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ABSTRACT 

High performance elastomers were developed f o r  
hos t i le  geothermal envirorments which c lear ly  ad- 
vance the state-of-the-art. The Y267 EPDM canpound 
i s  eminently successful and has accunulated broad 
laboratory and f i e l d  tes t  experience. Over 15 
separate tests  are reviewed w i th  about 95% per- 
formed independently by other organizations. The 
tests include a broad spectrun o f  e n v i r o m n t s  w i th  
temperatures i n  excess o f  320C (608F), d i f f e r e n t i a l  
pressures up t o  138 MPa (20,000 ps i )  and i n  f l u i d s  
including brine, o i l s ,  isobutane, and others. 

INTRODUCTION 

I n  1976, r e l i a b l e  elastomers f o r  the unusually 
severe geothermal environment a t  260C (500F) d i d  
not exist .  L'Garde, Inc. developed geothermal 
elastomer compounds during the period o f  1976-1979 
under U.S. Department o f  Energy-Division o f  Geother- 
mal Energy (DOE-DGE) contract DE-ACO-77ET28309 [ 13. 
The resul t ing developments yielded compounds from 
four polymer systems which successfully exceeded the 
contract requirements. 

Since completion o f  the compound development, wide- 
spread laboratory and downhole experience occurred. 
Though a1 1 developments exceeded the requirements 
o f  the development contract, data show that  the 
Y267 EPDM canpound i s  eminently successful. This 
paper s m a r i z e s  over 15 laboratory and f i e l d  tests  
o f  the Y267 EPDM under various extreme conditiotx. 
95% o f  the tests  were performed independent o f  
L'Garde by other organizations. These and other 
substantiating data c lear ly  shon that  Y267 DPDM 
s ign i f i can t ly  advances the state-of-the-art o f  
high-temperature elastomers. 

OTIS ENGINEERING CORP. LAB PACKER TESTS 

Y267 EPDM packer seals were molded by L'Garde f o r  
tests  by Ot is  Engineering Corp. [2]. The seals are 
f o r  a 7-inch casing packer which Ot is tested i n  
302C (575F) and 20.7 MPa (3000 psi )  d i f f e r e n t i a l  
pressure water i n  t h e i r  laboratory simulation tester. 
The elements were successfully sealing a f te r  5 days 
when the t e s t  was terminated. 
excellent condition considering the envirorment and 
d id  not show any signs o f  reversion softening or  
scission. 

The seal was i n  

Pr io r  t o  t h i s  t e s t  Ot is  tested an EPDM from another 
f i r m  but a t  a l w e r  temperature, 288C (550F), and 
the seal fa i led because i t  l o s t  strength due t o  
reversion softening of the polymer. The post mor- 
tem seal d i d  not have any fonn and looked l i k e  a 
blob o f  tar .  Ot is  has since t r i e d  several other 
competing EPDM compounds and none has ye t  equaled 
the performance o f  the Y267 EPDM. 

I n  addi t ion t o  the above tests, Ot is also tested 
Y267 packer seals twice i n  sweet and once i n  sour 
crude. The severe sweet crude tes t  was a t  
232C (450F) and 103 MPa (15,000 ps i )  f o r  6 days. 
The sour crude tes t  went t o  even higher pressure. 
It was run a t  232C (450F) f o r  3 days a t  69 MPa 
(10,000 ps i )  and then the pressure was increased 
f o r  4.5 days t o  138 MPa (20,000 psi) .  Ot is  
reports that  the seals were undamaged and j u s t  
showed only very s l i g h t  swell and softening. They 
d i d  not expect any elastomeric seal t o  hold up a t  
138 YPa (20,000 ps i ) .  They conclude tha t  the Y267 
EPDM i s  a de f in i te  candidate f o r  t h i s  extra- 
o rd inar i l y  extreme environment. [SI 

BAKERSFIELD CONTINWUS STEAM INJECTION 

The Y267 EPDM element on an R&D Otis  packer was 
fielded i n  a Bakersfield heavy o i l  continous steam 
in jec t ion  well. The steam i s  246C (475F) a t  the 
bo i le r  and 204C (4OOF) a t  the we1 1 head. 

