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STATEMENT OF OBJECTIVES CIid 

The fo l low ing  are  ob jec t i ves  t o  be accomplished under the  GEM 

Def ine geothermal e lastomer ic  seal a p p l i c a t i o n  where 
immediate improvements w i l l  p rov ide most b e n e f i t  t o  

Perform elastomer development and eva lua t ion  t o  meet 
requirements o f  1 )  (casing packer seal element t o  sur-  

Program: 

2. 

've 26OOC (500OF) 

. 3. Design, ' fabr ica te ,  operate eva lua t ion  
t e s t s  focus ing on the  p e r t i n e n t  requirements o f  1) .  

Evaluate cu r ren t  commercially a v a i l a b l e  elastomers 
whi'ch were developed f o r  o i l  
t he  geothermal condi t ions.  

system f o r  geothermal app l i ca t ions .  

4. 
01 equipment under 

5 .  Perform conceptual i z  i o n  o f  improvements fo r  a packer 
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ABSTRACT 

This 12-month Progress Report i s  a comprehensive description of 
work performed by L'Garde, Inc., on the GEM Program under ERDA Contract 
EG-77-C-03-1308. 
Program i s  t o  develop elastomers for  packer seal element applications which 
wil l  survive downhole geothermal well chemistry a t  260oC (500 F) fo r  24 
hours . 

To achieve this  development, a three level elastomer testing and 
evaluation program was established. 
a broad screening of potential candidates and w i t h  the end objective to  
f i l t e r  o u t  the more promising candidates for more expensive subsequent 
testing. The battery of t e s t s  include standard ASTM t e s t s  and a special 
t e s t  developed by L'Garde to  t e s t  extrusion resistance us ing  specimens a l l  
made from sheet stock. The second level or Simulation Tests provide a 
laboratory equivalent of downhole conditions using synthetic geothermal 
f l u i d .  F u l l  scale packer seals are tested under simulated operational con- 
ditions by a t e s t  f ixture  developed by L'Garde. The t h i r d  level or  In-Situ 
Tests which are  currently i n  the p l a n n i n g ,  provide for  tes t ing the most 
favored materials in-situ i n  the geothermal well. 
by L'Garde which provides for testing of the specimen without interfacing 
w i t h  the well casing. A t e s t  module freely hanging  on a wireline has much 
lower probability of causing a problem,such as becoming lodged i n  the well, 
as compared t o  an operational casing packer. This maximizes the number of 
we1 1 s (hence geothermal envi ronments) where access can be gained and In-Si t u  
Testing performed. 

The objective of the f irst  phase of the ERDA Elastomers 

The f i r s t  level Screening Tests, is  

A t e s t  module was designed 

D u r i n g  this  period commercially available polymers were investigated. 
Most of the work centered around formulating peroxide cured Vitons and some 
on EPDMs, butyls, and resin cured Vitons. Of the formulations tested to  
date the EPDMs appear most promising and the peroxide cured Vitons next most 
promising. However, data is too sparse to  make any firm conclusions a t  this 
time. 

Minor tasks were performed evaluating current commercially available 
elastomers used i n  o i l  tools and conceptualization of casing packer fo r  the 
geothermal application. 

i v  
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T h i s  12-month Progress Report i s  a comprehensive reporting of the 
technology developed by L'Garde, Inc., under the Geothermal Elastomeric 
Materi a1 s (GEM) Program, Contract Number EG-77-03-1308. The fundamental 
objective of the program is t o  develop elastomers for  the downhole geothermal 
seal application. Figure 1 shows the overall flowchart of the Program. The  
crosshatched box indicates where future candidates will enter the evaluation 
sys tem. 

are the most practical seal material. They are  economical, relatively very 
inexpensive except fo r  a minority made from exotic polymers and are  reuseable 
except for  very severe environments. 
w i t h  respect t o  instal la t ion and manufacturing tolerances of the mating parts 
to  be sealed. Because of the forgiving nature of elastomeric seals ,  they can 
be successfully installed by unskilled mechanics and ithey can be instal led i n  
f ie ld  environments. On the other hand metal seals  are extremely sensit ive to  
contamination and handling. L'Garde's experience w i t h  g o l d  plated metal K- 
seals on the Simulation Test, reported i n  Section 4.0, indelibly imprinted an 
appreciation for  elastomeric seals.  Extreme care is  required fo r  the metal 
seals t o  clean the sealing surfaces and t o  apply the 'correct and evenly d is -  
t r ibute  the preload. Furthermore, each of the three seal applications re- 
q u i  red development of special procedures for  each unique s e t  o f  circumstances 
to  assure that  the seal is delicately instal led w i t h o u t  abrasion or  bumping. 
Elastomers have the added advantage of flowing and conforming to  i r regular i t ies  
while providing elastomeric resistance to  continued flow a f t e r  seating. On 
the other hand plast ic  seals continue to  flow a f t e r  seating and do not achieve 
the s table  equilibrium which i s  possible w i t h  elastomers and must be constantly 
recinched t o  maintain the sealing force. 

i n  seal applications, the GEM Program objective fu l f i l l s  an important need. 
Development of elastomers to  meet geothermal environments will extend the i r  
benefits into that  regime. 

identified as the d t h a t  i s  currently c r i t i ca l  t o  the development of 
geothermal energy a re improvements will  yield good return. I n  that  
the formation eothermal environments represents an extremely 
d i f f i cu l t  eng blem, this f i r s t  elastomer development e f for t  has 
been focused on a 1 bitious goal, the casi acker seal application. 
Rubber development e casing packer elemen i l l s  two b i r d s  w i t h  one 
stone", as those ma s which work isuccessfu for the packer seal wi l l  
most probably work well for  O-r ing seals.  The O-ring application is  less  
severe because both surfaces are machined, the clearances are small and the 
required deformation of the O-ring i s  small red to  a casing packer seal 
element, 

Seal materials are most commonly made from elastomers because they 

They are very rel iable  and forgiving 

In view of the multitude of nef i t s  provi ded by el  as tomeri c materi a1 s 

During this contract period the formation or  open-hole packer was 

1 
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thermal environment imposes extraordinary requirements on the 
casing packer seal element. The geothermal temperature and chemistry both 
substantially reduce the elastomeric seals ab i l i t y  to w i t h s t a n d  the s ignif i -  
cant internal s t resses  which are generated i n  the rubber as the seal i s  com- 
pressed endwise t o  cause i t  t o  expand circumferentially and seat against i t s  
OD and ID. Because of the severe and complex nature of the materials and 
structural  requirements of the seal ,  special t e s t s  have been designed and 
devel oped. 

i s  used. The f i rs t  step,  "Screening Tests", i s  a battery of  t e s t s  performed 
on specimens made from sheet stock. The t e s t s  include standard ASTM t e s t s  
and a special t e s t  developed by L'Garde, the Extrusion Resistometer or Punch 
Test, I t  t e s t s  the extrusion resistance of' the candidate materials, a key 
property for  geothermal packer seals. The purpose of the Screening Tests 
i s  t o  quickly and e f f ic ien t ly  f i l t e r  o u t  the less  qualified materials can- 
didates to  maximize coverage of potential materials and minimize the, amount 
of more expensive subsequent testing and evaluation. 

downhole operational conditions. Under the Screening Tests chemically aged 
f l a t  samples are  r u n  t h r o u g h  the battery of t e s t s  a f t e r  they have been chem- 
ica l ly  aged i n  the autoclave. I n  contrast, the Simulation Test uses a f u l l -  
scale,  4-inch packer seal as the t e s t  specimen and simultaneously submits i t  
t o  the operational chemistry, temperature, pressure, differential  pressure, 
and the seating forces for  the required duration of the tes t .  
comments from o i l  tool personnel 'regarding the post mortem specimens, the 
f ixture  i s  providing a good simulation o f  the actual packer. 

The t h i r d  step,  as currently planned, i s  t o  t e s t  the most promising 
candidates from the SIM Test downhole i n  a geothermal well, A t  operational 
depths the specimen will be exposed to  the unaltered f lu id  and no questions 
ex is t  as t o  whether the specimen exposure is representative. Any possibi l i t ies  
of f lu id  modifications which may occur because of temperature or pressure 
changes or  dilution o r  contamination of the f l u i d  from other  s t r a t a  are elim- 
inated. A tes t ing module was designed which operates much as the laboratory 
SIM t e s t  f ix ture  except down i n  the geothermal well. The design of the module 
i s  such that  i t  i s  no t  necessary fo r  interface w i t h  the well casing. This 
enables preservation of the post mortem t e s t  data and minimization of the 
potential f o r  becoming lodged i n  the well. Minimization of the risk to  the 
well will resu l t  i n  wider access t o  t e s t  wells and, hence, a wider variety 
o f  t e s t  chemistries. 
to  the more complex and expensive t u b i n g  string. 

Viton family d u r i n g  this contract period as candidates to  improve geothermal 
packer seals. Because the peroxide cured Viton resul ts  were not overwhelmingly 
promising some e f fo r t  was also spent investigating EPDM, butyl, and resin cured 
Vitons. The SIM te s t s  revealed that  an important contributor t o  the fai lure  of 
the packer seal is the substantial internal stresses which are generated within 
the seal as i t  is seated. A c r i t i ca l  balance i s  required to  be struck between 
modulus, ultimate elongation, and ultimate tensi le  strength of the material to  

A three-step graduated testing and evaluation of material candidates 

The second step,  "Simulation Tests", i s  a laboratory equivalent of 

Based on 

1 

In addition, the module uses a wire-line hoist as opposed 

The elastomer formulation e f f o r t  was concentrated on the peroxide cured 

.. 
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allow i t  to  be deformed while seating yet to  be s t i f f  and strong enough t o  

impossible as the temperature increases. 

The following i s  prefaced w i t h  the fact  t h a t  insufficient data exists 
to  make firm conclusions and a;.y conclusions are preliminary and tentative. 
A t  t h i s  point i t  appears that  EPDM holds the most promise of the elastomers 
developed and tested t h u s  far.  Viton also holds promise, b u t  is more exten- 
sively degraded by the synthetic geothermal fluid.  B o t h  are recommended for 
further development. Table I shows the typical effect  of chemically ageing 
EPDM, Viton, and Kalrez i n  synthetic geothermal fluid for 24 hours a t  26OoC. 
The da ta  ref lects  work reported i n  Section 3 . 2 .  The testing and evaluation 
has also resulted i n  a unique concept of "curing the seal i n  place" t o  pre- 
clude the stressing of the seal as i t  i s  seated. 
to  t e s t  the feas ib i l i ty  and pract ical i ty  of this concept. 

c ia l ly  available elastomers i n  the SIM Test t o  provide a reference for the ERDA 
developed elastomers. 
The elastomers included two Nitr i les ,  one EPDM, one Epichlorohydrin, and one 
V i  ton. 

bridge gaps. S t r i k i n g  this balance becomes increasingly d i f f i cu l t  i f  n o t  LJ  

Future e f for t  i s  recommended 

A minor task under the GEM Program was evaluation of  the current commer- 

Five materials were received from five different companies. 

Separate trom the elastomer development,another minor t a s k  was performed. 
L'Garde developed a conceptual design of a casing packer improved t o  provide 
bet ter  potential i n  the geothermal environment. The design serves as a model 
providing guidance for  development of current elastomers which may have potential , 
and new polymers synthesized under the s i s t e r  e f for t s  being performed by J e t  
Propulsion Laboratory and Hughes Aircraft Company. An adapter for  the SIM Test 
i s  planned which will t e s t  O-r ing  specimens, rather t h a n  packer seal specimens. 
This will offer  a practical alternative for the very expensive elastomers. 

Ld 
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2.0 PROBLEM AND APPROACH DEFINITION 

Section 2.0 describes the process whereby the specific objectives 
for the GEM Program performed by L'Garde, Inc., were defined. 

2.1 FORMULATION OF SPECIFIC OBJECTIVES 

The i n i t i a l  task defined specific program objectives within the over- 
a1 1 goal to  develop improved elastomers for  h i g h  temperature geothermal seals. 
Visits were arranged w i t h  geothermal energy producers and well owners, well 
tool and d r i  11 i n g  equipment manufacturers, and Government laboratories perform- 
i n g  related research and development. The purpose was to  become familiar w i t h  
problems being encountered t h r o u g h  briefings such t h a t  L'Garde's program could 
be defined to  best f i l l  the needs of the geothermal comnunity, i.e. applied 
R&D as opposed t o  pure R&D. More specifically,  L'Garde's purpose was to  iden- 
t i f y  t h a t  seal application which would benefit the geothermal community most 
i f  i t  were improved f i r s t .  

The conclusion a f t e r  digesting voluminous and often obscure and elusive 
d a t a  was t h a t  the comunity i s  i n  need of a formation packer. For example, 
formation packers are needed t o  evaluate specific s t r a t a  i n  a well f o r  identi- 
fication of low q u a l i t y  cool zones or h ighly  corrosive zones. T h i s  conclusion 
was confirmed by Mr. J. Barnea's office a t  the U N  and Mr. J. Rowley's office 
a t  LASL. Copies of comunications w i t h  them are included i n  Appendix A and B. 
However, t h o u g h  h i g h  temperature formation packers are needed, development of  
elastomers for th i s  application was judged too ambitious a goal fo r  the f i r s t  
effort .  Therefore, i t  was recomended and  approved t o  f i rs t  develop improved 
elastomers f o r  casing packer elements. 

2.2 DOWNHOLE WELL CONDITIONS 

High  temperature downhole seals tend to  f a i l  from extrusion a8d hardgn- 
i n g .  The more interesting geothermal wells have temperatures of 260 C (500 F )  and 
higher and i t  is not unusual to  have compositons of the f l u i d  which are  unusually 
reacti ve to  elastomeric compounds. 

26OoC causes most rubber compounds t o  harden by thermal breaking o f  
double bonds and forming new crosslinks t o  form a three dimensional mat r ix  
w i t h  less  and less ab i l i t y  to  yield and recover when deformed T h i s  action 
proceeds quite rap id ly  i n  a i r  (oxygen). 
the h o t  water acts as an active swelling and softening agent, suff ic ient  t o  
break crosslinkages causing most cured elastomers to  devulcan ze or revert 
and to  become so f t  and weak. The geothermal well f luid often contains sulfur 
i n  the form of hydrogen sulfide. A t  h i g h  temperatures sulfur rapidly breaks 
double bonds and forms crosslinks until the rubber becomes hard and b r i t t l e .  

I n  water or steam a t  h i g h  temperatures 

6 



)pl The f l u i d  also can contain considerable concentrations of metallic s a l t s  
completely ionized. The effects  of such s a l t s  on elastomeric compounds i s  
not known 

2.3 EARLY CONSIDERATIONS OF ELASTOMERS 

The development and evaluation of elastomers fo r  this  f irst  period 
was confined to  comnerci a1 ly avai 1 ab1 e el as tomers , reinforcing f i 1 1 ers and 
curing systems. The most common and lowest cost elastomers are the butadiene 
copolymers. 
butadiene and acryloni t r i le  ( the l a t t e r  i s  used i n  nearly a l l  o i l  well seals 
because of i t s  resistance to  degradation by crude o i l ) ,  These polymers have 
unsaturated backbone structure - C = C - C - C = C - etc., the double bond 
being used to  get f a s t  curing w i t h  sulfur. 
double bonds are used t o  form the sulfur  crosslinkages; consequently su l fur .  
i n  the geothermal f luid continues t o  break those remaining double bonds to  
form more sulfur  crosslinks u n t i l  the seal compound becomes very hard and weak, 
crumbling or cracking dur ing  use, 

These .elastomers are  copolymers of butadiene and styrene or  

Unfortunately only a few of the 

A logical s tep would be to  consider elastomers free o f  excess double 
bonds i n  the backbone. 
bel ow . There a re*a  considerable number of these as discussed 

Butyl rubber is  a copolymer of isobutylene and small amounts of isoprene 
I t  has a to  give an elastomer w i t h  most of the backbone as single bonds. 

longohistory of use fo r  the curing bags wherg i t  is  exposed to  water a t  1 7 7 O C  
(350 F); however, i t  softens severely a t  260 C and is slowly devulcanized by 
the hot water. 

saturated backbone. The h i g h  concentration of pendent chlorine groups makes 
i t  very resis tant  t o  solvents and fuels. There was no information about 
resistance t o  h i g h  temperature brine. Aocomnercial formulation was selected 
fo r  evaluation although softening a t  260 C and extrusion failure was expected. 

ether or butyl acrylate and acryloni t r i le)  have the desired saturated backbone 
and are  highly res i s tan t  t o  heat oxidation; however, neither a re  res is tant  to  
water or  steam a t  h i g h  temperature. 

