i r  ac tua ted  va lves  

- Checking pressures on No. 2 and No. 1 w e l l s  

- Checking f l o o d l i g h t s  and r e p l a c i n g  bu lbs  

- Checking pe r ime te r  fence and gates and a l l  b u i l d i n g s  

- M a i n t a i n i n g  n i t r o g e n  purge on sur face  equipment 

10.2.2 Monthly Maintenance. Monthly maintenance inc luded:  

- Chang ing  o i l  and  c l e a n i n g  a i r  f i l t e r s  on c o m p r e s s o r s  
and gaso l i ne  engine 

- Greasing exposed f l anges  

- C u t t i n g  grass i n s i d e  the  fenced area 

The F e n i x  & S c i  sson m a i n t e n a n c e  s u b c o n t r a c t  c o n t i n u e d  
through February 28, 1985. A f t e r  2-28-85, c o n t i n u i n g  mai n- 
tenance was prov ided by subcont rac t  through EG&G/Idaho. 
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10.3 No. 2 Wellhead Pressure 

On 7-24-84, pressure began developing on the No. 2 well. At this 
time, the cause of the pressure is unknown. It is believed to be 
caused by expansion of the fluid from a gradual temperature 
stabilization or from rising gases generated by degradation of the 
polymer mud. Prior to securing the site, the pressure was "bled- 
off'', and it has been monitored since. Figure 10-1 is a plot of 
the pressure buildup from 8-24-84 through 3-09-85. Average 
pressure increase has been 4 psilday. 

10.4 Recanpletion Study 

The option of producing the well through the 9 - 5 / 8  inch casing 
with small kill/treatment string was considered. Figure 10-2 is a 
schematic of the wellsetting arrangement considered. 

OTS was employed to conduct a study of this option specifically 
calculating adequacy of the 9 - 5 / 8  inch to safety function under 
all possible production situations. OTS used computer modeling, 
such as its Casing Service Life Analysis Model (C-SLAM), to 
calculate the stresses in the casing under a variety of service 
conditions. Appendix E is a copy of  the conclusions of OTS' 
report titled "Engineering Study to Determine the Feasibility of 
Producing the Pleasant Bayou No. 2 Well Through the 9 - 5 / 8  Inch 
Intermediate/Producing Casing." 
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PB No. 2 WELL 

FIGURE 10-1 



20" csg. 0 1395' 

Production Through 

13-318'' CSg. (3 8487' 

+ 2-318'' 0.0. InjectionIKi 
String. ScaleICorrosion 
Chemical Injected 
Top o f  7" liner 8 13,991' 

9-518" csg. 8 '14,284' 

)Perforations 14,644' - 14, 

Plugback Depth 15,475' 

Bottom 7" Liner 8 16,465' 

1 1  

704' 



11.0 CONCLUSIONS 

Although the  Phase I I - B  t e s t  was te rm ina ted  premature ly ,  enough data 
was gathered and exper ience gained t o  reach c e r t a i n  conclus ions:  

11.1 Reservoir Characteristics 

Upon t e r m i n a t i o n  o f  t h e  Phase I 1  tes t ,  Gruy Petro leum Technology, 
Inc., u t i l i z e d  i t s  t w o - d i m e n s i o n a l ,  t h ree -phase ,  b l a c k  o i l  
s i m u l a t o r  program t o  s i m u l a t e  performance o f  t h e  P leasant  Bayou 
No. 2 Well. The s i m u l a t o r  so lves  the  f i n i t e - d i f f e r e n c e  behav io ra l  
equat ions us ing  t h e  s e m i - i m p l i c i  t procedure (SIP). Average b lock  
p r e s s u r e s  a t  t h e  end  o f  each  t i m e  s t e p  a r e  c o n v e r t e d  t o  f l o w i n g  
b o t t o m - h o l e  p r e s s u r e s  u s i n g  a psuedo-steady s t a t e  approx imat ion  
f o r  r a d i a l  f l o w  i n  t h e  b l o c k ,  and m u l t i p h a s e  f l o w  i n  t h e  t u b i n g  
s t r i n g .  F l u i d  p r o p e r t i e s  were  o b t a i n e d  f r o m  r e c o m b i n a t i o n  
s t u d i e s ,  d i f f e r e n t i a l  l i b e r a t i o n  e x p e r i m e n t s ,  and  v i s c o s i t y  
measurements per formed by Weatherly Laborator ies.  The conc lus ions  
o f  t h e  s i m u l a t i o n  s t u d i e s  a r e  summarized on Page 11 o f  Appendix F, 
" R e s e r v o i r  S i m u l a t i o n  s t u d y  o f  t h e  P l e a s a n t  Bayou No. 2 W e l l ,  
B razo r ia  County, Texas." 

As d i s c u s s e d  i n  t h e  c o n c l u s i o n ,  s c a l e  a c c u m u l a t i o n  m a t e r i a l l y  
a f f e c t e d  t h e  s u r f a c e  f l o w i n g  p r e s s u r e s  d u r i n g  t h e  l a t e r  p a r t  o f  
t h e  Phase I I - B  t e s t i n g .  The r e s e r v o i r  model w o u l d  have been 
d i f f e r e n t  had t h e  pressures been unaf fec ted .  

11.2 Surface Equipment 

Majo r  sur face  equipment components, we1 1 head, choke, separators ,  
f i n  coo le r ,  dehydrator, sa les  meter, and f l a r e  f u n c t i o n e d  p r o p e r l y  
and r e l i a b l y  d u r i n g  t h i s  phase o f  t e s t i n g .  P rob lems  w i t h  o t h e r  
equipment such as valves, f langes, r i n g  seals, and t u r b i n e  meters 
have been resolved. 

R o u t i n e  main tenance,  p r o p e r  e q u i p m e n t  o p e r a t i o n ,  and s c a l e  and 
c o r r o s i o n  i n h i b i t i o n  a r e  essen t ia l .  The system w i l l  n o t  f u n c t i o n  
i n  t h i s  h o s t i l e  f l o w  e n v i r o n m e n t  w i t h o u t  them. W i t h  s c h e d u l e d  
maintenance, proper  ope ra t i ng  procedures, and sca le  and c o r r o s i o n  
con t ro l ,  equipment r e l i a b i l i t y  should be above 95%. 

11.3 Labor Requirements 

D u r i n g  t y p i c a l  f l o w i n g - i n j e c t i n g - g a s  s a l e s  o p e r a t i o n s  w i t h  
e f f e c t i v e  sca le  and c o r r o s i o n  c o n t r o l ,  t h e  s i t e  cou ld  be operated 
unmanned f o r  s h o r t  per iods .  

11.4 Downhole Equipment 

11.4.1 Produc t ion  Well. As d iscussed i n  t h i s  repo r t ,  conc lus ions  
have been r e a c h e d  r e g a r d i n g  c e r t a i n  p r o d u c t i o n  we1 1 
downhole equipment. 

I 
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API 8rd., LTC, or FL-4s connections are not suitable 
for geopressured-geothermal service. 

Slip and seal assemblies are not preferred 

Downhole scale inhibition is necessary for high rate 
production 

Downhole corrosion inhibition or an effective internal 
coating is very important 

Restrictions inside the tubing hanger are a 
disadvantage 

11.4.2 Injection Well. Conclusions have also been reached 
regarding injection well downhole equipment. 

- Slip and seal assemblies are likely t o  become stuck 
resulting in additional stresses on the injection 
tubing 

Packer fluid in injection wells should be of minimum 
density to keep external stresses at a minimum 

- Annular pressure caused by heat expansion of fluid in 
the annulus should be monitored and bled-off to prevent 
additional external stresses 

- 

54 



12.0 PROGRAM TRANSFER 

On April 1, 1985, the Geopressured/Geothermal Program was transferred 
from DOE'S Nevada Operations Office to the Idaho Operations Office. 
Upon issuance of this report, all pertinent files in Fenix & Scisson's 
Las Vegas Branch offices will be transferred to DOEIIdaho. 
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13 .O RECOI4MENDATIONS 

13.1 Product ion  Well Recompletion 

13.1.1 Wel l  Clean Out. I t  i s  recommended t h a t  the  f o l l o w i n g  be 
accomplished d u r i n g  c lean o u t  o f  t h e  No. 2 w e l l :  

- Removal o f  t h e  e x i s t i n g  p r o d u c t i o n  p a c k e r s  and t a i l  
P ipe 

Casing scraper  r u n  and cas ing  i n s p e c t i o n  c a l i p e r  o f  the  
9-5/8 i n c h  cas ing down t o  t h e  t o p  o f  t h e  7- inch l i n e r  

- 

- Clean o u t  h o l e  below e x i s t i n g  p e r f o r a t i o n s  t o  a minimum 
depth o f  14,950 feet. T h i s  w i l l  a l l o w  f o r  p e r f o r a t i n g  
t h e  zone be tween 14,844 and 14,920 f e e t  i f  a d d i t i o n a l  
vo lume i s  r e q u i r e d  i n  t h e  f u t u r e .  F i g u r e  13-1 i s  a 
copy o f  a dual  i n d u c t i o n  focused l o g  i n  the  prospec t ive  
i n t e r v a l .  2 

C l e a n  o u t  b e l o w  t h e  e x i s t i n g  p e r f o r a t i o n s  may b e  
d i f f i c u l t .  There i s  w i r e J i n e  and t h r e e  s e t s  o f  w i r e l i n e  
t o o l  s i n  the  " r a  tho1 e" b e l  ow the  e x i  s ti ng p e r f  o r a  ti ons. 

13.1.2 P r o d u c t i o n  Tubing. A s t r i n g  o f  new p r o d u c t i o n  t u b i n g  
s h o u l d  be o b t a i n e d  w i t h  p r e m i u m  c o n n e c t i o n s .  The new 
connect ion should have a smooth i n t e r n a l  bore compatable 
w i t h  the  tube, have a meta l - to-meta l  p i n  nose seal, and be 
f r e e  o f  t e f l o n  o r  o t h e r  p l a s t i c  seal  r i n g s  o r  grooves. 

B o t h  t h e  t u b e  and t h e  c o n n e c t i o n  m u s t  undergo a s t r i c t  
q u a l i t y  assurance and q u a l i t y  c o n t r o l  program f r o m  in4  t i a l  
h e a t  t r e a t m e n t  t o  i n s t a l l a t i o n .  I n t e r n a l '  c o a t i n g  should 
be c o n s i d e r e d  i f  a r e l i a b l e ,  d u r a b l e  t y p e  c o a t i n g  i s  
a v a i l a b l e .  

13.1.3 S c a l e  and C o r r o s i o n  C o n t r o l .  A method o f  downhole sca le  
c o n t r o l  i s  necessary f o r  e f f i c i e n t  l o n g - t e r m  p r o d u c t i o n ,  
e s p e c i a l l y  a t  h i g h  r a t e s  (20,000 BPD, o r  above). T h i s  can 
b e  a c c o m p l i s h e d  by u s i n g  1/4 i n c h  c a p i l l a r y  t u b i n g  
e x t e r n a l  t o  t h e  produc t ion  t u b i n g  and a downhole chemical  
i n j e c t i o n  dev ice  j u s t  above the  produc t ion  packer. F i g u r e  
8-1 i l l u s t r a t e s  t h i s  type o f  completion. 

The t u b i n g  s h o u l d  be c o n s t r u c t e d  o f  I n c o l o y  825 r a t h e r  
t h a n  316L s t a i n l e s s ,  s i n c e  t h e  t u b e  w i l l  be exposed t o  
e leva ted  temperatures and a c h l o r i d e  based p a c k e r  f l u i d .  
C o n s i d e r a t i o n  s h o u l d  a l s o  be g i v e n  t o  t h e  use o f  a two-  
t u b e  i n c a p s u l a t e d  s y s t e m  f o r  b o t h  s c a l e  and c o r r o s i o n  
treatment.  The second tube cou ld  be used as a spare sca le  
t r e a t m e n t  t u b e  i f  t h e  p r o d u c t i o n  t u b i n g  were  p r o t e c t e d  
from c o r r o s i o n  by a coat ing.  
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If a l a r g e r  t u b i n g  s t r i n g  ( 6 - 5 / 8  i n c h  - - / - i n c h  O.D.) i s  1 

needed f o r  h ighe r  p roduc t i on  ra tes ,  an annular  i n j e c t i o n  
c o m p l e t i o n  w o u l d  be  p o s s i b l e .  However, t h e r e  a r e  a l s o  
p r o b l e m s  a s s o c i a t e d  w i t h  t h i s  t y p e  o f  i n j e c t i o n  s y s t e m  
which must be reso lved be fo re  i t s  app l i ca t i on .  

- Even w i t h  7 - i n c h  p r o d u c t i o n  s t r i n g ,  a n n u l a r  vo lumes 
be tween  t h e  7 - i n c h  and 9 - 5 / 8  i n c h  a r e  s t i l l  above 300 
b a r r e l s .  The a n n u l a r  f l u i d  w o u l d  have  t o  be  d e s i g n e d  
f o r  a d u a l  purpose,  as  a s c a l e  i n h i b i t o r  and as  a 
t y p i c a l  annu lar  f l u i d .  

- The i n j e c t e d  f l u i d  m u s t  a l s o  i n  i t s e l f  b e  n o n -  
corros ive.  The phosphonate s c a l e  chemical  used a t  t h e  
su r face  d u r i n g  t h e  Phase 11-B  t e s t  was very c o r r o s i v e  
t o  a l l o y  s t e e l s  i n  i t s  concentrated form. An e leva ted  
c o r r o s i o n  r a t e  i n s i d e  t h e  9 - 5 / 8  i n c h  c a s i n g  c o u l d  n o t  
be t o l e r a t e d .  

- I n  con junc t i on  w i t h  annu lar  i n j e c t i o n ,  t h e r e  must be a 
downhole i n j e c t i o n  va l ve .  Many s i m i l a r  sys tems  have 
f a i l e d  because t h e  s m a l l  i n j e c t i o n  v a l v e  becomes 
p l u g g e d  w i t h  f i n e s  t h a t  r e m a i n  i n  t h e  a n n u l u s  a f t e r  
d i s p l a c i n g  t h e  a n n u l a r  f l u i d .  E x t r a  p recau t ion  would 
have  t o  b e  e x e r c i s e d  t o  e n s u r e  t h a t  t h e  a n n u l a r  f l u i d  
i s  as s o l i d  f r e e  as poss ib le .  

Teneco O i l  Co. has had much e x p e r i e n c e  w i t h  c o n t i n u o u s  
i n j e c t i o n  methods  and has  pub1 i s h e d  r e p o r t s  d i scuss ing  
t h e  advan tages  and d i s a d v a n t a g e s  o f  t h e  t w o  methods  
d e s c r i b e d  above.8~9~10 

Consider ing t h e  above d i scuss ion  and i n d u s t r y  experience, 
t h e  c a p i l l a r y  method i s  favored as l ong  as t h e r e  i s  enough 
annular  space f o r  i t s  use. 

13.1.4 Per fo ra t ions .  As discussed i n  Sec t ion  13.1.1, above, t h e  
w e l l b o r e  w i l l  have  t o  b e  c l e a n e d  o u t  b e l o w  t h e  e x i s t i n g  
pe r fo ra t i ons .  I t  i s  adv i sab le  t o  c lean o u t  t h e  w e l l b o r e  
t o  a minimum o f  14,950 f e e t  so t h a t  t h e  zone between 14844 
and 14920 f e e t  c o u l d  e a s i l y  be p e r f o r a t e d  i n  t h e  e v e n t  
h ighe r  p roduc t i on  r a t e s  a r e  des i red.  

, 13.2 In ject ion Well 

13.2.1 D e t e r m i n e  Source  o f  Communica t ions .  As d i s c u s s e d  i n  
S e c t i o n  9.3.1, c o m m u n i c a t i o n s  d e v e l o p e d  be tween  t h e  
i n j e c t i o n  t u b i n g  and annulus w h i l e  i n j e c t i n g  t h e  reserve  
p i t  f l u i d .  I t  i s  u n l i k e l y  b u t  p o s s i b l e  t h a t  a f t e r  
i n j e c t i o n  o f  t h e  c o o l e r  f l u i d ,  t h e  t u b i n g  s t r i n g  expanded 
and t h e  s e a l  assemb ly  r e s e a l e d  i n  t h e  p a c k e r  s e a l  bore.  
T h i s  can be  checked by  i n j e c t i n g  s a l t  w a t e r  down t h e  
t u b i n g  and by pressure  t e s t i n g  t h e  annulus. 
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It i s  most l i k e l y  t h a t  t h e r e  i s  s t i l l  communications and 
t h e  t u b i n g  s t r i n g  w i l l  have t o  be p u l l e d .  The p r e s e n t  
c o n d i t i o n  o f  the No. 1 w e l l  i s  i l l u s t r a t e d  i n  F i g u r e  13-2. 

13.2.2 R e c o m p l e t i o n .  C o n s i d e r a t i o n  s h o u l d  b e  g i v e n  t o  
r e c o m p l e t i n g  t h e  i n j e c t i o n  w e l l  w i t h  l a r g e r  t u b i n g  i f  
f u t u r e  p r o d u c t i o n  p lans  a r e  t o  produce a t  r a t e s  exceeding 
35,000 t o  40,000 BPD. L a r g e r  t u b i n g  w i l l  l o w e r  t h e  
f r i c t i o n a l  losses  and h e l p  i n  m a i n t a i n i n g  l o w e r  separa tor  
o p e r a t i n g  p r e s s u r e s .  A t  a f l o w  r a t e  o f  30,000 B P D  
i n j e c t i o n ,  p r e s s u r e s  were i n  t h e  r a n g e  o f  450 p s i g  w i t h  
t h e  e x i s t i n g  5 - 1 / 2  i n c h  t u b i n g  a n d  1 5 0  f e e t  o f  
p e r f o r a t i o n s .  

Upon recomplet ion,  the w e l l b o r e  should be cleaned o u t  t o  
26780 fee t ,  j u s t  above the  p o i n t  where t h e  l o s t  w i r e l i n e  
was tagged. The p r e f e r r e d  method o f  c l e a n i n g  o u t  t h e  
w e l l b o r e  i s  w i t h  n i t r o g e n  and foam c i r c u l a t i o n  u s i n g  
cont inuous t u b i  ng. 

A f t e r  c l e a n i n g  o u t  the  wel lbore,  an i n j e c t i o n  t e s t  u s i n g  
9.0 t o  9.1 p o u n d s / g a l l o n s  s a l t  w a t e r  i s  a d v i s a b l e  t o  
d e t e r m i n e  s u r f a c e  i n j e c t i o n  p r e s s u r e s  a t  a n t i c i p a t e d  
i n j e c t i o n  r a t e s .  I f  p r e s s u r e s  a r e  e x c e s s i v e ,  t h e  
p e r f o r a t i o n s  can be a c i d i z e d  o r  a d d i t i o n a l  p e r f o r a t i o n s  
added. P e r f o r a t i o n s  above the  9-5/8 i n c h  cas ing  shoe a r e  
n o t  recommended . 
No s p e c i a l  s c a l e  o r  c o r r o s i o n  t r e a t m e n t  i s  recommended i n  
t h e  i n j e c t i o n  w e l l  i f  an e f f e c t i v e  program i s  used i n  the  
p r o d u c t i o n  we1 1 o r  sur face  equipment. Downhole s c a l e  and 
c o r r o s i o n  s h o u l d  be m o n i t o r e d ,  however,  e v e r y  3 t o  4 
months u s i n g  a m u l t i a r m  cas ing  i n s p e c t i o n  c a l i p e r .  

O c c a s i o n a l  a c i d i c  a c i d  t r e a t m e n t s  u s i n g  t h e  f i l t e r  u n i t  
may p r e v e n t  the  b u i l d u p  o f  a c i d  so luab le  m a t e r i a l s  a t  the  
p e r f o r a t i o n s .  I f  i n j e c t i o n  pressures become c r i t i c a l ,  i t  
may be n e c e s s a r y  t o  back f l o w  t h e  p e r f o r a t i o n s  u s i n g  
n i t r o g e n  and foam. 

13.3 Surface Equipment and F a c i l i t i e s  

13.3.1 S e p a r a t o r s .  T h e  No. 21 s e p a r a t o r  on  l o a n  t o  t h e  
T e c h n a d r i l l  F e n i x  & S c i s s o n  Gladys  M c C a l l  P r o j e c t  w i l l  
have t o  be r e i n s t a l l e d .  S e p a r a t o r s  No. 1 and No. 2 a r e  
r a t e d  a t  22,000 B P D  a n d  18,000 B P D ,  r e s p e c t i v e l y .  
However, s e p a r a t i o n  e f f i c i e n c y  a n d  ease o f  o p e r a  t i  on 
d e c l i n e  a t  these maximum rates.  More r e a l i s t i c  r a t e s  a r e  
20,000 a n d  15,000 BPD. A d d i t i o n a l  s e p a r a t i o n  e q u i p m e n t  
should be considered f o r  r a t e s  above 35,000 BPD. 
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1'1 

0' One foot above ro ta ry  
32' Ground level  
90' Bottom o f  26-1/2" wal l  d r ive  pipe 

400' Est. top cement i n  13-3/8" x 9-5/8" annlus 

1319' 
1415' Bottom o f  24" d r i l l  hole 

Bottom o f  20" conductor p l w  

2484' TOP DV Col lar  f n  13-3/8" Casing  

4211' To3 o f  leak tn 13-3/8' casing 

4487' Bottom 5-1/2" 1 4 ~  K-55, 8rd. tubing 
Top o f  5-1/2" 1 5 . 5 P  K-55, 8rd. tubing 

5859' Bottom of 5-1112'' locator sub on tubing 
5865' Top o f  Baker 9-5/8" x 5-112" f u l l  bore packer 
5873' Bottom o f  5-1/2" tublng seals 
5990' B o t t m  o f  9-518" 40.0# ti80 b u t t  casing 

5010' Too perforat ion squeezed w i th  l5Osx cement 
6012' Bottom perforat ion squeezed v i  t n  l5Osx cement 
6012' l o p  perforat ion squeezed w i th  l50sx cement 
6016' Bottom perforat ion squeezed w i th  l50sx cement 

4230' Bottom o f  leak i n  13-3/8" Casing 

In jec t ion  perforations 6226' - 6262'  

In jec t ion  perforations 6362' - 6380' 
Top o f  f i l l  l a s t  tagaed a t  6376' 
In jec t ion  perforations 6390' - 6426' 

6460' l o p  ln jec t ion  perforations 
6480' Bottom in jec t ion  perforations 

6494' Top in jec t lon  perforations 
6514' Bottom i n j e c t i o n  perforations 

6518' l o p  in jec t ion  perforations 
6538' Bottom i n j e c t i o n  perforations 
Wireline, w i re l ine  tools,  and 4" perforat ing gun 
below 6788' 

6950' 
7000 ' 
7125' 
7121' 

7200' 

l o p  cement plug I n  13-3/8" casing (355x1 COT0 
l o p  13-3/8" E2 packer 

l o p  perforatlons not squeezed 
Bottom perforations not squeezed 

l o p  13-3/8" E2 packer no t  set, p a r t i a l  d r i l l e d  

8393' 
8481' 
8581' 

C 
E B6R1' 
m 

9000' E 
N 
1 10051' 

10475' 

15580' 

15645' L 
1 

15676' 

l o p  13-3/8" f l o a t  c o l l a r  
Bottom 13-3/8" casing 
Bottom cement plug i n  12-1/4" hole 

Top f i s h  #2 dnd cemnt  plug 

l o p  cement i n  4-1/2" d r i l l  hole 

Bottom of f ish 12 

l o p  f l s h  11 (4-112" d r i l l  pipe) 

Top o f  core bar re l  

Bottom o f  core barrel  ( f i s h  #I)  

r o t d l  depth 12-1/4" d r l l l  hole 

FIGURE 13-2 
PB No. 1 PRESENT CONDITIONS 
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13.3.2 

13.3.3 

13.3.4 

13.3.5 

I n j e c t i o n  L i n e .  The 6 - i n c h  Sch. 80 i n j e c t i o n  l i n e  i s  
s i z e d  f o r  30.000 BPD. Observed Dressure l o s s  through the  
separator  dump and 6- inch l i n e  was 50 t o  60 p s i  a t  30,000 
BPD. 

If f u t u r e  f l o w  r a t e s  o v e r  30,000 B P D  a r e  a n t i c i p a t e d ,  a 
l a r g e r  l i n e  should be considered. 