The packer was pul led a f t e r  5 months o f  continuous 
steaming because the we l l  required sand removal. 
Typfcally, d i f f i c u l t y  i s  encountered i n  re t r iev ing  
thermal packers but t h i s  packer was retr ieved w i th  
no problems whatsoever, where usually d i f f i c u l t y  
i s  encountered w i th  the seal bonding t o  the casing. 
or  hardening i n  place. 

The appearance o f  the recovered seal was excellent. 
It looked v i r t u a l l y  as new a f t e r  5 months continu- 
ous operation and i t  was apparent that  i t  could 
have renained i n  operation indef in i te ly .  The good 
condition i s  par t i cu la r ly  s ign i f icant  since the 
Y267 EPM seal was i n  contact w i th  crude o i l  which 
covered the packer and element when i t  was retrieved. 
EPDW's are generally considered inappropriate f o r  
hydrocarbon environments. 
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BACA, NEW MEXICO 
GEOTHERMAL HYDRAULIC STIMULATION 

Union Geothermal/Republ i c  Geothermal - LANL/DOE 
performed two separate hydraulic f racture experi- 
ments a t  the former Baca power plant demonstration 
s i te.  The packer was set a t  about 915M (3000 f t . )  
where the fonnation i s  normally about 2321: (450F). 
Two Ot is  packers w i th  L'Garde Y267 EPDM elements 
were used, one f o r  the f racture and then one f o r  
d r i l l  stem tests. This procedure was successfully 
performed i n  March and then again i n  October o f  1981. 

149-177C (300-350F), Republic Geothermal takes 
special precautions t o  protect  marginal seal ele- 
ments made from standard elastomer canpounds [41. 
They f i r s t  cool the well ,  c i rcu la te  cold water 
while the packer i s  being run, leave the packer 
unset u n t i l  the moment i t  i s  needed so tha t  cold 
water c i rcu la t ion  can be continued, and then j u s t  
p r i o r  t o  punping the packer i s  set. 

The above procedure required f o r  packers w i th  stan- 
dard elastaner canpounds i s  unnecessary f o r  geother- 
mal packers w i th  Y267 EPDM elements deployed i n  
wel ls even above 260C (500F). 
packer i n  the balancing ac t  through t h i s  crucial  
period j u s t  p r i o r  t o  punping i s  eliminated since the 
packer can be set as soon as i t  i s  run in, checkout 
out f o r  leakage, and then forgotten, thus freeing 
personnel t o  concentrate on other c r i t i c a l  problems. 
I n  addition, i f  the standard elastomeric packers 
f a i l  t o  pack-off j u s t  before pumping, expensive 
equipment must stand by u n t i l  successful sealing 
i s  accomplished. 
i f  a standard elastomeric packer would have been 
run and i f  i t  had t o  be replaced, i t  would have 
cost about $18,000 i n  standby time. 

The Baca well  was cooled somewhat when the stimula- 
t i o n  packer was run since cold water was circulated 
t o  assure tha t  the well would remain k i l l ed .  Hence, 
the maximum temperature the f i r s t  st imulat ion packer 
experienced was 16OC (320F) during the 12 hours i t  
was packed o f f .  The maximum ressure during stimu- 
l a t i o n  was 21.2 MPa (3080 psi! 
t es t  packer only saw 171C (340i') and 4.1 MPa (600 
ps i )  because o f  the cool ing from 8000 barrels o f  
f racture f l u i d  and i t  remained packed o f f  f o r  18.5 
hours. Conditions f o r  the second st imulat ion were 
about the same. 

A t o t a l  o f  5 were retrieved, as wi th the Bakersfield 
packers, on the f i r s t  attempt w i th  no problems 
whatsoever, textbook re t r ieva ls .  A1 1 packer seals 
looked as new which was expected a t  these tempera- 
tures since t h i s  i s  we l l  below the Y267 EPDM capa- 
b i l i t y .  However, these same conditions are a 
challenge f o r  standard elastomer compounds and 
Republic cmen ted  that even w i th  precautions taken 
with standard elastaners under these same conditions, 
they would expect the post mortem seals t o  be 
extruded and/or cracked. 