The chloroprene elastomers have good oxidation resistance, b u t  poor 
water resistance. 

Ethylene propylene diene terpolymers are similar to  the butyl rubbers 
i n  properties. They have the desired saturated backbone w i t h  a few double 
bonds t o  f a c i l i t a t e  c ~ r i n g . ~  They are  widely used i n  t i r e  curing bags where 
resistances to  water a t  350 F i s  required, 

Epichlorohydrin polymers (chlorinated epoxy propane) have the required 

The polyacryl ics  (copolymers o f  ethyl acrylate and chlorovinyl ethyl 

I t  was selected for limited 
evaluation. 

S i  1 i cone el as tomers 
n t a  i n t hei r phys i ca w and 

have the 
propert 

7 

best h i g h  temperature oxidation resistance 
es better a t  260 C than any of the elastomers. 



The backbone i s  -Si-0-Si-0- which is  thermally stable.  
information abou t  resistance to  sulfur or water or  h i g h  temperatures was 
found. However, small amounts of o i l  cause severe degradation. F1 uoro- 
si l icone elastomers are similar t o  the si l icones except they have been f luor -  
inated t o  give the compounds some resistance to  o i l s .  
Corning, appl icabi 1 i ty of si1 icone rubber to  the GEM environment is  uncertain , 
therefore, simple Screening Tests t o  determine the hydrolytic and sulfur  
resistance are recommended. 

The f l  uoroelastomers (Vitons, Fluorels) are fluorinated hydrocarbons 
w i t h  completely saturated -C-C- backbone to  give the best resistance to heat, 
oxidation and attack by sulfur.  Peroxide cured Vitons were selected for  com- 
pounding, evaluation of cure systems and reinforcing f i l l e r s  principally be- 
cause there was a considerable amount o f  da ta  reported i n  the l i t e ra ture  i n d i -  
cating good prospects i n  steam and f lu ids  environmen_ts and, the Air Force 
Materials Laboratory has been experiencing success'wi t h  them a t  260OC for  
h i g h  performance a i r c ra f t  hydraulic cylinder applications. 

men& would be designed around the casing packer seal element operating a t  
260 C.  
for  t h i s  application was the then newly introduced peroxide cured family of 
Viton fluoroelastomers. 

No applicable 

According to  Dow 

As a resul t  of this task, i t  was determined t h a t  the elastomer develop- 

Furthermore, i t  was determined that  the base elastomer to be developed 

8 



SCREENING TESTS 

The Screening Tests a r e  the f i r s t  level evaluation of potentia4 
elastomer candidates fo r  the geothermal seal application. 
simple t e s t s  us ing  specimens cut from sheet stock a re  used for evaluation. 
The Screening Tests are designed to  cover a l o t  of ground a t  the expense of 
preciseness o f  the simulation o f  a l l  the operational conditions and thereby 
provide a b u l k  f i l t e r  t h u s  quickly eliminating the poorer performers prior 
t o  going into the more expensive subsequent testing. 

t i o n  4.0 an abbre- 
viated s e t  of Screening Tests were r u n  t o  generate data.for*refinement of the 
formulations as well as to  investigate candidates other than peroxide cured 
Vitons which were previously being investigated exclusively. T h i s  work is  - 
reported i n  Section 3.2. 

A battery of 
. , 

. 

Prior t o  in i t ia t ion  of the SI Tests reported . i n  

3.1 SCREENING TESTS 

Thirty-five Viton formulations have been.mixed ,and screened. 
Screening Tests include the L'Garde Extrusion Resistometer or Punch 
pression set, Shore A hardness, ultimate tensi le  strength, and ultimate elonga- 
t i o n  tes t s ,  The tests were) performed on v i r g i n  material, material chem aged 
i n  synthetic geothermal f luid,  and material aged i n  the ambient room, as a 
control fo r  the chem aged material. 

selected fo r  continued development i n  the Simulation testing portion of the 
Program: 
20 p h r  Asbestine 3X. 
the base elastomer, increased level of Litharge, possible decreased amount of 
Diak #7, and post cure a t  500OF and l imit  oxygen i n  the post cure,environment. 

Based on the results of the Screening Tests, the following f i l l e r s  were 

30 p h r  A u s t i n  Black, 30 p h r  HTS graphite, 5 p h r  Kevlar 29, and 
Other indicated improvements are use of VT-R-4590 as 

ormance elasto 
c r i t i ca l  performance parameters throuqhout the 
w i t h  standard ASTM tes t s .  Generally, only stan 
as t ens i le  and elonqation a t  break, modulus a t  
strength, compression s e t ,  etc. For h i g h  perfo 
mate capabi 1 i ty  of the el  as tomer f s requi red, the standard t e s t s  . provide- a good 
relat ive "feel" as t o  the progress o r  lack of progress being made from formu-: 
lation to  formulation, however, i nva r i  
n o t  well correlated w i t h  performance i 
true development progress special tes  

ly the standard test resul ts  are usually 

9 '  
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For the 26OoC (500OF) packer seal application, i t  was established that  i the most probable c r i t i ca l  fa i lure  mode i s  extrusion of the seal past i t s  back- 
up, i .e .  for  rubber which remains elastomeric. 
260OC, and become very nonelastomeric, extrusim is  not t h e  primary problem. 
Hardening can provide somewhat of a temporary advantage by preventing further 
extrusion, however, because the rubber has l o s t  a l l  i ts  resil ience i t  can no 
longer withstand jarr ing disturbances. 
the elastomeric qual i t ies  throughout the performance period a special Punch Test 
was designed and fabricated to  t e s t  extrusion resistance a t  260OC. 
Screening Tests is  described and discussed i n  detail  below. 

us ing  the standard ASTM sheet mold and 1/2 inch sheet. 
swell t e s t  , tensile/elongation dogbone specimens are  cut from standard ASTM 
t e s t  sheets which are  6 inch x .6 inch x approximately 80 mils. The compression 
s e t  and Shore A hardness specimens are cut from 3.5 inch x 3.5 inch x approxi- 
mately 500 mil sheet. 
specimens cut from sheet stock enable the tests to  be relatively inexpensive, allow- 
i n g  screening of a maximum number of candidates. 
up for  an autoclave r u n .  

tested i n  three states. The t e s t s  are run for  a l l  formulations i n  the v i r g i n  
s t a t e  w i t h i n  a few days of completion of post cure, and i n  the chemical aged s t a t e  
a f t e r  24 hours of ageing i n  a synthetic geothermal f luid a t  260OC. 
o f  the geothermal f luid i s  as follows: 

For the nitriles which harden a t  

For materials of in te res t  which provide 

Each of the 

The Screening Tests are  designed around specimens made from sheet stock 
Extrusion Resistometer, 

The specimen dimensions are shown i n  Table 11. The use o f  

Figure 2 shows the specimens set 

A l l  materials are tested i n  two s t a t e s  w h i l e  every tenth formulation i s  

The constituency 

300 ppm 
1000 

H2S 
c02 
NaCl 25,000 

Balance 
5 - 7  

H2° 
pH (ending) 

On every tenth formulation, t e s t s  are  performed on material which has resided 
i n  the ambient room for  the same amount of time a f t e r  post cure as the chem aged 
specimens when they are  tested. 
or negative.effects that  have occurred because of the elapsed time as opposed to  
the chemical ageing. 

3.1.2 Formulation Matrix 

nominal formul a t i  on : 

T h i s  is a control t o  separate out the positive 

The screening is structured around a f i l l e r  study based on the following 

Viton GH 100 p h r  
MT Black, N908 50-X 
F i  11 e r  Candidate X 
Sub1 imed Litharge 3 
Diak #7 4 
Luperco 130 XL 1.5 
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TABLE 11 -- SCREENING TEST SPECIMEN CONFIGURATIONS 

Shore A hardness 

Sheet 
Thickness 

M i l s  

80 

80 

80 

80 

500 

500 

S peci  men 
Dimensions 

Inches 

0.75 dia. 

1.31 L x .25W x 
t e s t  sec t i on  

same as t e n s i l e  

2L x 1W x .08T 

OD x I D  x .50T 
c u t  i n  h a l f  

remains a f t e r  
compression s e t  
ex t rac ted  

.08T 



FIGURE 2 -- SPECIMENS PREPARED FOR AUTOCLAVE 
CHEMICAL AGEING 

‘t 

75 mil Dogbone and Rectangular  Speci-  
mens, and 500 mil Compression S e t  and 
Hardness Specimens 

c 
75 mil Dogbone and Rectangular 
Specimens 

c 



Viton GH was used for most fo  ations because i t  i s  stocked on the west 
coast. The 50 p h r  level of f i l l e r  i s  based on evaluation of formulations 
with 30, 40, and 50 p h r  of MT black evaluated on the Extrusion Resistometer. 
T h e  da t a  showed a monotonic improvement w i t h  50 p h r  performing the best so 
a l l  the screening tes t s  were performed a t  the 50 p h r  level. I t  was expected 
t h a t  the optimum f i l l e r  level i s  beyond the 50 p h r  level and a point t h a t  was 
investigated dur ing  the Simulation Test period. Litharge i s  used as the acid 
acceptor because i t  i s  reported t o  produce better properties in the water/ 
steam environment than the other metal oxides and hydroxides. 

The f i l l e r  candidates investigated are shown i n  Table 111. 

In addition t o  the f i l l e r  options, the sensi t ivi ty  t o  base elastomer 

Sensitivity t o  the amounts of Litharge and Diak #7 were also 
was investigated. Both VT-R-4590 and Viton GLT were considered i n  addition t o  
Viton GH. 
investigated . 

The nominal cure i s  a press cure a t  177% (35OOF) for 10 minutes. 
Post cure !as 24 hours a t  233og (45006) i n  an a i r  oven. Other post cures 
were a 260 C (500 F )  and a 288 C (550 F )  post cure for 14 hours w i t h  the 
rubber sealed i n  aluminum fo i l  Zo l imit  oxygen exposure. Various tempera- 
ture schedules were also investigated i n  bringing the temperature u p  t o  the 
post cure level. 

3.1.3 Test Fixtures and Measure 

A1 1 measurements taken dur ing  the Screening Tests are discussed. Except 
for  the L'Garde Extrusion Resistometer a1 1 measurements are s tandard ASTM t e s t s  
and for  those only points unique t o  the GEM measurements are discussed. A 
summary of the measurements taken for each formulation are shown i n  Table I V .  

A. L'Garde Extrusion Resistometer 

The Extrusion Resistometer was designed t o  provide a measure of the 
elastomers extrusion resistance. Conceptually i t  i s  similar t o  a paper hole 
punch w i t h  the punching resistance depending on the resil ience,  hardness, and 
shear strength of the t e s t  material. 
fixture. The  3/4 inch disk specimen i s  pinched between the bottom cup which 
holds the band heater and the neck support  which houses the punch. The upper 
piston/cylinder i s  thermally isolated from the lower t e s t  section and provides 
the punching force when gas pressure i s  applied t o  the piston. 

ent i re  f ixture  is surrounded with insulation and placed into the vacuum chamber 
shown. The t e s t  section is brought  up t o  the 260OC t e s t  temperature and held 
at;constant temperature for  14 minutes before testing. The nitrogen supply for 
the force cylinder is maintained a t  a constant supply pressure of 50 psig and 
supplied through a fixed or i f ice .  T h i s  assures t h a t  consistent repeatable 
pressure (force) b u i l d ' u p  tFansient results for  each run. The pressure is 
recorded and the maximum magnitude taken as the figure of merit for extrusion 
resistance. 

Figure 3 shows a cross section of the t e s t  

The overall t e s t  setup is  shown i n  Figure 4. . After assembly, the 
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TABLE 111 -- FILLER CANDIDATES 

Austin Black 

F i  brene C-400 

Carbon Wool 3A, 4A 

I I 

Bituminous Coal Fines 

Acicular P1 aty Talc 

Amorphous Carbon Fibers 

I Product I Description 

A '  
P 

HTS Graphite, 1 mn 

Kevlar 29, Chopped % i n .  

MgO M i  crof i bers I 6-8 microns 

Cotton Flock, S/60 

Nylon Flock, S/16 I 

Intermediate Modulus 
Graphite Fibers, PAN 
p recu rs or  

Filaments coated w i t h  
Resourci nal Formaldehyde 
Latex System 

Material being developed 
for Air Force 

Natura 1 

Natural 

I Asbestine 3X I Fibrous Acicular Mag- 
nesium S i 1  ica te  

I I 

Producer 

Slab Fork Coal Company 

Cyprus Industrial Minerals Co. 

Barnebey Cheney 

Hercul es , 1 nc. 

du Pont 

Versar, Inc. 

Microfibre, Inc. 

Microfibre, Inc. 

C.  P. Hall 



c TABLE I V  -- SPECIMEN MATRIX FOR EACH SCREENING TEST FORMULATION 

CHEM AGED 

(CHEM EFFECTS TEST) 
(1) 

SHEET AMBIENT AGED TOTAL TEST V I R G I N  

1 .  Punch Tes t  1 1 

3/4" Disk 2' 1 1 

3 

1 1 Swell (D471) 1 

1" x 2" x .080" 2 1 1 

1 1 3 

1 Dog Bones 

Die C 

1 

3 1 

93 693 3 3 Compr. Set 

Hard n es3 1 1 1 

(1 )  For each fo rmu la t i on  made 3-80 m i l  sheets, 1-500 m i l  sheet. 



FIGURE 3 -- EXTRUSION RESISTOMETER 

PUNCH TEST FIXTURE 

SPECIMEN 
~ 8 0  MIL x ,75" 

16 

- PUNCH 

-1-700 WATT 
HEATER 
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P r i o r  t o  i n i t i a t i n g  t h e  t e s t i n g  program f o r  t h e  GEM ma te r ia l s ,  an 
eva lua t ion  o f  t h e  Ex t rus ion  Resistometer was made. Three V i t o n  fo rmula t ions  

d i f f e r e n t  cured sheets o f  each fo rmu la t i on  f o r  a t o t a l  o f  24 t e s t s  were run. 
The specimens were run  i n  random order.  

