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ABSTRACT 

Coflexip (France) flexible drilling pipe can provide economies in drilling 
geothermal wells. However, the current liner materials cannot take the high 
temperatures (-25OC) and pressures (-69 MPa). 

Development was undertaken to replace the liner with higher temperature 
materials and, thus increase the temperature capability of the flexible pipe. 
DuPont Teflon PFA 350, L'Garde EPDM Y267 and L'Garde AFLAS 291 were considered 
but they all require backing by a closely woven stainless steel fabric to 
prevent extrusion. 

A graphite-reinforced EPDM elastomer was developed which has the potential of 
meeting the pressure-temperature requirements without the metal fabric 
reinforcement. 
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I 1.0 INTRODUCTION AND SUMMARY 

Flexible d r i l l i n g  pipe provides the potential for decreasing the cost 
of d r i l l i n g  geothermal wells by enabling reeling a continuous pipe rather than  
making and breaking jo in t s  of r i g i d  pipe. The Coflexip flexible dr i l l ing pipe 
described i n  Section 2 uses a nylon l iner which cannot survive the h i g h  tempera- 
tures. The objective of th i s  program was t o  develop modifications such that the 
pipe can take 69 MPa pressures and 125C temperatures dur ing  dr i l l ing,  and 2 MPa 
pressures and 250C temperatures during equipment down times. 

The l iner  is backed-up by a flexible interlocking Zeta pipe which has 
gaps a t  the interlocks as large as one mm for 51 mn inner diameter pipe. 
the l iner  is forced i n t o  these gaps by the pressure, f lex ib i l i ty  if  reduced and 
damage t o  the pipe will occur when a bending moment is applied. 

If 

Simple screening t e s t  equipment and more complex simulation test 
equipment were designed and b u i l t  (Section 3) t o  evaluate candidate liner 
materials. Ten materials t h a t  had the potential for withstanding the environ- 
merits were identified by Sandia and L'Garde. These were tested, and seven were 
rejected because they deleteriously softened a t  250C or had inadequate elongation 
for the application (Section 4). The three materials which looked the best were 
Teflon PFA 350, L'Garde EPDM Y267 elastomer and L'Garde AFLAS 291 elastomer. 
However, they a l l  suffered mechanical damage a t  69 MPa pressure a t  125C 
(Section 4).  

I 

Stainless steel fabric was successfully used t o  reinforce the down- 
stream surface of the three materials by reducing the span the material must 
bridge (Section 5). The l iner materials d i d  not penetrate significantly into 
the metal fabric, and the metal fabric d id  not penetrate significantly i n t o  
the Zeta pipe gaps. 

In addi t ion  t o  the metal fabr ic  reinforcement approach, a small 
development was undertaken i n  whi ch EPDM and AFLAS elastomers were reinforced 
w i t h  Kevlar 29 and/or graphite chopped fibers i n  add i t ion  t o  Inconel 718 strands. 



A1 so graphi te-reinforced EPDM compounds were investigated and have a reasonable 
probability of meeting the requirements (Section 6) .  These compounds penetrated 
1.0 and 1.5 mm gaps by 1 mm depth or  less. 
anticipated t o  be satisfactory because the material would be pushed out  of the 
Zeta pipe gaps as the pipe was bent. 

Penetration of this amount is 
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2.0 COFLEXIP FLEXIBLE DRILLING PIPE 

Coflexip flexible pipe* combines thermoplastic layers i n  a steel 
structure that has the f lexibi l i ty  of reinforced rubber hose and the strength 
and durability of steel pipe.  
pipe i n  t ha t  i t  can be reeled-up avoiding the time-consuming making and break- 
i n g  of jo in ts  necessary w i t h  rigid pipe.  

I t  has advantages over conventional d r i l l i n g  

Dozens of different structures have been developed for specific 
applications, i n  sizes from 13 t o  600 mm ID, and w i t h  working pressures up t o  
100 MPa. All of these structures, however, are derived from the same basic 
design (see Figure 1 )  which consists o f  three elements. 

o Interlocking Z-section s 1: This spiral-steel layer -- or  
carcass -- provides the 
exerted by interna nd external pressures provides h i g h  
fatigue stren 

ength for the h i g h  radial loads 

the pipe from k i n k i n g .  

o Armoring laye continuous, f l a t  steel 
straps spiralling i n  opposite directions. Without  detracting 
from f lexibi l i ty ,  these layers add to  the impact strength o f  
the pipe and give i t  longit inal tensile strength comparable 
t o  steel pipe. 

outside (construction varies f o r  some applications) perform three 
o Thermopl as t i c  1 ayers: Extruded the 

h i g h  pressure. If  the l i  
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Figure 2 contains a photo o f  the Zeta pipe cross section, and a set  
o f  measured dimensions. The object ive o f  t h i s  program was t o  develop a high 
temperature system which keeps the Zeta pipe gaps voided and thus the Zeta 
pipe functional. The conditions o f  i n t e r e s t  are: 

o 2 MPa pressure a t  250C temperature 

o 69 MPa pressure a t  125C temperature 

During d r i l l i n g ,  the pipe w i l l  experience the high pressure, low temperature 
condition. 
w i l l  resu l t .  

I f  d r i l l i n g  stops, the low pressure, high-temperature condit ion 

Measurements o f  the Zeta pipe showed t h a t  i t  contracts and elongates 
a t o t a l  o f  9% o r  less. Therefore, the l i n e r  must have an ul t imate elongation 
o f  more than 9%. 

2.1 DISCUSSIONS WITH COFLEXIP 

I n  an e f f o r t  t o  keep the development pert inent, discussions were held 
with Cof lexip t o  assess constraints t h a t  manufacturing, handling, r i g  use, etc. 
may place on the design. A meeting was he ld  w i th  Coflexip and Services, Inc. 
t o  gain fur ther information, as ou t l ined  below. 

Q. What processes and machinery are used t o  make and apply the 
inner and outer l i n e r s ?  

A. Each layer o f  Coflexip pipe i s  put on i n  a separate operation. 
The nylon i s  extruded, cooled and placed on a ree l .  The Zeta pipe i s  fabr icated 
over the nylon tube (which comes from a r e e l )  and then r o l l e d  onto another reel .  
Middle and outer layers o f  nylon o r  rubber are extruded d i r e c t l y  on the pipe 
and immediately cooled. 
lems w i t h  pressure o r  temperature l i m i t a t i o n s  f o r  other l i n e r  materials. 
screw which feeds the mater ia l  would probably be changed f o r  a new material.  

Coflexip personnel d i d n ' t  bel ieve there would be prob- 
The 

Q. Does Coflexip make a 150 mm ID, 69 MPa pipe tha t  Sandia needs? 
If so, what are the d i f f e r e n t  layers? 

A. 150 mm ID, 69 MPa pipe has not been made. The configuration, 
from ins ide t o  outside, would probably be: a) high-temperature l i n e r ;  b) Zeta 
pipe; c) f lat-bound pressure armor and counterwound Zeta pipe; d) high- 
temperature l i n e r ;  e) two layers o f  t ens i l e  armor; f )  high-temperature rubber. 