I Nonnally f o r  st imulat ions with temperatures above 

I 

Having t o  keep the 

Hypothetically, f o r  the Baca case, 

The d r i l l  stem 

LOS ALWS NATIONAL LABORATORY (LANL) LAB TESTS 

LANL i s  the prime contractor on a major DOE geother- 
mal demonstration, the Hot Dry Rock Project. They 

have shown feas ib i l i t y  o f  the concept a t  200C (392F) 
and are current ly preparing t o  demonstrate the 
concept w i th  deeper we1 1 s and higher temperatures, 
275C (525F) minimum. They had many elastomer pro- 
blems a t  200C and, hence, were especial l y  concerned 
about elastomers f o r  the hotter wells. 

L'Garde fabricated O-rings and a cable bend pro- 
tector from the Y267 EPDM packer seal compound f o r  
the LANL cablehead. LANL tested cablehead O-rings 
i n  an autoclave w i th  water and Mobil One O i l  [5]. 
They ran 24-hour cycles w i th  the temperature and 
pressure on f o r  8 hours and o f f  f o r  16, t h i s  simu- 
lates t r i pp ing  i n  and out o f  the hole. The best 
p r i o r  performance they achieved was w i th  camercial  
fluoroelastomer O-rings which l i t e r a l l y  dis inte- 
grated a f t e r  one cycle. 

LANL ran the Y267 EPDM i n  water f o r  5 cycles o r  5 
days before stopping the tes t  t o  examine the seals. 
This included a 24-hour run on the f i f t h  day which 
provided a t o t a l  t es t  t ime o f  about 56 hours f o r  
t h i s  one seal. The temperature was nominally 275C 
(525F) and the pressure was naninal ly 51.7 MPa 
(7500 psi).  The O-ring looked excel lent a f t e r  
t h i s  tes t  and obviously could have continued fur-  
ther cycling. 

They also ran the Y267 EPOM i n  Mobil One O i l  f o r  
4 cycles o r  4 days and stopped the tests t o  examine 
the seals. 
(525F) w i th  a one hour excursion t o  380C (716F) 
during one o f  the 24-hour cycles. 
tha t  the seal was exposed t o  approximately 340C 
(644F). The pressure was nominally 51.7 MPa (7500 
ps i ) .  The seals looked good and were seal ing 
a f te r  4 cycles, although there was some swell ing 
f ran the high-temperature o i l  and some permanent 
deformation as would be expected f o r  these condi- 
tions. They hope t o  go ten cycles operational ly 
before they must change out the O-rings. 

These tests are landmark tests because t h i s  i s  the 
f i r s t  time the Y267 EPDM was tested t o  the 51.7 
MPa (7500 ps i )  d i f f e r e n t i a l  pressure range, the 
f i r s t  time the Y267 EPDM was tested i n  100% o i  1. 
the f i r s t  time the Y267 EPDM was tested i n  o i l  a t  
extreme temperatures (excursions t o  340C (644F), 
and the f i r s t  time the Y267 EPDM was subjected t o  a 
cycl ing environment. The above resul ts are even 
further underlined when considering the fac t  that 
EPDM's are generally not used i n  o i l  envirorments 
because they are extremely vulnerable t o  degrada- 
t i o n  and swelling. These tests a t  the extremely 
high temperatures provide substantiat ing evidence 
tha t  the Y267 EPDM i s  extremely serviceable i n  o i l .  

I n  addi t ion t o  the cablehead tests, LANL also s ent 
s ign i f i can t  e f fo r t  on cementing wiper plugs. [6! 
Poor cement jobs a t  Fenton H i l l  place question on 
the performance o f  p r i o r  elastomeric cementing 
wipers. Through an extended e f f o r t  LANL was able 
t o  procure Dowel1 wipers made from Y267 EPDM. 

As a matter o f  course LANL imnersion tests wiper 
plugs i n  t h e i r  autoclave. Typical ly they heat the 
autoclave t o  280C (536F) a t  17.2 MPa (2500 psi),  
hold i t  f o r  30 minutes, and then l e t  i t  cool down. 
The autoclave and tes t  specimen are a t  elevated 

The temperature was nominally 275C 

LANL estimates 
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5d 

X 

temperature fo r  about 12 hours. Changes i n  appear- 
ance and hardness are recorded. 

LANL tested several wipers w i t h  d i f f e r e n t  elas- 
tomers. 
i n  t h i s  tes t ,  w i t h  the elastomer on one disappear- 
i ng  completely. The Y267 wiper has been the  ex- 
ception; i t  was unaffected by the tes t .  Post t e s t  
i t  appeared as new, and the hardness d i d  no t  
change. Shore A hardness was measured a t  10 
d i f fe ren t  loca t ions  before and a f t e r  the test .  