The r e s u l t s  o f  t he  eva lua t i on  i n d i c a t e  t h a t  t h e  t e s t  i s  q u i t e  repeatable 
and d i f f e r e n t i a t e s  w e l l  between t h e  formulat ions.  The c o e f f i c i e n t  of v a r i a t i o n  
(s tandard d e v i a t i o n  d i v i d e d  by the  mean va lue)  i s  5.19% o r  i n  o t h e r  words g rea te r  
than 65% o f  an i n f i n i t e  number o f  measurements w i l l  f a l l  w i th in  2 5.19% o f  t h e  
mean value. A good t e s t  w i l l  have a c o e f f i c i e n t  o f  v a r i a t i o n  of  about 10% o r  

p rov ide  a 95% conf idence t h a t  t h e i r  means f a l l s  w i t h i n  about + 10% of t h e  t r u e  

A two s tep  f a i l u r e  
occurs when t h e  specimen i s  punched. 
i n g  ho le  and the  ou te r  laminates a re  popped o f f  through a t e n s i l e  f a i l u r e .  Then 
the  punch shears o u t  t he  remaining p o r t i o n  o f  t h e  plug. It i s  n o t  c l e a r  whether 
the  maximum punch fo rce  occurs du r ing  the  t e n s i l e  f a i l u r e  o r  t h e  shear ing phase. 
I n  any event, because o f  t he  complex na ture  o f  t h e  f a i l u r e  the  r e s i s t i v e  force 
i s  n o t  c o r r e l a t e d  w i t h  specimen thickness. 
shear s t ress  which normal izes ou t  t h e  th ickness  were c a l c u l a t e d  and they r e s u l t e d  
i n  a worse c o e f f i c i e n t  o f  v a r i a t i o n ,  8.95%, than when the  th ickness  was ignored. 

The f i g u r e  o f  m e r i t  va lue used i s  t h e  number o f  d i v i s i o n s  taken d i r e c t l y  
from the  c h a r t  recorder.  Twenty- f ive (25) d i v i s i o n s  corresponds t o  a 29.2 l b .  
force exer ted  on t h e  rubber  by the  3/16" diameter punch. 

w i t h  30, 40, and 50 phr  o f  f i l l e r  were tested. E i g h t  specimens c u t  f rom 4 L 

- l e s s .  A lso  f rom these data, two redundant measurements o f  each fo rmu la t i on  w i l l  

Regression ana lys i s  i n d i c a t e d  no c o r r e l a t i o n  between tFe  r e s u l t s  and the  
ss o f  the  sheets from which the  specimens were cut .  

F i r s t ,  t he  rubber i s  bulged i n t o  t h e  punch- 

I n  f a c t ,  t he  values o f  t h e  u l t i m a t e  

B. Volume Swell 

Swel l  on specimens which were chem aged were measured i n  accordance 
1 x 2 x -080 i n c h  specimens were used. 

U l t ima te  Tens i l e  S t rength  and E longat ion  

Dogbones were c u t  f rom .080 i n c h  sheets w i t h  D ie  C and measurements 
made i n  accordance w i th  ASTM D412. Measurements o f  rubber  i n  a l l  t h r e e  s t a t e s  
were made; v i r g i n ,  chem aged, ambient aged. 
on jaw t r a v e l .  Tests were made i n d i c a t i n g  i n s i g n i f i c a n t  s l i ppage  o f  t he  specimen 
a t  the  jaws was occurr ing.  

w i t h  ASTH D471. 

C. 

. 

E longat ion  was c a l c u l a t e d  based 

D. Compression Set  

Measurements were made i n  accordance w i t h  ASTM D1414 and D395 Method 
B except t h e  chem aged specimens a r e  n o t  removed f rom t h e  f i x t u r e  f o r  cool ing.  
The specimens a r e  the  shape o f  a washer c u t  i n  h a l f  w i th  a 1.13 i n c h  OD x 0.39 
i n c h  I D  x 0.5 i n c h  t h i c k .  
measured i n  a l l  t h ree  s tates.  
p laced i n t o  t h e  autoc lave and f o r  t he  v i r g i n  and ambient aged specime 
were s e t  i n  the  ambient room f o r  24 hours. 

The specimens were nomina l l y  compressed 25% and 
For  the  chem aged specimens, t h e  f i  



The compression set tests of chem aged material have since been td rejected as not  meaningful. Because of practical constraints the autoclave 
and specimens must be cooled before the autoclave can be opened and the speci- 
mens removed from the fixture. Hence, the specimens cannot be cooled i n  an 
unrestricted s t a t e ,  i,e. removed from the fixture,  as per the ASTM specification. 

E. Hot Hardness 

Shore A Durometer measurements were made i n  accordance w i t h  ASTM 
D2240. The specimens used were the remains of the 3.5 inch x 3.5 inch x 0.5 inch 
block a f t e r  three 1.13 inch plugs were removed for compression set. All specimens 
were prepared by preheating t o  26OoC on a preheated 0.5 inch aluminum plate. The 
26OoC plate and rubber are placed i n  the durometer f ixture  on an insulated sur- 
face; two measurements are taken, the specimen is flipped, two more measurements 
are taken, the specimen is flipped again, and then one l a s t  measurement. Hardness 
measurements were also made on a l l  three s ta tes ;  v i r g i n ,  chem aged, and ambient 
aged. 

F. Autoclave 

A mi ld  steel  autoclave, shown n Figure 5, was made from 600 1b. pipe 
fi t t ings for use i n  chem ageing the mate al. 
the near neutral pH of the synthetic geothermal f luid tha t  the reaction between 
the H S and i ron  would be acceptably slow. However, a f t e r  the f i r s t  r u n  i t  was 
apparznt that  the H S was ful ly  reacting w i t h  the i ron  as there was no h i n t  of H2S 
odor. Qual i ta t ive gnalysis confirmed this. 
agreed w i t h  ERDA t o  go ahead, as is ,  w i t h  the Screening Tests b u t  t o  make sure tha t  
this does n o t  happen i n  the subsequent Simulation Tests. Thus the formulations 
which graduate t o  the Simulat ion Tests will see the H2S environment dur ing  the 
ent i re  t e s t  cycle. 

9200 watts t o  a s s i s t  
About 3 hours are spe 
t o  br ing  i t  down t o  a 

I t  was t h o u g h t  that  because of 

In the interest  of schedule, i t  was 

The autoclave has eight e l ec t r i c  band heaters supplying about 

or  22 hours from 

Table V is a 
Screening tes t s ,  The Extrusion Resistometer data i s  considered to  be the most 
pertinent w i t h  the other i n g  supplementary informa- 

nvestigated. A1 l except 
s. T h e  bottom five include 
cceptor Litharge, level of 
the Fibrene C 4 0 0  i n  the 
rmulation was the nominal 

was 2 8 8 O C  for  14 hours and 
o allow for any gas expan- 

15 p h r  Litharge, and 2 p h r  

i n  contact w i t h  the rubber. 
W 
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F I G U R E  5 - -  SCREENING T E S T  AUTOCLAVE 
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TABLE V -- AVERAGED SCREENING TEST RESULTS 

F i l l e r / V a r i a b l e  p h r  
Clave Punch, D iv is ions  

Run Comnent V CA AA 
Shore A Hardness 
V CA AA 

Elong. @ Brk. Z Tens i le  0 Blk.  p s i  Comp. Set, VOL Swell : 
V CA AA V CA AA V CA AA CA 

Disk Rupture 27.3 15.8 
4A I it I f I 'I 127.3 15.0 

10 1 Leak Aust in  Black 

I I I I 

HTS GraDhite I 10 1 7 I Disk RuDture 130.5 14.5 

30.8 24.7 
28.3 25.3 
30.0 28.5 

MgO M i c r o f i b e r s  

77.6 68.0 
77.6 69.6 
77.4 71.6 

189 152 1570 799 16 91 3.1 
202 148 1703 854 14 93 4.7 
270 81 1866 399 15 103 7.5 

Asbestine 3X I 10 I I I 134.0 13.5 

F ibrene C400 , 

Carbon Wool ,3A 

10 f Leak 27.8 23.2 
Very Br i t t le ,CA 26.8 19.8 300 s 'I 29.3 22.5 

20 lo I 25.5 19.3 

LL 

27.5 19.8 35.0 

75.4 71.2 1209 173 I 1739 802 I 15 90 I -.9 

76.8 77.8 
78.8 48.6 78.2 
77.6 48.2 

.- .~.  

265 --- 1693 --- 14 127 -.7 
188 41 190 1742 201 1734 13 104 3 4.9 
169 25 1827 164 10 100 2.1 

76.4 71.0 I 2 8 5  --- I 1829 --- I 14 120 I -.9 

77.8 56.6 
78.0 59.2 
80.0 57.8 
81.2 55-4 
81.6 56.3 
83.0 66.4 
85.8 74.6 
86.8 76.6 

151 72 1930 363 12 --- 13.3 
192 86 1542 243 16 --- 10.9 
162 74 1699 244 15 --- 8.9 
114 89 1925 391 13 --- 9.0 
129 99 2377 464 15 99 2.9 

1936 409 27 119 -.3 199 92 
129 64 1971 493 28 127 -1.2 
82 41 2201 604 27 134 1.1 

75.8 54.6 73.8 
74.0 53.4 
72.2 56.8 
82.4 92.6 
83.4 --- 

267 139 235 1581 290 1605 21 100 3.4 -.4 
277 126 1441 326 20 104 -1.1 
305 91 1354 381 22 110 1.2 
115 20 1370 602 27 127 -5.3 

74 13 1675 576 29 139 -12.0 
Nylon F lock  31.0 15.0 

28.0 17.8 
10 t 
20 7 

79.6 68.4 
80.2 69.2 
77.4 66.2 

207 67 1781 413 20 107 -1.7 
167 81 1600 568 21 127 0 '  
269 147 1827 478 18 100 -1.4 

75.8 77.6 
75.4 85.0 
75.2 75.0 74.4 

224 104 1599 458 16 119 -1.9 
265 77 1855 531 
181 85 164 2013 566 1934 3 123 8 1.2 

.7 26 129 

70.4 55.8 
79.6 84.2 
70.4 70.6 
74.4 78.2 

361 187 2032 433 
185 46 1708 627 
297 158 1434 452 
270 99 1577 413 

10 125 
16 129 
11 115 
10 135 

-5.9 
-.2 
-2.2 
-3.7 



is the same as the previous 30 p h r  formulation and was used for  control purposes. 

Anomalies occurred on two autoclave runs. We experienced a gasket 
'leak on the A u s t i n  BlackjFibrene C400 r u n  as noted. When-the autoclave was 
opened a t  the end of the r u n  there was only about 2 inches of l i q u i d  l e f t  i n  
the bottom. On the Carbon Wool/HTS Graphite r u n ,  the b u r s t  d i s k  ruptured 
d u r i n g  the heat-up cycle. The compression s e t  specimens disintegrated so 
measurements could not be made. 
chem aged, hence, have seen two heat-ups and one rapid depressurization. 

The balance of the specimens were subsequently 

In general , the synthetic geothermal f l u i d  does significantly affect  
the rubber. The A u s t i n  Black formulations were leas t  affected, however, i t s  
data i s  clouded by the fac t  t h a t  there was a gasket leak and the f l u i d  level 
was down to about 2 inches when the vessel was opened. 
Extrusion Resistometer data for  the A u s t i n  Black shows that  the values are 
vir tual ly  independent of level of A u s t i n  Black, implying that  i t s  properties 
as a f i l l e r  are  equal t o  tha t  of MT black. The chem aged results indicate 
improvements w i t h  increasing amounts of A u s t i n  Black. T h i s  resul t  i s  con- 
s i s ten t  w i t h  the experience of du Pont and the Air Force. 

Looking a t  the v i r g i n  

The Fibrene C400 and the cotton flock specimens became unacceptably 

The carbon wool and HTS Graphite specimens which survived the rapid 

b r i t t l e  a f t e r  chem ageing. I t  was d i f f i cu l t ,  i f  possible, t o  straighten 
the dogbones suff ic ient ly  to  mount them i n  the t e s t e r  jaws w i t h o u t  breaking 
them. 
decrease i n  pressure when the burst d i sk  ruptured have a lumpy blistered 
surface. T h i s  also correlates w i t h  the higher values of swell for these 
specimens. A question has arisen regarding the manner i n  which the specimens 
are prepared fo r  chem ageing. They are  a l l  cut from the sheet stock exposing 
f iber  ends and then chem aged, t h u s  promoting wicking of the f l u i d .  
ational si tuation involves molded parts whereby a l l  surfaces would tend t o  be 
sealed by the elastomer. T h i s  uncertainty will not enter into the subsequent 
Simulation Tests as the specimen will be a molded p a r t .  

The oper- 

The l a s t  f ive se t s  of measurements provided a wealth of information. 
. As a s e t  they were pos t  cured different ly ,  14 hours a t  288OC and sealed i n  

aluminum rather t h a n  24 hours a t  233OC i n  air. The Fibrene C400 formulation 

Comparing the control cases, i t  i s  apparent the 288OC temperature and/ol- 
the aluminum wrap was a def ini te  benefit. A 99% elongation a t  break resulted 
as compared t o  a specimen tha t  was too b r i t t l e  t o  handle. 
results are down by about 25% which indicates a trade-off exis ts  between sac- 
r i f ic ing extrusion resistance for  elastomeric properties. 

Then comparing the other 4 cases to  the control case several other 
important points became apparent. The VT-R-4590 i s  clearly a better base 
elastomer for  the GEM application than i s  Viton GLT or GH. The Punch Test 
resul ts ,  v i r g i n  and chem aged, are better while the other properties are main- 
tained i n  an acceptable range. Additional Litharge, 14 p h r  vs 3, shows good 
Punch Test resul ts  especially for  the chem aged s ta te .  However, the elonga- 
tion a t  break is  low indicating a trade-off to determine the optimum level. 
The lower level of Diak #7,  2 p h r  vs 4 ,  resulted i n  improved elongation a t  
break. 

The Punch Test 

L 
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3.2 ABBREVIATED SCREENING TESTS w 
Abbreviated Screening Tests were r u n  prior t o  s tar t ing into the 

Simulation Tests t o  determine optimum f i l l e r  and 1 itharge levels,  optimum 
post cure conditions, and to  evaluate Kalrez, EPDM, butyl, and resin cured 
V i  ton elastomers. The Kal rez was originally requested as a commercially 
available material fo r  the evaluation described i n  Section 4.5.1, SIM 
testing. However, because of the expense of the material and the uncertainty 
as t o  whether the thick packer type seal could be made from Kalrez, i t  was 
not practical t o  consider evaluating i t  along w i t h  other currently commercially 
available elastomers a t  this time. In  l i eu  of the above, Kalrez sheet samples were 
obtained from du Pont and chemically aged i n  these abbreviated t e s t s  to  obtain "some" 
data. Subsequent t o  the Screening Tests reported i n  Section 3.1, the Viton 
development was not showing any overwhelmingly positive resul ts ,  so EPDM's, 
butyl and the resin cured Viton compounds from the Air Force Materials 
Laboratory were also included i n  these t e s t s  t o  provide possible backups to  
the peroxide cured Vitons. 

Table VI shows the t e s t  data which include Extrusion Resistcmeter 
Measurements, Shore A hardness, elongation a t  break, tens i le  strength a t  
break, swell measurements, and weight measurements for  v i r g i n  and chemically 
aged conditions. Three die C dogbones and two 1" x 2" specimens cut from 
Standard ASTM sheets were chem aged. The hardness and swell measurements 
were taken on the rectangular ends of the dogbones and the weight measurement 
on the en t i re  dogbone. The Extrusion t e s t  specimens were cut from the rectangles. 
Table VI1 gives the formulations for  the inhouse compounds. 

In terms of physical appearance a f t e r  the chem ageing the Kalrez, 
compounds 3073 and 3074 looked the best. They had smooth surfaces and  by out- 
ward appearance were not significantly degraded by the chem ageing. The EPDM 
compounds were next best, E261 through E263. They showed some crazing which 
was apparent when the dogbones were stretched. The butyl 8264, severely reverted 
and was very sticky and sof t .  The resin cured Viton, V2 
and l o s t  i t s  properties. The L'Garde Vitons showed s i g n  ageing and the 
crazing was apparent i n  the relaxed position. 