Blowdown Tanks. There i s  no blowdown system o n s i t e  s ince  
t h e  r e s e r v e  p i t  has been b a c k f i l l e d .  Tanks s h o u l d  be 
prov ided o n s i t e  f o r  d i v e r t i n g  t h e  f l o w  w h i l e  "cleaning-up" 
t h e  w e l l  o r  o t h e r  o c c a s i o n s  when i t  i s  advantageous t o  
d i v e r t  t h e  f l o w  f o r  s h o r t  per iods.  Two thousand b a r r e l s  
of storage should be adequate. 

S e p a r a t o r  B l o w d o w n  P i t .  The e x i s t i n g  s e p a r a t o r  
blowdown/drain p i t  o r i g i n a l l y  was l ined .  The l i n i n g  has 
been dest royed and should be replaced. 

F i l t e r  Uni t .  The f i l t e r  u n i t  has been r e c o n d i t i o n e d  and 
should be i n s t a l l e d  on t h e  i n j e c t i o n  l i n e .  I t  can be used 
f o r  t reatments o f  powdered a c i d i c  ac id .  

13.4 Instrumentation 

The Panex p r e s s u r e / t e m p e r a t u r e  t r a n s d u c e r  has p r o v e n  t o  be an 
accura te  and r e l i a b l e  system f o r  o b t a i n i n g  wel lhead pressure and 
temperature. T h i s  i n s t r u m e n t  must be r e i n s t a l l e d  on t h e  wel lhead 
f l o w  loop w i t h  the  d i s p l a y  and p r i n t e r  r e i n s t a l l e d  i n  t h e  o f f i c e  
t r a  i 1 er .  
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GEOTHERMAL 
ANALYTI CAL REP0 RT 

DCN: 83-21 2-01 1-64 

T i t l e :  Flanges f r o id l  the ifigli  Presstire Geof 

R e F o r t  Gate: 22 December 1383 
Geopressured Geot1icrmal We1 1 

Source Contact: Howard B1 urnliarat 

Address: Fenix & Scisson 
Route 7 ,  sox 693 
A1 v i r ,  Texas 7731 1 . 

u i c  System o f  the  Pleasant 3ayou 

Resource: P 1  easan-t Gayou ;.lo. 2 Geopressued-Geothcrma Ne1 1 , Brazoria County, Texas 
_- Purpose/Background: i o  determine i f  severe in te rna l  p i t t i n g ,  cbservea auritig 
s i t e  v i s i t ,  was associated with welamenis. 

Radian Analyst: Peter F. E l l i s  I 1  & Dennis M .  Anliker 

8 RESULTS 
I See page 2 f o r  background information and discussion.  

Observations: Figures 1 and 2 show cross  sec t ions  and typ ica l  in te rna l  views of 
the two f langes ,  which have been designated as  No. 1 and No. 2 f o r  c l a r i t y .  No 
associat ion between the areas  of loca l ized  corrosion and weldments was evident.  
Random measurements of p i t  depth and w i d t h  on f lange 1 showed a mean p i t  depth of 
0.15620.202 inches,* and a mean wid th  of 0.580+0.202 inches.* 
( < I %  p r o b a b i l i t y )  t h a t  any p i t  exceeded 0.31 i%hes  of  d e p t h  o r  1.27 i n c h e s  of 
width. 
0.756+0.303 inches* respec t ive ly .  
exceeaed 0.16 i n c h  in depth or 1.50 inch  i n  width.  

hardness of 92.8+0.8.* Hardness was uniform t h r o u g h o u t  the metal cross  sec t ion .  
Microstructures  were a l s o  u n i f o r m  and were typ ica l  of c a s t  s t e e l .  
As indicated by Figures 1 and 2 ,  the  h i g h  pressure sur face  p i p i n g  was f r e e  of t he  
heavy sca l e  b u i l d u p  which occurred i n  the well [I]. 
Conclusions: 
the inherent  lack o f  corrosion r e s i s t ance  of this a l loy  t o  the geofluid.  
not  the r e s u l t  of metallurgical modif icat ions produced by welding. 
phosphonate s c a l e  inh ib i to r  i s  e f f e c t i v e  in con t ro l l i ng  c a l c i t e  formation, b u t  
the  proprietary corrosion inh ib i to r s  used were not e f f e c t i v e .  

I t  i s  unl ikely 

For f lange 2 ,  the  mean p i t  depth and w i d t h  were 0.097+0.017 inches* and 
I t  is unl ikely (<1% probabTlity) t h a t  any p i t  

~ Flange 1 had a Rockwell i3 hardness of 78.6+0.2* while f lange 2 had a Rockwell B 

1 )  The  severe loca l ized  corrosion of the  f langes i s  the r e s u l t  of 
I t  i s  

2 )  The 

c J 
"95 percent confidence in te rva l  
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BACKGROUND 

The 16,500 ft. deep P l e a s a n t  Bayou No. 2 geopressured-geothermal w e l l  is l o c a t e d  i n  B r a z o r i a  County, Texas, near  t h e  
town o f  A l v i n .  T h i s  w e l l  i s  c u r r e n t l y  opera ted  as a n a t u r a l  gas r e c o v e r y  w e l l  w i t h  a b o u t  22 SCF o f  gas b e i n g  
recovered p e r  b a r r e l  of h y p e r s a l i n e  g e o f l u i d  produced. 

I n  a r e c e n t  203-day t e s t ,  g e o f l u i d  was produced a t  20,000 bpd (583 gpm) a t  a nominal  p ressure  o f  2000 p s i  and 
nominal tempera ture  o f  about  300'F. The g e o f l u i d  passed th rough h i g h  p r e s s u r e  (2000 p s i  nomina l )  p i p i n g  t o  a t r a i n  
o f  gas separa tors ,  where t h e  n a t u r a l  gas was e x t r a c t e d ,  and t h e n  t o  a r e i n j e c t i o n  s i t e  f o r  d i s p o s a l .  
which a r e  t h e  s u b j e c t  o f  t h i s  GAR were f rom t h e  h i g h  pressure  g e o f l u i d  system. 
seve're l o c a l i z e d  c o r r o s i o n  was observed on t h e  i n t e r n a l  surfaces o f  these and o t h e r  f l a n g e s .  

The P leasant  Bayou g e o f l u i d  has t h e  f o l l o w i n g  nominal c h e m i s t r y  a f t e r  t h e  gas is e x t r a c t e d :  

The f l a n g e s  
A t  t h e  end o f  t h e  203-day t e s t ,  

78.470-78.480 ppm c h l o r i d e ,  0.4 ppm s o l u b l e  s u l f i d e ,  90-94 ppm ammonia, 360-390 ppm a l k a l i n i t y  (as  
b i c a r b o n a t e ) ,  9700-9800 ppm ca lc ium,  and 311.150-132,150 ppm t o t a l  d i s s o l v e d  s o l i d s .  The g e o f l u i d  
c o n t a i n s  a s i g n i f i c a n t  amount o f  d i s s o l v e d  carbon d i o x i d e  which produces a pH o f  4.3 i n  t h e  r e s e r v o i r .  
A f t e r  p r o d u c t i o n ,  t h e  pH r i s e s  t o  5.5-5.6. 

C a l c i t e  s c a l e  formed a t  a r a t e  of about 0.5 i n c h l y r .  i n  the  upper p a r t  of t h e  w e l l  [l]. A phosphonate s c a l e  
i n h i b i t o r  and p r o p r i e t a r y  c o r r o s i o n  i n h i b i t o r s  were added a t  t h e  we l lhead t o  c o n t r o l  s c a l e  and c o r r o s i o n  i n  t h e  
s u r f a c e  equipment. 

DISCUSSION 
D i s s o l v e d  carbon d i o x i d e  has l o n g  been recogn ized as a ma jor  c u l p r i t  i n  "sweet w e l l "  c o r r o s i o n ,  w i t h  severe  a t t a c k  
o f  carbon s t e e l s  o c c u r r i n g  a t  h i g h  temperatures i n  t h e  absence o f  p r o t e c t i v e  c o r r o s i o n  produc ts  o r  s c a l e s  [ 2 ] $  
w i t h  a s t r o n g  tendency toward  deep p i t t i n g  i n  t h e  212-300°F range [3].  C a l c i t e  sca le ,  formed i n  t h e  upper reaches 
o f  t h e  p r o d u c t i o n  tube, appears t o  have been p r o t e c t i v e  [l]. b u t  t h i s  s c a l e  was prevented  i n  t h e  s u r f a c e  equipment as 
d iscussed above. 
s e l e c t i o n  o f  carbon s t e e l  f o r  t h i s  a p p l i c a t i o n .  

In t h e  absence o f  p r o t e c t i v e  sca le ,  severe l o c a l i z e d  c o r r o s i o n  problems appear i n h e r e n t  i n  t h e  

REMEDIAL ACTION 
It i s  unders tood t h a t  t h e  h i g h  p r e s s u r e  p i p i n g  a t  P l e a s a n t  Bayou i s  b e i n g  r e p l a c e d  w i th  s t a i n l e s s  s t e e l  l i n e d  p i p i n g  
t o  c o n t r o l  c o r r o s i o n .  

Both  above ground [4]  and downwell  [ S I  t e s t s  a t  o t h e r  h y p e r s a l i n e  geothermal w e l l s  have shown t h a t  some low a l l o y  
s t e e l s  have c o n s i d e r a b l e  c o r r o s i o n  r e s i s t a n c e .  F u r t h e r  t e s t i n g  may demonstrate some o f  these a l l o y s  t o  be u s e f u l  f o r  
geopressured-geothermal systems. 
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2.0 PLEASANT BAYOU NO. 2 

Mission: 1) inves t iga te  the cause of f a i l u r e  of the production t u b e  

coupling located a t  5225 f t ,  and 2) inves t iga te  t h e  llerosionl' of production 
t u b e  pin e n d s  from d e p t h s  greater than 13,500 f t .  

2.1 Background 

Pleasant Bayou No. 2 is located in  Brazoria County, Texas? near t h e  
town of Alvin. The  well was i n i t i a l l y  completed i n  Ju ly  1979. I t  was t h e  

f i rst  we1 1 d r i l l  ed excl usively fo r  eval uating geopressured-geothermal re- 
sources [Kharaka e t  a l .  1979; Stevens and Clark 19791. 

The Pleasant Bayou No. 2 well has a t o t a l  d e p t h  of 16,500 f t .  The 
well is cased w i t h  9 5/8-inch diameter casing from t h e  sur face  t o  148284 f t  
with the top 202 f t  being 53.50 l b / f t  S-105 b u t t  casing and the remainder 
being 53.50 l b / f t  S-95 b u t t  casing. A 7-inch diameter l i n e r  i s  hung from the 
13,991-ft level and extends t o  16,465 f t .  F l u i d  is produced through perfora- 
t i o n s  i n  t h i s  l i n e r .  

F l u i d  i s  brought t o  t h e  surface through a production t u b e .  This 
production t u b e  cons i s t s  of 5 l/2-inch, 23.00 l b / f t 8  P-110 tubing with 
A t 1  as-Bradf ord modified 8-round thread coup1 ings from t h e  surf ace t o  5368 ft. 

From 5368 f t  t o  a packer a t  13,967 f t ?  the production t u b e  is 5 1/2-inch, 
3.00 l b / f t ,  P-110 casing w i t h  FL4S j o in t s .  Below t h e  packer is 500 f t  of 4- 
1/2-inch diameter? 18.98 l b / f t r  Hydrill p ipe .  

' ~. 

laahui 

Table 2-1 summarizes t h e  chemistry of the geofluid produced from 
Pleasant  Bayou No. 2. This f l u i d  is a hypersaline brine w i t h  considerable 
carbon dioxide induced ac id i ty  a s  indicated by t h e  pH of t h e  f l u i d  a f t e r  t h e  

dissolved gases a re  separated--pH 5.5-5.6--compared t o  the calculated pH--4.3- 
when the separated carbon dioxide i s  Itrep acedt1 by  thermodynamic equil  ibrium 
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TABLE 2-1. CHEMISTRY OF PLEASANT BAYOU NO. 2 GEOFLUID 

i 

Parameter Concentrat ions 

Key Corrostve Species: 

pH (wel lhead) 
( ca l  c. r e s e r v o i r )  

Chl o r i  de 

Sul f a t e  

Soluble s u l f i d e  

Ammoni a 

A l k a l i n i t y  (as HC03) 

Other Spec1 es : 

S i 1  i c a  

Cal c t  urn 

Magnes i urn 

Sodi urn 

Z inc  

Tota l  d i  sso l  ved so l  i ds 

Tota l  suspended s o l  ids  

5.5-5.6 
4.3 

eBm 

78,470-78,480 

0 

0.4 

90-94 

360-3 90 

90 

90700-9r800 

690 

43,000-43 r 800 

1 e 8-1.9 

311r150-l32~150 

19 

~~ ~ ~~ 

Sources: Clark  1983, Tcmson 1983 

70 



ca lcu la t i ons .  This  pH s h i f t ,  from about 4.3 i n  t h e  fo rmat ion  t o  5.5-5.6 a t  

t h e  wellhead, i s  q u i t e  s i m i l a r  t o  t h a t  experienced i n  hypersa l ine  hydrothermal 

w e l l s  a t  t h e  Sa l ton  Sear C a l i f o r n i a .  The concent ra t ions  o f  c h l o r i d e  and some 

o the r  key co r ros i ve  species are a l so  o f  comparable magnitude. This  suggests 

t h a t  m a t e r i a l s  experience a t  Sa l ton  Sea may be r e l e v a n t  t o  t h e  geopressured 

we l l  design. 

. >  Fvents P r  ecedina F a i l u r e  

Pleasant Bayou No. 2 i s  a research we l l 8  

s t r i n g  which i s  t he  sub jec t  o f  t h i s  f a i l u r e  analys 
and t h e  produc t ion  tube 
s was t h e  f o u r t h  t o  be 

i n s t a l l e d .  Much i f  not  a l l  o f  t h e  t u b i n g  used i n  t h e  sub jec t  s t r i n g  had been 

used p rev ious l y  i n  the  same wel l .  The sub jec t  s t r i n g  was i n s t a l l e d  i n  t h e  

summer o f  1982. I n  t h i s  i n s t a l l a t i o n ,  t h e  produc t ion  tube was lowered u n t i l  

t h e  l o c a t o r  sub a t  t he  bo t tan  of t h e  5 1/2-inch p ipe contacted the packer 

assembly a t  13,967 ft. The produc t ion  tube was then  1 i f t e d  about 11 f t  [Clark  

1983; Goldsberry 19831 t o  al low f o r  thermal expansion o f  the produc t ion  tube 

as t h e  w e l l  heated up dur ing production. 

A long-term produc t ion  tes t ,  w i t h  f low maintained a t  a constant 

20rOO0 bpd was begun on 22 September 1982 and continued-with a few i n t e r r u p -  

t i o n s - u n t i l  t h e  w e l l  was shut - in  on 13 A p r i l  1983 (203 days). Twenty-one 
d a y s  a f t e r  t h e  wel l  was s h u t - i n ,  t h e  p r o d u c t i o n  t u b e  p a r t e d  a t  5225 ft. T h e  

lower p a r t  o f  t h e  produc t ion  s t r i n g  dropped about 11 f t  [Goldsberry 19831, 
bottoming i n  the  pol ished bore receptac le  o f  the packer assembly. 

Repair  operat ions were commenced8 and t h e  upper p a r t  o f  t h e  produc- 

t i o n  tube s t r i n g  was r e t r i e v e d  on 19 J u l y  1983. The r e s t  o f  t he  produc t ion  

tube s t r i n g  was r e t r i e v e d  over t h e  next  few days. 

2.2 F i e l d  I n v e s t i g a t i o n  

On 19 Ju l y  1983, Radian v i s i t e d  t h e  Pleasant Bayou s i t e  j u s t  

a f t e r  the upper p o r t i o n  o f  the produc t ion  tube s t r i n g  was re t r i eved .  

hours 

t was 

7 1  
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observea t h a t  the  coupl i n g  a t  5225 f t  had s p l  it i t s  e n t i r e  length.  

coup l i ng  design8 both t h e  f i e l d  (upwel l )  and m i l l  (downwell) ends o f  

l a r  a re  screwed i n t o  t h e  coupl ing. The m i l l  end had disengaged from 

coupl ing. 

I n  t h i s  

the  tubu- 

t h e  sp l  it 

The f a i l e d  coupl i n g  had repor ted ly  been made up f o u r  o r  f i v e  t imes 

prev ious t o  i t s  c u r r e n t  use. Reportedly each j o i n t  was made up w i t h  6300 t o  

6500 f t - l b s  torqu'e when i n S t a l l e d 8  bu t  a to rque o f  288000 t o  318000 f t - l b s  was 

requ i red  t o  break t h e  j o i n t s  [Blumhardt 19831. This g rea t  increase i n  t o q u e  

requ i red  t o  break t h e  j o i n t s  was a t t r i b u t e d  t o  t h e  h igh  shear s t reng th  o f  t h e  

I.D. scale.  Th is  wh i te  sca le  was 5/16-inch t h i c k  a t  t h e  5225- f t  l eve l .  The 

sca le  was a l s o  observed on several  racks o f  t ub ing  t h a t  had been p u l l e d  from 
t h e  we1 1. 

The f a i l e d  coup l i ng  and some o f  t h e  f i e l d  end leng th  o f  j o i n t  134 

were c u t  o f f  w i t h  a t o r c h  f o r  shipment as a l abo ra to ry  specimen. A f t e r  cu t -  

t i n g  t h e  t u b i n g  w i t h  t h e  t o r c h 8  it was necessary t o  break t h e  sca le  w i t h  a ham- 

mer t o  complete the  par t ing .  I n  a d d i t i o n  t o  t h e  f a i l e d  coupling, t h ree  f e e t  
o f  t h e  mat ing  p i n  end (recovered a few days l a t e r )  and two used bu t  u n f a i l e d  

coupl i ngs  w i t h  p ins  were requested f o r  1 aboratory  analys is .  

Subsequent t o  Radianvs v i s i t 8  t h e  r e s t  o f  t h e  produc t ion  tube was 

recovered. The wh i te  sca le  was repor ted  t o  be of f a i r l y  un i form th ickness  

down t o  about 10,000 f t 8  then t a p e r i n g  t o  about 0.2 inch th ickness  a t  138500 

ft. FL4S p i n s  from below 138500 f t  were repor ted  t o  have severe tlerosionlt of  

t h e  p i n  l i p .  Two p i n s  from t h e  138700-f t  l e v e l  were l a t e r  shipped t o  Radian 
f o r  ana lys i s  COrtego 19833. 

2.3 Laboratory Analys is  and Resul ts  

F a i l e d  Couol ina fr eveJ om t h  e 5775 - f t  L 

The f a i l e d  coup l i ng  and mat ing m i l l  (downwell) end were photographed 

Deep tong  marks were noted as received8 and are shown i n  F igures 2-1 and 2-2. 



1 

. .  

on t h e  m i l l  end o f  t h e  f a i l e d  coup l ing  near t h e  coup l i ng  l i p .  Close-up photo- 

graphs o f  these t o n g  marks on t h e  f a i l e d  coup l i ng  are  shown i n  F igu re  2-3. A 

s i n g l e  crack i n t e r s e c t e d  one o f  these marks and extended t h e  l eng th  o f  t h e  

coupl i ng. The coupl i ng was thoroughly  examined w i t h  wet f l  uorescent magnetic 

p a r t i c l e  inspec t fon  t o  de tec t  any o ther  cracksr and none was found. The cou- 

p l i n g  was then c u t  leng thwise  about 120' away fran t h e  f r a c t u r e  surface. F ig-  
u r e  2-4 shows t h e  mat ing  m i l l - end  hand-screwed i n t o  t h e  sect ioned coupling. 

No evidence o f  cross th read ing  was ObSerVedr no r  was t h e r e  any d i f f i c u l t y  i n  

sc iewing t h e  m i l l  end i n t o  t h e  coupl ing. The s tand-of f  d is tance between t h e  

two p i n  ends i n  the  coup l i ng  was 0.815 inch. Fran t h e  remain ing sca le  on t h e  

p i n  ends and f a i l e d  coup l ingr  t h e  m i l l  end had 21 threads engaged and t h e  

f i e l d  end had 23 th reads  engaged. F igu re  2-4 a l so  shows t h e  elastomer seal  

improper ly  seated i n t o  t h e  f i e l d  end as it was observed a f t e r  sec t i on ing  o f  

t h e  coupl ing. 

A p o r t i o n  o f  t n e  f a i l e d  coup l i ng  and a p o r t i o n  o f  t u b i n g  from t h e  

m i l l  end were sect ioned f o r  chemical analys is .  The r e s u l t s  o f  t h i s  a n a l y s i s  
a re  presented i n  Table 2-2 w i t h  t h e  requirements o f  API S p e c i f i c a t i o n  SAX 

Grade P-110 f o r  canparison. 

I TABLE 2-2. CHEMICAL ANALYSIS OF TUBING AND COUPLING 

E l  ement 
Weiaht Percent 

Tubing Coup1 i n g  API SAX Grade P-110 

Carbon 

Manganese 

S i 1  i con  

Phosphorus 

0.32 0.33 

1.52 1.57 

0.19 0.19 

0.012 0.011 

Sul f u r  0.026 0.022 

N icke l  0.11 0.16 

Chromium 0.23 0.26 

Moly b den urn 0.18 0.18 

Not Spec i f i ed  

Not  Spec i f i ed  

Not Spec i f i ed  

0.040 Max. 

0.060 Max. 

Not Spec i f i ed  

Not Speci f i e d  

Not  Spec i f i ed  
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Both tub ing  and coup l i ng  met t h e  chemical s p e c i f i c a t i o n s  o f  API 5AX Grade P- 

110 mater ia l .  Even though phosphorus. and s u l f u r  are the  on ly  elements w i t h  

s p e c i f i e d  l i m i t s ,  a l l  t he  o ther  elements analyzed were present a t  l e v e l s  t y p i -  

c a l  o f  h igh s t reng th  s tee l .  To f u r t h e r  v e r i f y  conformance t o  BPI spec i f i ca -  

t i ons ,  two tens i l e -samp les  ( A  and B)  were c u t  and machined from each o f  t h e  

fo l l ow ing :  t h e  f a i l e d  coupling, an un fa i led  coupl ing,  and t h e  m i l l - end  of 
t u b i n g  t h a t  mated i n t o  t h e  f a i l e d  coupl  ing. The r e s u l t s  o f  these t e n s i l e  
tes ts ,  w i t h  t h e  API requirementsr are shown i n  Table 2-3. 

TABLE 2-3. TENSILE TESTS OF TUBING AND COUPLING 

Sample 
Y i e l d  St rength Tens i l  e Strength Percent 

( p s i )  ( p s i )  E longat ion 

F a i l e d  Coupl ing A 127 eo00 13 9 , 700 22.3 
F a i l e d  Coupl i n g  8 125,800 139,400 16.5 
U n f a i l e d  Coupl ing A 115,700 132,700 17.3 
U n f a i l e d  Coupl i n g  B 116,900 133 PO0 17.5 
Tubing A 124 , 200 133 e300 16.8 

API 5AX Grade P-110 110 8000-140,OOO 125,000 Min. 11.0 Min. 
Tubing B 124,200 133 0600 15.7 

The f a i l e d  coupl ing8 u n f a i l e d  coupl ing8 and mi l l -end t u b i n g  met a l l  t h e  speci-  

f i c a t i o n s  o f  API 5AX Grade P-110 mater ia l .  

Rockwell C hardness readings were taken on a sec t i on  o f  t h e  f a i l e d  

coup l i ng  and on a sec t i on  o f  t h e  m i l l - end  tub ing.  The f a i l e d  coup l i ng  had 

very cons is ten t  Rockwell C hardness readings o f  30 t o  31. The hardness read- 

i n g s  on t h e  m i l l - end  t u b i n g  were s i m i l a r l y  cons i s ten t  from Rockwell C 29 t o  

30. No evidence o f  l o c a l i z e d  hard o r  s o f t  areas was detected. 
r 

Long i tud ina l  cross sec t ions 'were  c u t  near t h e  f r a c t u r e  and away from 

t h e  f r a c t u r e  o f  t h e  coupl ing. Radial  sec t ions  were c u t  f ran  t h e  coupl i n g  and 

from t h e  tub ing.  A l l  f o u r  o f  these sec t ions  were po l i shed and etched f o r  

m ic ros t ruc tu ra l  examination. The m ic ros t ruc tu res  a r e  shown i n  F igures 2-5, 2- 

6, 2-7, and 2-8. I n  each photomicrograph t h e  m ic ros t ruc tu re  cons is t s  of a 

n a1 1 d i  rect ions.  f i n e l y  divided, tempered martens t e  t h a t  was uni form 
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A l o n g i t u d i n a l  sec t i on  was c u t  through one o f  t h e  tong deformat ions 

adjacent  t o  t h e  f r a c t u r e  i n  t h e  f a i l e d  c o l l a r .  F igure  2-9 shows t h i s  sec t i on  

and t h e  59 percent reduc t ion  i n  w a l l  th ickness caused by t h e  tong. F igure  2- 
10 shows a h igher  magn i f i ca t i on  view o f  the  severe ly  defotmed gra ins  i n  t h e  
tong mark. 