A l l  p r i o r  wipers showed some degradation 

FENTON HILL, NEW MEXICO ELASTOMERS I N  WELL EE-2 

Subsequent t o  the autoclave t e s t i n g  described i n  
the  previous section, LANL equipped t h e i r  high- 
temperature cablehead w i t h  L'Garde Y267 EPDM 0- 
r i n g s  and cable bend pro tec tor .  
run  w i t h  a temperature probe i n t o  the new EE-2 
w e l l  which i s  about 4600M (15,000 ft.) deep w i t h  
a bottomhole temperature o f  320C (608F). 
longest service experienced by Y267 EPDM pa r t s  a t  
t h i s  w r i t i n g  i s  bottomhole f o r  10 hours and above 
2OOC (400F) fo r  15 hours. The pa r t s  sealed and 
looked exce l len t  a f t e r  t h i s  set  o f  round t r i p s  w i t h  
the  most major problem being only some permanent 
deformation o f  the O-rings. LANL plans t o  try f o r  
as many as 10 t r i p s  on a s ing le  set  o f  elastomeric 
pa r t s  when the opportuni ty ava i l s  i t s e l f .  They 
have now converted the seals f o r  a l l  logging too l s  
over t o  Y267 EPDM. 

A t  t h i s  w r i t i ng ,  one Y267 EPDM Dowel1 cementing 
wiper p lug  was run a t  Fenton H i l l .  A scab l i n e r  
was cemented i n t o  EE-2 a t  4481M (14,700 f t . )  where 
the temperature i s  about 300C. 
impossible t o  deduce prec ise ly  how the Y267 EPDM 
performed i n  the  depths o f  the we l l ,  i t  i s  known 
t h a t  a good cement j ob  was achieved. 

The cablehead was 

The 

Though i t  i s  

BINARY PLANT COMPATIBILITY LAB TESTS [7] 

Because o f  the  absence o f  adequate compa t ib i l i t y  
data o f  elastomers f o r  h o s t i l e  appl icat ions,  s ign i -  
f i c a n t  expense i s  o f t e n  incurred as each ind i v id -  
ual pro jec t  attempts t o  f i n d  the r i g h t  elastomer 
f o r  i t s  requirements by tril and er ro r .  Recogniz- 
i ng t h i s  the DOE/Brookhaven National Laboratory 
contracted L'Garde t o  run  Compat ib i l i t y  t e s t s  f o r  
elastomers f o r  the b inary  power p lan t  appl icat ion.  

A t y p i c a l  p lan t  might be located i n  the Imperial  
Val ley, i n  an area where the b r ine  temperature i s  
191C (375F), and use isobutane/isopentane as the  
working f l u ids .  I n  addi t ion,  there may be o ther  
equipment such as downhole e l e c t r i c a l  pumps which 
need a h igh  temperature o i l .  Hence, s t a t i c  seal 
compa t ib i l i t y  t es ts  were run i n  syn the t ic  brine, 
isobutane (represents isopentane also),  and o i l  
a t  nominal ly 191C (375F) wi th some t e s t i n g  up t o  
266C (510F). The o i l s  tested are ASTM No. 1, ASTM 
No. 3, Chevron Cyl inder 460X, and Pacer DKF-1894. 

Given the t e s t  condi t ions,  i t  was doubtful  t h a t  any 
one compound would work s a t i s f a c t o r i l y  i.n a l l  three 
f l u i d s .  Nevertheless, t h i s  was h igh ly  des i rab le  
and the t e s t i n g  was s t ruc tu red  t o  reveal t h i s  
should any compound have t h a t  capab i l i t y .  
o f  the molded rubber product nianufacturers were 

Several 

2 mas. 6 mos. 26 

X X X 

X 

X 

s o l i c i t e d  f o r  t h e i r  most promising cmpound(s) f o r  
the tes t .  U l t imate ly  34 canpounds from 15 d i f f e r -  
en t  companies were selected f o r  tes t ing .  
spectrun of h igh performance polymers were included: 
EPDM, Kalrez, PNF, Vi ton/Fluorel ,  N i t r i le /Buna N, 
and AFLAS. 