The EPDM's show ood potential for  the packer sea plication. All 
three formulations had reater  than 8402 elongation before and a f t e r  chem 
ageing. The Extrusion t e s t ,  hardness, and tens i le  strength a t  maximum elonga- 
tion f e l l  off as a resul t  of chem ageing and E262 which has Tetrone A blistered 
on the surface. 
phase because i t  was l ea s t  sensit ive to  chem ageing showing a relatively small 

became quite b r i t t l e  

E263 was selected for  further development i n  the SIM test 

reduction. 

The Viton formulations 201 to  203 were tested to  determine an optimum 
nominal level of f i l ler .  The differences were no t  substantial i n  the 50-70 p h r  
of Austin Black, however, l a t e r  work w i t h  the SIM tests showed these levels to 
be too h i g h .  They. resulted i n  .cracking of the SIM t e s t  seal because the rubber 
was not sufficiently pliable t o  be seated. These t e s t s  d i d  confirm the antioxi- 
dant e f fec t  of the A u s t i n  Black. As previously experienced i n  the ea r l i e r  
screening t e s t s  b u t  uncertain because of autoclave gasket leaks, the A u s t i n  

LJ 
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TABLE V I  -- ABBREVIATED SCREENING TEST RESULTS 

.x t rus ion  psia,260oC 
V CA 

l l ong  A 8rk% 
V CA 

T e n s i l e  @ Brk p s i  
V CA 

Swel l  I 
Width Tkness 

Shore A, 260°( 
V CA 

92 77 
91 74 

Weight 
Change 

3.4 
8.6 

-2.1 
.5 

-1.1 
7.3 

12.9 

-.2 
-.l 
- .05 
-5.7 
-5.1 
-2.5 
-2.2 
-2.2 

1 .o 

F i  11 e r /Va r i  ab1 e , Comnent 

8.8 8.3 
8.5 6.2 

100 230 
49 208 

4377 2337 
3619 1831 

1.9 4.8 
3.5 11.1 

3073 K / C a l i d r i a  
3074 K/Kev. 

E261 
E262 w/Tet.A 
E263 w/o Tet.A 
B264 
V265 

~~ 

66 43 
65 41 
61 52 
72 5 
77 70 

X340 >840 
>840 >840 
>840 >840 

528 153 
340. 19 

72167 >lo80 
72758 >720 
>1363 >lo20 

1414 45 
1559 1 89 

- 

-.7 0 
-.l 0 
-.6 0 

2 5.3 
-.1 -4.5 

7.2 5.5 
12.1 5.2 
9.6 5.5 
4.3 1.1 
6.9 2.5 

B1 i s  t e r e d  

Reverted 
Hardened 

201 4590/Aust in 
202 459Cf/Aus ti n 
203 4590/Aust in 
205 GH/C400/Li t h  
206 GH/C400/Li t h  
207 4590/C400/Lith 
208 459O/C4DO/Li t h  
209 459O/C4OO/Li t h  
21 1 4590/C400/Magl i t e  

50 
60 
70 
10 

7 

6 - 

1 e r s  
1 e r s  
1 e r s  

7.8 6.0 
8.3 6.5 
8.8 9.1 
7.9 7.0 
7.4 7.1 
8.9 5.7 
9.6 6.8 
9.1 7.5 
9.7 10.2 

89 71 
91 74 
94 72 
84 79 
84 77 
88 68 
86 70 
87 72 
88 76 

165 121 
122 96 
105 79 
199 38 
237 49 
205 122 
206 116 
186 118 
163 86 

1884 901 
2000 866 
1912 946 
1495 500 
1631 456 

1 .o 1 .o 
.a 1.4 

1 .o 3.8 
.8 2.1 
.7 -1.7 
.6 1.7 
.3 1.8 
.9 .3 
.9 5.9 

No Fibrous F i  
No Fibrous F i  
No F ib rous  F i  

r\: n 

14H,N2, 233C( 450F) 
14H ,N2, 260C (500F) 
14H,N2, 288C(550F) 
14H,N,, 260C( 500F) 

1959 563 
1990 595 
2000 681 
2240 734 
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TABLE V I 1  -- ABBREVIATED SCREENING TEST FORMULATIONS - 
202 

100 

- 21 1 - 203 20 5 207 208 Component 209 

100 

201 . 

100 100 100 100 100 VT-R-4590 

V i ton  GH 100 

20 

30 

3 

Aus t in  Black 

MT Black 

Fibrene C400 

Mag l i t e  D 

50 60 70 

20 20 

30 

20 

30 

20 

30 

20 

30 30 

6 

3 3 3 7 3 3 3 L i tha rge  10 

4 4 4 

1.5 

4 

1.5 

4 4 Diak #7 

Luperco 130XL 

4 

1.5 

4 4 

1.5 1.5 1.5 1.5 

- 
350/1( 

1.5 1.5 

350/10 350/10 350/10 350/ 10 
~~ 

Cure OF/Min. 350/10 350/10 350/10 350/10 

450/24 
a i r  - 

450/24 
a i r  

500/14 450/21 
a i r  - 

500/ 1 4 Postcure OF/hrs . 
Atmosphere 

550/14 
A 1  F o i l  

550/14 

N2 

550/14 
A l '  Foi 1 

450/14 

N2 N2 N2 



Black tends t o  decrease the loss in tensile strength from chem ageing from 
a factor of 3 t o  4 down t o  a factor  of 2. This effect has been observed by 
both du P o n t  and the Air Force and du Pon t  i s  currently trying t o  identify 
the beneficial constituent i n  the Austin Black. The constituency is -not 
well defined because i t  is  a natural  product  made of bituminous coal fines. 
The level of litharge was investigated and compared t o  earlier results as i t  
appeared t o  help maintain the Extrusion test results th rough  chem ageing. 
However, the loss in elongation was severe, down t o  the 7 p h r  level so the 
original 3 phr  level was maintained. Compounds 207 th rough  209 are the same 
formulations b u t  pos t  cured from 450 t o  55OoF for 14 hours i n  a nitrogen 
atmosphere. 
b u t  the differences were not  deemed significant. Comparing 211 containing 
Maglite D and 208 containing litharge shows 211 t o  maintain i t s  level on 
the Extrusion Test, however, the associated loss of elongation i s  considered 
a significant negative and therefore n o t  viable alternative for  increasing 
the extrusion resistance. 

The figure-of-merit for  the Extrusion Resistometer o r  Punch Test has 
been changed starting with this set of data.  
on the recorder were taken as the figure-of-merit as regression analysis of 
the fixture evaluation data  revealed this t o  be a more repeatable technique 
t h a n  t o  calculate and use shear strength. However, a problem evolved when 
a new pressure transducer was used. Having different calibrations, 10 units 
on the recorder implied different punch forces or piston pressures depending 
on which transducer was used. Consequently, the imp1 ied absolute pressure 
i s  now being used as the figure-of-merit which  eliminates the problem of 
differing calibrations and transfer functions. 

i s  relatively unaffected by the synthetic fluid. 
a pure asbestos, appears more stable of the two w i t h  about a factor of 2 in- 
crease i n  elongation and decrease i n  tensile strength after chem ageing, The 
EPDM compounds maintained their elastomeric properties we1 1 through the chem 
ageing, however, some crazing was apparent when the dogbone was stretched. 
Compound E263 was,selected fo r  further development as i t  was least sensitive 
t o  the synthetic f l u i d .  The Austin Black was confirmed t o  have a definite 
an t iox idan t  effect rendering the Viton t o  be more stable i n  chem ageing. The 
other variables examined i n  these tests d i d  n o t  produce any significant interest 
or prom i s e. 

A trend does exist as a funct ion of the post cure temperature, 

Previously the number of divisions 

I n  summary, based on these abbreviated tests i t  appears t h a t  the Kalrez 
Compound 3073 with Calidria, 
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4.0 SIMULATION TESTS 

The Simulation (SIM) Tests are designed to  provide a good simulation 
of the casing packer seal operational environment i n  the laboratory. 
SIM Test fixture applies a l l  environments simultaneously, i.e. the f lu id  
pressure, different ia l  pressure, temperature, mechanical forces, and the 
chemistry to  a fu l l  scale packer type seal. The fraction of the compounds 
which survive the SIM Test evaluation are presently planned to  be tested 
in-situ i n  an actual geothermal well. 

The 

4.1 SIMULATION TEST FIXTURE DESCRIPTION 

The SIM t e s t  f ix ture  seats  and t e s t s  a full  scale packer tyBe seal 
as shown i n  Figure 6. The seal is  a sol id  rubber cylinder w i t h  45 chamfers 
on each end and typical of elements which seat  against a 4.0 inch ID casing. 
Figure 7 shows a p i p i n g  and instrument diagram of the overall t e s t  system and 
Figure 8 i s  a photograph composite. The t e s t  chamber houses the seal speci- 
men which is  mounted over a center mandrel. Rings back-up e i ther  side of the 
seal and a ram driven by a hydraulic cylinder pushing  on the top back-up r i n g  
deforms the seal such t h a t  i t  seats against the ID of the vessel and the 
center mandrel. The chamber i s  e lec t r ica l ly  heated and insulated to  maintain 
the f ix tu re . a t  the desired t e s t  temperature. A true power proportioning con- 
t r o l l e r  i s  used as opposed to  the more common on-off controller where the 
period of the on-off cycle i s  adjusted proportionally to  the error. T h u s  
under steady s t a t e  conditions a constant current of about 4 amps or  about 900 
watts i s  provided to  make up the heat loss. T h i s  provides a constant temper- 
ature environment fo r  the seal. 
an ice b a t h  heat exchanger and into a Monel accumulator. 
cy1 inder positive displacement pump stores pressurized f l u i d  a t  room temper- 
ature which enters the t e s t  chamber and replaces the f luid as i t  leaks by the 
seal and into the accumulator. The pump is  driven by a nitrogen cylinder 
which applies a constant force t o  the pump. A linear potentiometer senses 
the position o f  the pump and i t s  signal i s  recorded, t h u s  to ta l  leakage and 
leak ra te  can be determined equence o f  events fo r  the 
t e s t  is  as follows: 

The f lu id  e x i t i n g  the chamber goes through 
A 316SS piston 

1. 

2. 

3. 

4. 

5. 

Assemble f ixture  an 
accumulator w i t h  room temperature f l u i d .  

Pressurize system t o  875 psig to  maintain a l l  gasses i n  solution. 

t e s t  chamber, and bottom of 

Heat test chamber up  t o  temperature, about 1 hour. 

Seat seal. 

Pressurize pump u p  t o  desired different ia l  pressure across the seal. 

27 



FIGURE 6 -- S I M  TEST SPECIMEN CONFIGURATION 
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Close-up o f  Control Panel & Test Section F I G U R E  8-- SIMULATION TEST 
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C1 ose-up o f  Positive Displacement F1 u i  d Pump 

General View o f  SIM Test 
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6. Allow test to  r u n  u n t i l  pump is  ful ly  displaced or  22 hours 
bd has elapsed. 

7. Cool system, about 2 hours. 

8. Disassemble. 

4.2 SIM TEST FIXTURE DESIGN 

The SIM t e s t  f ixture  operates a t  26OoC (500OF) and up to  5000 psig w i t h  a 
geothermal synthetic f lu id  which includes aqueous solutions of H2S and NaC1. 
The presence of the hydrogen and chloride ions are of particular concern for  
the design because of the vulnerability to  s t ress  corrosion cracking and 
hydrogen embrittlement. Safety considerations o f  these possible fa i lure  
modes was a very important aspect of the design effor t .  The safety aspect 
is  uncompromising i n  that  uncertainties must be almost ent i re ly  eliminated 
before i t  becomes prudent t o  move ahead and accept the consequences. 

The material use Inconel 603 or 624, Hastalloy C ,  
Titanium C P ,  and 316SS (lower temperat 
ab i l i t y  as well a s  price were important factors along w i t h  corrosion resistance. 
Industry experience a t  Niland indicated that  Carpenter 20 and 316SS a t  geother- 
mal temperatures will probably crack as indicated by the p i t t i n g .  
would have been preferred because of s l igh t ly  bet ter  machineability, however, 
i t s  ASME allowable design strength per the pressure vessel code i s  about 25 to  
40% o f  Inconel 600. Consequently Inconel 600 was used for  a l l  the tension 
carrying components which experience the t e s t  temperature while 316SS was 
used for  a l l  other components except external flanges which were made from f i r e -  
box s teel .  

The seala were another design aspect which required extensive investi- 
gation. A t  260 C and w i t h  the specified chemistry, there was no candidate 
which clearly met the requirements. For obvious reasons, i n  terms of general 
material type, metal seals were considered as opposed to  elastomeric seals. 
C-seals, K-seals , and self-energizing O-ring seals  were considered. The O-ring 
seals appear most economical, even though they were good for  only one use, 
however, based on the experience of the various vendors a t  the time the decision 
was made i t  was very questionable khat they would perform suff ic ient ly  (since 
then, we have located a knowledgeable and competent vendor a n d  have successfully 
t r ied his Teflon coated O- r ing  sea ls ) .  The C-seals were the next preference when 
the original decision was made, however, t he i r  delivery was unacceptable. We 
ultimately used the gold plated metal K-seals. The gold plate provides a 
malleable surface which conforms to  i r regular i t ies  on the sealing surface and it  
is  iner t .  The K-seals a re  reuseable, b u t ,  begin to  leak as the gold  sealing 
surf aces become scratched . 

nents) were considered; a v a i l -  

T i t a n i u m  

Figure 9. i s  a schematic of the K-seal shown i n  a typical application. 
The sealing occurs a t  the surfaces on the tips o f  the two legs of the K which 
are sprung o u t  t o  a he ight  greater t h a n  the backbone of the K. When the mating 
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FIGURE 9 -- K-SEAL CONFIGURATION 

Typical K-seal application showing the configuration 
and orientation of the seal and the sealing surface. 
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surfaces a re  tightened together, the legs are  squeezed t h u s  providing a 
sealing force. The pressure inside the vessel provides an additional se l f -  
energizing seal force. The-circumferential sealing faces are 15 mils wide 
and the extent of contact of the 15 mils wide surface depends on the tolerance 
of the two mating parts and the seal i t s e l f .  Microscopic inspection of one 
o f  the seals which was having leaking problems revealed that  only 10-20% 
or 1-3 mils of the surface was contacting. I t  becomes obvious that  the K-seals 
must be handled w i t h  extreme care and any minor foreign particles or irregular- 
i t i e s  on any of the sealing surfaces can resul t  i n  leaks. 