The e n t i r e  f r a c t u r e  sur face  was u l t r a s o n i c a l l y  cleaned i n  an i n h i b -  

i t e d  a c i d  t o  prepare the  sur face  f o r  examination by low power o p t i c a l  micros- 

Copy and w i t h  scanning e l e c t r o n  microscopy. F igure  2-11 i s  a composite macro- 

graph o f  t h e  f r a c t u r e  sur face  a f t e r  cleaning. Chevron marks p o i n t  towards t h e  

o r i g i n  a t  t h e  tong deformation. The f r a c t u r e  sur face appeared t o  have t h r e e  

vaguely d i f f e r e n t  reg ions which were the  o r l g i n  o f  f r a c t u r e  a t  t h e  tong  defor- 

mation, t h e  propagat ion zone cover ing  most o f  t h e  f r a c t u r e  surface, and a 

f i n a l  t e n s i l e  over load zone toward t h e  f i e l d  end o f  t h e  f rac tu re .  Frac to-  

graphic  examinat ion w i t h  t h e  scanning e l e c t r o n  microscope (SEMI showed t h a t  

a l l  t h r e e  zones had the  predominant features o f  d u c t i l e  t e n s i l e  overload. SEM 
f ractographs o f  each o f  t h e  t h r e e  zones a r e  shown i n  F igures 2-12, 2-13, and 2- 

14. 

The f r a c t u r e  surfaces i n  a l l  t h ree  zones were i n d i c a t i v e  o f  rap id r  

d u c t i l e  t e n s i l e  overload. No evidence o f  b r i t t l e  f rac tu re ,  c y c l i c  f a t i g u e  

f racture,  o r  co r ros ion  induced f r a c t u r e  was observed. 

The wh i te  sca le  on the  I . D .  sur face  o f  t h e  t u b i n g  a t  t h e  5225-ft  

l e v e l  was about 5/16 inch t h i c k  as shown i n  F igu re  2-15. Th is  sca le  was n o t  
tenacious a t  a l l r  b u t  was t i g h t l y  h e l d  i n  p lace by compressive forces. Th is  

sca le  was analyzed w i t h  energy d i spe rs i ve  X-ray spectroscopy ( E D S )  t o  i d e n t i f y  

t h e  elements present, and w i t h  X-ray d i f f r a c t i o n  (XRD) techniques t o  determine 

t h e  compounds present. The EDS ana lys i s  (which can de tec t  on ly  elements w i t h  

an atomic number o f  9 or  more) showed calc ium t o  be t h e  major elemental con- 

s t i t u e n t .  Carbon and oxygen a r e  no t  de tec tab le  by EDS. XRD i nd i ca ted  t h a t  

t h e  sca le  was e n t i r e l y  calc ium carbonate (CaC031, most ly  i n  t h e  form o f  ca l -  

c i t e ,  b u t  w i t h  a t r a c e  amount o f  aragoni te.  

- *. 
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Examination o f  t he  s t e e l  sur face beneath the  c a l c i t e  showed a 

sur face  p r e d m i n a n t l y  b r i g h t  and smooth w i t h  no evidence o f  corros ion.  

Despi te repo r t s  t h a t  t h e  e n t i r e  l eng th  o f  t h e  produc t ion  tube was f luorocarbon 

l i n e d  [Clark  19831, t h e r e  was no s i g n  of organic  l i n i n g  i n  any o f  t he  p a r t s  
f rom t h e  5225- f t  1 eve1 . 

Two p ins  from t h e  13,700-ft l e v e l  were sent  t o  Radian f o r  examina- 

t i o n  a f t e r  they were r e t r i e v e d  f r a n  t h e  w e l l  on 8 August 1983. These p i n s  

were repor ted  t o  be t y p i c a l  of a l l  o f  t h e  FL4S p ins  from about 13,500 ft t o  

t h e  bottom o f  t h e  produc t ion  tube. Th is  i n t e r v a l  i s  repor ted  t o  have l i t t l e  
sca le  compared t o  t h e  upper i n t e r v a l  where heavy s c a l i n g  occurred. Addi t ion-  

a l l y ,  it i s  repor ted  t h a t  these p ins  had been i n  t h e  w e l l  f o r  f o u r  years 
[Ortego 19833. However, t h e  produc t ion  tube has been p u l l e d  on f o u r  occa- 

sions, and t h e  c u r r e n t  i n s t a l l a t i o n  had been i n  t h e  we l l  about 203 days when 

t h e  w e l l  was shut-in. Whether o r  no t  t h e  t u b i n g  a t  t h e  13,700-ft l e v e l  was 

p u l l e d  and inspected p r i o r  t o  i n s t a l l i n g  the  c u r r e n t  p roduc t ion  assembly i s  
n o t  known t o  Radian. 

The p i n s  a r e  t h e  male h a l f  o f  FL4S couplings. The box ( female) end 

i s  i n t e g r a l  t o  the  produc t ion  tube. As i n s t a l l e d ,  t he  p i n  l i p  i s  square i n  
cross sec t i on  o r  p r o f i l e  and mates t o  a f l a t  face o r  1 i p  a t  t h e  base o f  t h e  

box end o f  the  coupl ing.  The nominal s tand-of f  between t h e  p i n  l i p  and box 

l i p  i s  1/32-1/16 inch [Clark  19831. The two p i n s  as received a re  shown i n  

F igure  2-16, w h i l e  t h e  0.0. sur face  o f  t h e  end o f  one o f  the  p i n s  i s  shown i n  

more.detaf1 i n  F igure  2-17. Th is  l i p  shows a rough, jagged sur face  w i t h  con- 

s ide rab le  metal  m iss ing  from t h e  l i p .  Th is  appearance was repor ted  t o  be 

t y p f c a l  o f  a l l  p i n  1 i ps  below 13,500 ft. 

The two p i n s  were sect ioned 

I .D, surface. F igu re  2-18 shows t h e  
o ther  was s i m i l a r ) .  O r i g i n a l l y ,  t h e  

w i t h  a f luorocarbon mater ia l .  F igure  

l o n g i t u d i n a l l y  f o r  examination o f  t h e  

I.D. sur face  o f  one o f  t he  p ins  ( t h e  

I.D. sur face o f  t h e  t u b i n g  was coated 

2-18 i l l u s t r a t e s  t h a t  about 75 percent 
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of t h i s  coat ing ( the dark shiny areas  in  Figure 2-18) was absent from t h e  
p i n s .  Infrared (IR) spectroscopy o f  some of the remaining coat ing confirmed 
t h a t  i t  was a fluorocarbon compound. 

I Where t h e  organic coat ing was missing from the wal l s  of t h e  tubing, 

the sur face  showed a t h i n  matte gray scale .  Where t h e  coat ing was missing 
there was a l s o  about a 50-80 mil reduction i n  wall thickness,  compared t o  
a reas  where t h e  coat ing had remained in tac t .  T h i s  metal l o s s  was q u i t e  
evident i n  c ros s  sec t ion  a s  indicated by F i g u r e  2-19. The corrosion on t h e  

p i n  wal l s  was uniform t o  the eye. 

Figure 2-20 shows a close-up view of t h e  I.D. surface f ea tu res  of a 
p i n  from t h e  U8700-ft level. A t  t h e  l i p  where the most severe metal loss 
occurred, t h e  as-received sur face  was e s s e n t i a l l y  bare of s c a l e  deposits,  
However, small amounts of deposi ts  were found a t  a few loca t ions  on t h e  p i n  
l i p ,  mostly i n  the few discrete p i t s .  These deposi ts  were found t o  be ident i -  
cal  t o  deposi ts  from areas  of the I.D. t u b e  wall where the organic coating was 
absent when examined by EDS. The major detectable  elemental cons t i tuents  were 
iron, su l fu r ,  and zinc.  Calcium and s i l i c o n  were present i n  minor amounts, 
along with t r a c e s  of potassium, barium, chlorine,  and manganese. XRD analysfs  
showed t h a t  these deposi ts  consisted of a major amount o f  calcium carbonate 
( c a l c i t e ,  CaCO3) and z inc  s u l f i d e  (sphalerite, ZnS) with a small amount of 
i r o n  o x i d e  ( m a g n e t i t e ,  Fe3O4). B e t w e e n  t h e s e  d e p o s i t s  a n d  t h e  steel sub- 

s t r a t e  was a very t h i n  layer  not removable by scraping. This layer  was re- 
moved u l t rasonica l ly  w i t h  inh ib i ted  ac id  t o  prepare cleaned metal sur faces  f o r  
SEM visual ization. 

Figure 2-21 is an SEM micrograph of  a p i t t e d  area on t h e  pin l i p .  
The sur face  morphology i n  t h i s  area is indica t ive  o f  aggressive metal 
dissolutfon producing a high degree of microroughness and micropits. No flow 
re l a t ed  pattern could be  discerned, ind ica t ing  t h a t  t h e  corrosion processes 
dominated the metal-loss mechanism, obscuring any evidence of erosion. 
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Figure 2-22 i s  an SEM micrograph--at about t w i c e  t h e  m a g n i f i c a t i o n  

o f  F igure  2-21--typical of t he  corroded tube wa l l  remote from t h e  l i p .  Th is  
micrograph shows e s s e n t i a l l y  un i form co r ros ion  w i t h  some m i c r o p i t t i n g .  The 

morphology i s  i n d i c a t i v e  o f  s l i g h t  a t tack  by acids. 

'2.4 D i  scuss i on 

F a i l  ed CouDlina fr om t h e  5775 - f t  L eve1 

The f a i l e d  coup l ing  and m i l l  end o f  t u b i n g  met the  chemical and 

mechanical requirements o f  API SAX Grade P-110 mater i  a1 The m i c r o s t r u c t u r e  

o f  t h e  f a i l e d  coup l i ng  i n  two d i f f e r e n t  planes was a uniform, f i n e l y  div ided, 
tempered martensi te,  as expected f o r  t h i s  h igh  s t rength  s tee l .  No def i c i e n -  

cies, nonhanogenous areas, o r  anomal i e s  were discerned I n  t h e  m ic ros t ruc tu re  
near t h e  f r a c t u r e  o r  away from t h e  f r a c t u r e  i n  t h e  coupl ing.  The m i l l - end  

t u b i n g  d isp layed t h e  same uniform, f f ne tempered m a r t e n s i t i c  mic ros t ruc ture .  
The hardness readings on both t h e  f a i  l e d  coupl i n g  and m i l l - end  c o r r e l a t e d  t o  

t h e  t e n s i l e  s t rengths  observed i n  mechanical t e s t i n g  o f  t he  components. No 
evidence of l o c a l  i zed  hard o r  s o f t  areas were detected. A l l  l abo ra to ry  anal- 

yses made o f  t h e  m a t e r i a l  used f o r  f a b r i c a t i o n  o f  t he  coup l i ng  and p i n  end o f  

t u b i n g  r u l e d  o u t  any ma te r ia l  de fec ts  which would have lead t o  f a i l u r e  o f  t h e  

coupl i ng. 

Visual  examinat ion o f  t h e  threads i nd i ca ted  no evidence o f  cross 

th read ing  or other  problems i n  the  coup l i ng  o r  m i l l - end  threads. No cracks 

were found emanating from any o f  t h e  th read roots.  

Fractographic  examinat ion o f  t h e  f r a c t u r e  sur face  revealed no 

branching o r  secondary cracks. The e n t i r e  f r a c t u r e  sur face was i n d i c a t i v e  o f  

r a p i d  d u c t i l e  over load as t h e  mode o f  f a i l u r e .  The o r i g i n  o f  t he  crack was a t  

t h e  tong marks on t h e  m i l l - end  o f  t h e  coupl!ng. Th is  coup l i ng  had repor ted ly  

been made up w i t h  t u b i n g  several  t imes du r ing  i t s  se rv i ce  l i f e .  A t  one o r  
more o f  these j o i n i n g  or breaking a p a r t  sequences, deep tong marks were pu t  

i n t o  the  coupl ing.  These tong marks deformed t h e  metal by about a 59 percent  



reduc t ion  i n  w a l l  thickness, and induced a major s t r e s s  r i s e r  i n  t h a t  area of 
the  coupl ing. Once the  crack i n i t i a t e d ,  it progressed very r a p i d l y  i n  a duc- 

t i l e  over load mode. There was no evidence o f  b r i t t l e  f r a c t u r e ?  c y c l  i c  

( f a t i g u e )  f rac tu re ,  o r  cor ros ion  induced fracture.. 

An a n a l y s i s  o f  t h e  s t resses a c t i n g  t o  f r a c t u r e  t h e  coupl i n g  a t  t h e  

5225-ft  l e v e l  was performed by Radian us ing  a s h r i n k - f i t  model and a number o f  

s i m p l i f y i n g  assumptions. The purpose of t h i s  ana lys is  was t o  determine i f  t h e  

a p p i i e d  forces were of adequate order  o f  magnitude t o  cause t h e  i n d i c a t e d  

r a p i d  f r a c t u r e  o f  t h i s  coup l ing  (a more d e t a i l e d  a n a l y s i s  was performed and 

repor ted  separate ly  by O i l f  i e l  d Technology Services).  

A number o f  assumptions about t h e  w e l l  operat ions were made i n  o rder  

t o  proceed w i t h  t h e  analys is .  These assumptions are  based on in fe rence from 

p r i o r  r e p o r t s  [Stevens and C lark  19791 and in formal  communications [Clark  

1983; Goldsberry 1983; Tunson 19831. The accuracy o f  t h e  a n a l y s i s  i s -neces-  

s a r i l y  a f f e c t e d  by t h e  accuracy o f  t h e  data r e s u l t i n g  from these in ferences 

and assumptions. 

0 The annular space was f i l l e d  w i t h  10 l b / g a l  br ine.  

0 

0 The wel lhead was anchored t o  cemented cas ing and d i d  n o t  
t r a n s m i t  t h e  t h r u s t  o f  t h e  shut- in pressure t o  t h e  produc- 
ti on t u b u l  ar.  

The shut- in  pressure j u s t  p r i o r  t o  f a i l u r e  was 4000 psia. 

0 The annular wel lhead pressure p r i o r  t o  f a i l u r e  was 15 

0 The g e o f l u i d  s p e c i f i c  g r a v i t y  i s  1.09 a t  roan temperature. 

0 The average fo rmat ion  temperature between t h e  5225- f t  

psia.  

l e v e l  and t h e  wel lhead was 118°F. 

As discussed e a r l i e r ?  the  produc t ion  t u b u l a r  was i n s t a l l e d  by low- 

e r i n g  u n t i l  t h e  l o c a t o r  sub a t  t h e  t o p  o f  t h e  downwell s e a l i n g  t o o l  contacted 

t h e  packer assembly a t  13?967 ftr then l i f t i n g  t h e  l o c a t o r  sub about 11 ft. 

Dur ing normal operat ion? 1 i n e a r  thermal expansion o f  t n e  produc t ion  t u b u l a r  
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would s e a t  t h e  loca to r  s u b  and t ake  u p  some of t h e  e l a s t i c  elongation d u e  t o  
t h e  t ubu la r  weight a s  well, t h u s  r e d u c i n g  t h e  t e n s i l e  forces  a c t i n g  upon t h e  

,production tubular .  I n  addi t ion  t o  t h e  assumptions l i s t e d  above, i t  was 
assumed, f o r  t h e  stress ana lys is ,  t h a t  thermal contract ion a s  t h e  well cooled 
t o  formation temperatures had shortened t h e  production tubu la r  enough so t h a t  
the loca to r  s u b  was **p icked  up.'* Thus ,  t h e  entire w e i g h t  of the production 
tubular  is assumed t o  be hanging. 

. *  

Two cases  were considered, unscaled tubu la r  and sca led  tubular .  For 
t h e  l a t e r  case, t h e  s c a l e  was assumed t o  b e  a uniform 5/16-inch t h i c k n e s s  from 
5225 ft t o  10,000 f t ,  t h e n  t aper ing  t o  e s s e n t i a l l y  ni l  t h i c k n e s s  a t  13,500 ft. 
The ca lcu la ted  volume and weight o f  c a l c i t e  s c a l e  were 188 cu f t  and 31,800 
1 b, respect ively.  

Table 2-4 summarizes t h e  results of t h e  ana lys i s  i.n terms of t h e  

contr ibut ion by a number  o f  f a c t o r s  t o  t h e  hoop stress operat ing on t h e  coup- 
1 ing a t  5225 f t .  Table 2-4 s h o w s  t h a t  t h e  hoop stresses operat ing on t h e  5225- 
f t  coupling a r e  quite c lose  t o  t h e  measured y i e l d  s t r eng th  of t h e  coupling. 
The w e i g h t  of t h e  s c a l e  i n  t h e  t ubu la r  added about 4 k s i  t o  t h e  hoop stress on 
t h e  5225-ft coupl ing. 

A s a t i s f a c t o r y  explanation of t h e  cause-of-failure m u s t  account f o r  
f r a c t u r e  ent i  r e ly  by mechanical over1 a d ,  f a i l  ure of t h e  5225-ft coupl i ng 
ra ther  than one nearer t h e  surface,  the above stress ana lys is ,  and t h e  21-day 
in te rva l  between s h u t - i n  and f a i l u r e .  The following scenar io  i s  suggested.  

% A t  t h e  t ime of shut-in, t h e  tubular  and p a r t i c u l a r l y  t h e  coupl ing a t  
5225 f t  were u n d e r  reduced stress since the loca to r  s u b  was r e s t ing  on the 
packer assembly, reducing t h e  t e n s i l e  load on t h e  tubular .  After s h u t - i n ,  t h e  

well bore slowly cooled a s  hea t  was absorbed by t h e  cooler  surrounding geolog- 
ical  s t r a t a .  As cooling progressed, the stresses ac t ing  on the 5225-ft coupl- 
ing increased ( a s  thermal contract ion shortened t h e  t ubu la r )  toward t h e  1 imi t s  
suggested by t h e  stress ana lys is .  



TABLE 2-4. SUMMARY OF HOOP STRESSES ACTING UPON THE FAILED COUPLING 
PRIOR TO FRACTURE 

Unscal ed Tu bul a r  Scal ed Tu bul a r  
Cooled U n t i l  Cool ed U n t i l  
Locator  Sub Locator  Sub 

Picks Up Picks Up 

Y i e l d  St rength 
Tensi 1 e Strength 

Hoop Stress Due To: 

0 Pressure d i f f e r e n t i a l  between annul us 
and bore 

0 Dependent weight  o f  product ion t u b u l a r  

0 Dependent weight  o f  sca le  

0 Make-up to rque  

0 Buoyancy 

Tota l  hoop s t r e s s  

126.4 
138.6 

30 

58 

none 

40 

-4 

124 

126.4 
U8.6 

30 

58 

8 

40 

-8 

128 

Assumptions: a )  Annular space f i l l e d  w i t h  10 l b / g a l  b r i n e  
b) Shut-in pressure = 4000 psi at t i m e  o f  f a i l u r e  
c )  

d )  Calcu lated sca le  volume -188 cu f t  
e) Geo f lu id  sp g r  = 1.09 

The pressure d i f f e rence  between the  product ion tube bore and 
annulus was 3750 p s i  a t  5225 f t  a t  t h e  t i m e  o f  f a i l u r e .  

Note: Th is  t a b l e  neglects  any c o n t r i b u t i o n  t o  hoop s t r e s s ,  by a x i a l  forces 
from t h e  t h r u s t  of t h e  4000 p s i  shu t - in  pressure on t h e  wellhead. It 
i s  assumed t h a t  t h e  we l l  head i s  anchored t o  t h e  cemented cas ing and 
t h a t  t h i s  t h r u s t  element i s  n o t  t ransmi t ted  t o  the  produc t ion  tubu la r .  
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However, the deep tong marks on the 5225-ft coupling served a s  
stress concentrators,  and 21 days a f t e r  shut-in t h e  mounting stress a t  t h e  
roo t  of t h e  tong marks point  exceeded t h e  s t r e n g t h  of t h e  coupling, i n i t i a t i n g  
f rac ture .  Once i n i t i a t e d ,  the f r a c t u r e  i t s e l f  served a s  an increasing stress 
concentrator,  causing rapid propagation of t h e  crack through t h e  enti re length 
of t h e  coup1 ing. 

During t h e  course of t h e  laboratory analysis ,  i t  was observed t h a t  
t h e  calci te  scale was h e l d  i n  place by an apparently la rge  compressive force.  
I n  r ing shaped specimens of pipe, the s c a l e  was t i g h t l y  h e l d  a s  long a s  t h e  
scale r ing was in t ac t ,  b u t  showed no adherence once t h e  s c a l e  r i n g  was cut 
longi tudinal ly .  Measurement ( t o  t h e  nearest m i l )  of  t h e  t u b e  diameter before  
and a f t e r  removal of t h e  scale showed a reduction i n  diameter of 7 mils. This 
d i f fe rence  i n  dlameter is l i k e l y  t h e  result of d i l a t i o n  of t h e  tubing bore by 

t h e  pressure d i f f e r e n t i a l  across  t h e  t u b e  wall during t h e  time t h e  s c a l e  was 
deposited, a s  well as  t h e  d i f f e r e n t i a l  thermal cont rac t ion  of t h e  steel and 
c a l c i t e  once t h e  tubfng was removed from the well. 

Pins from t h e  13,700-ft Level. 

The pH a t  t h i s  d e p t h ,  d u e  t o  dissolved carbon dioxide, was calcula- 
t e d  t o  b e  4 - 3 ,  and i t  appears t h a t  corrosion of t h e  pins  is t h e  result of 
carbonic acid at tack.  I t  has long been recognized t h a t  a t  p H v s  of less than 
6, carbonic acid is  m u c h  more cor ros ive  t o  s t ee l  t h a n  mineral acids,  s u c h  as  
hydrochloric acid, a t  equivalent  pH [Kirby  19791. Furthermore, i t  has been 
concluded t h a t  the increased co r ros iv i ty  is not  explained by the buffering 
e f f e c t  of t h e  carbonic acid w h i c h  re ta rds  t h e  rise i n  pH immediately adjacent  
t o  cathodic  sites on t h e  steel sur face  a s  hydrogen ions  a r e  reduced, b u t  there 
I s  uncertainty as  t o  t h e  exact  r o l e  of carbonic acid o r  dissolved carbon d i -  

oxide. deWaard and Mil liams C19751 propose a mass-transport-and the re fo re  
f l u i d  ve loc i ty  dependent--mechanism, while Schmitt E19831 argues fo r  a veloc- 
i t y  i n d e p e n d e n t  c a t a l y t i c  mechanism. The deWaard mechanism appears dominant 
a t  v e l o c i t i e s  of less than about one foo t  per second, while the Schmitt mech- 
anism is dominant a t  h i g h e r  ve loc i ty  [Ikeda e t  a l ,  19831. 
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These mechanisms apply t o  bare metal surfaces.  I n  high temperature 
wells, however, two tlextreme conditionstt  can occur CDunlop e t  a 1  19831. I n  
t h e  f i r s t  condition the steel surface is bare of mineral deposit ion a s  well a s  
fe r rous  carbonate and/or magnetite. This sur face  wil l  corrode a t  a rapid 
rate.  In the other  extreme, t h e  surface i s  coated with f ine  grained, t i g h t l y  
adherent fe r rous  carbonate o r  magnetite corrosion products. This surface w i l l  
corrode a t  a much slower rate .  

s b  

This l a s t  argument accounts well fo r  t h e  observed corrosion of the 

pins. I n  a reas  away from the pin l i p ,  t h e  metal sur face  was covered with a 
t h i n  layer  of a fe r rous  product overlain w i t h  mineral deposition. Though con- 
s ide rab le  metal l o s s  (50-80 mi ls )  d i d  occur, these deposi ts  would appear t o  
have given some protection. 