Imnersion t e s t i n g  i n  each o f  the three f l u i d s  were 
run t o  screen the 34 candidates down t o  8 f o r  f u r -  
ther  evaluation. The immersion tes ts  were run  a t  
191C (375F) f o r  5 days and evaluated on the basis 
o f  change i n  hardness, u l t ima te  t e n s i l e  strength,  
u l t imate  elongation, weight, volume, and res i l ience.  
This screening down process was done w i t h  the keen 
awareness t h a t  imnersion on ly  t e s t s  the e f f e c t  o f  
temperature and chemistry on the elastomer. 
these higher temperatures , the mechanical envi ron- 
ment due t o  d i  f f e r e n t i  a1 pressures , seal s e t t i n g  , 
etc., are j u s t  as important, i f  not moreso, than 
temperature and chemistry. Not surpr is ing ly ,  what 
looked the best based on immersion tes ts  d i d  no t  
look the best a f t e r  ful l-environment s t a t i c  seal 
tests.  

A f t e r  select ion,  the 8 compounds were then f u r t h e r  
evaluated. 
(375F) f o r  longer periods, and tested as O-rings 
up t o  266C (510F). Based on these t e s t s  4 c m -  
pounds were O-ring tested a t  204C (400F) and 20.7 
MPa (3000 p s i )  f o r  6 months. The ove ra l l  sunmary 
ma t r i x  o f  t es ts  i s  shown i n  Table I. 

TABLE I. SUMMARY MATRIX 
BINARY POWER PLANT COMPATI BIL ITY TEST1 NG 

A f u l l  

A t  

They were imnersion tested a t  191C 

I Imnersion O-ring 
Number I (6 Fluids) 1 ( 3  Fluids)  

34 canpounds 

191C (375F) 

8 Selected 
191C (375F) 

232C (45OFJ 
266C (510F) 

4 Selected 
204C (@OF) 

6 mos. - 

X - 
Figure I sumnarizes the short-term O-ring tests.  
A l l  t e s t i n g  was done a t  20.7 MPa (3000 p s i )  d i f f e r -  
e n t i a l  pressure and Figure 1 shows on ly  the  EPDM's 
performing r e l i a b l y  up t o  the 266C (510F) leve l .  
Catastrophic f a i l u r e  occurred w i t h  many o f  the com- 
pounds espec ia l l y  i n  isobutane and br ine.  
AFLAS 7170x14 and Kalrez 1018 both ca tas t roph ica l l y  
f a i l e d  a t  the  minimun t e s t  temperature, 191C (375F), 
i n  isobutane. The E692-75 EPDM fa i l ed  i n  isobutane, 
hence, does not show across the  board r e l i a b i l i t y  
t h a t  Y267 EPDM shows. This compound performed 
q u i t e  we l l  i n  general; however, r e s u l t s  i nd i ca te  
t h a t  i t s  c a p a b i l i t y  i s  being approached f o r  the 
more severe condit ions. S im i la r  s t a t i c  O-ring 
tes ts  i n  260C (500F) b r i ne  reported i n  Reference 1, 
i nd i ca te  n ibb l i ng  o f  the E692-75 i n  b r i ne  a t  28.3 
MPa (4100 ps i ) .  
the upper l i m i t  f o r  the E692-75 wh i l e  the c a p a b i l i t y  
o f  the Y267 EPDM i s  ind ica ted  t o  be somewhat higher 

The 

Hence, these condi t ions are about 
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since i t  has not  experienced breakage o r  n ibb l ing.  

Temperature 
Canpound Rank 191C(375F) I 232C(450F) I 266C(510F) 

Damage limited to moderate set and swelling. 
Severe set, cracks or splits, signs o f  extrusion. 

-1 Nibbling or catastrophfc failure. 