This first-hand experience w i t h  metal seals  indelibly emphasizes the 
advantages of elastomeric seals ,  the f ac t  t h a t  they are  inf in i te ly  more for- 
g i v i n g  t h a n  t he i r  metal o r  plast ic  seal counterparts. Under normal circum- 
stances elastomeric seals can be significantly deformed without taking a 
permanent set. On the other hand, plast ic  or  metal seals cannot be deformed 
nearly to  the extent of rubber t o  achieve a "seated" position o r  configura- 
tion. Plast ic  will tend to  flow and needs constant retightening t o  maintain 
i t s  seal while rubber seals are i n  s table  equilibrium. Both plast ic  and 
especially metal require very close tolerance mating parts,  0.n the order of 
tens of microinches and they must be handled very delicately using special 
procedures and precautions. 

ra t io  or relatively long and skinny so s l i d i n g  parts must be held to  close 
cl earances and to1 erances -to prevent cocking the parts and subsequent 
b i n d i n g  and gauling. To achieve the require olerances and finishes,  a l l  
of the c r i t i ca l  parts required g r i n d i n g  as sthe f i n i s h i n g  machining process. 

tion of the back-up rings nding  the seal specimen. Figure 10 shows a 
f the cylindri 1 w i t h  chamfered ends I n  'the relaxed s t a t e  

and the seated state.  Th s l ides  over a center mandrel and is  backed 
u p  on e i ther  end w i t h  bac h i n d  the upper back-up r i n g  
s l ides  re la t ive -t,o the 'center ma hortehing the seal and caus- 
i n g  i t  t o  flow radially , to seat  against both i t s  ID and OD. Substantial 
s t ress  and elongations are  generated especially on the top ram end, and this 
area is  where fai lures  tend t o  occur i n  the rubber. Figure 11 shows photo- 
graphs of the center portion of the f ixture  w i t h  the seal and the ram instal led 
over the mandrel. The overall photograph shows the assembly and the close- 
up shows the seal '  area w i t h  the ram backed off such that  the seal and back-up 

and the center mandrel are  visible. 

w 

The overall confi of h i g h  aspect 

Especially c r i t i ca l  t o  the SIM t e s t  are the clearances and configura- 

v -  _ I  

back-up r i n g  geometry are c r i t i ca l ly  correlated to  
the SIM test  sting was s tar ted w i t h  f l a t  back-up rings, i.e. they 
were n o t  cha form to the seal chamfer. With the flat ,configur- 
a t ion, tes ts  were run w i t h  diametral clearances between the OD of the back-up 
rings and the ID of the vessel of 13, 25, and 175 mils. The cleagances were 
tested using a commercial Nitr i le  compound r u n  i n  the t e s t  a t  300 F. Catalogs 
indicate that  common diametral clearances for  packers w i t h  fixed back-up 
systems is 'between 100 - 200 m i  Is f a seal of the specimen size. This i n -  
formation .along w i t h '  no evidence 07 xtrusion a t  13 and 25 mils resulted i n  
the jump t o  175 mils. In a t back-up rings were 1 ater rep1 aced 
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F I G U R ~  11 -- INTERNAL FIXTURE 

Internals  o f  SIM Test wi th  seal ,  
back-up r ings,  and seating ram 
i n  place. 

Close-up o f  seal and back-up 
r ings wi th  seating ram backed 

U o f f ,  
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by r i n g s  w i t h  chamfers t o  spread t h e  l oad  across more area on the  ends o f  
the  seal .  Th is  i s  cons i s ten t  w i th  those packers which have clearances on 
the  o rde r  o f  175 m i l s .  

The cen te r  
mandrel OD i s  2.8728 inches, t he  back-up r i n g s  OD are  3.825 inches, and the  
vessel I D  i s  4.0 inches. 
about 0.3 inches under a l oad  o f  about 10,000 lbs .  du r ing  t h e  seal  seat ing.  
The f i n i s h  o f  t he  p a r t s  which i n t e r f a c e  w i t h  the  seal  element i s  32 
microinches. \ 

F igure  9 shows the  c r i t i c a l  dimensions o f  the f i x t u r e .  

Wi th  the  chamfered back-up r i n g s  the  ram d isp laces 

4.3 SEAL SPECIMEN MOLD 

A r e l a t i v e l y  s imple two-part ,  m i l d -s tee l  mold was designed and fab- 
F igu re  12A i s  a photograph r i c a t e d  f o r  molding the  packer seal  specimens. 

o f  the  mold. The rubber load i s  placed i n  the  bottom o f  t he  mold, the  upper 
h a l f  w i th  the  male guide p ins  i s  pos i t ioned,  and the  mold placed i n  the  cure 
press. A 50 ton  f o r c e  i s  app l i ed  as q u i c k l y  as poss ib lg ,  about 1 minute. 
Typ ica l  press cure c y c l e  f o r  V i t o n  i s  30 minutes a t  350 F. 

We had s i g n i f i c a n t  d i f f i c u l t y  l i n i n g  o u t  the  mold t o  produce accept- 
a b l e  par ts .  Most e f f e c t i v e  re lease which was being used on f l a t  samples was 
a s i l i c o n e  release, Dow Corning Emulsion 34, as opposed t o  Kraxo 1711 recom- 
mended by du Pont. The same s i l i c o n e  re lease was used on the  packer seal  
mold and k n i t  problems occurred along a c i r c u m f e r e n t i a l  l i n e  on the  i n s i d e  
of t he  seal  a t  the base o f  t he  bottom chamfer. 
ing ,  i t  was deduced t h a t  t he  problem must r e s u l t  f rom entrainment o f  the  
release. A f t e r  unsuccess fu l l y  t r y i n g  severa l  types and appJ i c a t i o n  proce- 
dures o f  Frekote 33 which i s  a nons i l i cone  re lease t h a t  i s  repor ted  t o  be 
e x c e l l e n t  w i t h  V i tons  by m u l t i p l e  r e l i a b l e  sources (see F igure 12B), the niold 
was Tef lon coated. 
we have had no problems molding r e s i n  and perox ide cured Vi tons,  EPDFI, N i t r i l e ,  
and Epich lorohydr in .  

A f t e r  much t e s t i n g  and i n q u i r -  

Th is  so lved the  k n i t t i n g  problem and s ince  app ly ing  Tef lon  

A N i t r i l e  seal  was made from a commercial company's compound (p rov ided 
t o  L'Garde as uncured rubber)  and submi t ted t o  the  company f o r  t h e i r  q u a l i t y  
c o n t r o l  t es ts .  They r e p o r t  t h a t  t he  r e s u l t i n g  molded p a r t  was of e x c e l l e n t  
q u a l i t y .  

4.4 SYNTHETIC GEOTHERMAL FLUID 

Based on r e p o r t s  and d iscuss ions w i t h  Dr. J.Apps a t  t he  Lawrence 
Berkeley Laboratory,  a s p e c i f i c a t i o n  was developed f o r  a s y n t h e t i c  geothermal 
f l u id .  
c o n s t i t u e n t  t h a t  has been measured as t h i s  may r e s u l t  i n  u n r e a l i s t i c a l l y  
severe chemistry,  r a t h e r  t o  apply  judgement and generate a s p e c i f i c a t i o n  
which covers the  m a j o r i t y  o f  p o t e n t i a l  geothermal we l ls .  
d isso lved s o l i d s  can run  as h igh  as a few hundred thousand ppm i n  the  Sa l ton  
Sea Area, however, t h e  g rea t  m a j o r i t y  o f  known p o t e n t i a l  w e l l s  a re  inc luded 
a t  l e v e l s  below 25,000 ppni. 

The approach was t o  avo id  s imply  compi l ing a l l  t he  maximums f o r  each 

For example t o t a l  
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Lj The constituency specification used for  the current SIM t e s t s  i s  as  
fol 1 ows : 

300 ppm 
25,000 
1,000 
balance 

H2S 

co2 
H2° 

NaCl 

The H2S and C O  
t e s t  uses a f fn i t e  amount of H S fhus ?imiting the potential exposure to  
personnel. I f  a l l  of the H S wzre t o  escape i n t o  the room including the 
excess leftovers. the resul?ino concentration would be abou t  1 ppm as com- 

i s  preferred 
concentra ti  ons 

are formed from Na S*9H 0 and NaHC03 respectively. The 

ows : 

pared t o  OSHA's maximum allowaile of 10 ppm. This approach 
over one where bottled H S i s  used and potential for  lethal 
of H2S exist .  The recip$ f o r  the synthetic f luid i s  as fol 

Na2S -9H20 5.20 gms. 
NaHC03 4.77 gms. 
N aC 1 56.64 gnis. 
H20 d i s t i l l ed  1430.00 gms. 
tic1 (9.iN) 1.0 l i t e r  

4.5 SIM TEST RESULTS TO DATE 

The SIM testing for  the reported contract period 
categories: evaluation of currently available commercia 
tion of compounds devel oped under th i s  contract. 

i s  divided i n t o  two 
materiai s and eval ua- 

4.5.1 Commercial Materials Evaluation 

The currently available commercial m t e r i a l s  were obtained through 
a process which included inquiries with companies, and selecting a n d  obtaining 
material samples from five. The questionaire shown in Appendix C was sent t o  
a mailing l i s t  obtained f r o m  the well tool coliipo,ite catalog (Reference 15) con- 
taining a l l  companies which appeared to  deal in well equipment requiring h i g h  tem- 
peratlrre elastonieric seals.  Approximatefy 75 yuestionaires were mailed out with 
16 ct,,Ipariies responding of which 9 were ir;terested i n  participating in the 
evaluatian. 

One o f  the  questions &ked regcrc:?d m m f t 7 i t y ,  whether the companies 
Nere concerried i f  the i r  names w r e  associated with the t e s t  d a t a .  The 
respmdees who offered to  contribute rubber samples generally requested t h a t  
t he i r  ccmpany nallies n o t  be t ied to  the evaI!ration results so the tests were 
run on a coded basis, 
f . l i t r i?es  o r  B m a  N ' s ,  7 Ethylene Propylene Terpolymer (EPDM) ,  1 Fluoroelastomer 

candi dater; : 

Five different compounds were requested including 2 

LI I - '  t ' J i t o n ) ,  and 1 Epichlorohydrin. The follow;nq cjujdelines were used i n  selecting 



aterials are elastomers as opposed t o  plastics t o  enable 
W 

significant deformation of the seal for seating. 

2. Representatives of all the h i g h  temperature base elastomers i n  
use were desired. 

3, Specific formulations t h a t  had been applied t o  larger seals 
such as packer elements o r  chevrons as opposed t o  "0" rings, 
were favored. 

4. Formulations w i t h  high temperature experience were favored. 

, 

5. No more t h a n  one formulation from any one tool company o r  molded 
products supplier was requested. 

The codes assigned are.as follows: 

Company A - 

Company 6, 
Company C 
Company D Epoch1 orohydri n 
Company E Viton 

Nitrile or Buna N 
Ethyl ene Propylene Terpo 
Nitrile o r  Buna N 

4.5.2 In-House Materials 

ymer (EPR VI' EPDM) 

The in-house materials evaluated i n  the SIM tests were the most 
promi sing candidates graduated from the previously r u n  Screening Tests. The 
compounds evaluated dur ing  the Screening test  phase were all peroxide cured 
Vitons. Upon completion of the screening there was concern t h a t  the ultimate 
performance of the peroxide cured Vitons may not  be sufficient so as a back- 
up  one high temperature butyl compound, three h i g h  temperature EPDM compounds, 
and one resin cured Viton compound were run through abbreviated Screening 
Tests, 
fluid and the butyl reverted extensively, the resin cured Vi ton became quite 
brit t le while the EPDM's indicated prom e. The EPDM's remained elastomeric 
and the formulation chosen for continue development i n  the SIM testing lost 
about 25% of i t s  tensile strength. 

These materials were chemically aged i n  the synthetic geothermal 

4.5.3 Test Data 

19 complete tests were run on the SIM test  dur ing  this contract period. 
The'first 9 of the 19 served t o  calibrate the fixture and t o  get a basic assess- 
ment of the nature of the test ,  i.e. how long the specimens would run  before 
failure, failure mode, severity o f  the clearances and back-up r i n g  configuration, 
whether the differential pressure should, be cycled, etc? Table VI11 is a summary 
of the runs. The alphanumeric specimens, e.g. A-3, correspond t o  the specimens 
made from the commercially available compounds., The A designates Company A and 
the 3 means t h a t  i t  was the t h i r d .  specimen made from t h a t  compound. The numeric 
specimens are in-house compounds and the suffix number means the same t h i n g  a8 
w i t h  the alphanumeric specimens. Except as noted all tests were r u n  near 260 C w 

.- 
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TABLE VI11 -- S I M  TEST SUMMARY 

Specimen 
No. Compound 

Dura t ion  
Hrs:Mi n 

Inches 
Ex t rus ion  

Diamet. 
Gap, M i l s  Con f igu ra t i on  

Set, 
Temp. C 

Sequence 
No . 

21 5-3 
21 5-2 
A-3 
A- 2 
A-6 

F l a t  

F l a t  
F l a t  
F1 a t  
F1 a t  

VT-R-4590,Austin 70 ph r  

VT-R-4590,Austin 70 phr  
N i t r i l e  
N i t r i l e  
N i t r i l e  

5:52 

:07 
24: . 

24: 
11: 

N i  1 

N i  1 
N i  1 
N i  1 
0.5 

260 

260 
149 
149 
260 

13 
13 
13 
25 

175 

6 
7 
8 
9 

10 

: 00 
: 00 
: 00 
: 05 
: 00 

N i  1 
N i  1 
N i  1 
N i  1 

<o. 1 

260 
260 
260 
260 
2 60 

175 
175 
175 
175 
175 

F1 a t  
F1 a t  
F1 a t  
F1 a t  
Chamfered 

21 3-3 
220-3 
21 6-2 
105-1 1-1 
216-1 
A- 5 
105-11-2 

9-3 
21 7-2 
c-4 
D-3 
E-3 
222-3 
221 -2 

VT-R-4590,Asbestine 3X 
VT-R-4590,Austin 65 ph r  
VT-R-4590,Kevlar 
V i t o n  GH, Austin/MT 
VT-R-4590, Kevl a r  
N i  tri 1 e 
V i t o n  GH, Austin/MT 

P 
0 

24: 
: 47 

24: 
24: 

1:13 

1.75 
N i  1 

3.75 
2.5 
4.5 

260 
2 60 

260 
260 
260 

175 
175 

175 
175 
175 

C hainfered 
Chamfered 

11 
12 

13 
14 
15 
16 
17  
18 
19 

Chamfered 
C ha m f  e red  
Chamfered 

EPDM 
EPDM 

N i t r i l e  
Epich lorohydr in  
V i  t o n  

N/A 
No Meas, 
0.75 
0.75 

260 
260 
260 
2 60 

175 
175 
175 
175 

Chamfered 
Chamfered 
Chamfered 

: 00 
3:44 
: 03 
: 38 - 

VT-R-4590,Austin 40 ph r  
VT-R-4590 , Mag1 i t e  K Chamfered 

c c 



(50OOF). Because of a calibration change the tests ran a t  about 245OC (47OOF). 
To maintain consistency i n  the latter tests the setting was not  changed, how- 
ever, i t  will be adjusted i n  future testing. The formulations of all in-house 
comgounds hested are shown on Table E X .  
177 C (350 F )  and post cured for 16 hours a t  260 C (.500 F ) .  

They wege cured for 30 minutes a t  

Through Test No. 9 adjustments were being made on the fixture t o  key 
in to  the severity range appropriate f o r  the 24 hour packer appl ica t ion .  The 
No. 3 and  NO.,^ test  specimens were made from Company A ' s  Nitrile and tested 
a t  149 C (300 F ) ,  i t s  approximate upper limit, t o  determine the response of 
a commercially proven material t o  the SIM test fixture. The back-up r i n g  
diametral gap was enlarged t o  175 mils as a result of these tests as the seals 
appeared nominal with the only apparent change being flattening of the chamfers. 
The 175 mil gap was based on ,commercial packer configurations w i t h o u t  expandable 
back-up where seals of this size must span gaps of the order of 100 t o  200 mils. 
Test No. 5 th rough  Na. 9 assess the effect of different compounds a t  26OOC. 
Because a l l  the Viton seals failed upon pressurization there was concern t h a t  
the f l a t  back-up rings induced unduly h i g h  stresses on the seal so they were 
rep1 aced w i t h  chamfered back-up rings . 
tainties could be pinned down was t o  generate some facts in the form of da t a  
so tests No. 10 througb No. 19 were r u n  as a consistent set a l l  under the same 
conditions, i.e. 260 C and chamfered back-up rings w i t h  175 mil diametral gap. 