A t  t h e  sharp, square p r o f i l e  of t h e  l i p ,  s c a l e  deposit ion was 
absent. I t  is  argued t h a t  increased turbulence a t  t h i s  point e i t h e r  p reven ted  
s c a l e  formation o r  mechanically removed t h e  s c a l e  a s  i t  formed. Thus, the pin 
l i p  approached t h e  f i r s t  (bare  s t e e l )  condition while the p i n  wall approached 
t h e  second (corrosion product protected) condition. Metal l o s s  from the pin 
l i p  was the re fo re  much more rapid. A s imi l a r  e f f e c t  was noted in  laboratory 
experiments w i t h  ro ta t ing  cy1  inder specimens. When the ro t a t ion  speed ex- 
ceeded about 6.5 f t / s ec ,  accelerated a t t ack  occurred on t h e  sharp edge of t h e  
c y l i n d e r s  [ S c h m i t t  19831. The ve loc i ty  of t h e  f l u i d  i n  t h e  Pleasant Bayou 
production t u b e  was about 10-11 f t / sec .  

I t  is not possible  t o  ca l cu la t e  a d e f i n i t i v e  corrosion r a t e  f o r  the 
wall area because i t  is not known when the organic coating was lo s t .  I f  these 

p i n s  were inspected p r i o r  t o  i n s t a l l a t i o n  of t h e  current production assembly 
i n  A p r i l  1982--and the coat ing and pin l i p s  were in good condition a t  t h a t  
time--then t h e  calculated tubing wall corrosion r a t e  i s  90-143 mpy. The 
actual  r a t e  would have been  higher since some time would have elapsed pr ior  t o  
l o s s  of t h e  coating. 



I f  i t  i s  assumed t h a t  the lower t u b i n g  was never removed from t h e  

well during workovers ( o r  was not  inspected a t  those times), t h e n  t h e  calcu- 
la ted  corrosion rate ,  based on 3.8 yrs service,  i s  20-30 mpy. Again, t h e  ac- 
tua l  r a t e  would have been  higher since some time would have elapsed p r i o r  t o  
l o s s  of coating. 

I n  autoclave tests using 133,000 ppm ch lor ide  synthe t ic  geothermal 
f l u i d s  a t  300'F, w i t h  s u f f i c i e n t  carbon dioxide t o  produce pH 5 ,  the corrosion 
r a t e  o f  carbon steel was about 20-50 mpy [Shannon 19771. The ca lcu la ted  
r e se rvo i r  pH a t  Pleasant  Bayou was considerably lower ( p H  4.31, and t h i s  could 
b e  expected t o  s ign i f i can t ly  increase t h e  corrosion rate .  T h i s  addi t ional  
data  suggests t h a t  the actual corrosion r a t e s  of areas not  protected by cal-  
c i te  s c a l e  t e n d  toward t h e  higher ra tes .  

This issue of metal-loss corrosion is of even more importance fo r  
f u t u r e  a c t i v i t i e s  i'n t h i s  well since some form of downhole s c a l e  inh ib i t i on  
will most l i k e l y  b e  used .  Once t h i s  is done, t h e n  t h e  u p p e r  in te rva l  of pro- 
duction t u b e - w h i c h  was uncoated steel i n  t h e  case u n d e r  s tudy--wi l l  not  be 
protected by c a l c i t e  and will l i k e l y  b e  subject t o  t h e  severe  a t t ack  observed 
a t  13,700 f t .  

The accelerated corrosion of the p i n  1 i p s  may possibly b e  mitigated 
by use o f  a d i f f e r e n t  coupling configurat ion which does not  present a sharp 
edge or corner t o  the f l u i d  flow. For example in  t h e  h o c 0  Fee No. 1 well 

(see Section 41, FL4S couplings showed s l i g h t  l i p  corrosion while none was 
observed on Exline p i n s  w h i c h  have a rounded l i p .  I t  is not  c l e a r  i f  t h e  
Amoco Fee geofluid is  i n h e r e n t l y  less aggressive than a t  Pleasant  Bayou. 

A durable organic coat ing would a l s o  b e  valuable. The  Spincoat 
coat ing a t  h o c 0  Fee appears t o  have e n d u r e d  much better than t h e  Tuboscope 
coating used  a t  Pleasant  Bayou, and may b e  useful a t  t h e  l a t t e r  location. 
However, though t h e  chemistry and temperatures a r e  s i m i l a r  a t  t h e  two wells, 



t h e  Spincoat has not experienced prolonged high-volume production. I t  is not 
clear i f  t h e  same good performance would occur u n d e r  s u c h  production condi- 
t i o n s  a t  Pleasant  Bayou. 

Another option would b e  t h e  use of a l t e rna t ive  a l loys  f o r  production 
tubing. Downwell corrosion studies i n  Sal ton Sea geothermal wells have c l e a r  
l y  shown t h a t  low a1 loy steel can have considerable potenti  a1 i n  hypersal ine, 

. h i g h  temperature, carbon dioxide-rich environments not  t oo  di.ssimi1 a r  t o  t h e  
Pleasant  Bayou case. The f i r s t  s i g n i f i c a n t  point  of those studies was t h a t  
composition-control l e d  s t e e l s  such as  ASTM and AIS1 grades cons is ten t ly  out- 
performed property-control led API casing. This is understandable since micro- 
structure, and pa r t i cu la r ly  inclusion morphology, plays a major ro l e  i n  carbon 
dioxide corrosion res i s tance  [Ellis e t  d 1983; Dunlop e t  dl 19831. I n  
general, composition-controlled al loys,  w h i c h  have r e s t r i c t i o n s  on many impur- 
ities, will have more des i rab le  microstructures.  

Of a l l  the low a l loy  steels tested downwell a t  Salton Sear 2.25Cr- 
1Mo had t h e  best performance. This a l loy  showed an 83-95 percent reduction i n  

corrosion r a t e  compared t o  carbon steel. 

Manganese sulfide s t r i n g e r  inclusions para1 le1 t o  the steel surface 
have been i den t i f i ed  a s  t h e  c u l p r i t  i n  mesa-type corrosion, a form of local-  
ized corrosion common to aqueous carbon dioxide systems [Dunlop et al 19a31. 
Therefore a spec i f i ca t ion  f o r  2.25Cr-1Mo w i t h  the lowest prac t ica l  s u l f u r  con- 
tent m i g h t  be optimum. 

2.5 
I " 1  

Conclusions 

k w h i c h  had reduced the 
coupling wall t h i c k n e s s  by 59 percent and served as a 
stress concentrator.  Once t h e  cracK i in i t i a t ed  i t  pro- 
gressed ve ry  rapidly . i n  a . d u c t i l e  overload mode. There 
was no evidence o f  brftt le f rac ture ,  cyclic ( f a t igue )  
f rac ture ,  o r  of corrosion induced fat igue.  
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0 The coup l ing  m a t e r i a l  was found t o  s a t i s f y  a l l  requ i re -  
ments of i t s  s p e c i f i e d  P-110 grade. F a i l u r e  was m3 t h e  
r e s u l t  o f  m e t a l l u r g i c a l  defect .  

0 The produc t ion  tube a t  t h i s  l e v e l  was l i n e d  w i t h  5/16-inch 
t h i c k  c a l c i t e  scale. There was no organic  c o a t i n g  on t h e  

- s tee l .  No co r ros ion  o f  t h e  i n t e r n a l  tube su r face  was 
noted. The c a l c i t e  minera l  depos i t i on  appears t o  have 
pro tec ted  the  s tee l  surface. 

- *  0 A s i m p l i f i e d  s t r e s s  ana lys i s  i n d i c a t e s  t h a t  even w i thou t  
t h e  tong damage which p r e c i p i t a t e d  f a i l u r e ,  t h e  coup l i ng  
was opera t i ng  q u i t e  c lose  t o  i t s  mechanical 1 im i ts .  

P i n s  from t h  e 13,700 - f t  I eve1 

e The f luorocarbon coa t ing  on t h e  i n t e r i o r  sur face  o f  t h e  
t u b i n g  had f a i l e d s  and about 75 percent o f  t h e  i n t e r i o r  
s t e e l  surface was exposed t o  geof lu id .  

S i g n i f f c a n t  a t t a c k  has occurred on sur faces no t  p ro tec ted  
by t h e  organ ic  coat ing.  Th is  metal l o s s  is probably due 
t o  carbonic  a c i d  corrosion. About 50-80 m i l s  o f  metal has 
been un i fo rmly  corroded from uncoated areas on t h e  tube 
w a l l  

e 

0 Even more severe metal  l o s s  occurred on t h e  FL4S p i n  1 ips, 
probably  as a r e s u l t  o f  increased tu rbu lence a t  t he  sharp 
edges o f  t h i s  coup l i ng  con f igu ra t i on .  Corros ion processes 
dominated t h e  metal  l o s s  a t  t h i s  l oca t i on .  

0 I n  f u t u r e  operat ions,  w i t h  downwell sca le  i n h i b i t o r s  t o  
prevent c a l c i t e  deposi ti on, the  severe metal- loss c o r r o -  
s i o n  experienced a t  t h e  13,700-ft l e v e l  can be expected t o  
extend upwards toward the  surface. 

2.6 Recommendations 

e Stronger coupl ings should be used i n  t h e  upper p o r t i o n s  o f  
t h e  produc t ion  tube. 

0 Care should be exerc ised t o  avo id  mechanical damage t o  
coupl ings d u r i  ng assembly o r  d i  sassembly o f  t he  produc t ion  
tube s t r i n g ,  

0 Coup1 ings' which do n o t  present  sharp-edged 1 i p s  should be 
t e s t e d  t o  see i f  t h i s  m o d i f i c a t i o n  w i l l  p revent  t he  severe 
1 i p  co r ros ion  observed a t  13 #700 ft. 



0 The Spincoat organic  l i n i n g  which was successful  a t  h o c 0  
Fee No. 1 we l l  should be tes ted  a t  Pleasant Bayou. 

0 Se lec t i on  and use o f  an a l t e r n a t e  low a l l o y  s t e e l  f o r  pro- 
duc t ion  t u b i n g  may become necessary f f  t h e  above steps a re  
n o t  adequately successful  i n  c o n t r o l  1 f ng downwell c o r m =  
sion. L im i ted  data i n d i c a t e  t h a t  a 2,250-1Mo s tee l  w i t h  
low s u l f u r  content  migh t  be promising. 



Figure 2-1. The Failed Coupling a s  Recefved for Examination. 
marks (arrows) in l i n e  with the fracture. 

Note the tong 

Figure 2-2. The Mating Mill-End of  Tubing Which Fell from the Fractured 
Coup1 i ng. 
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F igu re  2-4. Sectioned Coupl ing w f th  Both P i n  Ends Inser ted.  
coup l i ng  has been c u t  away. The coup l i ng  f r a c t u r e  sur face  i s  a t  
t h e  bottom. With t h e  m i l l - e n d  (on t h e  l e f t )  hand-tightened i n t o  
t h e  coup l i ng  t h e  d is tance between the p i n  ends i s  0.815 inch. 
Note t h e  displacement o f  t h e  elastomer seal  a t  t h e  r i g h t .  
seal was found ou ts ide  o f  i t s  f i e l d  p i n  seat upon sec t i on ing  t h e  
coup1 i ng. 

About 1/3 of t h e  

Th is  
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Magn i f i ca t i on :  
Etch: 2% N i t a l  

40 OX 

F igu re  2-5. Photomicrograph from a Long i tud ina l  Sect ion Taken Near t h e  
F rac tu re  o f  t h e  F a i l e d  Coupling. 
divided, tempered mar tens i te  w i t h  some evidence of g r a i n  
deformat ion because o f  t h e  nearby tong mark. 

The m i c r o s t r u c t u r e  i s  f i n e l y  

Magn i f i ca t ion :  
Etch: 2% N i t a l  

400X 

F igu re  2-6. Photomicrograph from a Long i tud ina l  Sect ion Taken Away from t h e  
F rac tu re  o f  t h e  F a i l e d  Coupling. 
d i v i  ded, tempered martens i te .  

The mic ros t ruc ture .  i s  f i n e l y  
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Magnification: 400X 
Etch: 2% Nital 

Figure 2-7. Photomicrograph from a Radial Section o f  the Failed Coupling. 
The microstructure fs a finely divided, tempered martensite. 

Magnification: 400X 
Etch: 2% Nital 

Figure 2-8. Photomicrograph from a Radial Section of the Mill-End Tubing. 
The microstructure consists of finely divided, tempered 
martensite. 
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Magni f i ca t ion :  5:67X 

F i g u r e  2-9. Long i tud ina l  Cross Sect ion Through a Tong Deformation i n  t h e  
F a i l e d  Coup1 i n g  Adjacent t o  t h e  Fracture. 
nanina l  w a l l  th ickness  i n  inches i n s i d e  and ou ts ide  t h e  defor-  
mation. The deformat ion i s  f i l l e d  w i t h  mounting m a t e r i a l .  The 
arrow denotes t h e  l o c a t i o n  o f  a h igher  m a g n i f i c a t i o n  view shown 
i n  F igure  2-10. 

Numbers i n d i c a t e  

‘ M a g n i f i c a t i o n  : 
Etch: 2% N i t a l  

2oox 

F i g u r e  2-10. Higher M a g n i f i c a t i o n  View o f  Severely Deformed Grains a t  t h e  
A r r o w  o f  F igure  2-9. 
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Figure 2-11. The Fracture  Surface Removed from t h e  Failed Coupling and 
Cleaned. The arrow a t  0 ind ica tes  the f r a c t u r e  or ig in  a t  the 
tong deformatdon. Fracture moved rapidly t o  t h e  f i e l d  e n d  of 
t h e  coup1 i n g  a t  the right.  
o r ig in  a r e  e v i d e n t  on approximately the f i r s t  f i v e  and a ha l f  
inches of t h e  f rac ture .  The f ina l  two and a half  inches 
ind ica tes  f a s t  f i n a l  f rac ture .  
cate loca t ions  o f  SEM f ractographs i n  Figures 2-13 and 2-14. 

Chevron markings pointing t o  the 

The arrows a t  P and F i n d i -  
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Magnification: l O O O X  

F igure  2-12. Scanning Electron Fractograph of the  Cleaned Fracture  Surface a t  
t h e  O r i g i n  Area (arrow 0 i n  F igure  2-11). 
p r e d m i  nant. 

D u c t i l e  dimples a r e  
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Magn i f i ca t i on :  l O O O X  

F igu re  2-13. Scanning E lec t ron  Fractograph of t h e  C1 eaned F rac tu re  Surface i n  
t h e  Propagation Zone (arrow P i n  F igure  2-11). 
dominate the  e n t i r e  area. 

D u c t i l e  dimples 



Magnification,: l O l O X  

Figure  2-14. Scanning Electron Fractograph o f  the  Cleaned Fracture  Surface i n  
t h e  F ina l  Fracture Area ,(arrow F i n  F igure  2-11). 
d u c t i l e  dimples are  the  dominant feature. 

Elongated 
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F igure  2-15. White I.D. Scale t h a t  was Present on Tubing'Pieces from t h e  
5225-f t Level 

F igu re  2-16. Two Pins from t h e  13,700-ft Level as Received f o r  Analysis. 
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F igure  2-17. O.D. Surface of P i n  No. 2 A f t e r  Cleaning. 
( o r i g i n a l l y  square i n  cross s e c t i o n  o r  p r o f i l e )  i s  jagged and 
rough w I t h  considerable metal 1 oss. 

The end o r  l i p  

F igure  2-18. I.D. Surface o f  P i n  No. -1 A f t e r  Sec t ion ing  Longi-Jdina 1. The 
organic  c o a t i n g  f s  the dark, shfny m a t e r i a l  remaining on o n l y  
about 25 percent o f  t h e  surface. 
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Magn i f i c a t i  on : 
-1.25x 

F igu re  2-19. Cross Sect ion of P i n  No. 2 Showing t h e  Reduction i n  Wall Thick- 
ness Where t h e  I.D. Coat ing was Missing. 
t h e  I.D. coa t ing  i s  s t i l l  i n t a c t  and t h e  w a l l  th ickness  averages 
0.410 in. A t  t h e  area 6 t h e  I.D. coa t ing  i s  miss ing  and the  
wa l l  th ickness  averages 0.334 in. 

A i s  t h e  area where 

F igure  2-20. Close-up View o f  I.D. Surface o f  a P in  Fran t h e  13,700-ft Level, 
The dark coa t ing  i s  s t i l l  i n t a c t  a t  A. 
cated by 9 i s  c a l c i t e  and s p h a l e r i t e  over s tee l .  
bare metal  where t h e  coa t ing  was r e c e n t l y  l o s t  and co r ros ion  has 
no t  degraded the  o r i g i n a l  machining marks. 
p i n  i s  where severe metal l o s s  has occurred, 

The w h i t e  sca le  i n d i -  
C i n d i c a t e s  

D a t  t h e  l i p  o f  t he  
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Magni f i ca t ion :  501X 

F igu re  2-21. Scannfng E lec t ron  Micrograph Typica l  o f  t h e  P i t t e d  I.D. Surface 
a t  t h e  L i p  o f  a P i n  (area D i n  F igu re  2-20) A f t e r  Cleaning. 
d i s s o l u t i o n  process produced numerous m i c r o p i t s  w i t h  l i t t l e  
evidence o f  e ros ion  o r  f l o w  induced corros ion.  
t o p  t o  bottom. 

The 

Flow was from 
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.- 
Fa 

Magn i f i c a t i  on : 9OOX 

F igu re  2-22. Scanning E lec t ron  Micrograph o f  Cleaned I.D. Surface '  Away From 
t h e  L i p  o f  a P i n  (area 6 i n  F igu re  2-20). 
bu t  sca le  covered t h i s  surface. 
m i c r o p i t t i n g  a r e  evident. 

No c o a t i n g  remained, 
Uniform co r ros ion  and m i l d  
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4.0 CONCLUSION 

T h e  f a i l u r e  of  t h e  LTC Mod c o u p l i n g  a t  5,400' w a s  d u e  t o  h i g h  stresses i n  

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

s e r v i c e  c o n d i t i o n s  a n d  t h e  stresses i n c u r r e d  d u r i n g  make-up. T h e  c r a c k  

p r o b a b l y  i n i t i a t e d  a t  t h e  O.D. s u r f a c e  on t h e  m i l l  e n d .  The  c r a c k  was 

a s s o c i a t e d  w i t h  a stress r iser  c r e a t e d  by t o n g  g o u g e s .  A l t h o u g h  t h e  LTC 

Mod c o n n e c t i o n s  were made up and  broken  o u t  a t  least  two(2)  times, t h e  

f a i l e d  c o n n e c t i o n  a n d  LTC Mod c o n n e c t i o n s  examined a t  t h e  r i g  s i t e  d i d  

n o t  show s i g n s  of  e x t e n s i v e  g a l l i n g ;  t h e r e f o r e ,  i t  d o e s  n o t  a p p e a r  t h a t  

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

c o n t r i b u t e .  t o  t h e  f a i l u r e .  

. 

T h e  fact  t h a t  t h e  f a i l e d  c o u p l i n g  had  d e e p  t o n g  gouge  m a r k s  and t h a t  t h e  

t e f l o n  seal r i n g  jumped o u t  d u r i n g  make-up c a n  a c c o u n t  f o r  why t h e  

f a i l u r e  o c c u r r e d  a t  a p p r o x i m a t e l y  5,400' a n d  n o t  closer t o  t h e  s u r f a c e  

where  t h e  stresses c r e a t e d  by t h e  s h u t - i n  c o n d i t i o n  were h i g h e r .  A 

t e f l o n  seal r i n g  jump-out a p p e a r s  t o  b e  a s i g n i f i c a n t  factor b e c a u s e  

c o u p l i n g s  w i t h  d e e p e r  g o u g e s  m a r k s  were o b s e r v e d  and  t h e s e  d i d  n o t  s p l i t .  

A l t h o u g h  t h e  p i p e  was a p p a r e n t l y  made u p  t o  API recommended t o r q u e  

v a l u e s ,  f i e l d  e x p e r i e n c e  h a s  shown t h a t  t e f l o n  r i n g s  lower t h e  t o r q u e  

r e q u i r e d  t o  o b t a i n  a n o m i n a l  make-up. C o n s e q u e n t l y ,  a l l  c o n n e c t i o n s  were 

h i g h l y  s t r e s s e d .  Moreover ,  t h e  t o l e r a n c e s  of t h e  API LTC c o n n e c t o r  d o  

n o t  l e n d  t h e m s e l v e s  t o  a p r e c i s i o n  make-up r e q u i r e d  for  a h i g h  l o a d  

s e r v i c e  c o n d i t i o n  or a g e o p r e s s u r e d  b r i n e  c o m p l e t i o n .  

S i n c e  f a i l u r e  is l i k e l y  i f  t h e  5-1/2" LTC Mod c o n n e c t i o n s  are  r u n  a g a i n  

i n  t h e  P l e a s a n t  Bayou No. 2 ,  a d e s i g n  c h a n g e  i s  d e f i n i t e l y  r e q u i r e d .  OTS 
i s  c u r r e n t l y  working  on a recommendat ion  f o r  r e c o m p l e t i n g  t h e  w e l l ,  and a 
r e p o r t  w i l l  b e  i s s u e d  when t h e  work is c o m p l e t e d .  
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The F a i l u r e  I n v e s t i g a t i o n  shows t h a t  n e i t h e r  t h e  5-112" 23# P-110 LTC Mod 

or t h e  FL-4s c o n n e c t i o n s  c a n  b e  u s e d  t o  r e c o m p l e t e  t h e  P l e a s a n t  Bayou No. 

2 *  
u n s u i t a b l e  for t h i s  a p p l i c a t i o n .  

o p e r a t i o n s  and  p r e v i o u s  s e r v i c e  i n  t h e  well h a s  damaged t h e  p i p e  body 

s u f f i c i e n t l y  tp r e q u i r e  e x t e n s i v e  r e p a i r s .  

Problems . i n h e r e n t  t o  t h e  d e s i g n  of t h e  c o n n e c t i o n s  make them 
F u r t h e r m o r e ,  workover  and  f i s h i n g  

A h i g h e r  e f f i c i e n c y ,  n o n - r e c e s s e d  premium c o n n e c t o r  b e t t e r  s u i t e d  fo r  u s e  

as p r o d u c t i o n  t u b i n g  c a n  p r o v i d e  a s t r o n g e r ,  s a f e r  d e s i g n .  An 

a p p r o p r i a t e  c o n n e c t o r  a l o n g  w i t h  a means f o r  p r e v e n t i n g  c r e v i c e  c o r r o s i o n  

a n d  e r o s i o n / c o r r o s i o n  kn t h e  t u b i n g  s t r i n g  is  d e f i n i t e l y  r e q u i r e d .  
C of this. report,'which w a s  p r e v i o u s l y  s u b m i t t e d ,  offers a nuniber of 

tubing s t r i n g  design a l t e r n a t i v e s  s u i t a b l e  f o r  r e c o m p l e t i n g  t h e  w e l l .  

P a r t  
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1.0 PROJECT 

1.1 I d e n t i f y  m e t a l l u r g i c a l  a l t e r n a t i v e s  t o  r e d u c e  crevice c o r r o s i o n  on 5- 

1/2" T&C c o n n e c t i o n s  f o r  P l e a s a n t  Bayou No. 2 w e l l .  

a l t e r n a t i v e s  ( i n c l u d i n g  m a r g i n a l )  are  t o  be c o n s i d e r e d  w i t h  a n  a n a l y s i s  

o f  e x p e c t e d  s e r v i c e a b i l i t y ,  p r o d u c i b i l i t y ,  re la t ive cos t  and  l e a d  

times . 

A l l  r e a s o n a b l e  

2.0 BACKGROUND 

2.1 On Augus t  11, 1983, Dr. F r e d  G o l d s b e r r y  r e q u e s t e d  a n  a n a l y s i s  of 

v a r i o u s  a l t e r n a t i v e s  r a n g i n g  f rom t h e  b a s i c  API S p e c  5AX PllO t o  Pllo 
c o n n e c t i o n ,  v a r i o u s  c l a d d i n g / c o a t i n g  s y s t e m s  on P i n  I D ,  c o u p l i n g  I D ,  

c o m p l e t e  c o a t i n g  of t h e  c o u p l i n g ,  and  c o r r o s i o n  r e s i s t a n t  a l l o y  ( C R A )  

c o m b i n a t i o n s .  A d v a n t a g e s  and d i s a d v a n t a g e s  o f  t h e  v a r i o u s  c o m b i n a t i o n s  

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

i n c l u d e d .  

3.0 INVESTIGATION 

3.1 T h e  f o l l o w i n g  a l t e r n a t i v e s  h a v e  b e e n  c o n s i d e r e d :  

A.  

B. 

C. 

D.  

E. 
F. 
G .  
H .  

I .  
J .  