FIGURE 1. 46-HOUR O-RING TEST RESULTS, 
20.7 MPa (3000 P S I )  AP 

Figure 2 sumnarizes the long-term O-ring t e s t  which 
complete the c a n p a t i b i l i t y  t e s t  program. The tes ts  
were run f o r  approximately 6 months a t  204C (4OOF) 
and 20.7 MPa (3000 p s i )  d i f f e r e n t i a l  pressure. The 
long-term tes ts  were run on a d i f f e r e n t  f i x t u r e  than 
the short-term tests .  The short-term t e s t s  were 
s t r i c t l y  s t a t i c  seal t es ts  wh i l e  the long-term tes ts  
permit ted slow s l i d ing ,  up t o  a cyc le  per day. This 
design was adopted s t r i c t l y  because o f  econanic 
considerations. The four  best compounds from the 
short-term O-r ing tes ts  were tested. Figure 2 
shows a r e l a t i v e  ranking o f  compounds by shading 
and t h e i r  l i f e  f o r  each o f  the three f l u i d s .  
t roph ic  f a i l u r e  occurred i n  i sobutane and br ine,  
again the most d i f f i c u l t  f l u i d s  t o  seal. 

I n  b r i n e  the Y267 looks the best which i s  no t  sur- 
p r i s i n g  because i t  was designed f o r  br ine.  The 
Parker E692-75 EPDM t e s t  f i x t u r e  f a i l e d  a f t e r  56 
days because a non-test O-ring i n  the f i x t u r e  
fa i l ed ,  but  based on previous data there i s  every 
reason t o  be l ieve t h a t  i t  would have performed 
equal ly  a t  t h i s  r e l a t i v e l y  m i l d  temperature. 
the f luoroelastaners became b r i t t l e  and fa i l ed .  I n  
isobutane, both E692-75 EPDM and 501 Vi ton are "not 
OK"; they f a i l e d  a t  90 and 41 days respect ive ly  

Catas- 

Both 

VL150W3 Is 

Seal L f f e ,  'lays 

13f8:8886888 OK 

1-1 Not OK 

FIGURE 2. 6-MONTHS O-RING TEST RESULTS. 
204C (MOF), 20.7 MPa (3000 P S I )  AP 

consistent w i t h  previous tests.  
cant uncertainty,  however, as t o  Y267 EPDM and 
VL1503M3 Fluore l .  For the conditi,ons VL1503M3 i s  
best because i t  survived the e n t i r e  test ,  171 days, 
but  suf fered moderate permanent set, wh i l e  the Y267 
suffered s l i g h t  permanent s e t  and i t  cracked over 
about 10% o f  i t s  circumference but  stayed i n t a c t .  
The Y267 crack may have or ig inated w i t h  a molding 
defect  and, i n  any event, i t  could probably be pre- 
vented w i t h  a backup r ing.  Consequently i n  the 
f i n a l  analysis, these and other  factors  such as 
a v a i l a b i l i t y  would enter  i n t o  the f i n a l  se lec t i on  
o f  isobutane. I n  ASTM No. 1 o i l  a broader choice 
e x i s t s  as a l l  f ou r  candidates survived the 209-day 
t e s t  period. The VL1503M3 Fluorel  became b r i t t l e ,  
suf fered severe set. and s l i g h t  n ibb l ing.  The 
EPDMs suffered some swel l  and moderate n ibb l ing.  
The 501 Vi ton suffered severe set  and s l i g h t  n ib- 
b l ing,  however, i t  d i d  not get b r i t t l e  as d i d  the 
VL1503M3 o r  as i t  d i d  i n  Chevron Cyl inder O i l .  A 
t rade e x i s t s  here between severe set  and po ten t i a l  
o f  g e t t i n g  b r i t t l e  f o r  the 501 Viton, against  the 
moderate n i b b l i n g  o f  the EPDMs which can be cor- 
rected w i t h  backup r ings.  

There i s  s i g n i f i -  

I n  ove ra l l  conclusion f o r  the 46-Hour O-ring Test 
conditions, the Y267 EPDM looks the best f o r  br ine,  
isobutane, and ASTM No. 1 o i l .  The Parker E692-75 
looks as good f o r  b r i ne  and almost as good f o r  
ASTM No. 1 o i l ,  however, o ther  t e s t  data i nd i ca te  
t h a t  it i s  performing near i t s  maximum capaci ty 
under these t e s t  condi t ions wh i l e  Y267 EPDM has 
some addi t ional  capacity. 
t e s t  conditions, the same conclusion appl ies as 
f o r  the 46-hour t e s t  f o r  brine. 
isobutane, there i s  a t rade between Y267 EPDM and 
VL1503M3 Fluore l .  I n  ASTM No. 1 o i l ,  there i s  a 
t rade between the EPDMs and 501 Viton. The 501 
suffered severe se t  and gets b r i t t l e  i n  Chevron 

For the 6-months O-ring 

However, f o r  
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for  a maximun of 4 t o  6 hours. The rubber par ts  
were changed whenever the cablehead was dismanteled 
f o r  other reasons. 