Table X i s  a post mortem physical description of each of the speci- 
mens. Those t h a t  failed upon pressurization appeared t o  be too  hard and failed 
in tension in a macroscopic sense, 1.e. major cracks developed or chunking 
failures occurred. Those t h a t  survived for some period o f  time were more 
pliable b u t  failed i n  tension on a more-submacroscopic bases, i.e. small par- 
ticles broke off a t  the h i g h  stress p o i n t  and recombined t o  form an extrudent 
which helped to  seal the gap annulus on the downstream side of the seal. 

Figure 13 shows some typical post mortem specimen The Company B 
i s  a more extreme case where the seal failed i n  ansubmac scopic sense and 
the failed particles then recombined t o  form an extrudent. 'The' intact  portion' 
of the seal and the extrudent were both quite pliable and resilient. The 
L'Garde EPOH compound looked basically the same except i t s  extrudent was about 
2.5 inches h igh  vs the 4.0 inches shown. 
in appearance except the extrudent was smoother and very brittle. The L'Garde 
Viton maintained i t s  integrity, however, i t  failed by cracking a t  the h i g h  
stress points and a t  weak points created d u r i n g  the molding process. The  
Company D Epichlorohydrin lost a l l  i ts  structural integrity here, as well as 
i n  the Extrusion Resistometer test  i n  vacuum, and i n  the hot hardness test  
in air. The Company E Viton survived w i t h  a slow leak for 3.75 hours. 
show improvement i f  i t  i s  made harder. The balance of the specimens tested 
during this period are shown i n  Figure 14, 

tested. The  function of these measurements is quality control t o  assure t h a t  
the rubber has been properly mixed and cured. 

I t  became apparent a t  this point t h a t  the only way the numerous uncer- 

The Company A Nitriles were similar 

I t  may 

Table 'XI shows the virgin properties of the materials which were SIM 
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TABLE x -- POST MORTEM OBSERVATIONS OF SIM TEST SPECIMENS 

Specimen No. 

21 5-3 

21 5-2 

A-3 

A-2 

A-6 

21 3-3 

220-3 

21 6-2 

105-11-1 

Descr iDt ion 

Chamfered ends y i e l d e d  f l a t .  Circumferential cracking on the  i n s i d e  o f  the  seal approximately a t  
the bottom edge of the chamfer. L i g h t  brown deposits a t  vapor escape flaws. Room temperature 
Shore A 80-85. I 

More severe chunking o r  breaking a t  the base of the  chamfer along the  p a r t i n g  l i n e  than -3. Also 
c i r c u m f e r e n t i a l l y  cracked on the  i n s i d e  a t  the base of the chamfer. 

I n  exce l len t  shape, no surface cracks. Some permanent deformation -- top chamfer near ly  f l a t ,  bot- 
tom chamfer f l a t t e n e d  somewhat. 
encing f a i l u r e  on other  specimens bu t  no break. 

Room Temperature Shore A 95-100. 

Ci rcumferent ia l  dimples on the i n s i d e  where we have been experi- 
Room Temperature Shore A 85-90. 

i o n  d i t t o  as for  A-3 i n  a l l  respects. 

Extrudent approximately 1/2 inch. Severe chunking catast rophic  f a i l u r e  on about 30 degree sect ion 
o f  seal. 
the  he igh t  o f  t h e  seal. Room Temperature Shore A 85-90. 
breaks l i k e  hard p l a s t i c .  

Breakage and about 1/4 inch o f  ext rus ion ev ident  a t  the top chamfer on the outside. Bottom chamfer 
from t h e  outs ide i s  i n  good shape. Some evidence of breakage a t  vapor escape flaws. Cracked c i r -  
cumferent ia l ly  along the base o f  the  chamfer along the i n s i d e  o f  the  seal. One area on the i n s i d e  
has a severe chunking fa i lu re .  

Looks t o  be i n  r e l a t i v e l y  good shape. Chamfers are i n t a c t  except f o r  one area o f  about 10 degrees 
on the  top chamfer. There i s  a c i rcumferent ia l  cracking on the  i n s i d e  along the base o f  the two 
chamfers and there i s  one "L" shaped crack coming v e r t i c a l l y  down t h e  outs ide surface and then go- 
i ng  c i r c u m f e r e n t i a l l y  a t  the  base o f  the bottom chamfer. The "L" shaped crack t raverses through a 
vapor estape flaw t h a t  was prev ious ly  marked before the  tes t .  Room Temperature Shore A about 95. 

Appears very s i m i l a r  t o  220-3 and i n  r e l a t i v e l y  good shape. Chunking f a i l u r e  a t  the top chamfer 
over a distance o f  about 20 degrees. 
fers.  

Rubber f a i l e d  ca tas t roph ica l l y  i n  the h igh s t ress area along the  top  o f  the chamfer. 
i n t o  1 i t t l e  1/4 inch chunks. Bottom chamfer i n  good shape. Wide c i rcumferent ia l  cracking around 
the bottom ins ide  a t  the base o f  the chamfer. 

Both chamfers f la t tened and the f a i l u r e  on the  30 degree sect ion i s  completely through 
Extruded pieces o f  rubber extremely b r i t t l e ,  

Room Temperature Shore A 90-95. 

Circumferential cracks on the i n s i d e  a t  the  base o f  the cham- 

Rubber broken 

Room Temperature Shore A hardness 95-100. 

Room Temperature Shore A 85-90. 
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l Specimen No. 

TABLE X (continued) 

Experienced most ex t rus ion  of any o f  the specimens a t  3.75 inches. The i n t a c t  p a r t  o f  the seal, 
however, i s  i n  very good shape and no evidence of cracking except f o r  minor cracking a t  the very 
high s t ress  po in ts  along the c i rcumferent ia l  dimple on the i ns ide  o f  t he  seal. 
and s i t t i n g  on the seal l i k e  a crown. Room Temper- 
a tu re  Shore A about 80, bu t  i s  very d i f f i c u l t  t o  measure because o f  a very narrow, f l a t  surfhce being 

Very s i m i l a r  i n  appearance t o  8-3. 
except very minor cracking a t  the  high s t ress  points along the c i rcumferent ia l  dimple on the inside. 
Bottom chamfer i n  good shape. Top chamfer i n t a c t  too, as was the  top  chamfer on B-3. Room Tempera- 
t u r e  Shore A, about 85 bu t  d i f f i c u l t  t o  measure because no good f l a t  surfaces. 

Extrudent i s  i n t a c t  
Extrudent has a rough, i r r e g u l a r ,  corduroy look. 

~ avai lable.  

Not as much extrusion, about 2% inches. Also appears very good 

1 

216-1 

A-5 

105- 11-2 

B-3 

21 7-2 

c-4 
I 

i 

Descr ipt ion 
~ 

Extruded a minor amount, 1/8 o f  an inch  o r  so. 
other specimens a t  the base o f  the'chamfer. 
f e r  on the  outside, both ends. 
sec t ion  appear t o  be weak points. Chamfers i n  good shape. 

No cracking on the  i n s i d e  as experienced on the  
Cracking and some f a i l u r e  a t  the base o f  t he  cham- 

Three f a i l u r e  points on the i n s i d e  o f  the seal around the  mid- 
Room Temperature Shore A 95-100. 

Extruded about 1-3/4 inches. Extrudent very hard and b r i t t l e .  Breaks l i k e  hard p las t i c .  Minor 
cracking on the i ns ide  o f  the seal r i g h t  a t  the dimple p o i n t  where the  s t ress  apparently was very 
high b u t  otherwise the i ns ide  surface i s  i n  p r e t t y  good shape. Some b l i s t e r i n g  on the  inside. 
Outside f a i l u r e s  p o i n t  a t  the  base o f  the bottom chamfer. One crack i n  the midsection on the out- 
s ide  surface. Hardness approximately 90-95 bu t  very hard t o  measure because there  are  no good 
f l a t  surfaces. 

A l o t  b e t t e r  shape than 105-11-1. 
base o f  the  chamfers. There i s  about a 70 degree c i rcumferent ia l  crack, however, i n  the  midsection 
below the  base o f  the top chamfer. Had a grea t  deal o f  extrudent, l i t t l e  1/4 inch  chunks, look l i k e  
the o ther  105. F a i l u r e  looks t o  be p r i m a r i l y  a t  the f lowpiane of the  rubber coming ou t  o f  the  pa r t -  
l i n e .  
Shore A about 80-85. 

No cracking on the inside. No c i rcumferent ia l  cracking a t  the 

Both chamfers are i n  good shape and have reassumed the  o r i g i n a l  chamfer angle. Room Temperatur 

Almost completely gone. The bottom chamfer f a i l e d  i n  a sec t ion  about 30 degrees wide o r  so. 
dent i s  s t i l l  p l i a b l e  and he ld  together. Looks more l i k e  the  EPDM ex t rus ion  as opposed t o  the 
N i t r i l e  ex t rus ion  o f  e a r l i e r  specimens; t h a t  i s  i t  has a rough corduroy look r a t h e r  than being 
smoothed ou t  through the  ex t rus ion  process. Top chamfer i s  
m tac t  completely c i r cumfe ren t ia l l y  bu t  a f t e r  t h i s  amount o f  ex t rus ion  i t s  p r e t t y  we l l  broken a t  the 
base. Hardness readings are d i f f i c u l t  bu t  are around 85 o r  so. 

Extru- 

P r a c t i c a l l y  nothing l e f t  on t h i s  seal. 

c 



TABLE X ( 

D- 3 

E-3 

222-3 

221 -2 

Descr ip t ion 

Most catastrophic f a i l u r e  o f  a l l .  
i t  was a handful o f  rubber chunks. 
fashion. Visual  evidence o f  a f ib rous  f i l l e r  i n  the rubber. 

The next  most catastrophic f a i l u r e .  Top chamfer in tac t .  Broke along the mold flowplanes. No 
evidence o f  i n t e r n a l  rcumferential cracking a t  the base of the bottom chamfer on the ins ide  of 
the seal. Only about a l f  an inch  sect ion of the c y l i n d r i c a l  p o r t i o n  l e f t  i n t a c t ;  the r e s t  of the 
seal has been extrude and broken i n t o  small crumbly pieces, except some minor amounts are matted 

er. Pieces s t i l l  r e s i l i e n t .  Room Temperature Shore A d i f f i c u l t  t o  measure therefore uncer- 
b u t  about 75. 

I t  was evident the seal broke dur ing seating. Post mortem 
The consistency i s  l i k e  cheddar cheese breaking i n  a crumbly 

About .75 inches o f  extrusion. No c i rcumferent ia l  cracking a t  the  bases o f  the chamfers on the 
inside, however, there i s  a c i rcumferent ia l  crack a t  the midpoint  on t h i s  seal. 
on the outs ide o f  the  base a t  the  bottom chamfer and a lso breakage a t  the base o f  the top cham- 
fer  where the  rubber was ext rud ing out. 
Shore A 85 t o  90, 

No evidence o f  c i rcumferent ia l  cracking on the i n s i d e  o f  the base o f  the chamfers, however, there 
i s  c i rcumferent ia l  cracking a t  the midpoint  -- two sets; one t h a t  goes a l i t t l e  over 180 degrees, 
the other  t h a t  goes about 80 degrees o r  so. 
inch. Bottom chamfer on the  outside shows some evidence o f  breakage -- not  a l l  the  way around -- 

Circumferent ia l  

Chamfers look t o  be i n  good shape. Room Temperature 

Chamfers i n  good shape. Extrudent about 3/4 o f  an 

t 90 degrees and the  other  about 45 degrees. Room Temperature Sh 



Company B EPDM -- T h i s  
and L'Garde EPDM re- 
mained e l a s t o m e r i c  and 
s u r v i v e d  fu l l  24 hours. 
Only d i f f e r e n c e  L'Garde 
EPDM ext ruded  2,5 i n ,  
vs Company B's 4,O i n .  

FIGURE 1 3  -- SIM TEST POST MORTEM SPECIMENS, TYPICAL RESULTS 

Company D Epi chl orohydr i  n -- Lost a l l  s t r u c t u r a l  
s t r e n g t h  and became s o f t  and crumbly b e f o r e  
s e a t i  ng . 

L'Garde Viton -- F a i l e d  
because of  i n a b i l i t y  t o  
el ongate  suff i c i  e n t l y  
dur ing  s e a t i n g .  4 

? 

22 

Company E Viton -- F a i l e d  by breaking i n  the 
high stress reg ion ,  
l e a k ,  t h e n  f a i l e d ,  

Survived 3.75H w i t h  slow 

E 



$1, FIGURE 14 -- BALANCE OF POST MORTEM SIM TEST SPECIMENS 
SHOWN IN ORDER OF TESTING 

21 5-2 

A-2 
A-3 

21 3-3 

47 105-1 1-1 



FIGURE 14 -- BALANCE OF POST MORTEM S I M  TEST SPECIMENS SHOWN 
SHOWN I N  ORDER OF TESTING (CONTINUED) 

H-3 21 6-1 

- -) 105-11-2 21 7-2 
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4.5.4 Conclusions 

A t  this p o i n t  i t  i s  obvious the da ta  i s  much too sparse t o  make any 
firm conclusions regarding best elastomers. 
w i t h  solid rubber elements require extraordinary performance of the elastomer 
especially a t  higher temperatures. The process of seating the seal signi- 
ficantly defops the rubber and induces h i g h  stresses a t  the base of the cham- 
fers. AT 260 C the strength of the rubber was exceeded for all specimens tested 
resulting i n  macroscopic cracking and immediate failure of the seal or sub- 
macroscopic cracking and maintenance of the seal w i t h  the p a r t  t h a t  remains 
in t ac t  plus the extrudent in the gap annulus. 

The  casing packer type seal 

A l t h o u g h  the Company A Nitrile and the Company B and L'Garde EPDM's 

However, i f  this is  the only way the seals will work 

held the i r  seal for the f u l l  test  cycle i n  spite of the breakage and extru- 
sion of the rubber, this i s  not  the condi t ion one would consider satisfactory 
as a nominal design. 
under the required conditions and the system maintains a seal for the required 
period of time, the bottom line objective i s  satisfied. 

One aspect of the packer seal w h i c h  is  quite apparent i s  the complex 
combination of rubber characteristics required t o  f u l f i l l  the requirement. 
Figure 15 figuratively illustrates the point. The problem tends t o  revolve 
around the modulus and the ultimate tensile strength and elongation. 
a d d i t i o n  the fulcrum o r  balance p o i n t  fo r  these trade-offs shift  depending on 
the degree of backup around the seal element. I f  m i n i m u m  backup is provided 
a high modulus elastomer m u s t  be used t o  provide the stiffness t o  bridge the 
gap. A t  the same time, however, the rubber must be able tooelongate suffi- 
ciently t o  allow the seal t o  seat w i t h o u t  breaking. A t  260 C this balance 
becomes more and more difficult t o  strike, i f  not impossible because of the 
significantly reduced u l  timate tensile strength and elongation. 
hand i f  maximum backup (v i r tua l ly  no gaps) i s  provided, a low modulus/high 
elongation compound is desirable such t h a t  i t  can be seated a t  'a m i n i m u m  
stress level. The maximum back-up case i s  not so deeply wedged between 
conflicting requirements because i t  does not need the high modulus h a v i n g  no 
gaps t o  bridge and hence i s  more amenable t o  high temperature applications. 

On the basis of the 19 SIM tests which have been r u n ,  i t  appears t h a t  
the EPDM shows more promise t h a n  the Vitons. Future compounding t o  develop 
an EPDM which will not  extrude as much and a Viton which  will  deform more 
before i t  cracks i s  planned. These indicated directions for  future develop- 
ment are based on the results and observations of the SIM Test, a level of 
i n s i g h t  no t  possible on simpler tests. The SIM Test evaluates the conflicting 
requirements of extrusion resistance versus deformabil i t y  of the elastomer. 