K. 
L. 

API S p e c  SAX Pl lO p i n  and  c o u p l i n g  

PllO p i n  w i t h  c o u p l i n g  electroless n i c k e l  c o a t e d  (ENC) 
1. 100% c o a t i n g  on c o u p l i n g  

2 .  
ENC c o a t i n g  on p i n  end  I D  and  c o u p l i n g  I D  be tween s h o u l d e r s  o n l y  

ENC p i n  I D  a n d  c l a d  c o u p l i n g  I D  be tween s h o u l d e r s  

ENC p i n  I D  a n d  OD and  c o u p l i n g  I D  a n d  OD 
P l lO  p i n  w i t h  c o u p l i n g  c l a d  be tween s h o u l d e r s  o n l y  

C l a d  p i n  I D  a n d  c o u p l i n g  I D  be tween s h o u l d e r s  o n l y  

C l a d  or ENC c o a t e d  p i n  I D  a n d  C o n t r o l l e d  N u c l e a t i o n  Thermal  

D e p o s i t i o n  (CNTD) o n  c o u p l i n g  I D  be tween s h o u l d e r s  o n l y  

PllO p i n  w i t h  C o r r o s i o n  R e s i s t a n t  A l l o y  (CRA) c o u p l i n g  

C l a d  on p i n  I D  w i t h  CRA c o u p l i n g  

ENC c o a t e d  p i n  w i t h  CRA c o u p l i n g  

C R A  c a s i n g  w i t h  CRA c o u p l i n g s  

C o a t i n g  on c o u p l i n g  I D  o n l y  

S k e t c h e s  of  t h e s e  c o n f i g u r a t i o n s  a p p e a r  i n  Appendix A 

A l l  o f  t h e  o p t i o n s  w i t h  t h e  e x c e p t i o n  of t h e  CRA c a s i n g  and  c o u p l i n g s  

s t i l l  e x h i b i t  a c o r r o s i o n  c e l l  a t  t h e  i n t e r f a c e  of t h e  P l l O  material 

3.2 

109 



and p r o t e c t e d  s u r f a c e .  

c o n c e r n ,  t h e  f o l l o w i n g  g e n e r a l  comments are i n c l u d e d  f o r  a w a r e n e s s .  

S i n c e  loca l  c o r r o s i o n  a t  t h i s  i n t e r f a c e  is o f  

3.2.1 I n  a n  i r o n - w a t e r  s y s t e m ,  t h e  r e a c t i o n  is  c a r h o d i c a l l y  c o n t r o l l e d  

I n  o t h e r  b e c a u s e  h y d r o g e n  i o n s  a re  a v a i l a b l e  i n  small q u a n t i t y .  

w o r d s ,  c a t h o d i c  p o l a r i z a t i o n  l i m i t s  t h e  ra te  o f  r e a c t i o n .  

b o t h  e l e c t r o d e s  p o l a r i z e ,  however ,  t h e  c a t h o d e  p o l a r i z e s  t o  a 

g r e a t e r  d e g r e e .  

maximum c u r r e n t  a v a i l a b l e  f o r  c o r r o s i o n .  A s u b s t a n c e  s u c h  as  

oxygen is a d e p o l a r i z e r  b e c a u s e  i t  d e c r e a s e s  t h e  s l o p e  of o n e  of  

Here 

The p o i n t  a t  which t h e s e  ra tes  meet i n d i c a t e s  t h e  

t h e  r e a c t i o n s ,  t h e r e b y  i n c r e a s i n g  t h e  c o r r o s i o n  c u r r e n t  a n d  t h e  

amount  of c o r r o s i o n .  

I n  e x a m i n i n g  a similar case f o r  a p a s s i v e  metal a n o d e ,  i t  is  s e e n  3 . 2 . 2  

t h a t  it d o e s  n o t  p o l a r i z e  a l o n g  s t r a i g h t  l i n e s ,  b u t  f o l l o w s  a n  S- 
s h a p e d  c u r v e .  

e x h i b i t i n g  a c t i v e - p a s s i v e  t r a n s i t i o n s  is e x h i b i t e d  by s u c h  c u r v e s .  

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

T h e  e l e c t r o c h e m i c a l  b e h a v i o r  of most chemicals 

c u r r e n t  p e r  u n i t  area and t h e  c o r r o s i o n  ra te  i n c r e a s e  u n t i l  a 

c r i t i c a l  c u r r e n t  d e n s i t y  is r e a c h e d .  T h i s  v a l u e ' c o r r e s p o n d s  t o  t h e  

maximum c o r r o s i o n  rate.  A t  more n o b l e  p o t e n t i a l s ,  t h e  c u r r e n t  

d e n s i t y  d r o p s  by o r d e r s  of m a g n i t u d e  a n d  p a s s i v i t y  is e s t a b l i s h e d .  

I n  t h e  i r o n - w a t e r  s y s t e m ,  i n c r e a s e s  i n  oxygen c o n t e n t  a l low more 
c u r r e n t  t o  f l o w  u n t i l  t h e  cr i t ical  d e n s i t y  is r e a c h e d .  

i n c r e a s e s  c a u s e  p a s s i v i t y .  Many a l l o y s  p a s s i v a t e  e v e n  i n  

F u r t h e r  

n o n o x i d i z i n g  media .  

I n  g e n e r a l  c o r r o s i o n ,  t h e  a n o d e  areas on t h e  metal s u r f a c e  s h i f t  t o  3 . 2 . 3  
d i f f e r e n t  p o s i t i o n s  u n t i l  t h e  e n t i r e  metal s u r f a c e  h a s  been  a n o d i c  

a t  some time. It is  p o s s i b l e  t h a t  a t  a g i v e n  p o i n t ,  c o r r o s i o n  

o c c u r s  on a g r o u p  o f  r e a d i l y  d i s s o l v e d  atoms u n t i l  t h i s  g r o u p  i s  
d e p l e t e d  a n d  t h e n  t h e  p o i n t  of a t t a c k  moves t o  some o t h e r  p o i n t .  

I n  t h i s  way t h e  metal s u f f e r s  a g e n e r a l  t h i n n i n g .  

3 . 2 . 4  A s  w i t h  a l l  t y p e s  of  c o r r o s i o n ,  many f a c t o r s  i n f l u e n c e  t h e  ra te  of 

a t t a c k .  The  c o r r o s i v e  media is t h e  most i m p o r t a n t  f a c t o r  g o v e r n i n g  

c o r r o s i o n .  T h e  a c i d i t y ,  t e m p e r a t u r e ,  c o n c e n t r a t i o n ,  mot ion  
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3.2.5 

3.2.6 

r e l a t ive  t o  metal s u r f a c e ,  d e g r e e  of o x i d i z i n g  power and  a e r a t i o n ,  

a n d  p r e s e n c e  o r  a b s e n c e  of  i n h i b i t o r s  or a c c e l e r a t o r s  s h o u l d  always 

b e  c o n s i d e r e d .  

i n t e r a c t i o n  is  v e r y  complex.  F o r  i n s t a n c e ,  i n  t h e  d i s c u s s i o n  of 

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

r o l e s .  Oxygen c a n  behave  as  a d e p o l a r i z e r  and i n c r e a s e  t h e  ra te  o f  

c o r r o s i o n  by s p e e d i n g  up t h e  c a t h o d i c  r e a c t i o n .  It  a l so  c a n  ac t  as  

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

f i l m .  A s  a g e n e r a l  r u l e ,  i n c r e a s e s  i n  t e m p e r a t u r e  i n c r e a s e  

r e a c t i o n  ra tes ,  b u t  i n c r e a s i n g  t e m p e r a t u r e  a l s o  t e n d s  t o  d r i v e  

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

d i s s o l v e d  oxygen c a n  o f t e n  be s lowed down by h e a t i n g .  

Most of t h e s e  f a c t o r s  i n t e r a c t  and  o f t e n  t h i s  

By a similar a r g u m e n t ,  c o n c e n t r a t i o n  c a n  be s e e n  t o  p l a y  two roles. 

Most c h e m i c a l  r e a c t i o n  rates are i n c r e a s e d  by i n c r e a s i n g  t h e  

c o n c e n t r a t i o n  o f  r e a c t a n t s ;  however ,  i n c r e a s i n g  t h e  c o n c e n t r a t i o n  

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

s o l u t i o n  f o r  d i s s o l v e d  g a s e s .  Again ,  oxygen c o n c e n t r a t i o n  i s  

d e c r e a s e d ,  a n d  d e p e n d i n g  upon which  role oxygen was t a k i n g  i n  t h e  

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

T h e  m o t i o n  of t h e  s o l u t i o n  r e l a t i v e  t o  t h e  metal c a n  b r i n g  

s u f f i c i e n t  oxygen t o  t h e  metal s u r f a c e  t o  p r o v i d e  p r o t e c t i o n  or i t  

c a n  sweep away p r o t e c t i v e  c o r r o s i o n  p r o d u c t s .  Even some i n h i b i t o r s  

show t w o  a c t i o n s .  The a n o d i c  i n h i b i t o r s  ( t h a t  behave  t o  d e c r e a s e  

t h e  e x t e n t  of a n o d i c  areas), i f  p r e s e n t  i n  o n l y  small a m o u n t s ,  c a n  

a c t u a l l y  accelerate c o r r o s i o n  o r  s h i f t  t h e  form f rom g e n e r a l  a t t a c k  

t o  p i t t i n g .  

a p p r o x i m a t e  f l u i d  v e l o c i t i e s  a n d  t h e  c h e m i s t r y ,  i f  known, i s  o n l y  

a p p r o x i m a t e .  

I n  down-tiole a p p l i c a t i o n s ,  w e  g e n e r a l l y  know o n l y  t h e  

T h i s  r a t h e r  e l e m e n t a r y  d i s c u s s i o n  of c o r r o s i o n  p r i n c i p l e s  l e a d s  o n e  

t o  t h e  r e a l i z a t i o n  t h a t  t h e  s u b j e c t  is  complex.  One c a n  o n l y  r e a c h  
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t h e  c o n c l u s i o n  t h a t ,  i n  a p p l i c a t i o n s  where s o  l i t t l e  is known a b o u t  

t h e  d e t a i l e d  e n v i r o n m e n t ,  t h e  s a f e s t  t h i n g  t o  d o  i s  t a k e  t h e  most 

c o n s e r v a t i v e  a p p r o a c h  and d e s i g n  fo r  t h e  "worst case" c o n d i t i o n  

s i n c e  t h e r e  is  l i t t l e  or  n o t h i n g  t h a t  c a n  b e  d o n e  t o  a l t e r  t h e  

e n v i r o n m e n t .  

3.3 D i s c u s s i o n  o f  t h e  v a r i o u s  p r o t e c t i v e  s y s t e m s  is i t e m i z e d  i n d i v i d u a l l y  

3 . 3 . 1  C o a t i n g s  i n  g e n e r a l :  The a p p r o a c h  i n  t h e  use o f  c o a t i n g s  is  t o  

p r o v i d e  t h e  less  n o b l e  areas i n  q u e s t i o n  w i t h  a p r o t e c t i v e  c o a t i n g  

t h a t  w i l l ,  i n  e f f e c t ,  r e n d e r  t h e  r e m a i n d e r  o f  t h e  system t o  b e  

a p p r o x i m a t e l y  u n i f o r m  and w i t h o u t  areas o f  h i g h  c o r r o s i o n  

s u s c e p t i b i l i t y .  

materials may, i n  many cases, p r o v i d e  a s a t i s f a c t o r y  b a r r i e r  

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

be tween metal a n d  i ts  e n v i r o n m e n t .  The p r i m a r y  f u n c t i o n  of s u c h  

c o a t i n g s  is  ( a s i d e  f r o m  s a c r i f i c i a l  c o a t i n g s  such as z i n c )  t o  

p r o v i d e  a n  e f f e c t i v e  b a r r i e r .  Metal c o a t i n g s  are a p p l i e d  by 

e l e c t r o d e p o s i t i o n ,  flame s p r a y i n g ,  electroless d e p o s i t i o n ,  

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

o f  t h e s e  methods  i n  t h i s  a n a l y s i s .  I n o r g a n i c s  are a p p l i e d  or 
formed b y  s p r a y i n g ,  d i f f u s i o n ,  or c h e m i c a l  c o n v e r s i o n  a n d  w i l l  n o t  

b e  a d d r e s s e d  h e r e i n .  Metal c o a t i n g s  u s u a l l y  e x h i b i t  some 

f o r m a b i l i t y ,  w h e r e a s  t h e  i n o r g a n i c s  are b r i t t l e .  I n  a n y  case, a 

c o m p l e t e  b a r r i e r  mus t  b e  p r o v i d e d .  P o r o s i t y  o r  o t h e r  d e f e c t s  may 

r e s u l t  i n  a c c e l e r a t e d  l o c a l i z e d  a t tack  on t h e  b a s e  metal a n d  b e  t h e  

c a u s e  o f  early f a i l u r e .  

3 . 3 . 2  C l a d d i n g :  T h i s  i n v o l v e s  a s u r f a c e  l a y e r  of metal w h i c h  c a n  b e  

a p p l i e d  by numerous m e t h o d s .  The c l a d  material b e h a v e s  as t h e  more 

n o b l e  o f  t h e  s y s t e m  a n d ,  d e p e n d i n g  o n  t h e  s u r f a c e  area, s p r e a d s  t h e  
c o r r o s i o n  o v e r  a l a r g e r  area. For example ,  i n  t h e  t u b i n g  s y s t e m s  

u n d e r  c o n s i d e r a t i o n ,  t h e  c o u p l i n g  area be tween t h e  e n d s  of t h e  

p i p e ,  i f  c l a d  w i t h  a material s u c h  a s  n i c k e l ,  would c a u s e  t h e  large 
s u r f a c e  area o f  t h e  t u b i n g  t o  c o r r o d e  ( a l b e i t  a small amount)  

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

r i s e  t o  e a r l y  f a i l u r e .  S e v e r a l  methods  f o r  c l a d d i n g  are C e r a c o n  
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p r o c e s s ,  HIP p r o c e s s ,  and  weld o v e r l a y ,  e a c h  of which w i l l  b e  

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

3.3.3 Vapor D e p o s i t i o n :  T h i s  is a c c o m p l i s h e d  i n  a vacuum chamber .  The 

c o a t i n g  mater ia l  is  v a p o r i z e d  by h e a t i n g  e lec t r ica l ly ,  and  t h e  

v a p o r  d e p o s i t s  on t h e  p a r t s  t o  be c o a t e d .  T h i s  method is  g e n e r a l l y  

more e x p e n s i v e  t h a n  o t h e r s  and  is l i m i t e d  t o  t h e  s o - c a l l e d  

"cr i t ical"  p a r t s .  

N u c l e a t i o n  T h e r m a l  D e p o s i t i o n "  o r  CNTD f o r  s h o r t  t h a t  h a s  been  

d e v e l o p e d  by S a n  F e r n a n d o  L a b o r a t o r i e s  f o r  h i g h  e r o s i o n  a n d  

c o r r o s i o n  a p p l i c a t i o n s .  

We w i l l  d i s c u s s  a new p r o c e s s  c a l l e d  " C o n t r o l l e d  

3.3.4 E l e c t r o l e s s  P l a t i n g :  U n l i k e  e l e c t r o p l a t e d  c o a t i n g s ,  electroless 

c o a t i n g s  are a p p l i e d  w i t h o u t  e lectr ic  C u r r e n t ;  t h e  c o a t i n g  is 

produced  by a u t o c a t a l y t i c  c h e m i c a l  r e d u c t i o n .  The  e l e c t r o l e s s  metal 

is p l a t e d  o n t o  a s u r f a c e  b y  r e d u c i n g  metal i o n s  t o  metallics w i t h  

sodium h y p o p h o s p h i t e .  

h a v e  been  d e m o n s t r a t e d  t o  b e  p r a c t i c a l  are n i c k e l ,  c o b a l t ,  

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

i n v o l v i n g  a t  least  o n e  of t h e  a b o v e  metals. 

r e d u c i n g  a g e n t s  are a n  i n t e g r a l  p a r t  of t h e  c h e m i c a l  p l a t i n g  

s o l u t i o n  make-up. T y p i c a l  r e d u c i n g  a g e n t s  which  h a v e  b e e n  r e p o r t e d  

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

b o r a n e s ,  a n d  d e r i v a t i v e s  t h e r e o f .  The s u b s t r a t e  t o  b e  meta l l ized  

m u s t  b e  of a c a t a l y t i c  n a t u r e .  I n  c i r c u m s t a n c e s  where  t h e  

s u b s t r a t e  d o e s  n o t  p o s s e s s  a s u i t a b l e  ca ta ly t ic  s u r f a c e ,  a 
p r e a c t i v a t i o n  i n  a n  e f f e c t i v e  c a t a l y s t  may be employed. 

Among t h e  p a r t i c u l a r l y  u s e f u l  metals t h a t  

A w i d e  v a r i e t y  of 

3.3.5 Welding:  Weld c l a d d i n g  m u s t  be c a r e f u l l y  c o n t r o l l e d  on a n y  

quenched  a n d  tempered  material. T h e  e n e r g y  f i e l d  h a s  been  s l o w  t o  

a p p r e c i a t e  t h e  many p r o b l e m s  t h a t  may b e  s o l v e d  t h r o u g h  t h e  

e x p e d i t i o u s  u s e  of t h i s  method. 

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

p r o b l e m s  are as  s e v e r e  or more s e v e r e  t h a n  is e x p e r i e n c e d  i n  t h i s  

i n d u s t r y .  

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

The  n u c l e a r  e n e r g y  f i e l d  h a s  u s e d  

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

would be minimized  and t h e  o v e r a l l  q u a l i t y  maximized.  However,  i f  

e x i s t i n g  PllO p i p e  i s  w e l d e d ,  t h e  c h e m i c a l  c o m p o s i t i o n  of t h e  

c a s i n g  m u s t  b e  known, and  a s p e c i a l  w e l d i n g  p r o c e d u r e  must  b e  

q u a l i f i e d  p e r  ASME B o i l e r  a n d  P r e s s u r e  Vessel Code S e c t i o n  IX t o  

i n s u r e  t h e  b a s e  metal Q&T p r o p e r t i e s  are n o t  d e g r a d e d .  

I n  many cases t h e  f i n a l  c o s t  

3 . 3 . 6  T h e r m o p l a s t i c s :  The p r o d u c t i o n  and u t i l i z a t i o n  o f  p l a s t i c s  h a s  

i n c r e a s e d  t r e m e n d o u s l y  o v e r  t h e  p a s t  25 years. F l u o r o c a r b o n s ,  or 
T e f l o n ,  KeP F a n d  o t h e r  f l u o r o c a r b o n s  are t h e  " n o b l e  metals" of t h e  

p l a s t i c s  i n  t h a t  t h e y  are  c o r r o s i o n  r e s i s t a n t  t o  p r a c t i c a l l y  a l l  

e n v i r o n m e n t s  up t o  550 d e g r e e s  F a h r e n h e i t .  T h e s e  materials h a v e  . 
b e e n  d e v e l o p e d  for  a w i d e  v a r i e t y  of u s e s  and c a n  b e  bonded or 

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

e x c e l l e n t  c o r r o s i o n  p r o t e c t i o n ,  t h e  low c o e f f i c i e n t  of f r i c t i o n  o f  

t h e s e  materials is  t h e  b a s i s  f o r  a v e r y  s u c c e s s f u l  a p p l i c a t i o n  i n  

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

a n d  acts  as a l u b r i c a n t  t h e r e b y  p r e v e n t  s t i c k i n g  or f r e e z i n g  of t h e  

metal p a r t s .  

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

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

I n  a d d i t i o n  t o  

T h e  d i f f i c u l t i e s  of a l l  p o s s i b l e  a p p l i c a t i o n s  of 

3.4 P r o c e s s e s  

3 . 4 . 1  C l a d d i n g :  T h e  C e r a c o n  P r o c e s s  

3 .4 .1 .1 T h i s  e m e r g i n g  t e c h n o l o g y  is c a p a b l e  of p r o d u c i n g  f u l l  d e n s i t y  

p a r t s  c o n t a i n i n g  e i t h e r  o n e  or more materials, t h u s ,  it 

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

t o  as  "compound" material p a r t s .  

p r e f o r m  is f i r s t  p r e p a r e d  by a n y  s u i t a b l e  p r e s s i n g  t e c h n i q u e  

s u c h  as c o l d  d i e  c o m p a c t i o n ,  c o l d  i s o s t a t i c  p r e s s i n g  (CIP) ,  
i n j e c t i o n  m o l d i n g ,  s l i p  c a s t i n g ,  etc. The company d e n s i t y  

a n d  d e g r e e  of  s i n t e r i n g ,  if a n y ,  need o n l y  be s u f f i c i e n t  t o  

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

s t e p .  

A s u i t a b l e  powdered metal 
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3 . 4 . 1 . 2  F i g u r e  1 shows t h e  p r o c e s s  r o u t e  cP.1..:lc.l 01 *ail10 
...I . I , .  * l . I l D  1..I. 

*, . l lD P.l‘or. 
i n  t h e  C e r x o n  process. Ceramic  

g r a i n  is  h c a t e d  i n  a f l u i d i z e d  

bed w h i l e  t h e  p r e f o r m s  a re  h e a t e d  

t o  t h e  same t e m p e r a t u r e  i n  a n  i n -  

1 

t,ccr It. 

d u c t i o n  s u s c e p t o r  w i t h  a c o n t r o l l e d  $1....1101 

Prnrr I W  rlWIIIIw 
a t m o s p h e r e .  The i n d u c t i o n  f u r n a c e  e 
and  f l u i d i z e  a c t  t o  a s s u r e  t h a t  

b o t h  p a r t s  are of  t h e  correct tem- &. 
p. .P -.neb. 

p e r a t u r e s  -- n o t  n e c e s s a r i l y  t h e  I 
h i ”  *U.C,ID same -- when t h e y  are  mated f o r  

consol ida t ion .  A robot ized system FIG. 1 cl!fflCOIl fJfOCCSSS!fl#?S 

c h a r g e s  h o t  g r a i n  i n t o  a t r a y  and  

p l a c e s  t h e  p r e f o r m  w i t h i n  t h e  g r a i n .  They t r a y  a s s e m b l y  is 

t r a n s f e r r e d  t o  t h e  p r e s s  d i e  c a v i t y  a n d  a x i a l  m o t i o n  of t h e  

p r e s s  ram p r e s s u r i z e s  t h e  g r a i n  which  ac t s  a s  a h y d r o s t a t i c  

media  and  c a u s e s  t h e  metal t o  d e n s i f y .  

e j e c t e d  a n d  t h e  p a r t  and  g r a i n  s e p a r a t e  f r e e l y .  The  g r a i n  is 

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

The s y s t e m  is h i g h l y  c o n t r o l l e d  w i t h  s e n s o r s  f e e d i n g  p r o c e s s  

i n f o r m a t i o n  t o  a compute r  for o n - l i n e  m o n i t o r i n g  a n d  c o n t r o l  

o f  a l l  s t a g e s  of t h e  process. 

T h i s  p r o c e s s  is c u r r e n t l y  b e i n g  u s e d  f o r  a wide  v a r i e t y  of 
complex  p a r t s  a n d  u t i l i z i n g  a wide  r a n g e  o f  materials. A 

p r o j e c t  is p r e s e n t l y  b e i n g  n e g o t i a t e d  w i t h  a major o i l  

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

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

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

d e n s i t y  p i p i n g  p r e f o r m  n e c e s s a r y  f o r  d r a w i n g  i n  a 
c o n v e n t i o n a l  t u b e  m i l l .  The  i n s i d e  o f  t h e  p r e f o r m  w i l l  be  o f  

a c o r r o s i o n  r e s i s t a n t  material s u c h  a s  I n c o n e l  o r  S t a i n l e s s  

and  t h e  o u t s i d e  c o n v e n t i o n a l  low c a r b o n  s tee l .  

t o  be a c o s t  e f f e c t i v e  method o f  p r o d u c i n g  a p r o d u c t  t h a t  

would r e s o l v e  many o f  t h e  e x i s t i n g  p rob lems  i n  s o u r  gas 

The  p a r t  is t h e n  

3 . 4 . 1 . 3  

T h i s  a p p e a r s  
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wells.  

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

m e t a l l u r g i c 3 1  c o n s i d e r a t i o n ,  i t  a p p e a r s  t h a t  t h e  c h e m i s t r y ,  

h e a t  t r e a t m e n t  and  c o r r o s i o n  problem c o u l d  b e  r e s o l v e d  u s i n g  

t h i s  process. 