1 I1 
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Dimensions I n  
Mi' 11 imeters 

Figure 2 Zeta Pipe Cross Section 



Cof lex ip  bel ieved i t  was essent ia l  t o  have an outer  layer  o f  rubber 
t o  form a seal wi th  the BOP. 
rubber on the pipe i n  three meter lengths. 
work economically w i t h  the L'Garde elastomers. 
ex is t .  

Tooling i s  avai lab le which compression molds 
They thought t h i s  machine would 

Post cure equipment does not 

Q. Could a layer  o f  ax ia l  f l a t  s tee l  r ibbon (normally e x t e r i o r  t o  
the Zeta pipe) be appl ied t o  the Zeta pipe i n t e r i o r  instead? 

Placing t e n s i l e  armor on the ins ide  i s  no t  a good idea since i t  has 
an uncontrol led gap. The Zeta pipe was invented so le l y  t o  provide a minimum 

gap 

4. What l i n e r  materials, other than nylon, were evaluated during 
the development o f  Cof lexip f l e x i b l e  pipe? 

Perhaps 200 l i n e r s  were evaluated. A l i s t  was not  avai lable. 

Q. I f  a new high temperature l i n e r  mater ia l  required special ized 
equipment t h a t  ex is ted elsewhere, are any problems foreseen w i th  receiv ing 
ree ls  o f  l i n e r  f o r  incorporat ing with the s tee l  elements? 

A. No problems. 

2.2 SYSTEMS ANALY SI S 

The question was raised: W i l l  an elastomeric l i n e r  s lowly creep t o  
the bottom o f  the wel l  due t o  i t s  own weight? Based upon the fo l lowing sim- 
p l e  analysis, t h i s  doesn't seem t o  be a problem. 

I f  the l i n e r  receives no support from the Zeta pipe, the stress a t  
the top of the l i n e r  i s  

s = pL 

where p i s  the mater ia l  denstty and L i f  the l i n e r  length. If p = l1000Nm-3 
and L i s  1500 m, the stress i s  16$MPa. Without support, then, the elastomer 
would elongate and break. 
a t  room temperature are 14 MPa and 200%, respectively.) 

(The u l t imate stress and elongation o f  Y267 EPDM 
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What i n te rna l  pressure, then, i s  needed t o  firmly ho ld  the rubber 
t o  the  Zeta pipe by f r i c i t o n ?  This turns out t o  be 

P = t p / f  

where t i s  the l i n e r  thickness (6 mm) and f i s  the steel-to-rubber f r i c t i o n  

coeff ic ient  (about one). The required pressure then i s  0.07 MPa. This i s  
considered negl ig ib le .  For instance, atmospheric pressure increased by tha t  
amount only s i x  meters down. And pressures greater than 2 MPa are expected. 

With an i n te rna l  pressure greater than 0.07 MPa, then, the elasto- 
mer i n  contact w i th  the  s tee l  cannot move i n  any d i rect ion.  
t h i s  in ter face,  the l i n e r  has t o  support i t s  weight wi thout creeping. The 
shear stress i s  

Further away from 

ss = p t  = 0.07 MPa 

EPDM 267 should no t  creep under such a load. 
s ive creep was measured f o r  267 EPDM: 

Under another program, compres- 

Compressive 
Stress Temp. Creep Temp. Creep 
(MPa) (0c) (m/m-yr) ( O C ~  jm/m-yr )  

, 
0.3 251 0.1 
0.7 256 0.2 
2.1 259 1 .o 

36 1 
308 
31 2 

11 
14 
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3.0 TEST EQUIPMENT 

Simple t e s t  devices were designed and b u i l t  t o  evaluate l i n e r  material 
and composite candidates. A more elaborate t e s t  was conceived, designed and 
b u i l t  f o r  t es t i ng  the best concepts i n  a quasi dynamic simulat ion o f  actual 
operat ion. 

3.1 SCREENING TEST RIGS 

Separate t e s t  f i x tu res  were required and b u i l t  f o r  each o f  the t e s t  
pressures: 
extrusion resistance o f  the candidates a t  temperature. 

2 and-69 MPa. The object ive o f  these tests  was t o  evaluate the 

The low pressure f i x t u r e  i s  shown i n  Figure 3. I t  i s  placed i n  a 
heated hydraul ic  press and brought up t o  250C temperature. A f l a t  specimen 
i s  placed on top and the 2 MPa pressure i s  appl ied w i th  the press. The gaps 
represent the gap i n  the Cof lexip Zeta pipe. Fu l l y  expanded, the .. Zeta pipe 
has a gap of 1 nun. The distance t h a t  the material would penetrate these gaps 
i s  a parameter measured i n  t h i s  test .  As i t  turned out, the pressure was so 
low t h a t  the material would no t  enter  the gaps unless i t  became external ly  
so f t .  Therefore, those materials which d i d  not catastrophical ly soften a t  
250C survived t h i s  r e l a t i v e l y  benign evaluation. 

For the high pressure evaluation, the Figure 4 f i x t u r e  was developed. 
The cy1 inder  provides 1 atera l  support 
supplied. 
This f igure  i s  designed t o  work i n  conjunction w i th  a heated hydraul ic press 
which provides the force and the 125C temperature. A 38 mm d i a k t e r  by 6 m 
th i ck  "hockey puck" o f  t e s t  material i s  the stand t e s t  specimen placed ins ide 

r the material as the 69 MPa force 
This simulates the 3-dimensional condit ions i n  the actual d r i l l  pipe. 

the device. The general procedure was as follows: - 
1. Apply 17.2 MPa pressure; measure and record penetrat ion depth 

a t  0, 5 and 10 minutes. 
. L  - 

2. Repeat Step 1 f o r  34.5, 51.7, and 69 MPa. 

15 
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7 5 DIA.  HOLE THRU 6.4 - 20 UNF -2B /- 10 DEEP THD, 

\ /  

Dimensions 
Are I n  

Millimeters 

I DIA. 

* 76 DIA .  -4 

Figure 4 High Pressure Screening Test Fixture 
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3.2 SIMULATION TEST R I G  

The Coflexip Zeta pipe, when fu l ly  bent, has a maximum gap of 1 nun 
f o r  51 mm I D  pips, respectively. The l i n e r  must bridge t h i s  gap whi le under 
temperature and pressure. I n  addition, during bending, the l i n e r  must elas- 
t i c a l l y  contract (or  expand) about 9% f o r  51 mm I D  pipe. 
there w i l l  be some abrasion between the l i n e r  and Zeta pipe. 

During t h i s  process, 

Coflexip sa id  tha t  t h e i r  nylon l i n e r  w i l l  weaken a t  250C and enter 
This w i l l  r e s u l t  i n  the Zeta pipe breaking o r  being damaged when the the gap. 

pipe i s  bent. 
ment o f  geothermal Cof lexip D r i l l i n g  Pipe. 
developed which simulates these circumstances. 