The results of the SIM Test which demonstrate the extraordinary per- 
formance required of the casing seal elastomer has lead t o  identification of 
an idea to  relieve the critical requirements. The excessive stresses w h i c h  
cause seal failure are induced when the seal i s  deformed and seated. I f  the 
material were plastically as opposed t o  elastomerically deformed when i t  i s  
seated internal stresses would n o t  be generated i n  the material. 
t o  the question o f  the possibility for increasing the potential of the 

In 

On the other 

This led 
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FIGURE 15 -- PACKER ELASTOMER TRADE-OFFS 

LOW 

DEFORMABILITY 
BRIDGE GAPS 

DEFORMABILITY 

TENSILE STRENGTH 
ELONGATION 

MODULUS 

HIGH 

BRIDGE GAPS 
DEFORMABILITY 
BRIDGE GAPS 

51 



elastomeric casing seals by par t ia l ly  seating b u t  fu l ly  deforming them i n  
an uncured or par t ia l ly  cured s t a t e ,  "curing them i n  place" and then ful ly  
seating the seals. Several practical questions a r i s e  as t o  t i m i n g ,  prevent- 
ing  the curing u n t i l  the seal is seated,,green strength of the elastomer, etc. 
However, one can conceive of 'ways t o  forestal l  curing, fo r  example, adjusting 
cure temperature and rates through cure system design, cryogenic cooling 
systems to  keep the p a r t  from heating u p  u n t i l  a f t e r  i t  i s  par t ia l ly  seated, 
etc. I n  addition, there are applications outside of the geothermal industry 
such as  the o i l  industry steam floods which are very amenable to  the "cure- 
in-place'' concept. The steam injection packer can be par t ia l ly  set i n  the 
cold hole and steam then circulated down t o  the packer to  heat up, maintain 
temperature, and cure the seal. 
fully s e t  and then placed into operation. 

if the "cure-in-place" concept proves practical from the standpoint of the 
elastomers, L'Garde i s  recomnending investigation of the feas ib i l i ty  of the 
"cure-in-pl ace" concept. 

Once the seal i s  cured the packer can be 

I n  that  there i s  good potential t o  work out the practical problems 
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U 
5 .O PACKER IMPROVEMENT CONCEPTUALIZATION 

i 

The Improvement Conceptualization Task reported, herein, represents 
a minor fraction of the overall GEM effor t .  Conceptualization of future 
systems plays an important role i n  applied materials development, because 
w i t h  the inherent lead time required fo r  materials development the materials 
being developed now must be applicable t o  the systems i n  use several years 
hence. An additional potential benefit is derived, as this minor effort may 
resul t  i n  some fresh ideas and concepts which will benefit the geothermal 
community. 

The conceptualization was performed by personnel who have no o i l  
tool experience which has its good and bad points. The bad are  quite obvious 
they cannot be as e f f ic ien t ,  and they are  vulnerable to  reinventing the wheel 
and repeating errors of the past. 
conceived ideas and approaches to  the design which are developed for  efficiency 
sake, hence possess a frame of mind which allows discovery of practical ways to  
accomplish objectives that  may have been previously rejected as impractical. 

The GEM Program includes the development of a conceptual design of 
an o i l  tool device improved for  geothermal service. The device selected was 
an inflatable,  resettable casing packer. Several companies, both users and 
suppliers, were contacted i n  order to  identify problems and 1 imitations of 
existing designs. 

On the other hand, they do not have pre- 

Three goals were established fo r  the effor t .  These goals include: 

0 withstanding the geothermal environment; 
o having improved retraction r a t i o  over 

typical solid rubber seal element devices; 
0 having reset  capability. 

One limitation o 
elaatomerig seal 
260 C (500 F) of 

a 100% mechanical backup of the elastomer sealing elemeht by use of a metallic 
backup r i n g  and also by providing a metallic fabric to  span any gaps existing 
i n  the primary backup system. In addition a v a l v i n g  system concept (Figure 17)  
was developed t o  allow the packer t o  be repeatedly inflated and deflated so i t  
could be reset w i t h o u t  removal and refurbishment. 

The concept shown meets a l l  of the goals which  were originally set. 
The design is conceptual and therefore i ts  ultimate val idi ty  will only be 
proven a f t e r  additional f eas ib i l i t y  evaluation and ultimately development of 
the hardware. However, several aspects are  worthy of attention and further 
interest ,  such -as the valving subsystem, the seal backup subsystem, and the 

e e x i s t i n g  inf la table  packers i s  the tendency of the 
xtrude' when exposed t o  the hSgh temperature environments 
hermal applications. In order to  prevent the extrusion 

I of the elastomer a design (Figure 16 ) was conceived t h a t  provides essent ia l ly  

1 



FIGURE 16 -- INFLATABLE PACKER CONCEPT 
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inflatable "minimurn s t ress"  seal element. The inf la table  "minimum s t ress"  
seal i s  a direct  application of L'Garde's inf la table  structure expertise as 
applied to Air Force projects. 

5.1 STATEMENT OF WORK REQUIREMENT 

Task 4.2.2 ent i t led "Device Design Improvements" s ta tes  "the overall 
device design w i  11 be assessed w i t h  strong consideration of i t s  current 
problems and inefficiencies -- design improvements will be generated favor- 
i n g  those which include incorporation of new concepts as opposed to  relatively 
minor improvement of the existing device". 

'The o u t p u t  for  th i s  task will be a cross-sectional assembly drawing. 
The device selected ( w i t h  ERDA concurrence) is an inf la table  resettable casing 
packer . 
and t o  understand some of the major problems encountered w i t h  these devices 
when they are used in a geothermal environment, several commercial companies 
were visited or  contacted. 
Lynes, Inc., and Dresser Industries / Guiberson Division. These companies 
were contacted primzrily t o  determine the problems and limitations they were 
experiencing with elastomeric materials b u t  as p a r t  of the discussions the 
limitations o f  the packers themselves were discussed. Union Oil  i s  one of 
the major developers i n  the Geysers area and a major user of equipment for  
geothermal appl ications. The remainder of the companies a re  manufacturers 
o f  packers. 
encountered w i t h  casing packers: 

To provide the background information needed t o  design s. casing packer 

Among those were Union Oil Company, Eaker O i l  Tools, 

The information obtained pointed out the fol lowing problems 

0 The elastomers extrude a t  geothermal temperatures. 
a The existing inf la table  designs are good to  about 

400oF. 
a Baker has aOnon inf la table  elastomer design that  i s  

good to  675 F. 

a None of the h i g h  temperature packers are  resettable. 

5.2 PACKER DESIGN - 

5.2.1 Environmental and Operational Requirements 
- A. iemperature -- up t o  5OO0F, based on the program goal t o  develop 
an elastomer w i t h  a temperature capabili ty of 500OF 

B. Pressure -- 5000 psi s t a t i c  pressure, based on conditions exper- 
ienced on the LASL Hot Dry Rock Experiment. 5000 ps i  d i f ferent ia l  
pressure, based on the specification fo r  Lynes Production Inspection 
Packer #300-01 for a 5 5/8 inch O.D. packer i n  a 7.3  iirch diameter 
hole (30% expansion). 
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C. Expansion Ratio -- 23% based on the specification for  a Lynes 
Production Injection Packer w i t h  30% to  42% expansion ra t io  fo r  
a 5 3/4 inch O.D. tool and the Baker expansion rat ios  that  range 
from 7% to  14%. Expansion ra t io  is  the (casing I.D. -- tool run 
i n  diameter) I (tool r u n  i n  diameter). 

D. Tool Bore Ratio -- 38% (packer t h r u  hole i casing I.D.). The 38% 
was selected based on the specifications for Baker Retrievable 
Casing Packer which has a tool bore r a t io  ranging from 33% t o  47%. 

Casing I.D. Tolerance -- + .13 inches. 
the casing inside diameteFs ranges from + .017 t o  -135 for  casing 
sizes up to  8.84 inches inside diameter a n d  as h i g h  as + .284 inches 
for  inside diameters up  t o  12.715 inches. T h i s  data was taken from 
the specification guide for  the Baker Model "G" Retrievable Packer. 

Elastomer Support  -- Discussions , w i t h  various members of the o i l  
tool industry led t o  the conclusion that  the elastomer when sub- 
jected to  higher temperatures will probably extrude through gaps 
larger then 10 mils. 
a t  10 mils. 

E. Allowable tolerances on 

F. 

Ther ore, the maximum allowable gap is set 

5.2.2 Design Rational 

An inf la table  concept was selected i n  order t o  meet the requirement 
fo r  a large expansion ratio.  

A simplified cross section .of the Lynes Packer is  shown i n  

Lynes u n i t  was one of the bet ter  pe ormers for LASL a t  200 C) used i n  the 
LASL Hot Dry Rock Experiment pointe o apparent areas requiring improve- 
ment i n  the design when the device is  for  h i g h  temperature geothermal 
applications. 

elf is  required t o  carry a l l  
t h e  loads imposed on i t  he differential  pressure across 
the packer; i.e., there o t  metal structure t o  prevent the 
rubber f rom ext ruding  . 

2. The elastomeric seal material is stressed i n  tension by the 
inflation stretching and also i n  shear because the reinforc- 
i n g  convoluted metal substructure bends and stretches to  pro- 
vide the larger inflated diameter while the elastomer only 
stretches. See Figure 19. 

Inflatable packers are presently being produced 
c. 
A review o f  this design and pictures o f  fa i led gnits (note, the 

1 . The elastomeric seal mat 

As the operating temperature increases cau ing-the elastomer strength to  
reduce, these internal stresses i n  the elastomer exceed i t s  strength result-  
i n g  i n  packer failure.  . 

U 
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FIGURE 18 -- LYNES PACKER 
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FIGURE 19 -- SCHEMATIC OF LINES INFLATABLE ELEMENT 
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In order t o  maximize the temperature a t  which an elastomer can be used 
i n  a packer i t  is  necessary t o  minimize, and preferrably eliminate, the stresses 
i n  the elastomer.' This approach, regardless of the elastomer selected, provides 
a design t h a t  u t i l izes  the elastomer's capabili t ies t o  the i r  utmost. Therefore, 
i n  order t o  eliminate these stresses,  two conditions must be incorporated i n  the 

. Complete backup o f ' t he  seal w i t h  an expandable mechanical system 
t h a t  i s  capable of carrying a l l  differential  pressure loads and 
t h a t  eliminate 11 gaps or passages greater then 10 mils. 

2. A bladder configuration t h a t  can be expanded by the inf la tant  w i t h  
l i t t l e  or no stretching of the bladder and seal elastomer. T h a t  is, 
the bladder when inflated,  will merely unfold t o  take the expanded 
diameter. Some stretching will be necessary t o  account for the 
normal, tolerances on the casing inside diameter. 

The major design problem i n  this  task was t o  sat isfy the f i r s t  item. 
Several different ideas and concepts of expandable structural  backup rings were 
evaluated, three examples are shown i n  Figures 20, 21, and 22. A variation of 
concept "C" (Figure 22)  was eventually selected as the primary backup structure 
b u t  with an inflatable actuator. T h i s  type of ring, although relatively gap 
free, s t i l l  has gaps larger then 10 mils. In order t o  eliminate these gaps a 
metal fabric woven from Inconel wire was provided between the bladder elastomer 
and the backup ring. This was done t o  bridge the gaps and essentially eliminate 
a l l  gaps larger then 10 mils. 
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FIGUPE 20 -- BACK-UP RING CONCEPT ' A '  
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FIGURE 21 -- BACK-UP R I N G  CONCEPT 'B' 
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F I G U R E  22 -- BACK-UP R I N G  CONCEPT ' C '  
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The second i t e m  i s  more e a s i l y  s a t i s f i e d  by s imp ly  f a b r i c a t i n g  t h e  
main b ladder  and seal  i n  a convoluted c o n f i g u r a t i o n  (F igure  23). The end 
po r t i ons  o f  t h e  b ladder  where t h e  t h i c k  seal  m a t e r i a l  i s  n o t  requ i red  i s  made 
as t h i n  as poss ib le  s ince  t h i s  area requ i res  the  most bending and f o l d i n g  t o  
r e t r a c t  it. These r e l a t i v e l y  t i g h t  f o l d s  w i l l  overs t ress  the  elastomer i f  
the  ma te r ia l  i s  t h i c k  and requ i red  t o  make t i g h t  bends. 

An 8 i n c h  I .D. cas ing s i z e  was a r b i t r a r i l y  se lec ted  as t h e  packer s i z e  
f o r  which a conceptual design would be developed t h a t  demonstrates the  var ious  
ideas and concepts generated under t h i s  task,  
i s  shown i n  F iqure  16 and the  va lve  system desiqn requ i red  t o  set ,  d e f l a t e ,  

This  packer conceptual design 

and 

5.2 

i nd 

r e s e t  t he  packer i s  shown i n  F igure  17. 
- 

3 Design Desc r ip t i on  

A. Back-up Ring 

The back-up r i n g  system cons is t s  o f  s i x  r i n g  segments mounted on 
v idua l  l e a f  spr ings.  The segments a re  supported top  and bottom by f langes  

t h a t  a re  an i n t e g r a l  p a r t  o f  the-packer mandrel. The l e a f  spr ings  p rov ide  t h e  
force t o  r e t u r n  the  segments t o  t h e i r  stowed p o s i t i o n  when t h e  packer i s  d e f l a t e d  
f o r  r e s e t t i n g .  The segments a re  moved i n t o  p o s i t i o n  aga ins t  t he  cas ing w a l l  by 
the  a c t u a t i n g  b ladder  which i s  i n f l a t e d  p r i o r  t o  i n f l a t i n g  the  main packer seal  
b ladder.  As the  r i n g  segments a r e  moved r a d i a l l y  outward by the  a c t u a t o r  b ladder ,  
gaps begin t o  develop between the  segments. 
separate l i n k s  t h a t  .are at tached t o  the  segments by ;means o f  p i n s  t h a t  s l i d e  i n  
s l o t s  i n  t h e  l i n k s  (see F igu re  16 - Sect ion  'IBB" and D e t a i l  I D ' ) ;  a l l  smal l  gaps 
t h a t  e x i s t  (between. s l i d i n g  p a r t s  o r  between the  r i n g  segments and t h e  cas ing)  
a re  b r idged by the  metal f a b r i c  woven o f  6 m i l  Inconel  w i r e  (see F igure  16, 
D e t a i l  I D ' ) .  
t he  packer. 

These gaps a r e  br idged by s i x  

The back-up r i n g  system i s  the  same a t  bo th  t h e  top  and bottom of 

B. "Minimum Stress"  Bladder and Seal 

The-main b ladder  cons is t s  o f  Kev la r  29 
r e i n f o r c e d  elastomer t h a t  i s  capable o f  be ing  i n f l a t e d .  
end p o r t i o n s  and method of a t t a c h i n g  t h e  b ladder  t o  t h e  packer mandrel a r e  shown 
i n  D e t a i l  I D '  o f  F igure  16. 
i n f l a t e d  shape and r e l y  on the  memory fo rces  o f  t he  seal  s e c t i o n  t o  h o l d  them i n  
the  d e f l a t e d  stowed p o s i t i o n .  
fo rced elastomer m a t e r i a l  over layed w i t h  a t h i c k e r  p iece  o f  t he  elaktomer t o  p ro-  
v ide  s u f f i c i e n t  r e s i l i e n c e  t o  develop t h e  cas ing seal .  
t he  b ladder  i s  molded i n  a convoluted shape as shown i n  F igu re  16, Sec t ion  "CC". 
The expanded f r e e  diameter o f  t h e  b ladder  i s  s i zed  t o  j u s t  f i t  t h e  minimum casing 
diameter, i n  t h i s  case 7.88 inch, i f  t h e  cas ing  was a c t u a l l y  t he  maximum diameter, 
8.13, then t h e  b ladder  would be requ i red  t o  s t r e t c h  a maximum o f  o n l y  32. 
b ladder  i s  i n f l a t e d  o n l y  a f t e r  t he  back-up r i n g s  have been deployed, therefore,  
t he re  should never be any loads on the  elastomer o t h e r  than t h e  pressure fo rces  
i t  i s  requ i red  t o  seal  against .  