Ceracon  is a n  e c o n o m i c a l  a l t e r n a t i v e  t o  s t a n d a r d  Hot  

I sos t a t i c  P r e s s i n g  (HIP)  f o r  t h e  c o n s o l i d a t i o n  of powders t o  

f u l l  d e n s i t y ,  n e a r - n e t - s h a p e s .  

deve loped  w i t h  t h i s  p r o c e s s  are c o m p e t i t i v e  w i t h  wrought  o r  

f o r g e d  materials a n d ,  i n  many cases, p r o d u c e  f i n e  g r a i n e d  

materials t h a t  c a n n o t  be p roduced  u s i n g  s t a n d a r d  t e c h n o l o g i e s  

a v a i l a b l e  t o d a y .  

p r o p e r  p r e f o r m  d e s i g n .  

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

is t ics ,  p o s i t i o n i n g  w i t h i n  t h e  g r a i n  and  c o n s o l i d a t i o n  

t e m p e r a t u r e  and  p r e s s u r e .  

p a r t  of t h e  Ceracon  p r o c e s s  a n d  is  n e c e s s a r y .  

f i n i s h  i s  o b t a i n e d  and  d e t a i l  m a i n t a i n e d  d u r i n g  c o n s o l i d a -  

t i o n .  

It is c a p a b l e  o f  p r o d u c i n g  t h e  p i p i n g  o r \ t u b i n g  and  

From a 

3.4.1.4 

The p h y s i c a l  p r o p e r t i e s  

Accuracy  o f  t h e  f i n a l  s h a p e  d e p e n d s  on 

P a r t - t o - p a r t  v a r i a t i o n s  are a 

C o m p u t e r i z a t i o n  is a n  i n t e g r a l  

Good s u r f a c e  

C a p a b i l i t i e s  o f  f o r m i n g  a wide  r a n g e  of materials i n t o  

complex  s h a p e s  h a v i n g  t h i n  s e c t i o n s ,  t r a n s v e r s e  h o l e s  a n d  

r e v e r s e  c o r n e r s  o p e n s  up  t h e  p r o c e s s  t o  a v a r i e t y  of 

a p p l i c a t i o n s  w h e r e  material c o s t s  are h i g h .  

3 . 4 . 1 . 5  C o n t a c t  I n f o r m a t i o n :  O l i v e r  D.  S m i t h ,  P r e s i d e n t ,  The  C e r a c o n  

C o r p o r a t i o n ,  F i r s t  C i t y  Tower ,  S u i t e  4350,  Hous ton ,  T e x a s  

77002. 
3 . 4 . 2  C l a d d i n g :  S t a n d a r d  Hot I s o s t a t i c  P r e s s i n g  (HIP) 

3 . 4 . 2 . 1  S t a n d a r d  HIP is similar t o  t h e  C e r a c o n  p r o c e s s  i n  some 

r e s p e c t s ,  b u t  i s  more complex .  H e r e ,  a powder p r e f o r m  is  

p r e s s e d  t o  a s p e c i f i c  d e n s i t y  and  t h e n  is  "canned" by 

e n c a s i n g  t h e  p a r t  i n  a n o n p o r o u s  metal material. 

n e c e s s a r y  b e c a u s e  t h e  p r e s s i n g  media  is a g a s  and  t h e  p r e f o r m  

is  p o r o u s .  

a h i g h  t e m p e r a t u r e ,  h i g h  p r e s s u r e  f u r n a c e  and p r e s s u r e  

T h i s  is  

A f t e r  t h e  pa r t  is  e n c a s e d ,  i t  is  i n t r o d u c e d  i n t o  
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a p p l i e d .  

(30,000 p s i  or 200 ElPa) and r e l i e s  on c r e e p  a s  t h e  dominant  

mechanism o f  d e n s i f i c a t i o n ,  t h e r e f o r e ,  l o n g  d w e l l  times 

( t y p i c a l l y  o n e  t o  t h r e e  h o u r s )  a re  n e c e s s a r y .  

b a t c h  is  c o n s o l i d a t e d ,  t h e  "canning"  mater ia l  is  s t r i p p e d  

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

T h i s  p r o c e s s  is c a p a b l e  o f  p r o d u c i n g  t h e  c o u p l i n g  f rom o n e  or  

more materials. Its a b i l i t y  t o  p r o d u c e  f u l l  d e n s i t y ,  h i g h  

q u a l i t y  materials is  e x c e l l e n t ,  however ,  i t  is  more c o s t l y  

t h a n  o t h e r  a p p r o a c h e s  owing t o  it b e i n g  a b a t c h  p r o c e s s  a n d  

t h e  i n t e r m e d i a t e  s t e p s  of c a n n i n g  and c a n n i n g  removal .  

is, however ,  u n l i k e l y  t h a t  t u b i n g  c o u l d  b e  produced  by t h i s  

method b e c a u s e  of  t h e  l o n g  l e n g t h s  i n v o l v e d .  No f u r n a c e  

s y s t e m  exists t h a t  c o u l d  d o  t h i s .  

T h i s  p r o c e s s  h a s  a r e l a t i v e l y  low c e i l i n g  p r e s s u r e  

After t h e  

3 . 4 . 2 . 2  

It 

3 . 4 . 2 . 3  C o n t a c t  I n f o r m a t i o n :  C h a r l e s  S m i t h ,  A u t o c l a v e  E n g i n e e r s ,  

I n c . ,  2930 W .  22nd S t . ,  E r i e ,  PA 16506 
3 . 4 . 3  C l a d d i n g :  Weld ing  

3 .4 .3 .1  A s  m e n t i o n e d  e l s e w h e r e  i n  t h i s  r e p o r t ,  w e l d  c l a d d i n g  s h o u l d  

b e  e v a l u a t e d  as a p o s s i b l e  means of a p p l y i n g  t h e  c l a d  t o  t h e  

p i n  I D ' S .  
p r e s s u r e  v e s s e l  b u s i n e s s  where c o r r o s i o n  is o f  p r i m e  

c o n s i d e r a t i o n  a n d  t h e  p r e s s u r e s  and  t e m p e r a t u r e s  are v e r y  

h i g h .  

T h i s  h a s  been  d o n e  f o r  many y e a r s  i n  t h e  n u c l e a r  

3 . 4 . 4  Vapor D e p o s i t i o n :  C o n t r o l l e d  N u c l e a t i o n  Thermal  D e p o s i t i o n  (CNTD) 

3 .L .4 .1  CNTD is similar t o  s t a n d a r d  c h e m i c a l  v a p o r  d e p o s i t i o n  i n  t h a t  

i t  is d o n e  i n  a vacuum o r  p a r t i a l  vacuum chamber .  

p o i n t ,  t h e  s i m i l a r i t y  d i s a p p e a r s .  F i g u r e  2 shows how t h e  

f u r n a c e  is c o n f i g u r e d .  

i n d u c t i o n .  The g r a p h i t e  b l o c k  i n t e r n a l  t o  t h e  f u r n a c e  

p r o v i d e s  t h e  h e a t  t o  t h e  p a r t .  

p a r t i a l  vacuum. 

v a p o r i z e d  material f o r  t h e  d e p o s i t i o n  s o u r c e ,  t h e  CNTD 

p r o c e s s  u s e s  m i x t u r e s  o f  g a s e s  which  " p l a t e  o u t "  on t h e  p a r t .  

T h e  t h i c k n e s s  o f  t h e  a s - d e p o s i t e d  material may b e  c o n t r o l l e d  

A t  t h i s  

The  chamber  is h e a t e d  i n d i r e c t l y  by 

The  s y s t e m  o p e r a t e s  a t  a 

Where n o r m a l  CVD systems depend upon 
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f rom v e r y  t h i n  (0.1 m i c r o n )  upward t o  a p p r o x i m a t e l y  10 m i l s  

(0.010 i n c h e s ) ,  however ,  most  materials d e p o s i t e d  become 

d e n d r i t i c  when t h i c k  d e p o s i t s  are c o n d u c t e d .  

A n o t h e r  i n t e r e s t i n g  c h a r a c t e r i s t i c  of t h i s  p r o c e s s  is t h a t  

t h e  d e p o s i t e d  material h a s  e x t r e m e l y  small g r a i n  s i ze s  -- 
g e n e r a l l y  on t h e  o r d e r  o f  0.05 t o  1 m i c r o n  a n d  are e q u i a x i a l  

i n  morphology.  Materials c u r r e n t l y  u s e d  i n c l u d e  t u n g s t e n  

c a r b i d e ,  s i l i c o n  n i t r i d e  and t i t a n i u m  d i b o r i d e .  The  h a r d n e s s  

of t h e s e  materials r a n g e s  f rom a b o u t  1500 V500 upwards  t o  

7000 V500. 
Materials d e p o s i t e d  by t h e  CNTD p r o c e s s  are ,  by t h e i r  n a t u r e ,  

v e r y  c o r r o s i o n  r e s i s t a n t ,  however ,  t h e r e  are some d e s i g n  

c o n s i d e r a t i o n s  t h a t  mus t  be a d d r e s s e d .  

o n  t h e  i n s i d e  of round p a r t s  is  d e p o s i t e d  i n  r e s i d u a l  

c o m p r e s s i o n  which is a n  e x c e l l e n t  f e a t u r e .  However,  when 

d e p o s i t e d  on t h e  e x t e r i o r  s u r f a c e ,  t h e  d e p o s i t  is i n  r e s i d u a l  

t e n s i o n .  T h e  u l t i m a t e  s t r e n g t h  of t h e  material is  a r o u n d  

400,000 p s i  a n d  t h e  y i e l d  s t r e n g t h  a b o u t  t h e  same, so a n y  

p r o b a b i l i t y  of f l e x u r e  fo r  a d e p o s i t  o n  t h e  e x t e r n a l  s u r f a c e  

of a r o u n d  p a r t  is  v e r y  r i s k y .  When t h e  d e p o s i t  is made t h e  
p r o c e s s  i n s i d e  t h e  chamber r e q u i r e s  near  laminar  f l o w  of t h e  

g a s e s .  T h i s  would p r o b a b l y  r e q u i r e  a development  program t o  
d e p o s i t  t h e  material o n  machined ,  i n t e r n a l  t h r e a d s .  T h i s  is  

3 . 4 . 4 . 2  

3.4.4.3 

The c o a t i n g  d e p o s i t e d  

p a r t i c u l a r l y  t r u e  s i n c e  t h e  t h r e a d s  c o u l d  n o t  b e  machined 

a f t e r  t h e  material was d e p o s i t e d .  

T h e r e  i s  l i t t l e  q u e s t i o n  t h a t  t h e  materials d e p o s i t e d  by t h e  

CNTD p r o c e s s  would b e  i d e a l  where  c o r r o s i o n  a n d  e r o s i o n  

p r o t e c t i o n  is r e q u i r e d .  T h e r e  are s e v e r a l  d i f f i c u l t i e s  t h a t  

would h a v e  t o  b e  a d d r e s s e d  by d e v e l o p m e n t  e f f o r t s .  The  

c o u p l i n g  is p r o b a b l y  a l l  t h a t  c o u l d  b e  done  b e c a u s e  of t h e  

l e n g t h  of a s t a n d a r d  t u b e  u n l e s s  t h e  i n d u s t r y  i s  w i l l i n g  t o  

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

a j o i n t .  

3.4.4.4 
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3.4.4.5 C o n t a c t  I n f o r m a t i o n :  Mr. Bob Holzl, P r e s i d e n t ,  San Fe rnando  

L a b o r a t o r i e s  ( a  D i v i s i o n  of  D a r t  i3 Kraft, I n c . ,  Paco ima ,  

C a l i f o r n i a ) .  

3.4.5 E l e c t r o l e s s  P l a t i n g :  Of t h e  many c a n d i d a t e  materials t o  be u s e d ,  

e l e c t r o l e s s  n i c k e l  (ENC) is p r o b a b l y  t h e  bes t .  The i n d u s t r y  h a s  

c o n s i d e r a b l e  e x p e r i e n c e  w i t h  i t  and t h e  c o r r o s i o n  p r o p e r t i e s  are 
w e l l  documented .  

would p r o b a b l y  be e x t r e m e l y  d i f f i c u l t .  

As w i t h  o t h e r  p r o c e s s e s ,  ENC of  t h e  t u b e  r u n  

T h i s  is b e c a u s e  mos t  

p l a t i n g  o p e r a t i o n s  are n o t  e q u i p p e d  t o  p l a t e  s u c h  a n  item 

v e r t i c a l l y ,  a n d ,  i f  i t  were s o  e q u i p p e d ,  t h e  f l o w  time would make 

p r o d u c t i o n  v e r y  expens ive :  

3.4.5.1 The  t h i c k n e s s  o f  e l e c t r o l e s s  n i c k e l  c a n  b e  c o n t r o l l e d  t o  meet 

mos t  a p p l i c a ' t i o n s  and  i t  h a s  e x c e l l e n t  s t r e n g t h  a n d  
d u c t i l i t y .  Its h i g h  h a r d n e s s  a n d  natural l u b r i c i t y  p r o v i d e s  

v e r y  good r e s i s t a n c e  t o  a b r a s i o n  and  g a l l i n g .  

i m p o r t a n t  when s u b j e c t e d  t o  t h e  r i g o r s  o f  t h e  f i e l d  h a n d l i n g .  

ENC is  d e p o s i t e d  w i t h  a n  amorphous  s t r u c t u r e  a n d  p r o v i d e s  

This is 

3.4.5.2 

c o r r o s i o n  p r o t e c t i o n  by f u n c t i o n i n g  as a b a r r i e r  c o a t i n g .  

The p a r t  t o  b e  c o a t e d  is c l e a n e d  a n d  immersed i n  t h e  s o l u t i o n  

of sod ium h y p o p h o s p h i t e ,  water, and  l i q u i d  n i c k e l  s u l f a t e .  

Both  a c i d  and  a l k a l i n e  p r o c e s s e s  are a v a i l a b l e ,  however ,  t h e  

a c i d  t y p e  s o l u t i o n s  p r o v i d e  p h o s p h o r o u s  c o n t e n t s  o f  7-12% by 

' w e i g h t  w i t h  t h e  r e m a i n d e r  domina ted  by n i c k e l .  A l k a l i n e  

n i c k e l  s o l u t i o n s  o p e r a t e  a t  l o w e r  t e m p e r a t u r e s  and  r e s u l t  i n  

s i g n i f i c a n t l y  l o w e r  phosphorous  c o n t e n t s  ( t y p i c a l l y  5% by 

w e i g h t ) .  T h e s e  c o a t i n g s ,  due  t o  t h e i r  l o w e r  p h o s p h o r o u s  

3.4.5 

c o n t e n t ,  are n o t  as h a r d  as t h o s e  o b t a i n e d  f rom a c i d  t y p e  

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

D e p o s i t s  from a c i d  b a t h s  are more s u i t a b l e  f o r  e n g i n e e r i n g  

a p p l i c a t i o n s  owing t o  t h e  h i g h  h a r d n e s s  v a l u e s ,  s u p e r i o r  wear 

and  c o r r o s i o n  r e s i s t a n c e  when compared t o  c o a t i n g s  o f  

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

3 C o n t a c t  I n f o r m a t i o n :  T h e r e  are many compan ies  p r o v i d i n g  

t e c h n o l o g y .  Examples  a re  A l l i e d - K e l i t e ,  E n t h o n e  I n c o r -  

p o r a t e d ,  T e c h n i c ,  I n c .  and  WearCote I n t e r n a t i o n a l ;  
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American P l a t i n g ,  Mr. Bill T u r n e r ,  Houston;  Schumacher Co., 

I n c . ,  Mr. J o h n  Babcock,  Houston.  

3.5 C o r r o s i o n  r e s i s t a n t  a l l oy  f o r  t h e  e n t i r e  s t r i n g  can e a s i l y  b e  

e n g i n e e r e d ,  and  cos t  is t h e  o n l y  key c o n s i d e r a t i o n .  

3.6 C o n s i d e r a t i o n s  f o r  s h o u l d e r i n g  c o n n e c t i o n s  

3.6.1 

3.6.2 

3 . 6 . 3  

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

d i a m e t e r  of t h e  c o u p l i n g  a p p e a r s  t o  b e  eas i ly  a c c o m p l i s h e d .  T h e  

m a n u f a c t u r i n g  c a p a c i t y  is  r e a d i l y  a v a i l a b l e  a n d ,  f rom t h e  t e c h n i c a l  

v i e w p o i n t ,  t h e r e  a p p e a r s  n e a r  100% p r o b a b i l i t y  of s u c c e s s  i n  t h e  

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

3 m i l s  (0.003 i n c h e s ) ,  h a n d l i n g  p r o b l e m s  may ar ise .  Very small 

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

p r o b l e m s  owing t o  t h e  "two metals" whereby a c e l l  is  formed a t  t h e  

p e n e t r a t i o n  i n  t h e  c o a t i n g  and  accelerated c o r r o s i o n  c o u l d  t a k e  

p l a c e .  

n e c e s s a r y  t o  p r o v i d e  h a n d - t i g h t  a n d  p o w e r - t i g h t ,  however ,  t h i s  is 

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

T h e  u s e  of ENC c o a t i n g  on t h e  s h o u l d e r s  of t h e  c o u p l i n g  a l o n e  would 

b e  r e a s o n a b l y  e a s y  t o  a c c o m p l i s h .  

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

t h e  s h o u l d e r  was c o a t e d .  

t o  a s s u r e  t h a t ,  a l t h o u g h  t h e  s h o u l d e r  is w e l l  p r o t e c t e d ,  t h e  g a p  

be tween t h e  c o u p l i n g  and  t h e  t u b e  may still  e x p e r i e n c e  a marked 

d e g r e e  of c o r r o s i o n .  

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

by t h e  " t r a p .  

T h e  a p p l i c a t i o n  of CNTD materials on t h e  c o u p l i n g  t h r e a d s  a n d  

s h o u l d e r  would r e q u i r e  s i g n i f i c a n t  amount of d e v e l o p m e n t  work a n d  

t e s t i n g .  

c o a t i n g  of t h e  c h o s e n  material o v e r  a l l  areas owing t o  t h e  

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

A p p l i c a t i o n  o f  t h e  material o v e r  t h e  s h o u l d e r ,  however ,  i s  95% 
p r o b a b l e  t o  b e  s u c c e s s f u l .  T h i s  would e n s u r e  a v e r y  c o r r o s i o n  

r e s i s t a n t  and  n e a r l y  c o m p l e t e l y  e r o s i o n  p r o o f  a r r a n g e m e n t .  T h e  g a p  

be tween t h e  c o u p l i n g  and  t h e  t u b i n g  would s t i l l  l i k e l y  be a problem 

f o r  t h e  same r e a s o n s  l i s t e d  i n  2. A c o m b i n a t i o n  o f  CNTD material 

The a p p l i c a t i o n  of ENC would affect  t h e  t o r q u e  v a l u e s  

The c e n t e r  p o r t i o n  of t h e  

Some d e g r e e  of t e s t i n g  would be r e q u i r e d  

T h i s  may o c c u r  b e c a u s e  of t h e  p r o b a b i l i t y  of 

11 

It may b e  d i f f i c u l t  or i m p o s s i b l e  t o  a s s u r e  a n  even  
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w i t h  a o n e  i n c h  i n t e r f a c e  between t h e  CNTD material and  t h e  

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

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

from a l l  t e c h n i c a l  a s p e c t s  compared t o  H I P i n g  or  w e l d i n g ,  w h e t h e r  a 

1 

, 
3.6.4 

1 

b a r r i e r  c o a t i n g  is a p p l i e d  t o  t h e  f u l l  l e n g t h  of t h e  c o u p l i n g  o r  
j u s t  t o  t h e  s h o u l d e r .  

p r o t e c t i v e  material t o  t h e  f u l l  l e n g t h  of  t h e  c o u p l i n g  and  would 
p r o b a b l y  b e  d o n e  i n  t h a t  manner r e g a r d l e s s .  Where t h e  d e p o s i t  is  

r e q u i r e d  on t h e  s h o u l d e r  a l o n e ,  t h e  area where t h e  t h r e a d s  are t o  

b e  would b e  machined away. Some d e v e l o p m e n t  work would b e  r e q u i r e d  

t o  a r r i v e  a t  t h e  b e s t  c o m b i n a t i o n  of materials w i t h  c a n d i d a t e s  s u c h  

a s  22Cr-5.5Ni-3Mo (SAF-2205), 27Cr-3lNi-3.5Mo-l.OCu ( S a n i c r o  28), 

The p r o c e s s  c a n  b e  used  b e s t  t o  a p p l y  a 

22Cr-47Ni-6.5Mo-2Cu ( H a s t e l l o y  G-3), or P6Cr-59Ni-16Mo-4W 

( H a s t e l l o y  C-276) b e i n g  g i v e n  i n i t i a l  c o n s i d e r a t i o n .  

material s h o u l d  b e  c h o s e n  as t o  meet P-110 r e q u i r e m e n t s .  . 

T h e  b a s e  

3.6.4.1 P e r h a p s  t h e  best a s p e c t  t o  t h i s  a p p r o a c h  is t h e  p o s s i b i l i t y  

of f a b r i c a t i n g  t h e  e n t i r e  t u b i n g  l e n g t h  from a c o r r o s i o n  

r e s i s t i n g  material as  t h e  i n s i d e  c l a d .  

a c c o m p l i s h e d  a t  a r e a s o n a b l e  cos t ,  t h e  improved  "up-time" 

s h o u l d  b e  improved  by a minimum of 50%. 
As w i t h  t h e  o t h e r  p r o c e s s e s ,  it is  c o n s i d e r e d  i m p o s s i b l e  t o  

a p p l y  t h e  C e r a c o n  p r o c e s s  t o  t h e  e n d  of a f i n i s h e d  t u b e / p i p e  

b e c a u s e  of t h e  n a t u r e  of t h e  p r o c e s s .  

t h e  C e r a c o n  p r o c e s s  b e  g i v e n  major c o n s i d e r a t i o n .  

I f  t h i s  c a n  be 

3 .6 .4 .2  

It i s  recommended t h a t  

3 . 7  C o n s i d e r a t i o n s  of n o n - s h o u l d e r i n g  c o n n e c t i o n s  h a s  been  l i m i t e d  t o  o n e  

o p t i o n  t h a t  is n o t  recommended a s  e x p l a i n e d  ear l ie r .  

or t e f l o n  "washers"  c o u l d  b e  d e v e l o p e d  which  would f u n c t i o n  as  f low 

s t r a i g h t e n e r s  i n  t h i s  area. 
by p a r t i a l l y  s e a l i n g  o f f  t h e  c o u p l i n g  from t h e  c o r r o s i o n  media a n d  

m i n i m i z i n g  t h e  t r a p  volume. See F i g u r e  3 .  However t h e  d e v e l o p m e n t  

time r e q u i r e d  t o  d e s i g n  a t h r e a d  and m a n u f a c t u r i n g  t o l e r a n c e s  t o  

p r o p e r l y  s h o u l d e r  a g a i n s t  a bonded i n s e r t  is  c u r r e n t l y  p r o h i b i t i v e .  

If n o n m e t a l l i c  

T h i s  would p r o v i d e  a d d i t i o n a l  i n s u r a n c e  
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3.8 SERVICEABILITY CONSIDERATIONS 

3.8.1 P e r f o r m a n c e  i n  o p e r a t i o n s  s h o u l d  b e  s a t i s f a c t o r y  w i t h  e i t h e r  ENC 

o r  c l a d d i n g  w i t h  t h e  Ceracon  p r o c e s s .  C o n s i d e r a b l e  e x p e r i m e n t a t i o n  

w i t h  CNTD would be r e q u i r e d  t o  e v a l u a t e  i t s  p e r f o r m a n c e  a l t h o u g h  

t h e r e  is no  t e c h n i c a l  r e a s o n  i t  s h o u l d n ' t .  

c o m b i n a t i o n  o f  CNTD a p p l i e d  materials i n  c o n j u n c t i o n  w i t h  ENC 

would be s u p e r i o r  t o  e i t h e r ,  b u t  i t  is e q u a l l y  l i k e l y  t h a t  t h e  

CNTD material would b e  s u b j e c t  t o  damage i n  t h e  f i e l d  b e c a u s e  of 
i t s  e x t r e m e l y  h i g h  h a r d n e s s .  

n o t  be a problem and  f l a k i n g  o r  c h a f i n g  s h o u l d  n o t  o c c u r .  

t h r e e  processes, t h e  Ceracon  materials would r a n k  b e s t  i n  s e r v i c e -  

a b i l i t y  b e c a u s e  the  c o r r o s i o n  r e s i s t a n t  material c o u l d  b e  made t o  
c o n s i s t  of h a l f  or more of t h e  t h i c k n e s s  of t h e  c o u p l i n g  i f  

d e s i r e d .  

a b i l i t y  t o  f u n c t i o n  i n  u s e .  

c o u p l i n g s  mus t  r a n k  it h i g h e s t  i n  p o t e n t i a l  a p p l i c a t i o n .  ENC is  

l i k e l y  t o  be t h e  least  e x p e n s i v e  and  f a s t e s t  s o l u t i o n  t o  r e s o l v e  

t h e  p rob lem,  i f  o n l y  o n  a t e m p o r a r y  b a s i s .  CNTD is  e x p e n s i v e  and  

w i l l  r e q u i r e  c o n s i d e r a b l e  d e v e l o p m e n t  work, b u t  would p r o d u c e  a 
h i g h l y  c o r r o s i o n  and  e r o s i o n  r e s i s t a n t  material. 

more u s e f u l  i n  v a l v e s  where  t h e  need  f o r  e r o s i o n  p r o t e c t i o n  is 
e q u a l l y  or more i m p o r t a n t  t h a t  c o r r o s i o n  r e s i s t a n c e .  