Overcoming t h i s  s i t ua t i on  i s  a c r i t i c a l  aspect t o  the develop- 
Therefore, an evaluation t e s t  was 

Section 3.1 covers Screening Tests which were used t o  narrow the 
f i e l d  o f  candidates t o  a more economic number. 
then evaluated i n  the Simulation Test t o  a) evaluate t h e i r  resistance t o  
abrasion o r  other dynamic phenomena, and b )  demonstrate i f  marginal ly extrusion 
res is tan t  materials are sa t is fac to ry  because they are squeezed ou t  of the gap 
and do no t  remain t o  be pinched i n  the Zeta pipe. 

The surv iv ing candidates were 

The t e s t  section i s  shown i n  Figure 5. The mater ia l  being tested 
as a l i n e r  i s  made i n t o  a hat-shaped specimen. Most o f  t h i s  h a t  bears against 
a piece o f  Cof lexip Zeta pipe tha t  i s  welded t o  the upper and lower s tee l  
pieces . 

When Cof lexip pipe i s  bent, the gaps on one side o f  the Zeta pipe 
narrow whi le  the gaps on the other  s ide broaden. For economy, i n  t h i s  simu- 
la t ion ,  there i s  no bending. The t e s t  section i s  elongated (o r  compressed) 
t o  open ( o r  close) a l l  gaps simultaneously. S imi lar  t o  the Screening Tests, 
t h i s  f i x t u r e  i s  designed t o  operate i n  conjunction w i t h  a heated 450,000 Newton 
hydraul ic  platen press. The press provides a convenient source f o r  the force 
and the 250C temperature. 
regulated t o  provide the desired Zeta pipe gap. 

The distance between the hydraul ic press platens i s  

18 
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The f r i c t i o n  between the Zeta pipe and support tube i s  s ign i f icant .  
I f  the tube had t o  take the f u l l  pressure, the s t a t i c  f r i c i t o n  coe f f i c i en t  
must be 

= d/4L PAC 
fs pg 

z 0.109 

A high temperature, dry l ub r i can t  i s  needed and was used. The allowable co- 

e f f i c ien t  o f  f r i c t i o n  can be increased by a shor ter  Zeta pipe (per the above 
formula). Instead, the tube i s  being made s l i g h t l y  l a rge r  than the Zeta pipe 
so tha t  the l a t t e r  can be stressed t o  near y i e l d .  I n  t h i s  way the Zeta w i l l  
car ry  a t  l e a s t  h a l f  the pressure, and the f r i c t i o n  c o e f f i c i e n t  can be as high 
as 0.2 o r  more. 

The pressur izat ion and instrumentation system i s  shown i n  Figure 6. 
Figure 7 contains photos o f  the completed system. This system pressurizes the 
t e s t  l i n e r  i n t e r i o r  t o  any pressure up t o  69 MPa. Because o f  t h i s  la rge  
pressure range, the accumulator, A, i s  used f o r  pressures under 9 MPa and the 
pressure i n t e n s i f i e r ,  I, i s  used f o r  pressures between 9 and 69 MPa. 

A de ta i led  procedure f o r  operating t h i s  system i s  provided i n  the 
Appendix. 
closed t o  i s o l a t e  the low pressure accumulator. 
brought f u l l y  down and he ld  there. A vacuum i s  pu l l ed  a t  V1, and s i l i c o n  o i l  
i s  back - f i l l ed  i n t o  the t e s t  sect ion and i n t e n s i f i e r .  

I n  summary, say a high pressure (>9 MPa) i s  desired. Valve V 2  1 s  
The i n t e n s i f i e r  p is ton  i s  

Nitrogen pressure i s  appl ied t o  the bottom o f  the i n t e n s i f i e r  from 
a ni t rogen b o t t l e  and the regulator, R. Because the area r a t i o  between the 
bottom and the top o f  the i n t e n s i f i e r  i s  10.6, a n i t rogen pressure o f  7 MPa 
resu l t s  i n  an o i l  o r  t e s t  pressure o f  approximately 74 MPa. 

The ni t rogen and o i l  pressures are read on gages G1 and 63. Tempera- 

I f  
tu re  i s  read v ia  a thermocouple strapped t o  the t e s t  f i x t u r e  support tube. 
F ina l ly ,  the pressure switch i s  connected t o  a 7-day clock (not shown). 
the l i n e r  breaks o r  leaks whi e the system i s  unattended, the clock w i l l  s top 
thereby prov id ing time o f  f a i  ure. 
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BD2: 1,500 psi burst disk 
G1: 15,000 psi pres 
G2,63: 1,500 psi press 
I :  10,000 ps i ,  5 c 
R: 
s1: 
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Figure 7 Control Test Panel 

b) Pressure Devices 



The insulated t e s t  section is i n  a platen hydraulic press. Most of 
the time, the press will be ful ly  open -- giv ing  the l iner  maximum opportunity 
to creep i n t o  the Zeta pipe gaps. A t  predetermined times, the gap will be 
closed using the press. The intensifier o r  accumulator will back off t o  
accept the f l u i d ,  and the regulator will relieve the system of excess pressure. 

The system was checked out w i t h  an EPDM Y267 elastomeric l iner ,  and i t  
operated as desired. The simulation works as designed b u t  w i t h  the originally 
unanticipated metal fabric there are anomallies -as described i n  Section 5. 





I 

3 
. 

and the fol lowing state- 
r gea thermal Cofl  ex i  p 

d r i l l i n g  pipe: 

I C 1  Americas PEEK 

These were f i r s t  
nd Udel cata- 

appl icat ion. These post t e s t  specimens (except f o r  V i t rex)  are shown 
Figure 8. 

sequently 125C, 69 MPa) 

po in t  i s  about 70 MPa 
use i n  a f l e x i b l e  pipe. 

the same reason. It has 

an e l a s t i c  modulus o 
e a t  .least a 9% s t r a i n  i s  needed p r i o r  

survived the temperature 
These plus the base- 
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Figure 8 Materials Rejected Because of Poor Performance a t  250C 
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line nylon 11 were then tested a t  pressures up t o  69 MPa. The test results are 
provided i n  Tables I through IY. 

What is acceptable? The Zeta pipe has a radius of approximately 1 mm 
The l iner  could penetrate the gap as much as 1 mm when i t  is fully a t  the gap. 

open (1 mm wide). 
out. 
material out, and failure is likely. 
loses bending abil i ty.  
o r  less into a 1 mm gap is acceptable. 