Sandia E111 ran autoclave tes ts  i n  the vapor phase 
o f  water a t  270C (500F) f o r  100 hours plus heat-up 
and cool-darn. The cable BOP environment was being 
st imulated. The Y267 EPDM was the best o f  7 com- 
pounds i n  t h i s  environment. It re ta ined about 90% 
o f  i t s  t e n s i l e  strength a f t e r  ageing and was 
recarmended by Sandia f o r  t h i s  appl icat ion.  

Sperry Vickers [12] r a n  long-term compa t ib i l i t y  
t e s t s  o f  elastomers i n  an aqueous so lu t i on  o f  
hydrazine a t  218C (425F). They saw no change i n  
the Y267 EPDM a f t e r  85 days. 

TerraTek [13] ran  d r i l l  b i t  seal t es ts  on several 
elastomers inc lud ing  Y267 EPDM. The t e s t  exposes 
the  seal t o  grease on one side and rock cut t ings,  
sand, and water on the  other. The specimen i s  
raised t o  a presoak temperature t o  simulate t r i p -  
p ing  i n t o  the we l l ,  cooled t o  150C (302F) t o  simu- 
l a t e  i n t roduc t i on  o f  co ld  d r i l l i n g  f l u i d ,  and then 
the dynamic t e s t  i s  i n i t i a t e d .  The t e s t  provides a 
r o t a t i n g  motion and on each cycle r a d i a l  and long i -  
t ud ina l  jogs  are superimposed on the motion. A t  
the t ime they ran  Y267 EPOM, a 40 t o  50 hour run  
was q u i t e  respectable. With the Y267 a presoak 
temperature o f  288C (550F) was chosen; t h i s  was a 
f i r s t  f o r  t h i s  h igh  a t e s t  temperature. 
TerraTek and L' Garde were p leasant ly  surpr ised 
when the Y267 EPDM was s t i l l  sea l ing  a f t e r  104 
hours. TerraTek remarked t h a t  the Y267 appeared 
exce l len t  a f t e r  the  tes t ,  less  degraded than a l l  
other elastomers tested. 

AVAILABILITY OF Y267 EPOM 

A major ob jec t ive  o f  the DOE e f f o r t  was t o  assure 
t h a t  the developed technology i s  ava i lab le  f o r  wide- 
spread f i e l d  use. To t h i s  end, L'Garde was con- 
t rac ted  t o  t rans fe r  the technology. A f t e r  an app l i -  
ca t i on  and care fu l  evaluat ion process , BJ-Hughes 
Rubber, Oncor/Preci s ion  Rubber, and Parker Seal 
were selected f o r  t rans fer .  The t rans fe r  i s  now 
csnplete and molded par ts  based on Y267 EPDM tech- 
nology are  ava i lab le  i n  cunnercial quan t i t i es  from 
&I-Hughes Rubber, Parker Seal, and Precis ion Rubber. 
The f u l l  spectrun o f  la rge  and small par ts  are 
ava i lab le  from these suppliers. 
technology i s  ava i lab le  f o r  R I D  e f f o r t s  d i r e c t l y  
from L'Garde. 

CONCLUSION 

Downhole and labora tory  t r i a l s  o f  L'Garde's Y267 
EPW were successful. Table I1 s m a r i z e s  those 
17 experiences and they i nd i ca te  t h a t  Y267 EPDM i s  
the  super ior  elastomer f o r  h i  gh-temperature aqueous 
reducing environments. Test data i s  a lso  bu i l d ing  
which ind ica tes  super io r i t y  f o r  high-temperature 
hydrocarbon reducing envi rorments. 

Parts based on Y267 EPDM technology are ava i lab le  
i n  comnercial quan t i t i es  from: 

Both 

I n  addi t ion,  the 

Cyl inder O i l  w h i l e  the EPDMs suffered moderate 
n ibb l i ng  which can be prevented w i t h  a backup r i ng .  
The comment on the 46-Hour O-ring Test regarding 
Y267 azd E692-75 capac i t ies  a lso  appl ies here. 