I t  is  l i k e l y  t h a t  t h e  

The bond s t r e n g t h  o f  e i t h e r  would 

Of t h e  

Damage i n  h a n d l i n g  and  i n s t a l l a t i o n  would n o t  e f f e c t  its 

Its a b i l i t y  t o  form t u b e s  and  

T h i s  may b e  e v e n  

3.9 LEAD TIME 
3.9.1 The t e c h n o l o g i e s  u n d e r  c o n s i d e r a t i o n  are r a n k e d  as  f o l l o w s  - 

number o n e  b e i n g  t h e  most a v a i l a b l e :  
i: 

3 . 9 . 2  E l e c t r o l e s s  N i c k e l  C o a t i n g s  (ENC) is a v a i l a b l e  now. A l l  t h a t  

would h a v e  t o  be d o n e  is write s p e c i f i c a t i o n s  g o v e r n i n g  t h e  

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

The C e r a c o n  p r o c e s s  h a s  been  i n  deve lopmen t  f o r  two y e a r s  and  

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

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

T h i s  is p r o b a b l y  t h e  o n l y  p r o c e s s  t h a t  c a n  r e s o l v e  a l l  t h e  

p rob lems  and  h a s  t h e  c a p a b i l i t y  t o  c l a d  w i t h  materials s u c h  as  

3 .9 .3  

Work is u n d e r  way 
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t i t a n i u m .  We bel ieve t h a t  i t  would r e q u i r e  s i x  months t o  a 

year of  deve lopment  by C e r a c o n  p l u s  a s e r i o u s  i n t e r e s t  by one  

of t h e  equipment  m a n u f a c t u r e r s  t o  e x p e d i t e  t h i s  e f f o r t .  

3 . 9 . 4  CNTD is  ava i l ab le  now, however ,  d e p o s i t i o n  on s u r f a c e s  s u c h  

as c o u p l d i n g  t h r e a d s  is b e l i e v e d  t o  be e x t r e m e l y  d i f f i c u l t .  

We e x p e c t  t h a t  a year t o  e i g h t e e n  months  of d e v e l o p m e n t  work 

would be n e c e s s a r y .  

3.9.5 HIP c l a d  r e q u i r e s  s p e c i f i c  commitment f o r  s p e c i a l  set up fo r  

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

3.10 COST CONSIDERATIONS 

3.10.1 

3 .10 .2  

3.10.3 

3.10.4 

3.10.5 

3.10.6 

C o s t s  n e c e s s a r y  t o  implement  t h e  u s e  o f  t h e s e  m a n u f a c t u r i n g  

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

The  l o n g  r a n g e  cos t  s a v i n g s  f o r  most of them is  e x c e l l e n t .  

The r a n k i n g s  so  f a r  a s  d e v e l o p m e n t  costs  n e c e s s a r y  t o  u s e  

t h e  materials a n d / o r  t e c h n o l o g i e s  are as f o l l o w :  

E l e c t r o l e s s  n i c k e l  is  r a n k e d  f i r s t  a n d  is a v a i l a b l e  i n  H o u s t o n .  

Weld ing/HIPing  o p e r a t i o n  f a l l s  i n t o  t h e  n e x t  r a n g e ,  b u t  s p e c i a l  

c o n f i g u r a t i o n s  c a n  i n c r e a s e  cos t ;  f u l l  l e n g t h  c l a d d i n g  o f  

c o u p l i n g  u s e s  material t h a t  w i l l  b e  machined away e x c e p t  f o r  

t h e  s p a c e  be tween s h o u l d e r s .  

CRA material w i l l  p r o b a b l y  b e  less t h a n  t h e  n e x t  two o p t i o n s ,  

e s p e c i a l l y  if . m l y  the c o u p l i n g  is CRA and t h e  p i n  is c o a t e d .  

The  c e r a c o n  p r o c e s s  is  st i l l  i n  t h e  d e v e l o p m e n t  s t a g e  a n d  

would r e q u i r e  a n  i n v e s t m e n t  on t h e  o r d e r  of $150,000 a n d  

$500,000 f o r  t h e  d e v e l o p m e n t  e f f o r t .  

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

would b e  r e q u i r e d  i f  b i - m e t a l l i c  t u b i n g  is  t o  be p u r s u e d .  

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

a r e a s o n a b l e  i n v e s t m e n t .  The  l o n g  r a n g e  cos t  s a v i n g s  p o t e n t i a l  

is  g r e a t e s t  w i t h  t h i s  p r o c e s s .  

The  CNTD t e c h n o l o g y  is r e a s o n a b l y  p e r f e c t e d  f o r  smooth  s u r f a c e s ,  

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

i s n ’ t  a v a i l a b l e  f o r  c o s t ,  b u t  a n  e d u c a t e d  g u e s s  is a r o u n d  

$700,000 t o  $1,500,000. T h i s  estimate i s  b a s e d  on a n  i n t i m a t e  

I n  a d d i t i o n ,  t h e  s u p p o r t  

A good estimate 
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knowledge of p r o g r e s s  of a development  e f f o r t  toward  i m p l e m e n t i n g  

t h i s  t e c h n o l o g y  f o r  u s e  i n  mud pump l i n e r s . .  T h i s  e f f o r t  

p r o g r e s s e d  v e r y  s l o w l y  and was f i n a l l y  d r o p p e d .  

4 . 0  ANALYSIS 

4.1 All of t h e  o p t i o n s  t h a t  l e a v e  a c r e v i c e  where  t h e  s h o u l d e r i n g  s u r f a c e s  

are a n o d i c  w i l l  s t i l l  c a u s e  problems.  

T h e  t y p e  a n d  amount  o f  c o r r o s i o n  a t  t h e  P-110 - n o b l e  mater ia l  i n t e r -  

f a c e  c a n n o t  b e  p r e d i c t e d  w i t h  100% a c c u r a c y .  

One o f  t h e  s y s t e m s  u s i n g  ENC w i t h  0.5 m i l  c o a t i n g  t h i c k n e s s  w h e r e  

t h e  P-110 d o e s  n o t  r e m a i n  u n c o a t e d  i n  t h e  c r e v i c e  a p p e a r s  t o  b e  t h e  

most p r o m i s i n g  w i t h  t h e  e x c e p t i o n  of u s i n g  CRA f o r  t h e  s t r i n g .  

N L / A t l a s  B r a d f o r d  a n d  OTIS PTS c a n  machine  t h e i r  s t a n d a r d  t h r e a d s  

a n d  p l a t e  w i t h  ENC a t  0.5 m i l s .  

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

4 .2  

4 . 3  

T h e r e f o r e ,  a n  ENC c o a t e d  p i n  i n  a 

5.0 SUMMARY 

5.1 

5.2 

I f  t h e  ENC coaters c a n  c o a t  t h e  I D  a n d  OD of t h e  p i n  a n d  (which  

two h a v e  a l r e a d y  i n d i c a t e d  t h e y  c a n ) ,  100% c o a t i n g  of t h e  p i n  
a n d  c o u p l i n g s ,  100% c o a t i n g  of t h e  p i n  a n d  I D  c o a t i n g  of t h e  

c o u p l i n g ,  or 100% c o a t i n g  o f  t h e  p i n  w i t h  a CRA c o u p l i n g  w i l l  

p r o b a b l y  b e  t h e  f a s t e s t ,  most cos t  e f t e c t i v e  a l t e r n a t i v e  o t h e r  

t h a n  a CRA s t r i n g .  

Details of t h e  p r e f e r a b l e  o p t i o n s  c a n  b e  p u r s u e d  a t  F e n i x  a n d  

S c i s s o n ' s  d i r e c t i o n .  
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4.0 cCNCLUSIcN 
?he Pleasant Bayou No. 2 can be safelyproduced through the  
9-5/8" intermediate/prduction casing s t r i n g  provided tha t  the 

casing is not excessively worn or corroded. 
inspection log capable of accurately measurinq remininq wall 
thickness nust be performed prior to  reampletinq -&e well. iw 
acid s t i m l a t i o n  treatment cannot be performed i f  the remair,lnq 

w a l l  thickiiess i n  the upper portion of the s t r ing  (above 5,000') 

is less than naninal wall t h i ckess .  
log reveals w e a r  or corrosion result ing i n  a decrease of wali 
thickness i n  portions of the s t r ing  of mre than 0.035" frm 

naninal Kall thickness, additional work is required tc detem.ir?e 

the f e a s i b i l i t y  of prducing tbrcugh the 9-5/8" s t r inq  safely.  

Sane type of casizg 

If  the casing inspectior, 

Special precautions are required t o  avoid overloading the 9-5/8" 

casing i n  service. The 9-5/8" casing should not be emcuated 
below 5,000'. Fwthermore, an e f fo r t  should be made to l i m i t  

cml dcwn of the casing as much as possible since unacceptably 
high axial tension loa& can be generated i n  the casing frm, mol 

dawn. 

Based on the circulat ion computer runs and c-M runs, an 
emergency bullhead k i l l  down the annulus can be acccmplished 

safely with 16.0 PPG k i l l  m u d .  

I Stresses i n  the 9-5/8" 53.5# and 9-5/8" 47# buttress connections are 

acceptable for  the conditions analyzed. 
i n d i a t e d  adequate sealing of internal  pressure for  both 

oonnections . 

The.'Joint Analysis We1 

The 2-7/8" 6.5# P-105 CS desiqn is recDmolMded fo r  the 

treatment/kill tubing s t r ing.  
be used. 
the well than the 2-3/8" design and the reduction i n  flow rate 
during production should not be excessive w i t h  2-7/8" tubing as 
-ed to 2-3/8" tubing. 

€kwewr, 2-3/8" 4.7# P-105 Cs can 

The 2-7/8" s t r ing  design allows for  f a s t e r  unloading of 

Reverse circulation, c i rculat ion down 
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the annulus and cp the tubin?, is not recommended for the 
unloading operation due to excessive tine recpirenents. 

The present wellhead re5uires a metal-to-metal seal on the 9-5/8" 

casing stub looking up. 
casing stub to machine a metal-to-netal seal an extension of the 
casing stub looking up can be welded on. 

If there is insufficient height of the 

A live annulus completion with 7" or 6-5/8" kttress casing used 
as tubing is definitely worth considering. 
completion will prevent corrosive fluids fran coming in contact 
with the 9-5/8" intermediate/prcduction casing. 
corrosion inhibitor fluid can be pumped down the casing/t&ing 
annulus. Furthemre, no wellhead changeout is required for a 
live annulus-completion provided that the tubing selected can be 
hung from the same tubing spool previously used for the 5-1/2" 

A live annulus 

Anti-scaling 

casing. 
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1 . O  INTRODUCTION 

The Pleasant Bayou No. 2 well represented the first 
full-scale production test of a geopressured-geothermal aquifer in 
the United States. Consequently, considerable planning was involved 
in designing the flow tests and collecting data. The production 
tests were divided into three phases. The first phase was conducted 
to measure both the surface and bottomhole pressures as the well was 
flowed at  various flow rates between 5,000 and 20,000 barrels per 
day. The second phase was intended; initially, to measure both the 
bottomhole and surface pressures while the well  flowed at its maximum 
deliverability. Shortly after this test began, the bottomhole gauge 
and nearly all of the wireline were lost ,in the hole. After remedial 
operations to push the wireline to bottom and clean up the well, the 
phase-two test was resumed without a bottomhole-pressure measuring 
device. The phase-three test was merely an extension of phase-two 
with continuous recording devices so that the well could produce in 
an operational mode without continuous surveillance. 

The results of the analysis of the pressure-production 
history are  the subject of this addendum. 
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2 .O SIMULATION MODEL 

2.1 Model Description 

The computer program utilized to simulate the performance 
of the Pleasant Bayou No. 2 well is a two-dimensional, three-phase, 
black oil simulator that ,is the sole property of H. J. Gruy and 
Associates. The simulator solves the finite-difference behavorial 
equations using the semi-implicit procedure (SIP). Average block 
pressures a t  the end of each time step are converted to flowing 
bottomhole pressures using a pseudo-steady state approximation for 
radial flow in the block, and multiphase flow in the tubi 

geometry can be controlled by designating those blocks included 
within the boundary of the reservoir, thus limiting calculations to 
those blocks containing active fluid. The model accounts for fluid- 
porous medium effects such as gravity, viscous. and capillary forces 
and permits spatial variation in fluid properties. Heterogeneous 
rock properties are entered as individual block properties. Computed 
results are  printed at  specified time intervals and automatic-restart 
capability exists in the model. 

. ’  

computed using the method published by Orkiszewski tl5 . string Model is 
. . . : . . -:. ... . 

.I .. . 

of We 

2.2 Fluid Properties 

On October 14, 1982, a representativ therly 
Laboratories collected several surface separator samples from the 
Pleasant Bayou No. 2 well. A t  the time, the flowing gas-water ratio 
was 20.11 cubic feet of gas per barrel of separator liquid. Using 
this as a basis for recombination, the reservoir fluid exhibited a 
bubble-point pressure of 7,460 psia at the reservoir temperature of 
308OF. A differential liberation experiment and viscosity measure- 
ments were performed using the recombined fluid and the results are 
shown in Appendix A. These data were used as fluid property data in 
the aquifer simulator 
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3.0  HISTORY MATCH 

. .  : . . . .... : . 

The history match was accomplished in what was considered 
to be three phases. In the first phase, from September 16 through 
October 31, 1981, both bottomhole and surface flowing pressures were 
recorded with quartz crystal gauges accurate to 0.01 psi. Phase two 
extended from September 23 to December 22, 1982, in which only the 
surface flowing pressures were measured with a quartz crystal gauge. 
The third phase recorded only the surface flowing pressures with a 
less-accurate con tinuously-recordin g meter. 

The objective of the history-match procedure was to derive 
unique aquifer geometry and aquifer properties that would provide an 
adequate pressure match of the recorded pressures in all three 
phases. Since the production rate during phase two remained 
essentially constant for a considerable period of time, the pressure- 
time relationship provided some clues as to the basic geometry of the 
aquifer. 

The phase-two pressure data exhibit an early, fairly rapid 
decline from September 23 to November 15,  suggesting that the aquifer 
is limited in areal extent. After mid-November, however, the rate of 
change of pressure with respect to time dropped significantly, 
suggesting that, at some distance from the well, there is an aquifer 
with larger storage and flow capacities. Using this rationale as a 
basis for the aquifer description, numerous combinations of aquifer 
geometries and aquifer properties were attempted in order to match 
simultaneously the phase-one and phase-two pressure data. Although 
several different geometries and properties Fomputed adequate history 
matches of phase one, no single set of daSa could be found which 
adequately matched the pressure data from both phases. 

matches, it became evident that the pressure performance of the 
phase-two test was influenced by either a wellbore phenomenon or some 
near-wellbore effects within the reservoir. These effects were 
manifested in a "skin effect" which appearea to increase as a func- 
tion of time., When the skin effect at  the wellbore was increased as 
a function of time, a satisfactory history 4atch of all three phases 
was achieved using the aquifer description a: shown in Figure 1. The 
measured and computed histories as a functjon of time are shown in 
Figure 2 through 5, inclusive. 

In working with the data and,  I attempting the history 
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Figure 2 Q  Bottomhole pressuse vs  time, Phase 1 :  Pleasant Bayou No.  2 .  
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FIGURE 5 
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Figure 5 .  Surface flowing pressure vs  time, Phase 3: Pleasant Bayou No.  2 .  



Since it is possible to history match nearly any single 
well pressure performance if the skin effect is allowed to be a 
dynamic rather than a static variable, the cause of this behavior was 
sought. Initially, we postulated that as the flowing wellbore 
pressure declined and the net overburden pressure increased in the 
vicinity of the wellbore, the porosity and, hence, permeability 
decreased as a consequence of differential compaction. Also, owing 
to the high total dissolved-solids concentration of the produced 
brine, scaling within the tubing string probably increased the 
frictional pressure loss, not only because of the reduction in the 
pipe diameter but also by an increase in the relative roughness. 
Lastly, and undoubtedly the most critical factor adding to the 
pressure drop, was the presence of wireline in the tubing. A t  the 
beginning of the phase-two test, the wireline lost at  the aborted 
beginning of the phase-two test was believed to be below the lowest 
perforations. When the wellhead was disassembled in April 1983, 
large amounts of wireline were found lodged in the flowloop with 
significant scale buildup upstream of the pressure sensing device. 
Apparently, during the phase-two test, the wireline gradually moved 
up the tubing, causing an added pressure drop which distorted the 
surface flowing pressures. A plot of the skin effect imposed in the 
model to achieve a history match of the phase-two and -three data is 
shown in Figure 6. 

. .  
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4.0 CONCLUSIONS 

- 
Based on the analysis of the pressure history of the 

Pleasant Bayou No. 2 well, the following conclusions were reached: 

1. The aquifer in which the well is completed has a large 
areal extent. The results of the simulation indicate that 
the aquifer could be as large as 56,000 acres. 

. .  

2. The presence of the wireline in the hole and the gradual 
scale buildup materially affected the surface flowing 
pressures during the phase-two and phase-three periods. 
These factors cast some doubt as  to the validity and 
uniqueness of the aquifer geometry derived by the 
simulation. 

3 .  The permeability of the aquifer is relatively high for a 
geopressured sand. An area of 9,000 acres surrounding the 
well has a permeability of 350 m d  which reduces to 150 m d  
beyond this area. 

4. The aquifer was modeled as two units with poor communi- 
cation between them. This was interpreted as a non-sealing 
fault in which only five feet of each sand were in contact 
and the permeability of this zone was reduced to 50 m d .  
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APPENDIX A 

Weatherly Laboratories' Reservoir Fluid 
Analysis Report for Pleasant Bayou No. 2 
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E. WEATHERLY, JR. 
CHA I RMAN 

THE GRUY COMPANIES 
2586 'TANGLE WILD, SUITE 150 
IIOUSTON, TEXAS 77863 

ATTENTION: DR. J. HARTSOCK 

GENTLEMEN: 

ATTACHED ARE THE RESULTS OF THE ANALYSES OF THE CI-IEMICAL AND PI.(YSICRL 
CHARACTERISTICS OF A RECOHBINED RESEKVOIH FLUID SAMfLE FROM THE S?IB.?ECl WELL. 
SLRFCICE SEPARATOR SAMPLES WERE COLLEClEII FROM THIS CELL BY A REPRESEN'TATIVE OF 
WEATIiERLY LCIPORATORIES, INC. ON OCTUER 14, 1952. THE GAS-WbTER R A l l Q  (GWR) 

L I@l l ID ,  WAS IJSED AS THE BASIS FOR ONE 3~COMI3INRTION. 
FLUID EXHIl3ITED A BURBLE POINT OF 7469, PSIR fiT THE RESERVOIR TEhPERATlrRE 3Qg 
DEGREES FAHRENHE I 1. 

HEASURED ON THIS 'TEST, 20, i 1 CUBIC FEET OF SEPARATOR GAS PER BARREL OF SEFARATClR 
T I E  RESULTIINl RESEfiKf IR 

OTHER RECOHBINATIONS WERE DONE TO DETERMINE A RUBBLE POINT -VS- GWR RELRTIONSHIP. 
A D I FFERENTIAL L I G E R ~ T  ION AND VISIXS r TY MEASIL:REMECITS WERE PERFORPIED 1.1s I NG 
RESERVOIR FLUID RECOMF?NED TO THE .F"ODVCED GblR AT THE TIME OF SAMPLING. 

WE HISH TO THANK YOU FOR THIS OFPORTUNITY OF SERVING YOU. SHOULD THERE BE CINY 
QUEST IONS CONCERN I NG Tti I S REPORT, PLEASE CCiNTbCT US. 

LAB. NO. N1314-18@44 

YOURS VERY TRULY 

JnHN NEAL 
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THE GRllY COMPANI S 
PLEASANT FG'IOU VELL Nn. 2 
PLEASANT PAYr?U F I ELD 

1) 

3) 

. .  . 

LAB. 

WATER VAPOR CONTENT OF SEPARATOR GAS WAS DETERMINED EY FLOWING GAS FROM A METERING 
VALVE ON TtIE SEPARATOR GAS METER RUN TIiROUGH A WEIGHING TIJBE ( INDICATOR ISRIERITE 
(CaS04) WEIGHEI! TO 9.1 MILLIGRAtt) TO 4 G.C.A./PRECISION SCIENTIFIC WET TEST METER. 
SEFARATOR GAS SAMPLES WERE TAKEN FliCM THE SAME PLACE INTO EVAClJtSTED 1 GALLON STAINLESS 
STEEL ( S. S. 
SEPARATOR LIQUID SAMPLE CYLINDEriS (588 RL. S.S. 1 WERE FIRST CliAROED WITH SEPARATOR 

SEPARATOR WATER SAflPLING POINT BY A S.S. TLlFE LONG ENOlJGl-I TO LCiCiP THROllGH A COOLING 

SEF'flRATC!R WATER WAS LET INTO THE CYLINDER EY SLOWLY BLEEDING GAS FROM THE TOP VALVE. 
AT NO TIttE WA!; THE WATER CAUGHT I N  THE CYLINDER ALLOWED TO DROP BELOW SEFARATOR 
FRESSURE. 

CYL I NClER'S AFTER THORr?UOti PURG I NCi OF TRANSFER L I NE AT SEPARATClR PRESSURE. 

GAS TO FULL SEPARATOR PRESSURE. 

BATH. 

THE LIQlJID CYLINDERS WERE THEN C:ONNECTED 10 THE 

THE WRTER TRANSFER LINE WAS THEN SLOWLY AND Tt~IOROVGt-IL,Y FIJRGED AT THE CYLINDER. 

FLASH LIBERIATION OF GAS FROM SEPARATOR WATER WAS ACCOMPLISHED BY ?BING A WEIGHED 
SEPARATOR FLASK. 
WATER CYLINDER BY A SHORT CAPILLARY LINE. 
TtIROIlGti A WEIGHED IIRYING TUBE THROIJGH A GLASS CYLINDER ( *  380 flL. 1 TO A fi:I?St:A 
GASOtlETER. A VACUUM VALVE AND A MERCURY MANOMETER WAS CONNECTED TO THE GAS MANIFOLD 
BETWEEN THE DRYING TUEE AND THE GASiIflETER. 
FLASH GAS MflNIFOLD WAS EVRCLIATED AND THEN FILLED WITH HELIUM TO ATMOSPIEHIC PRESSURE. 
A KNOWN VOLUME OF SEPARATOR WATER MAS PUSt.IELI NIT OF THE SAHF1.E CYLINDER A T  A PRESSIJRE 
SL I GtlTLY ABNE F I ELD SEPARATOR PRESSURE EY USE OF A CFIL I BRATET! MERCI!R'( PIUllP. 
VOU?ME OF STOCK TANK WATER PROC(I..li:EU WAS OETERMINED 8y ITS WEIOtIT ANI1 DENSITY. THE 
VOLClME OF DRY GAS EVOLVED WAS DETERMINED WJTH THE GfiISqrlMETER. 

TO A CtIRCittOTOGRAPH FOR ANALYSIS FROH THE GLASS CYLINDER. 

THIS SEPARATOR FLASK WAS CONNECTED TO THE O?ITL.ET OF n SEPARATOR 
GAS FROM THE SEPARATClR FLASK PASSED 

GEFORE COMMENCINI:; THE FLASI I, TI% ENTI RE 

THE 

THIS GAS VnLClME U A S  
SUEJECT T O 2  2 7. ERROR DUE TC) THE VERY SMALL AMI:IlJNTS HFASIJRED. THE GAS lJAS CHARGED 

PHYSICAL REClNIbINATION OF .SEI'ARATORI EFFLUENTS: . . . .  1 
DRY SEPARATOR GAS WAS ,'CHARGED INTO A',TEMPERATURE CCINTROLLED CELL. 
WINtlOWEI3 CELL I9 KNOWN FOR ANY PRESSilRE AND TEMFERA~URc. 
THE CELL WAS HEASIJRED WITH A MERCURY MAN!:iMETER ANI! 'e FAROHETER. 
VOLUME WAS SUBJECT TO A 1 7: ERROR IN!€ TO THE SMALL AMOUNT CHARIXD TCI TtIE CELL. A 
VOLllWE OF SEFARR'TOR WATER WAS CHARGED INTO T I E  W I N D p E D  CELL FV USE OF A CALIFRATED 

THE VOLUME OF THIS 
THE PRESSllRE UF THE GAS I N  

THIS CALCULATED GAS 

MERCURY PUMP. 
SEPARATOR PRESSURE. 
PRESSURE-US-GAS WATER RAT I O  CURVE. 