Then when the gap closes, the liner is  likely to be pushed 
With greater penetration, there is no component of force push ing  the 

Failure is  assumed to  occur when the pipe 
Therefore, i t  will be assumed that penetration of 1 mn 

From Tables I through I V ,  us ing  the above cr i te r ia ,  i t  is  seen that 
the candidate materials a t  125C can take the following pressures: 

Nylon 11 34 MPa 
Teflon PFA 350 39 MPa 
AFLAS 291 
EPDM Y267 

28 MPa 
17 MPa 

None meet the 69 MPa requirement. 
therefore does not meet the 250C, 2 MPa requirement as the 0 t h  

( O f  course, Nylon 11 is too so f t  a t  250C and 

Figure 10 shows two o f  the specimens a f te r  exposure to 69 MPa pres- 
sure and 125C temperature. 
i n  shear as the unsupported material enters the gap. 
as the material is pu l l ed  from the t e s t  fixture. The Teflon flows i n t o  the gap, 
and can be removed intact. 

The elastomers, both AFLAS 291 and EPDM Y267,.fail 
I t  them fa i l s  i n  tension 

Neither result is acceptable. 

These data lead to  the conclusion that the compounds which can take 
the h i g h  temperature need some reinforcement to  limit the extrusion a t  the 
h i g h  pressure. 
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TABLE I 
Nylon 11 Penetration Distance (mm) Into Gap 

Press ure 

Room Temperature 
34.5 MPa 
68.9 MPa 

125OC Temperature 
17.2 MPa 
34.5 MPa 
51.7 MPa 
68.9 MPa 

25OoC Temperature 
~ 

Gap Width (mm) 