The above conclusions regarding the s e r v i c e a b i l i t y  
o f  EPDMs i n  hydrocarbon o i l  i s  unexpected because 
i t  i s  a general ly accepted r u l e  t h a t  EPDMs should 
no t  be used w i t h  hydrocarbon o i l .  This r u l e  i s  
der ived from immersion t e s t s  and even though the  
Y267 i s  less vulnerable t o  o i l  than most EPDMs, 
i t  does swell ,  and lose strength and hardness. 
Nevertheless, a f t e r  several days i n  the environment 
the  degradation reaches a plateau which has been 
measured t o  e x i s t  t o  a t  l e a s t  6 months and the 
remaining proper t ies  s t i l l  provide an exce l len t  
s t a t i c  seal. There i s  some evidence, i n  fac t ,  t h a t  
swel l  may be a des i rab le  property f o r  seals i n  hos- 
t i l e  environnents. 

OTHER MISCELLANEOUS TESTS 

Other miscellaneous t e s t s  on Y267 EPDM have been 
run f o r  a v a r i e t y  o f  environments and by several 
organizations. 
section. 

B a t t e l l e  Northwest [8] ran i n t o  rubber seal pro- 
blems on an i n l i n e  cor ros ion  probe they are tes t ing .  
They ran autoclave t e s t s  i n  200C (4OOF) b r ine  on 
the Y267 EPDM p r i o r  t o  i n s t a l l i n g  it i n  the f i e l d .  
They have tes ted  several compounds and conf i rm t h a t  
the Y267 EPOM stands up b e t t e r  than any other elas- 
tomer they have tested. They subsequently ran  
exce l len t  comparative tes ts  a t  the Magna P lan t  i n  
the Imperial  Val ley. A t e s t  loop i s  ava i lab le  a t  
the feed t o  the p lan t  where several instruments can 
be tested simultaneously. B a t t e l l e  ran corrosion 
probes w i t h  f luoroe las tuner  (FKM) perf luoroelas- 
tomer (FFKM), and Y267 EPDM seals side-by-side. 
Both other seals f a i l e d  w i t h i n  2 weeks; the FKM 
became b r i t t l e ,  and the FFKM cracked and s p l i t .  
The Y267 EPOM was s t i l l  running a f t e r  8 months when 
the p lan t  was shut down. This i s  the longest per- 
formance logged f o r  t h i s  app l i ca t ion  f o r  any 
elastomeric seal. 

LANL/Union O i l  [9] r a n  an explosive s t imu la t i on  
experiment a t  the  Geysers. They encountered seal 
problems dur ing  pre l im inary  ho t  water t e s t s  wi th  
t h e i r  t imer/detonator vessel which i s  imnersed i n  
the explosive dur ing  operation. Imnersion t e s t s  
were subsequently run  i n  the explosive a t  246C 
(475F) and 6.9 MPa (1000 p s i )  wi th fou r  d i f f e r e n t  
elastomer compounds and the Y267 EPOM was c l e a r l y  
the best performer. Tests were a lso  successful ly 
rerun i n  260C (500F) water i n  an autoclave. Y267 
EPDM seals were u l t i m a t e l y  i n s t a l l e d  i n  both pres- 
sure vessel s; the  t imer/detonator, and the ove ra l l  
container. The t imer  was se t  f o r  48 hours fo r  the 
downhole tes ts  and the detonat ion occurred a t  the 
second imp ly ing  t h a t  the seals must have performed 
f 1 aw 1 ess 1 y . 
LANL [ l o ]  ran  some temperature surveys f o r  Union a t  
the  Baca using t h e i r  cablehead equipped wi th Y267 
EPDM seals. The we1 1 temperature was approximately 
300C (575F) and the  Y267 EPDM par ts  were exposed 

These are summarized i n  t h i s  
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BJ-Hughes Rubber 
Parker Seal 
Precision Rubber 

Y267 EPDM technology, hos t i le  enviroment seal 
technology, and hos t i le  enviroment test ing tech- 
nology i s  availab'le from L'Garde. 

TABLE 11. SUMMARY OF Y267 EPDM LABORATORY 
AND FIELD EXPERIENCE 
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