MEASlREMENT . 

TIE WATER WAS METERED AND MEnS?lRELI A t  A PRESSURE SLIGHTLY ABOVE FIELD 
FOUR RECOME I NATI ONS WERE DONE I N  UNDER TO PRI?DUCE A SAT?IRRT I ON 

RESERVO I R FL.!! I D RE:.:I..kT ING FROM RECOMB II4AT I ON OF 
THE PIiODllCED GWR WAS USED TO PERFORM A DIFFERENTIAL LIE:ERRT IIIN AND VI x:nsI-ry 

NO. N1814-16@46 
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I 

4 1 PRESCURE-VOLUME RELAT IONS OF RECOMBINEI! RESERVO I R FLlJ I I! AT RESERVO I R TEMF?ERATlRE: 
EACH DATUfl CIF PRESS?IRE-VOI,IlIIE RELATIONS WAS CCRHECTED FOR MERCURY P!!MP CAL I PRATInN, 

EXFANS I ON. 
RAN I FOLD EXFANS I ON, CELL EXPANS I ON, MERC!!RY COMFRESS I O  I L I TY AND MERi::lJR'I' THERMAL 

L I QIJ I D VOLUME PERCENT WAS IIETERRI NED F'I' CAL I FRATEII CATI-IETDHETER AND BY 
'DATA INJERPRETQTION. 

5) DIFFERENTIAL LIBERATION OF RESERVOIR FLUID AT-RESERVOIR TEMPERATURE: 

D I FFERENT I AL L I Q?l I I! CHANGES 
GfiS FROfl EACH qRESSURE DECREMENT OF THE DIFFERENTIAL LIEERATION WAS ANOLYZED I N  THE 
SAME MANNER AS DESCR I BED I N  2 1,  ( FLASH L I FERAT I rJN 1 . 
WERE NOTED. 

6 )  VISCCISPTY OF RESERVOIR FLUID WAS MEAS!!RED BY MR. J. R. COMERU 'OF WEQTHERLY LREORATORIES. 
R DESCRIPTION OF MR. COMEAU'S EXPERIMENTAL PROCEDIJRES I S  GIVEN BELOW: 

GEOTHERMAL WATER VISCOSITIES WERE MEASCIRED USING AN E.L. I .  ROLLING BALL VISCOMETER 
W I Tti AN ELECTRON1 C DETECT I ON SYSTEM TO FREVENT ELECTROLYS I:;, THE DETECT I ON SYSTEN 
CClNSISTS OF A SENSITIVE AUDIO AMPLIFIER WITH POSITIVE FEEDBACK ADJllSTED JUST FELOW 
OSCILLATIUN. FEEDEACII' WAS TlfRNETt ON EY AN RIJTOMATIC: SWIlCH AS THE VISCOMETER WAS 
INVERTED QT THE EEGIMNING OF 1HE CYCLE AND TllRNED OFF WtIEN THE BALL MUI3It' CONTACT. 
PART OF TCIE SIGNAL WAS USED TCt TURN THE DIGll'fiL TIMER ON AND OFF. 
TO 1/1@8TIi OF A SECOND AND AVERAGED. 
ANGLES USING SEVERAL KNOWN VISCOSITY STANUARISS WH 1Q.I WERE CHEUKEI! AGAINST CANNON-FENSKE 
VISCOMETERS AND THE RESULTS ( tO p vs. y )  PLOTTED. 
DISTILLED WATER AT SEVERAL lENPERAlI_IRES. 
RESULTS 'TO OBTAIN NEW CRL I BRhT I ON CI!RVES. 

TIflES WERE IIEA9JFtE13 
THE VISCOMETER WAS CRLIBRATED AT EACH OF TtREE 

THE VISCOMETER WAS RECALIRRATED K I N G  
THESE RESIJLTS WERE USEI) ALCfNO WITH FREVIOIJS 

t = RC1L.L T I  ME, ( SECOFIDS 1 

A p = DENSITY DIFFERENCE BETWEEN PALL AND RESERVOIR FL!!Itl, (p r t .  /ml 1 

JI = VISCOSITY, (CENTIPOISE) 

THE VISCQMETER WRS CHARGED WITH RESERVOIR FLUID AND RUN BT 398'F AT I@(?@ LB. INTERVALS. 
THE VISCQSITIES HAD A PROBABLE ERROR OF & 8.887 CENTIPOISE. 

I 
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COMPANY 
WELL 
FIELD 
COUNTY AND STATE 

FIELD DRTA FOR WEATHERLY LAPnRRTCrl-1Y INVESTIGATION 

WELL RECORD 

FIELD CHARACTER1 ST I C s  

FORMATION NAME 

. . . DATE COMPLETED 
SANu NAME AND DES I GNAT I ON 

- . 
ORIGINAL RESERVOIR PRESSIJRE 

ORIGINAL PROWCED GAS-LIQUID RATIO 

PERFORATIONS 
ELEVATIONS 
TOTAL E F T H  
LAST RESERVOIR PRESSlIRE 
RESERVO I R TEPlPERATURE 

( @  14,759 FT.) 11,275 PSIA 

WELL CHARACTERISTICS 

14,447-14,787 

( @  14,564 FT. ) 11,162 

SAHPLING CUNI3ITInNS 

10- DATE SAMPLED 
TUBING PRESSURE, FLOWING 
PR IMAR'f SEPARATOR TEMPERATURE 

. .  - PRIMARY SEPARATOR PRESSURE 
PRIMARY SEPARAT@R GAS HATE 
SEPARATOR LIQUIlr RATE 
GAS-LIQUID RATIO (SEPARATOR) 

(METER RUN) 

(WET GAS) 
2 

.- - h d(dG 

4-K! 
281 8 
268 
568 
427.2 

3 . 1 1  
,247 

t SHRINKAGE FACTOR (VOL. S.  T. WATER e 68'F/VOL. SEP. HATER) 9.3468 

GAS-LIQIJID RATIO (STOCK TAN#) I 21.24 

PRESSURE BASE I 

J 14.65 

NOTE: FOR DRY GhS, 29.10 SCF/BBL. SEF. WATER C SEP. CONDITIONS. 
21.23 SCFIPFL. S.T. w A m  e 6 ~ .  

LAB. NO. NlS14-1884C 161 

FT 

PSIA 
UEGREES F 

PSIG 
DEGREES F 
PSIG 
MCFIDAY 
EPLS. / D R Y  
SI)'F/OGL. SEP. WATER 

SCF/BBL. S. T. WATER 

PSI4 @ 69 DEGREES F 
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I . 1. ',. . . ..... . ----- 
\/Hu P f  

Fb 

FpB 

Fr 

Y2 

Fg 

F t f  

Fpv 

Q =  

Q =  

143.7473 

115.61c18 

1. @955 

1. @8@3 

1 0 @e94 

1 1844 

(3.3478 

1.6152 

r r  ~ 7 . >  psia 

@. 759 I' 

Pf  = 

d =  

\/Hw P f  x Fb x Fpb x Fr  x Y2 x Fg x F t f  x Fpv x 24 

427.2 MCF/day @ 14.&5 PSIA @ 6(3 Degrees F 

LOB NO. N1814-18846 362 
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. .  . . .... . .  -. .... . . .  

Reservoir Temperature, Degrees F 

Saturation Pressure at 388 I legrees, Psia 

Compressibility o f  R e s e r v o i r  O i l  at 388 Degrees F 
Vol. per Vol. per Psi i: 19 6 

From 746.9 Psia to 3(3(?4 Psia 
Froin '?ti@(? Psia to 11275 Psia 

Saturated Oil at 746.8 Psia, 388 Degrees F 
Density, Gms. per HI. 

L b s .  per Ptl. 
Specific Volume, Cu.Ft. per Lb. 
Viscosity, Centipoise 
Formation Volume Factor, I3bls. per Bbl. 

Solution Gas-Oil Ratio, Cu.Ft. per Ptll .  
"Equivalent Stock Tank Oil" at 60 Degrees F 

"Equivalent Stock Tank O i l "  at 68 negrees F 

Reservoir Oil at 11275 Psia 388 Degrees F 
Density, Gms. per f l l .  

Lbs. per Btl. 
Specfic Volume, Cu.Ft. per Lb. 
Viscosity, Centipoise 
Formation Volume Factor, P b l .  per B b l .  

"Equivalent S t o c k  'rank Oil" at 68 Degrees F 

Thermal Expansion at Psiii, 7. per Degrees F 

NOTE: REFERENCES TO 'OIL' ABOVE SHOUL~I READ 'WATEF 

* EASE11 ON SEPARATOR LJATER FLASH. 

DIFF. L I B .  

1.8264 

e. 815686. 
8.3603 

353.8 

. 1.8603 * , 1. (3621 
25.83 * , 25.73 WET 
24.4:; * , 24.58 DRY 

1.0379 

(3.815434 
e. 379 

363.8 

I .  8334 
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THE GR!!Y COMFANI E5 
PLEFI"SANT PR'I'CII? WELL tKl. 2 
PLERSANT FR'IOU F I E L D  

11275 RES. 
9759 B.P. 

9L30Id 

7U80 
6UU0 
5000 
4U08 
3000 
2 b m  
10m 
500 
1 4 1  
1 W O  

a 0 a ~  

a9 

0.9962 8.915435 1(38.9(3 
1.8898 8.815493 108.09 

1 0  8825 
1. $862 
1.9101 
1.9141 
1.6183 
1.41258 
1.0341 
1.0319 

1.2384 
2.4943 
3.9418 
5.1137 

1.1031) 

8.835537 
@.815589 
8.915658 
8.015712 
8 9 1 5786 
8.815281 
9.916(322 
8. ,? 1 t237 
8.917179 
@.819964 
8.833445 
e. Q61871 
9. 979227 

RIJEBLE 
99.95 
93.85 
93.74 
96. st* 
v3.25 
98.64 
97 D 26 
92.28 
83.73 
43.99 
27.59 
20.41 

1 e 8434 
1.0534 

NOME t C L  ATURE : 

W/VSAT. IS THE VOLUME OF F L U I D S  (011. ANI3 FnS) AT THE INDICATED 
TEMPERATURE AND PRESSURE RELATIVE TO THE VOLClME OF SATUGRTEI! 
O I L  AT 8?rl?PLE-POINT PRESSURE ANI! INDICATED TEMPERATURE. 

Bo IS THE VOLClME OF O I L  AT RESERVOIR TEMPERATURE AND INDICATED 
PRESSURE RELATIVE TO 7HE VOLllME OF EQUIVALENT STCJCK TANK OIL 
MEASURED AT 66 DEGREES F. 

GAS-OIL RATIO, 
DEGREES F, PER BARREL OF STOCK TANK O I L  AT 69 DEGREES F. 

IS CUBIC FEET OF GAS AT 14.65 PSIA AND 69 

NOTE: *+ EfiSED ON SEFAWTOR WATER FLASH. 
REF. TO ' O I L '  AfirJVE StiOULD READ 'WATER'. 

LAB. NO. N1814-18846 164 

29.6.2 38.28 
29.62 3.28 
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11275 RES. 
li3Wld 
skJlda 
6008 
4@QQ 
3000 E.P. 

20UU 
1452 

0.9764 
8.9779 
0.9355 
8.3312 
9.9979 
1. @99@ 

1.0975 
1.9162 

9.91 5437 
0.9 1 5493 
8.915581 
41. Q1.5671 
9.915763 
8.815819 

9.9 15323 
8.816867 

194. 89 
19@.@@ 
Id@. 88 
198.418 
1(?@.98 
1418.08 

99.51 
Y8.88 

1.8473 
1.8519 
I .  9579 
1.8632 
1.8634 
1. a726 

1 

t 
PSI A I PND 60 

NOHENCLATIJRE : 

VNSAT.  IS THE VOLUME OF FLUIDS (OIL AND GAS) AT THS INDICATED 
TEHPERATURE AND PRESSURE RELATIVE TO THE VOLUPIE OF SATIJRATEII 
01 L AT BUEPLE-PO I NT PRESSURE AND I N3 I CA'TED TEMPERATURE. 

Bo IS THE VOLUME OF OIL AT RESERVOIR TEMPERATME AND It4JICATElJ 
PRESSURE RELATIVE TO THE VOLIJHE OF EQUIVALEN7 SlOCK TANK OIL 
HEASURED A T  68 DEGREES F. 

3 

I 
GAS-OIL RATIO, IS ClP- IC FEET OF GAS AT 14.65 
DEGREES F, FER BARREL OF STClCK TANK OIL AT to0 DEGREES F. 

NOTE: ** EASED ON SEPARATOR WATER FLASH. 
REF. TO 'OIL' ABOVE SHOULD RECII! 'WATER'. 

13.78 14.35 
13.78 14.3.5 
13.75 14.35 
13.78 14.35 
13.73 14.35 
13.78 14.35 
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11275 RES. 8.989?, 8.915434 1?,9.88 8.379 1.63486 1.85(?4 24.58 25.78 
llcB00 8.3926 8.815491 180.68 8.373 1 s 8525 1.8542 24.54, 25.78 

90G0 41.9955 0.015535 184.88 0.369 1,8555 1.8573 24.54 25.78 
9.9984 (?.915581 108.88 8.365 1 . (ir5.76 I 86@4 24.38 2%. 78 

7460 B.P. 1.8WM 9.819686 lW.@@ 6.34.3 1 . @6@3 l.fM.21 24.58 25.78 
8000 

740(6 
70UB 
6800 
50WJ 
4(68(6 
3000 
2000 
10cd0 

50u 
150 
102 
15 
15*. 

1.61982 8.815610 
1.8015 0.015638 
1.0954 0. @I5671 
1,8896 9.815756 
1.8148 6.815837 
1.8224 8.8 15956 

1.9825 . 8.816834 
1.1387 8.011582 
2.8653 0.63223 1 
3.2622 8.9569 1 4 

1.0378 9.816.184 

BUBBLE 
39.93 8.3hl 
99.98 6.357 
97.75 8.354 
9Y.59 8 ~ 351s' 
99.13 (3.353 
93. e2 e. 356 
34.17 8.301 
85.45 
51.76 
31.75 

1.8631 13.77 

1.8737 13.35 

I .  8784 6.30 

1 * 6888 e .  88 

NOHENCLATURE: 

VNSAT. IS THE VOLUME OF FLUIDS (OIL AND GAS) AT THE INDICATED 
TEMPERATURE AND PRESSURE RELATIVE TO THE VOLClME OF SATIJRATED 
01 L AT BUBELE*-PO I NT F'RESSLRE RND IND I CATED TEHPERATURE. 

Bo IS THE VOLUVE IT OIL CIT RESERVOIR TEMFERATURE AND INDIIX'T'ED 
PRESSIJRE RELATIVE TO THE VOLllHE OF EQl.!IVALENT STOCK TANK UIL 
HEASIJRED AT 68 DEGREES F. 

GAS-OIL RATIO, IS CUBIC FEET OF GAS AT 14.65 PSIA AND 68 
DECaEES F, PER BARREL OF STOCK TANK OIL AT C+B DEGREES F. 

NOTE: ** BBSEI! ON SEPARATOR WATER FLASft. ALSO BASEIS 
or4 SEP. WATER FLASH: SOLUTION GAS IN RESERVOIR 
FLUID IS 24-45 SCF DNY GRS/BBL. S.T. WATER e 69'F. 
REF. TO 'OIL' ABOVE SI-IrJllLD REllll 'WATER'. 

LAB. NO. Nl814-19846 
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COMPOSITE LABORATORY DATA 388 DEGREES F 
-------_----.-------__._________________--- 

11275 RES. 0.9521 
9000 4.7857 
8WW0 8.7714 
60BB 8.9972 
5051il B.P. 1.8808 

580ld 
40160 
3000 
2000 
10065 
5U8 
193 

1.8881 
1.8043 
1. 8099 
1.0218 
1.8555 
1.1457 
1.5889 

8.9 1 54 36 
4. 91S4m 

8. 8 15673 
8.8 1571 7 

8.9195:32 

6.615719 
8. 815789 
8. e15873 
8.816647 
8.816576 
8.81881 1 
9.824662 

188.98 
lo@. 88 
180. 89 
leB.88 
1 w .  98 

BUBBLE 
77.98 
99.46 
98.89 
95. % 
58.52 
61. 13 

1.8488 
1.9518 
1 8573 
1.8641 
l.t?471 

NOflENCLATURE : 

V/VSC\T. IS THE VOLUME OF FLUIDS (OIL AND GAS) AT THF INITICA'TED 
TERPERATURE AND PRESSURE RELATIVE TO THE VOLlrME OF SATURATED 
O I L  AT PUBBLE-POINT PRESSURE AND INDTCATED TEMPERATURE. 

Bo IS THE VOLIJE OF OIL AT RESERVOIR TEMPERATURE f'4NI.I INDICATED 
PRESSWE RELATIVE TO THE VOLlJME OF EQUIVALENT STOCK TRNE OIL 
MEASllREIS AT 69 DEGREES F. 

GAS-OIL RATIO, IS CllEIC FEET OF GAS AT 14.65 
DEGREES F, PER BARREL OF: STOCK TONE OIL AT 60 DEGREES F. 

I 

PSIA AND 68 

NOTE: ** BASED ON SEPARATOR WATER FLASH. 
REF. TO 'OIL' Al3OVE SHWLJI RERLI 'WATER'. 

17.94 19.64 
19.86 17.64 

17.96 13.64 
19.@6 19.64 

17.8t. 13.64 
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. '  
CAS-WATER RATIO 

(SCF DRY SEP. GAS 14.65 F'SIA ?i 60'F) ____________________--_-----------_---- 
(EEL. SEP. WATER E! 560 PSIG t 287'F) 

27.4 EXTRAPOLATED 

25.80 

29. 10 

15.80 

10.90 
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SOLUTION GAS-WATER RATIO, DRY = 3.22 

, WET = 3.77 

.:._ . 

SHRINKAGE = 9.V468 

STOCK TANK WATER DENSITY = 1.(?845 

GAS GRAVITY , DRY = 8.9861 

9 WET = 8.8Glt. 

P!?ODLICED OCTOBER 14, 1982: 

GWR = 2 1 . 2 3  + 3.22 = 24.45 

GWR = 21.24 4. 3.79 = 25.83 

LAB. NO. N1814-19@46 

VOL. S.T. WATER e 69'F 
-----------.-.---------.-_---I__--- 

VOL. SEF'. H2@ @ 504, PSIG ?< 287'F 

(SEE ANALYSIS) 
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WATER 

CAREON DIOXInE 

NITROGEN 

METHANE 

ETHANE 

P R 0 FAN E 

N-EUTANE 

ISO-PENTANE 

N-FENTANE 

HEXANES 

TOTAL 

Cl4ROMATOGRAPH I C RNALYS I S 

12. 497 

8.552 

82.578 

2.835 

8.923 

0.141 

0.131 

6. a36 

8.928 

8. e28 

0.173 ------- 

12.491 

8.552 

82 D 56@ 

2.874 

8.723 

141 

9.131 

e .  836 

(3. c328 

0. @28 

8.179 ------- 

8.7129 8.7129 
GRAVITY ( N R  = 1.08) 

NOTE: WATER HEASIJRECI ON SITE, AVERCIGE 3 FiUNS. 
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SOLllT I ON GAS FRc7fl 
SEPARA'KR WATER FLASH 
e 0 FSIG 9! 76'F 
(CALCULATED N I  TRCGEN FREE 1 

HATER 

CARBON DIOXIDE 

N I 'I'ROGEN 

METHANE 

ETHANE 

PROPANE 

ISO-BUTANE 

N-BUTANE 

I SO-PENTANE 

N-PENTANE 

HEXANES 

HEPl ANES PLUS 

TOTAL 

GRAVITY (AIR = 1.W)  

NO. N1814-18846 171 

62. ?5 

1.64 

9.33 

0.82 

8. 83 

0.98 

53.43 

1.31 

e .  28 

9.62 

0.93 

9.49 
1 

0.68 : 6. m 

0.48 0.94 

199. 99 lee. B(?1 

0.9961 4.8611r. 



DRY MET 
flOLE 7. 

__________.__--_--.---.---- 

WATER 

CAREON t) I OX I DE 

N I TRUGEN 

UETHANE 

ETHANE 

PROPANE 

1 SO-BUTANE 

N-BUTANE 

ISO-PENTANE 

N-PENT ANE 

HEXANES 

TOTAL 

5.19 

---- --.-_- 

88.13 85.84 

4 .11  4.88 

1.82 1.77 

8.31 

8.3@ 

8. (37 

@.65 

9. e@ 

8.38 

e. 2Y 
9. w7 

8.@5 

9.89 

GRAVITY (AIR = 1.88) 0 .4345 Q,. 6536 

GAS DEVIATIUN FACTOR (2) = 1.@431 5888 F'SIA 4 388'F 

BELS. GAS IN RES./MMSCF (By) = Ii(34 @ 5888 FSIA 4 383'F 



. -  

WATER 

CARBON DIOXIDE 

N I TROGEN 

HE7 HANE 

ETHANE 

PROFANE 

ISO-BUTANE 

N-PUT ANE 

ISO-PENTANE 

N-PENTANE 

HEXANES 

HEPTANES PLlJS 

CHROflRTOGRAPtiIC ANALYSIS 

2.75 

----- 

91.35 

3.55 

1.35 

8.22 

8.21 

8.84 

8. e2 

8.88 

e .  08 ------- 

le@.@@ 1@8. tr@ TOTAL 

GRAVITY ( A I R  = 1.88) 0 .5193 8.6182 

GAS DEVIATION FACTOR ( 2 )  = 8.3724 @ 38@@ PSIA ,O, 388'F 

PBLS. GAS I N  RES./HHSCF (Bg) = 1,243 @ 3888 PSIA S 398'F 
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SOLI.!T I ON GAS FRCPl 
I@@(? FSIA SRMFLE - 
DIFFERENTIGL L.IFERAT1ON 
(CALCULATED NIfROGEN FREE 1 

. .  
CHROMATOGRfiPHI I= ANALYSIS 

WATER 

CARBON D I OX I DE 

NITROGEN 

METHANE 

ETHANE 

F'ROF'ANE 

I SO-P.l_rTANE 

N- BUT ANE 

ISO-PENTANE 

N-PENTANE 

HEXANES 

HEPTANES FLLlS 

TOTAL 

FRNITY ( A m  = 1 . w )  

GAS DEVIATION FACTOR (Z) 

EBLS. GAS I N  RES./BMSCF (Bg 

LAB. NO. N1814-18845 

QI. 6449 8.6431 

= 0.7482 C 1889 PSPA % 39S'F 

= 3732 I@(?@ PSIA *f 36S'F 

r 



. .  . . .... .. . .  .,_ .... 

. .  

WATER 

CAR RON D I OX I DE 

NITROGEN 

METHANE 

ETHANE 

PROPANE 

ISO-BUTANE 

N-BUTCINE 

I SO-PENTANE 

SOLllT I ON GAS Fl\'oH 
15 PSI4 SRRPLE - 
DIFFERENTIAL LIEERATIUN 
( CALC:ULATED N I  TRCIGEN FREE 1 

CHROMATOGRAFH TC: ANALYSIS 

N- F'E NT ANE 

HEXANES 

HEPTANES PLUS 

. g  

--..----------- 
TOTAL 

GRAVITY ( A I R  = 1.88) 

33.43 

----- 
64.15 

2.99 

9.39 

9.85 

e. 94 

0.92 

8\81 

8.99 

8 .  Glo -.-----.- 

I@@. 88 

0.8932 

18.45 

29.94 

---- 

97.44 

1.79 

8.27 

9. 94 

e. 04 

8. r32 

h.01 

Q. 99 

Q. 09 

166. (38 

GCIS DEVIATION FACTOR (Z) = 1.WM C 15 PSI4 ,pC 3Q8'F 

EELS. GAS I N  RES./MflSCF (Bg) = 263,881 '3 14.65 PSIA J! 30S'F 
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