1.0 I 1.5 
I 

0.2 
0.2 

0.2 

0.2 

0.5 
1 .o 
1.5 
3.0 

0.5 
1.5 
1.8 
4.1 

I 

2.0 
0.8 
0.8 

1 .o 
1.5 

. 2 . 3  
5.6 

TABLE I1 
EPDM Y267 Penetration (mm) Into Gap 

Pressure 
~ 

125oC Temperature 
~ 17.2 MPa 

34.5 MPa 
51.7 MPa 
68.9 MPa 

25OoC Temperature 
17.2 MPa 
34.5 MPa 

~~~ 

Gap Width (mm) 
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TABLE I11 
PFA 350 Teflon Penetration (mm) Into Gap 

125% Temperature 
17.2 MPa 
34.5 MPa 
51.7 MPa 
68.9 MPa 

250oC Temperature 
17.2 MPa 
34.5 MPa 
51.7 MPa 

Gap Width (mi) I I Pressure 

- 1 .o 1.5 2.0 
0.5 0.8 1 .o 
0.8 1.3 2.0 
1.5 2.5 3.0 
2.3 3.0 5.1 

1.5 1.5 3.0 
3.0 4.6 6.1 
4.1 6.1 Ful l  

TABLE IV 
AFLAS 291 Penetration (m) Into Gap 

Pressure I 
125% Temperature 

17.2 MPa 
34.5 MPa 
51.7 MPa 
68.9 MPa 

25OoC Temperature 
17.2 MPa 
34.5 MPa 
51.7 MPa 

Gap Width (mm) I 
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Figure 10 Potential Liner Materials After 125C and 69 MPa 





5 .O METAL FABRIC REINFORCEMENT 

The tests o f  Section 4 showed t h a t  only the Teflon and elastomers 
can withstand the temperature and were el as t ic  enough for geothermal application. 
However, neither can withstand the h i g h  pressure. 

A potential solution t o  this problem is to  reinforce sealing l iner 
materials w i t h  closely woven metal fabric. Metal fabric has long been used 
w i t h  rubber and Teflon t o  produce h i g h  pressure hoses ( w i t h  b u r s t  strengths as 
h i g h  as the required 69 MPa). 
used for  strength, b u t  only to  
bridge. The Coflexip Zeta pipe able t o  take the 
pressure. 

For dril l ing pipe the metal fabric need n o t  be 
f l  on or  el as tomer must 

The concept was tried i n  the Screening Test using the hockey puck 
Figure 11 shows the resu s of two tests specimen w i t h  L'Garde EPDM Y267. 

he difference between the right and l e f t  tes ts  was the orientation of the 
weave with respect to  the Zeta pipe. One can see t h a t  the steel filaments 
entered the Zeta pipe gap when oriented as on the r i g h t ;  when oriented as on 
the l e f t ,  there was only sl ightly visible penetration. 
is better,  and is also easier to  implement. 
the fabric have imprinted on them the fabric pattern. 
less t h a n  one filament diameter. 
protected by fabric ,  and therefore i t  f a i l ed  locally.  

As expected, the l a t t e r  
The rubber specimens shown above 

The rubber penetrated 
(The upper edge of the l e f t  specimen was not 

A metal f ab r i c  was evaluated i n  the simu 
hough the tes t  system-was not 

the rubber axi a1 ly rather t h a n  
diameter when i t  is bent, b u t  i 
elongated (contracted a l ly .  Under pressure, however, the fabric 
i s  prevented from cha 
cannot flex. 

er. Therefore, i t  acts 1 i ke rigid steel and 

Because of this, only a 38 mm wide hoop o f  fabric was used i n  the 
f i r s t  test of a Teflon PFA 350 ha t .  
with the Coflexip gaps fully open for 70 hours. 

The specimen was held a t  250C and 2.1 MPa 
Then the h a t  was compressed 
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Figure 11 Metal Fabric Reinforcement o f  L'Garde EPDM Y267 



such t h a t  the gaps fully closed. Th i s  compression was repeated once, and the 
test was considered complete. As expected a t  this low pressure, the Teflon d id  
not enter the gaps sufficiently to cause any problem. Apparently, the friction 
between the fabric and the Teflon was h i g h  (preventing slippage during compres- 
sion) because the Teflon buckled below the edge of the fabric. The t e s t  empha- 
sized that  the simulation test is beyond its extended capability when fabric is 
used as a reinforcement. 

A t e s t  was then attempted a t  125C and 69 MPa pressure using a 13 mm 
wide piece of fabric. The seal a t  the hat rim leaked a t  62 MPa pressure so the 
test was terminated. 

The t e s t  was repeated w i t h  new materials, and again i t  leaked a t  
62 MPa pressure -- this time through a p i n  hole i n  the Teflon. 
the Zeta pipe buckled the Teflon adjacent t o  the fabric. Then elongating the 
Zeta pipe stretched the thinnest Teflon the most. T h i s  resulted i n  a weakened 
t h i n  area adjacent to  the fabric where a p i n  hole failure occurred. 

Compressing 

Figure 12 shows the hat specimens after the h i g h  pressure tes t s  w i t h  
the metal fabric removed from one of them. The simulation t e s t  d id  confirm 
what was observed i n  the "hockey puck" screening tests.  
by fabric, the Teflon filled the Zeta pipe grooves. 
area, the Teflon d i d  not penetrate the metal fabric nor the fabric i n t o  the 
Zeta pipe gaps. The metal fabric surface pattern is permanently impressed on 
the Teflon surface, b u t  the peak-to-valley distance is only about 0.08 nm, less 
t h a n  half a filament diameter. 

In the area unsupported 
In the fabric-supported 

The test data lead to  the conclusion, b u t  are too limited t o  conclu- 
sively prove that a combination of stainless steel metal fabric and Teflon or 
EPDM will sat isfactor i ly  perform as a liner for geothermal d r i l l i n g  applications. 
Both simulation tes ts  showed that the liner material does not significantly 
penetrate the fabric. The fabric should be able t o  be bent w i t h o u t  changing 
diameter, and therefore will work i n  the Zeta pipe. However, this could not 
be proven w i t h i n  the scope of this effort where the test specimens were 
stretched and compressed rather than bent. 
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6 .O REINFORCED ELASTOMER DEVELOPMENT 

While a metal fabric reinforced seal material w i l l  work, i t  is 
probably not the most economical approach. Therefore, some 1 imi ted develop- 
ment work was done w i t h  reinforced elastomers. 

Four approaches were taken: 

1. AFLAS elastomer and chopped Kevlar. 
2. EPDM elastomer and Inconel 718 wire. 
3. AFLAS elastomer and chopped graphite.* 
4. EPDM elastomer and chopped graphite.* 

The f irst  was a failure. Compounds similar to  L'Garde AFLAS 291 were 
attempted w i t h  chopped Kevlar -- which has high s t r e n g t h  and modulus. Mixing 
was impossible; the result was a material t h a t  fell apart readily. 
not be molded. 

I t  could 

Fine Inconel 718 wire was chopped to  about 13 mm lengths and treated 
to enhance adhesion to  EPDM. T h i s  was then mixed w i t h  an elastomer similar t o  

267. The results of testing are shown i l e  V. Compound B was fully 
w i t h  Inconel and had about  three times uch Inconel as Compound A. 

I t  appears tha t  Both compounds performed poorly, similar t o  the basic Y267. 
the rubber-Inconel adhesion was not good. 

The graphi te-reinforced AFLAS compounds were diff icul t  to  mix, b u t  
two were molded. The results,of testing are shown i n  Table VI. 
d id  n o t  produce a significant improvement; really,  i t  is  worse because the 
material creeps. T h i s  probably could be corrected, however, AFLAS 291 is a 
d i f f icu l t  compound t o  work w i t h ,  and reinforcing makes i t  more diff icul t .  
addi t ion  these properties do no t  lend  themselves t o  extrusion, the preferred 
manufacturing process for d r i  11 i ng pipe.  

The graphite 

In 
- 

- The majority of this development effor t  involved graphite-reinforced 
PDM compounds. Table VI1 shows t h a t  improvements over L'Garde EPDM Y267 were 

ly obvious. In gene 1, the percentage graphite increased as the 

*Hercules, Inc. Graphite Fiber Type AS/1800 (k" long) 
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TABLE V Penetrat ion Depth (mm) of Inconel-Reinforced EPDM Compound 
(125OC Temperature) 

AFLAS 
291 

Gap Width 

1 .o 
1 .o 
1 .o 
1 .o 

(m) 

Reinforced-Compound* 
A B 

I 

1.5 
1.5 
1.5 

0.5 
3.8 
F u l l  
0.00 
0.05 
5.8 
F u l l  

1.5 

0.5 
0.3 
F u l l  
0.3 
1 .o 
4.3 
F u l l  

17 
34 
52 
69 
17 
34 
52 
69 

EPDM Znconel -Reinforced Compound 
Y267 A B I 

1.5 I 1.0 1 1 .o 
2.0 
6.1 
8.9 
1.5 
F u l l  
--- 
--- 

3.0 
6.1 
7.1 
1.a 
4.1 
7.6 
8.6 

2.3 
3.3 

8.4 

TABLE V I  Pentrat ion Depth (m) o f  Graphi te-Reinforced AFLAS Compound 
(125OC Temperature) 

Gap Width 
(m) 

1 .o 
1 .o 
1 .o 
1 .o 
1.5 
1.5 
1.5 
1.5 

Pressure 
(MPa) 

17 
34 
52 
69 
17 
34 
52 
69 

0.5 I 0.3 I 0.3 I 
1.3 
4.6 
7.1 
0.8 
2.0 
7.1 
F u l l  

*Compounds A and B creep; values given are f o r  10 minutes o f  pressure 
appl icat ion.  

38 



TABLE VI1 
I 

Penetration Depth (m) of Graphi te-Reinforced EPDM Compounds 
(125OC Temperature) 

i nforc 
H - I un d 

7 K - Pressure EPDM . 
(psi ) Y267 A M*- c D B L - 

0.5 
1 .o 
2.0 
6.1 

I Gap Width = 1 .O m: 
1 .o 
2.0 
4.1 
Full 

0.5 0.8 
1.8 

0.8 
1 .o 

0.4 
0.6 
2.0 
5.0 

0.8 
1.1 
2.4 
4.4 

0.9 
1.8 
4.8 
F u l l  

0.5 
1 .o 
2.8 
--- 

0.5 
1.3 
3.0 
8.9 

0.5 
0.8 
4.3 
F u l l  

17 1.0 1.3 
34 2.0 2.5 
52 6.1 5.1 
69 8.9 Full 

7 

1 .o 
3.0 
6.9 

2.0 
5.1 

3.6 
6.1 

~ 

0.5 
1.3 

1 .o 0.5 
1.3 
3.0 
Full - 

I Gap Width = 1.5 mm: 
0.5 
1 .o 
3.6 
6.1 - 

0.8 
1 .o 
1.8 

1 .o 0.8 
1.5 

0.8 
2.0 
3.6 
7.6 

0.5 
1.5 
7.6 
Ful l  

0.8 
1.3 
2.5 
6.4 - 

0.5 
0.9 
2.3 
5.8 - 

17 1.5 2.0 
34 Full 3.3 
52 --- 4.8 
69 --- F u l l  

2.0 
4.1 
Full - 

2.0 
2.5 
Full - 

2.3 
6.0 

3.0 
7.9 3.8 

*Test results for Compounds J ,  M ,  and N are the average results from two tests each. 



compounding e f f o r t  progressed. I n  addition, other modif icat ions t o  the basic 
L'Garde EPDM Y267 were also made. The mechanical propert ies o f  some o f  these 
compounds are provided i n  Table V I I I .  
strength whi le decreasing elongation, a generally coupled phenomena which i s  
acceptable f o r  t h i s  appl icat ion. For d r i l l i n g  pipe, the s t r a i n  can be as low 
as 15% a t  the proport ional l i m i t  and the higher modulus helps the material t o  
bridge the gap. 

Reinforcement increased the u l t imate 

Table I X  contains the f ina l  se t  o f  compounds and the ones tha t  have 

It penetrated both the 1.0 and 1.5 mn gaps by only 1 mn o r  less. 
a high p robab i l i t y  of meeting the requirements. Compound S i s  especial ly 
appealing. 
I n  general, the shorter cure time was also benef ic ia l  , the compounds o f  Table V I 1  
were each cured f o r  an hour. Tests were also run a t  250C and 2.1 MPa. There was 
no i nd ica t ion  t h a t  the high temperature was a problem. Also, the compounds d id  
not  penetrate the gaps a t  a l l .  

Table X provides physical propert ies. The u l t imate elongations are 
l o w  (40-60%), and these are probably overstated by our method o f  measurement. 
By ASTM methods, the values could be as much as a t h i r d  less. However, the 
compounds should meet the self-imposed requirement f o r  15% elongation a t  the 
e l a s t i c  l i m i t .  

The 1 i m i  ted  compound development e f f o r t  indicates t h a t  graphite- 
f i l l e d  EPDM has potent ia l  f o r  the d i f f i c u l t  f l e x i b l e  d r i l l i n g  pipe requirements 
f o r  geothermal d r i l l  ing. Section 7 provides recommendations f o r  fu tu re  work. 
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TABLE VI11 Mechanical Proper t ies o f  Graphi te-Reinforced EPDM Elastomers 

Property 

Speci f i c  Grav i ty  

U1 t imate  Strength (MP 

Ultimate Elongat ion (%) 

"U1 t imate"  Modulus (MPa) 
I 

Hardness 

200 I 
6 1 44 

92 1 93 

1.14 

23 

60 

39 

95 
1 

H 
1.17 

25 

- 

60 

42 

95 

v - 
1.17 

20 

80 

24 

95 

ced Cc - 
J 
7 

1.17 

23 

'80 

27 

94 

1.19 

25 

85 

29 

95 

t 
1.19 

- 

26 

45 

56 

96 

M 

1.19 

29 

60 

50 

95 

-N 

1.20 

27 

75 

35 

95 - 
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TABLE I X  Penetrat ion Depth (m) of F ina l  Graphi te-Reinforced EPDM Compounds 
(1 25OC Temperature) 

Gap Width 

1 .o 
1 .o 
1 .o 
1 .o 

0 

1.5 

1.5 

1.5 

1.5 

Pressure 
(!&'a) 

17 

34 

52 

69 

17 

34 

52 

69 

- 
EPDM 
Y267 

1 .o 
2.0 

6.1 

8.9 

0 

0.5-0.3 

0.5-0.5 

0 5-0.8 

1.!5-2.0 

0.5-0.3 

0.5-0.5 

0.8-1.5 

2.0-2.3 

0.5-0 .O 

0.5-0.3 

0.5-0.5 

1.5-0.8 
~ 

0.3-0.0 

0.5-0.3 

0.5-0.5 

1.5-1 .O 

!i n f o rced 
Q 

0.3-0.0 

0.5-0.5 

0.5-0.5 

1.0-1.0 
~~ 

0.3-0.0 

0.5-0.3 

1 .O-0.3 

3.0-1 .O 

mpo un d* 
R 

0.5-0.3 

0.5-0.5 

0.5-0.5 

1.3-0.8 

0.0.0.3 

0.3-0.5 * 

0 i 8-0.8 

1 .o-1 .o 

s 
0.3-0.3 

0.3-0.5 

0.5-0.5 

1 .O-0.5 

0.3-0.3 

0.3-0.5 

0.5-0.8 

1 eo-1 .o 

*Two values are given fo r  each compound. The l e f t  
value i s  f o r  a 60 minute cure, and the  r i g h t  value 
i s  f o r  a 20 minute cure. 



TABLE X Mechanical Properties of the Final Graphi te-Reinforced EPDM Compounds 

Property 

Speci f i  c Gravity 

EPDM Graphi te-Rt 
Y267 0 P 

1.12 1.24 1.26 

U1 timate Strength (MPa) 

U1 timate Elongation (%) 

12 27 26 
25 29 
30 26 

29 
30 
23 

30 30 
26 32 
26 26 

Hardness 

50 
60 
50 

61 
51 
45 

1.26 I 1.28 I 1.29 

40 45 
40 60 
50 60 

72 70 
66 54 
54 I 44 

200 1 50 

I 45 
40 

45 
55 
50 

95 I 95% I 9% 

"Ultimate Modulus" (MPa) 

*If three values are given under a given compound for a 
particular property, they are, i n  descending order, for 
a 60 minute, 30 minute and 20 minute cure. 

6 54 56 
62 52 
68 50 

P 
w 
P 
P 

Y 





7.0 CONCLUSIONS AND RECOMMENDATION 

The results of the Development of Modification For Coflexip Drilling 
Pipe For High Temperature and Pressure Geothermal Service indicate that:  

1. Teflon PFA 350, EPDM Y267 and AFLAS 291 will meet the pressure- 
temperature requi rements i f  they are backed by closely woven 
stainless steel metal fabric, and 

2. Graphite-reinforced EPDM elastomer has the potential o f  meeting 
the pressure-temperature requirements w i t h o u t  the fabric back-up. 

Based on the development da ta  L'Garde believes tha t  metal fabric 
reinforcement can be bent  w i t h o u t  changing its diameter. However, such a test 
could not be conducted w i t h i n  the scope of the program; therefore, this 
uncertainty exists regarding Item 1. 

More work is required i f  a metal fabric tube is t o  be avoided by us ing  
the simpler reinforced elastomer concept. 
effor t  be accomplished: 

I t  is recommended t h a t  the following 

1. Do additional compound optimization. The data show consistent 
results a t  54 MPa pressure and promising results a t  69 MPa. 

Run stress-strain curves t o  determine i f  the compounds are 
sufficiently e las t ic  (-15% strain before the e las t ic  l imit) .  

2. 

3. Test the best compound(s) i n  the Zeta p ipe  simulation test setup. 

4. Determine i f  the best compound(s) are extrudable. 
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TP10474 
Sheet 2 o f  7 

COFLEXIP TEST PROCEDURE 

1.0 TEST SET-UP 

1.1 Expand Zeta pipe approximately )'I so tha t  hot sect ion r i m  i s  enter ing i t s  
mating part. Hydraulic force must be l i m i t e d  t o  4 tons; i f  there i s  no 
measuring equipment, stop applying force when i t  becomes not iceably harder, 
o r  the pa r t  has increased 3/8 inch i n  length -- whichever occurs f i r s t .  

1.2 B o l t  on top sect ion evenly. When the gap between the  top and i t s  mating 
pa r t  goes t o  near zero, remove from expansion device. 

1.3 Torque a l l  3" bo l t s  t o  400 inch-pounds gradually and evenly. 

1.4 Place t e s t  section and o i l  pan (but no shim mater ia l )  i n  the center o f  the 
hydraul ic press platen, and hook up the o i l  l i ne .  

1.5 Hook up N2 b o t t l e  tha t  has a t  l eas t  a pressure o f  the t e s t  pressure plus 
800 ps i  f o r  a low pressure t e s t  and a t  l eas t  10% o f  the t e s t  pressure plus 
800 ps i  N2 f o r  a high pressure test .  Leave N2 b o t t l e  valve closed. 

1.6 Open a l l  valves on t e s t  panel except V5; close V5. 

1.7 Hook vacuum pump t o  V4 and evacuate gas l i ne .  When the vacuum i s  greater 
than 29 inches Hg, close V4 and V3, and remove pump. 

1.8 Hook vacuum pump (with glass accumulator i n  the l i n e )  t o  V 1  and evacuate t o  
greater than 29 inches Hg. Close V 1  and remove pump. 

1.9 Place approximately 1000 cc o f  s i l i c o n  o i l  i n  a bag, and at tach 
t o  V1. Make sure t h a t  the p l a s t i c  hose i s  f u l l  o f  f l u i d  before attaching. 

1.10 Open V 1  and al low f l u i d  t o  d ra in  i n t o  system. 
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1.11 

1.12 

1.13 

1.14 

1.15 

1.16 

1.17 

1.18 

1.19 

1.20 

1.21 

1.22 

1.23 

Close V 1  and open V4. Leave low pressure, unnumbered valve next t o  V 1  
open. Place bag (still  hooked up t o  V1)  on floor. 

Vent hydraulic press so that  i t  i s  fullyopen, and confirm that i t  is. Turn  
regulator ful ly  counterclockwise (OFF). Open N2 bottle valve. 

Using regulator, apply 200 It 20 psi t o  62 (and G l ) .  

Measure and record the t e s t  section gap i n  the front  and back. 

Measure and record the largest and smallest gaps between the t e s t  section 
and upper hydraulic press platen. Average these two readings and record 
the resulting valve. 

Re1 ieve pressure by rotating regulator fu l ly  counterclockwise. 

Pump the hydraulic pres t i l  
(approximately 5 tons). 

Measure and record t e s t  section gap i n  front and back. 

pressure gage stabil izes a t  300230 psi 

Vent hydraulic press t o  zero load. 

Place sheet or plate metal (steel preferred) under the o i l  pan that  has a 
thickness no less than the average recorded i n  1.15 and no greater than 
0.032 inch more. 

Using regulator, apply 200 psi t o  62. Check that the press is ful ly  open 
and that the test section bears against the top platen. 

Hook up thermocouple t o  t e s t  section. 

Insulate the test  section. 

, 
, '  
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2.0 TESTING 

2.1 Heat-Up and Pressure Control. S t a r t  al l  of the steps under 2.1 i n  the 
order given; however, some steps may not be finished before the next step 
i s  started. That  i s ,  read ahead. 

2.1.1 

2.1.2 

2.1.3 

2.1.4 

Turn  on platen heaters, and continually ad jus t  t o  40F above the 
test temperature. 

Take readings of all temperature and pressure gages about every 
15 minutes and a t  every event. 

When 62 becomes greater t h a n  the test pressure or 600 psi (whichever 
is  less), t u r n  regulator counterclockwise until 62 i s  look50 
psi. 
pressure or 600 psi (whichever is less) vent some oil by cracking 
V 1  u n t i l  the 62 pressure drops t o  look50 psi. Repeat this latter 
step anytime the 62 or 63 pressure exceeds the lesser of the test 
pressure or  600 psi (and 63 i s  0 p s i ) .  

When the thermocouple reaches 1OF less t h a n  the test temperature, 
adjust the platen temperature (initially downwards) u n t i  1 the 
thermocouple stabilizes a t  the test temperature +5F. 

If 63 goes t o  0 psi and 62 i s  s t i l l  greater than the test 

I 

2.2 Continue t o  adjust temperature per 2.14, and read and record temperatures 
and pressures per 2.1.2 as the following steps are conducted. 

2.3 Turn  the regulator full counterclockwise until 63 reads 0 psi (if not 
a1 ready done). 

2.4 If 62 i s  less t h a n  300 psi, pump hydraulic press until either the pump 
press gage or 62 reads 300 psi. 

2.5 If and only if 62 i s  300 psi and the press pressure is  less than 300 psi: 
Close V 2  and then open V l ;  pump hydraulic press until i t s  gage stabilizes 
a t  300+30 psi on the press pressure gage; close V 1  and open V2. 
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2.6 Remove insulation. 

2.7 

2.8 

Measure and record test  section front gap. 

Apply 200+20 psi t o  63 by using the regulator. 

2.9 

2.10 Insulate the test section. 

2.11 HIGH PRESSURE (1100-10,000 psi) TEST ONLY: Close V2 and V4, and then 
open V3. 

2.12 Slowly change the G 1  or  62 reading to  the t e s t  pressure +5%. 
pressure overshoots, back off the regulator t o  less t h a n  the test pressure 
and t ry  again. Read and record a l l  pressures and temperatures. . 

Vent the hydraulic press pressure. Measure the test f ront  section gap. 

( G 1  will go t o  about 2000 psi.) 

If  the 

T h i s  i s  the start of the tes t .  

2.13 Set the timer. Verify tha t  i t  i s  running. 

2.14 Occasionally, adjust  temperatures and pressures i f  out of spec. Read 
and record a1 1 pressures and temperatures. 

3.0 TEST TERMINATION 

3.1 Seventy (70) hours after start of test  (Step 2.12), record a l l  temperatures 
and pressures. 

3.2 Remove the insulation. Measure the test  section front gap. 

3.3 Slowly rotate the regulator counter 
then rotate clockwise slightly. 

Pump the hydraulic press u n t i l  - i t s  gage stabilizes a t  10% of the test 
pressure. Read and record a l l  temperatures, pressures, and the test 
section front gap. 

ise u n t i l  gas starts t o  vent, 

3.4 
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Stabilize the press pressure a t  the next value divisible by 100, (For 
instance, i f  the test pressure i s  300 psi, increase from 30 psi t o  I00 
psi; if the test pressure is 10,000 psi, increase from 1000 psi t o  1100 

psi .) Read and record temperatures, pressures, and the test section 
front gap. 

Stabilize the press pressure a t  a value 100 psi higher. Read and record 
a l l  temperatures, pressures and the test section front  gap. 
Continue doing this u n t i l  the press pressure i s  1500 psi greater t h a n  
10% of the test pressure, or u n t i l  the gap measurements are w i t h i n  0.02 
inch of t h a t  measured a t  the start of the test. 

Vent the hydraulic press t o  zero load. 

Increase the regulator pressure u n t i l  the test Dressure i s  reached. Slowly 
back off the regulator u n t i l  gas starts t o  escape, t h e n  rotate i t  slightly 
clockwise t o  stop gas loss. 

Repeat steps 3.5 through 3.7. 

Rotate requl ator  fu l ly  counterclockwise (P3 o f  zero). 

Open V 1  and then V2. 

Pump hydraulic press t o  about  200 psi on i t s  gage. 

Vent hydraul i c press. 

Disconnect test section. 

D i  sassembl e. 

Remove carefully. Push on bottom of ha t  rather t h a n  p u l l i n g  on top  for 
most of removal operation. 
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COFLEXIP TEST DATA SHEET 

1 
Time 

Date Test Pressure Test Temperature 

Temperature ( O F )  Pressure (psig) Gap (inch) 
Step Press Test Upper Lower 

Section Platen Platen G1 62 63 Front Back NO. Pres. Comment 



G1 s1 v1 62 s2 

Section 

v5$ v4 

A: 
BD1: 
BD2: 
G1: 
G2,G3: 
I: 
R: 
51 : 
s2: 
v1 ,V2: 
V3-V6: 

3,000 psi ,  11 cu. in .  p is ton  accumulator 
12,000 ps i  burst  d isk  
1,500 ps i  burst  d i sk  
15,000 ps i  pressure gage 
1,500 ps i  pressure gage 
10,000 psi ,  5 cu. in., 10.6:l pressure i n t e n s i f i e r  
2,000 ps i  reducing & r e l i e f  regulator  
15,000 ps i  pressure switch 
1,500 ps i  pressure switch 
45,000 ps i  valve 
4,000 ps i  valve 

Pressure and Instrumentation System Schematic 
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-_ 
L'Garde, Inc. (10) . 

B. J. Livesay 
129 Liverpool 
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Los Alamos National Laboratory 
Mail Stop 570 
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Harvey E. Mallory 
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Tulsa, Oklahoma 74155 

NL Baroid Petroleum Services 
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Houston, Texas 77205 
A t t n :  John E. Fontenot 

Otis 
P. 0. Box 34380 
Dallas, Texas 75234 
At€n:  William D. Rumbaugh 

Phill ips Petroleum Company 
Geothermal Operat ions 
655 East 4500 South 
Salt  Lake City, Utah 84107 
A t t n :  Tom Turner 

Research and Development 

Shell Oil Company 
Two Shell Plaza 
P.O. Box 2099 
Houston, Texas 77001 
A t t n :  Ed Bingman 

Smith Tool 
Geo t herma 1 Opera t i ons 

Irvine, California 92713 
A t t n :  Jim Kingsolver 

P.O. BOX C-19511 

Superior Oil 
Eastern Division 
P.O. Box 51108 OCS 
Lafayette, Louisiana 70505 
A t t n :  Ed Martin 

57 



D I STRI BUT I O N  (Con t i nued ) 

Texas A&M Univers i ty  
College Stat ion,  Texas 77843 
Attn: Dr .  Melv in  Friedman 

Dept. o f  Geology 

Union Geothermal D iv i s ion  
Union O i l  €0. o f  C a l i f o r n i a  
Union O i l  Center 
Los Angeles, C a l i f o r n i a  90017 
Attn:  Del E. Pyle 

Venture Innovat i  ons 
P.O. Box 35845 
Houston, Texas 77035 
Attn: Tom Anderson 

Sandi a Nat ional  Laborator ies 
1811 C. Arnold 
3141 L. J. Erickson (5) 
3151 W. L. Garner (3) 
9000 G. A. Fowler 
9700 E. H. Beckner 
9730 W. D. Weart 
9740 R. K. Traeger 
9741 3. R. k l s e y  (10) 
9741 B. C. Caskey 
9746 B. Granoff 
9747 P. J. Hommert 
9750 V. L. Dugan 
8214 M. A. Pound 

1 

&US. GOVERNMENT PRINTING Of f ICE:  1983-0-676-027/517 
58 

. r * . f . . . - . , 2  : ,.... 


	Coflexip Flexible Drilling Pipe
	Zeta Pipe Cross Section
	Low Pressure Screening Test Fixture
	High Pressure Screening Test Fixture
	Simulation Test Section
	Pressure and Instrumentation System Schematic
	Control Test Panel
	Materials Rejected Because of Poor Performance at 250C
	Potential Liner Materials After 250C and 2 MPa
	Liner Materials After 125C and 69 MPa
	Fabric Reinforcement of L'Garde EPDM Y267
	Teflon Hat-Shaped Specimens Which Experienced 125C and

	Nylon 11 Penetration Distance (mm) Into Gap
	EPDM Y267 Penetration (mn) Into Gap
	PFA 350 Teflon Penetration (m) Into Gap
	Into Gap
	Penetration Depth (mm) of Inconel-Rei nforced EPDM Compound
	Penetration Depth (mn) of Graphi te-Reinforced AFLAS Compound
	Penetration Depth (mm) of Graphi te-Reinforced EPDM Compounds

	Mechanical Properties of Graphi te-Reinforced EPDM Elastomers
	Penetration Depth (mm) of Final Graphi te-Reinforced EPDM
	Mechanical Properties of the Final Graphi te-Reinforced EPDM


	DISCLAIMERS.pdf
	SUMMARY
	LISTOFTABLES
	LISTOFFIGURES
	GLOSSARY
	FACILITY DESCRIPTION
	VITRIFICATION CELL
	EQUIPMENT
	UTILITIES MATERIALS AND WASTES

	SITING
	OP ERAT IONS
	MA I N TEN AN C E
	REFERENCES
	High-Level Liquid Waste Vitrification Flowsheet
	Canister Operating Time Cycle

	Zone Classifications
	Liquid Waste
	Personnel Exposure Categories
	NWVF Areas and Associated Functions
	Process Equipment
	Legend for Figures 5 Through
	Essential Material Requirements
	Nuclear Waste Vitrification Faciltiy Waste Generation
	Allocated Facility Staffing Requirements
	Source of High-Level Waste in the Fuel Cycle
	High-Level Liquid Waste Vitrification Flow Diagram
	High-Level ‚daste Vitrification Cell Plan View
	High-Level Waste Vitrification Cell Elevation View
	Calciner Feed Tank
	Calciner
	Melter
	Frit Feeder
	Calciner Condensate Tank
	Decontamination Solution Tank
	Canister Storage Rack
	Cell AirFilters

	Welding and Inspection Stations
	Calciner Condenser


	Calciner Scrubber-Separator
	Off-Gas Demister
	I and Ru Sorber Feed Heaters
	Calciner Feed Tank
	Cal ci ner
	Me1 ter
	Frit Feeder
	Calciner Condensate Tank
	Decontamination Solution Tank
	Canister Storage Rack
	Cell Air Filters
	lrlelding and Inspection Stations
	Calciner Condenser
	Cal ciner Scrubber-Separator
	Off-Gas Demister
	I and Ru Sorber Feed Heaters
	Ruthenium Sorber
	Pre- and HEPA Off-Gas Filters
	Iodine Sorber
	NOx Destructor
	Off -Gas Cool er
	Process Operators
	Radiation Monitors
	Supervisors
	Others
	(P1 ant Forces
	Craft Workers
	P1 anners and Supervisors
	Others
	Process Engineers
	Faci 1 i ty Engineers
	Safety
	Technicians
	Others (Including Analytical )
	Others
	Totals: Nonexempt
	Exempt
	Supervisors