0,000 p s i  u l t i m a t e  a t  500OF) 
The c o n f i g u r a t i o n  o f  t h e  

The end p o r t i o n s  o f  the b ladder  a r e  molded i n  t h e  

The seal  area cons is t s  o f  t he  bas ic  Kev la r  r e i n -  

The s e a l i n g  s e c t i o n  of  

The 

w 
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FIGURE 23 -- PACKER CONCEPT 
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1 
C. Valve System 

The valve system shown in Figure 1 7  enables the packer t o  be reset- 
table. 
and depending on the applications can be adjusted t o  be considerably different. 
(NOTE: 
def 1 a t  i ng-rei n f l  at i  ng sequence i s des cri bed bel ow: 

1. I n f l a t i n g  Sequence -- Pump a 4000 psi ball down the drill string 
and pressurize t o  430 psi t o  s tar t  the valve opening, 
i s  full open a t  640 psi causing the back-up rings t o  set. Continued pressuriz- 
ing fully opens the main bladder por t  a t  850 psi and inflates the bladder. 
Pressurizing t o  4000 psi shears the ball t h r u  completing the setting procedure. 

The  pressures selected t o  operate the system are somewhat arbitrary 

The inflation pressure .of Lynes Packers i s  2000 t o  3000 psi), I n f l a t i n g -  

The actuator bladder port 

2. ' Deflating Sequence -- Pump a 930 psi ba l l  down and pressurize 
t o  850 Dsi. This Dressure will cause bo th  the actuator and main bladder ports 
t o  be uncovered and locked open. Continued pressurizing will shear the ball thru 
allowing the pressure t o  go t o  ambient. 

3. Reinflating Sequence -- Pump a 4000 psi ball down and pressurize 
t o  1300 Dsi. This Dressure f u l l y  opens and unlocks the valve. Pressurizing 
t o  3400 psi releases the ball detents and traps the pressure inside the bladders. 
Continued pressurizing shears the ball t h r u  a t  4000 psi. When reinflating both 
the actuator bladders and main bladder are pressurized simultaneously b u t  since 
the actuator bladders have so much less volume they will be pressurized f i r s t  
assuring the setting of the back-up ngs prior t o  inflation of the main bladder. 

D. Detailed Calculations 

D.etailed calculations are shown i n  Append 

5.3 CONCLUSIONS AND RECOMMENDATIONS 

a )  the elastomer back-up 
and c)  the valve s 

tomer i n  a h i g h  temperature packer environment, the third item provides a 
means of mechanizing the f i r s t  two. The shear ball valving system i s  an inter- 

both provide potential solutions t o  e problem of elastomers failing a t  h i g h  
temperature. The conqepts devel ope 
packer design t h a t  develops the max 
of the compound. 

T h i s  study has resulted i n  a tacker concept w i t h  three unique components, 
b)  the "minimum stress'' bla 

The f i r s t  two item he problem of emp 

pproach and i ts  potential warrants .further detailed design/dev 
The back-up r i n g  system concept and "minimum stress" bladder 

. 

er ept devBloped, dur- 
u ted urther 
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APPENDIX A 

U N I T E D  N A T  I O  N S U N I E S  N AT 1 0 N S 

Dear I.%. Hirasuna, 

M r .  Barnea has asked m: t o  re;ponJ t o  yuur  l c t t e r  t o  hifi of i 7  Movember 1976, 
requesting recommendations of' devices i r i  .;ki ch the use of high tcioperature 
elastomers would advwxe thc progrer c ot' ~ ; c o t h ~ ~ * m a l  cnerly dcvelopmcnt. 

Certainly, we a p x  t h a t  down-holc F'ortmtion packers vould be a t  the to? 
of our l ist .  
tes ts  o r  drill-stem t e s t s  of specific 
Froductivc zone encountered by the G r i l l .  
flov test data f r o m  n;ixed mnes, and 3ur t e s t  data froni deeper productive zoiies 
i s  res t r ic ted  t o  cold water injection t e s t s ,  which i n  m y  cases, do not Give 
the data we need. 

The lack of' hiGh tcm9eratur.e packers prevents us f r o m  making f l o w  
productive zones below the f i r s t  

bqsequent ly ,  we can only obtain 

'de rarely have ne& f o r  casing packers as our completions are made ei ther  
with slotted IJngrs or open holc, rarely w i t h  terforated casing. If the in6Wtr.Y 
ever reaches the stage of applying hydro fracturing techniques f o r  well 
stimulation, casing packers would be requirec;, but even i n  t h i s  case, the packers 
would not necessarily have to wi ths tand  high.tenperatures. 

The development of packers for rotatint; d r i l l i ng  heads would be the second 
item on our list.  We have found that ?ergA@ water is an ideal  geothem,al dri l l inc  
f lu id ,  but one of the disadvanta&ec of the system is  the need f o r  frequent 
replacement of expensive drilling-head packers, which become b r i t t l e  rather quickly 
due to the temperature of the return fluids;, 
Preventor rubbers also require more frequent replacement than nom&, but not as 
frequent as the rotating packers. 

For the  same reason, blow-out 

Yours t r u l y ,  

'6 R. K c N i t t  
Technical Adviser 
ESlergy Section 

Energy and Mineral Development Branch 
Centre f o r  Natural Resources, 

Energy and Transport 
Mr. Alan R. Hirasuna 
GEE1 Program 1.lanager 
Garde, Inc. 
1555 B c e n t i a  Avenue 
Newport Beach, California 92660 

cc: Nr. Joseph Darnea, UNIT&% 
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APPENDIX B 

W 

Mr. Alan R. Hirasuna 
L'Garde, Inc. 
1557 Placenta Avenue 
Newport Beach, CA 92660 

Dear Alan: 

T h i s  i s  another "chapter" i n  the h i g h  temnerature formation oacker 
story.  
w i t h  the Lynes, Inc. inf la table  nacker system. As you will note these units 
operated sa t i s fac tor i ly  a t  180°C. Indeed Lynes has indicated that  they will 
attempt to  develor, a system fo r  200" - 300°C service. I s t i l l  consider t h a t  
to  be a d i f f i cu l t  and risky undertaking! 
i n i t i a t e  an evaluation of high temoerature comnression oacker svstems (see 
enclosed cony of l e t t e r s  to Hal l i b u r t o n  Services and Guiberson Dresser). 
I wonder i f  you have made any "breakthroughs" on your nroject i n  the elas- 
tomer area? Do you have a report on vour i n i t i a l  work completed yet? 

year and a half away, so we have some time yet to  develop a source for  a 
sui table h i g h  temoerature formation oacker system. 

I have enclosed a brief descr otion of our most recent experience 

As a resul t  we will  very likely 

Our next d r i l l i n g  and fracturing needs may be as much as a year t o  a 

For your information I have enclosed: 

(1 ) LASL Hot Dry Rock Geothermal Project High-Temoerature 
Inflatable Packers, GT-2 Redri 11 

( 2 )  Physics Today January 1977 V o l .  30 No. 1 
(3) LASL Mini-Review 77-8 

( 6 )  

(4) LA-6906-MS 
(5 )  LA-6889-MS 

ERDA-DGE Programs i n  Logging Technology (1976-77) 

The las t  item l is ts  the FY 76-77 ERDA-DGE Logging R&D e f for t s  and I 
am curious i f  you are  aware of the l a s t  entry and i f  anything significant 
has resulted from the Hughes work? 

An Affirmative ActiodEqudl Opportunity Erriployer 
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LE4 
We appreciate your continued in te res t  i n  our HDR geothermal Dro.ject 

and want t o  continue t o  urge L'Garde toward a successful development o f  a 
h igh  temperature elastomer -- there is  s t i l l  a great need throughout the 
geothermal industry as well as for many of the ERDA R&D Drojects. 

Very truly yours, 

John C .  Row-ley J 

JR: kd 
Encl: a/s 

cc: A .  Blair/R. Brownlee w/o encl. 
G.  Nunz w/o encl . 
J. Hill w/o encl. 
R .  P e t t i t t  w/o encl. 
M & R ( 2 )  
File 
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APPENDIX C 

1555 PLACENTJA AVENUE 
NEWPORT BEACH. CALIFORNIA 92663 

TELEPHONE (714) 546-4671 & (714) 645-4880 

Gentlemen: 

L'Garde, Inc. is contracted by the ergy Research and Development 
Administration (ERDA) Geothermal Divisio o develop high temperature 
elastomers or rubber materials for application to equipment for explora- 
tion, drill ing, assessment and production of geothermal resources. 
minor part of this effort L'Garde is tasked to evaluate five (5) currently 
available, commercial, high-temperature elastomers used for these applications 
as O-ring seals, packer seals, cable feed-through seals, etc. 
this letter is to initiate the process whereby representative samples of the 
currently employed, commercially available elastomers can be obtained. 

Evaluation of the elastomers will be accomplished using laboratory 
tests simulating geothermal well conditions. 
26OoC (500°F), pressures as high as 5000 psi, differential pressures across 
the seal as high as 5000 psi, for a duration on the order of 24 hours. A 
testing procedure, yet to be finalized, will be used whereby quantitative 
relative ranking of all samples will be accomplished. For example, all 
elastomers could be exposed to 26OoC and the time to failure measured. 
constituency of the synthetic geothermal fluid that the samples will be 
exposed to is as follows: 

As a 

The purpose of 

Temperatures may be as high as 

The 

balance H2° 
300 ppm H2S 

NaCl 25,000 ppm 
1,000 ppm c02 

PH 5-7 

In order to accomplish this task in as efficient, comprehensive, and 
fair manner as possible, we are herein initiating the process by distributing 

E N G I N E E R I N G  CONSULTING RESEARCH A N D  DEVELOPMENT L I G H T  M A N U F A C T U R I N G  
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Ldi istribution as practical. Based on 
'samples to be submitted for testing. 
ged to represent the best available, and 
ed in a manner which allows consideration 

of as many base elastomers as practical which have high temperature potential 
which is at least as good as Nitrile or Buna N. 

label all or none of the data with the associated Company name. In no instance 
will we violate a Company's request to remain confidential. 
to use company names to provide maximum practical application of the data, so 
if a representative number of companies allow linking their Company name with 
the data we will chose our samples from that group. 
companies wish to remain confidential, we will publish data in a coded format 
and each company whose sample is tested will be informed as to their own and 
only their own identification code so they can identify their data. The data 
will include the following identification: 1 )  company name or code, 2) base 
elastomer (eg. Nitrile), and 3) application (eg. packer chevron seal). The 
data will be evaluation measurements taken by L'Garde. 

If you are interested in pursuing the opportunity to have your material 
evaluated for geothermal application, please fill out the enclosed questionaire. 
The questionaires to be taken under consideration must be received by L'Garde 
by 4:30 PM, March 23, 1977. 

Sincerely , 

Based on the responses to question 9 on the questionaire, we will either 

ERDA would prefer 

If the majority of the 

Alan R. Hirasuna 
Geothermal Envi ronmen ta 1 Ma teri a 1 s 
Program Manager 

ARH : pw 
Enclosure 

., 
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1. 

2. 

3. 

4. 

Questionaire Regarding Your Best High Temperature Elastomer 

for  Geothermal Applications 

Yes - 
Do you w i s h  t o  supply a sample of your highest temperature - 
elastomer, on the order of 1 t o  2 lbs. (a l l  Kalrez t o  be 
tested will be obtained direct ly  from du Pont)? 

What is your base elastomer, eg. Nitr i le  or Buna N ,  Ethy- 
lene Propylene, Viton, etc.? The base elastomer will be 
used t o  identify the published t e s t  data. 

For what applications has the elastomer been successfully 
used, eg. packer casing sea l ,  packer formation sea l ,  packer 
internal O-ring sea l ,  etc.? 

What i s  the time, temperature and environment t h a t  the seals 
i n  3) operate sa t i s fac tor i ly?  

_ '  . . . .  . .  ._ .. . . . .~ 
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5. Are you w i l l i n g  t o  supply a t  no cos t  uncured stock w i t h  cur-  
i n g  i n s t r u c t i o n s  should we have a s p e c i f i c  mold t o  f a b r i c a t e  
pa r t s  t o  f i t  our f i x t u r e ?  I f  NO, please expla in .  

6. Are you w i l l i n g  t o  supply a t  no cos t  cured pa r t s  made t o  our  - -  
dimensional requirements? I f  NO, please expla in .  

I 

7. How much lead t ime do you need t o  d e l i v e r  the requ i red  ma te r ia l?  

-8. Do you have any suggestions t h a t  may improve t h i s  t e s t i n g ?  
I f  YES, please s ta te .  

9. Would you ob jec t  t o  having your  company name published, iden- 
t i f y i n g  the  t e s t  data? Please s t a t e  fee l ings .  
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Person to  Contact 

Company 

Address 

City/State/Zip . 

Phone No. ( ) 

Please send any brochures or information describing the elastomer and i t s  
performance which may a s s i s t  us i n  choosing representative candidates. 
As you migh t  imagine, i t  will be very d i f f i cu l t  t o  choose between the var- 
ious Nitrile formulations each w i t h  i t s  own superior proprietary ingredient. 
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APPENDIX D 

PACKER IMPROVEMENT CONCEPTUAL1 ZATION V DESIGN CALCULATIONS 

A. Maximum Gap 
The maximum gap i n  the back-up r i n g  w i l l  e x i s t  between the  r i n g  and the  

casing. 
expanded a gap w i l l  e x i s t  when the casing diameter i s  e i t h e r  more o r  l ess  then 
nominal. 

Since t h e  r i n g  w i l l  be made t o  f i t  the  nominal case diameter when 

The maximum gap i s  ca l cu la ted  as fo l lows:  

Maximum Gap = d-D 

d = r -a  

I 

e = arc  s i n +  

a = r cos 8 
d = r(1-cos e )  

A = R c o s e  
R D = R(1-coS e) 8= arc  s i n  E 

R = 4.02 h igh  s ide  o f  segment to lerance. 

r = 3.94 low s ide  o f  casing tolerance. 

J i s  determined from the  stowed c o n f i g u r a t i o n  of t h e  back-up r i n g .  

D = R-A 
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1 = 3.25 fe-30° = 1.876 

1.876 - 28-44' B = arc s i n  - - 3.94 

arc sin A- ' 876 - - 27.818' 
4.02 

0 

d = 3.94 (I-COS 28.44) = .4755 

0 
D = 4.02 (l-COS 27.818) = .4646 

Gap = .4755 - .4676 = .0109 
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W 

Max Gap = C = R-R, 

r = 3.98 low s ide  o f  segment tolerance 

R = 4.06 high s ide  o f  casing tolerance 

b = R-r = 4.06-3.98 = .08 

1 = 1.876 

= 3.510 

R1 = J(3.510 + .08)' t 1.876' = 4.05 

Gap = 4.06-4.05 = .01 
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B. Back-up Ring L i n k  

The small l i n k  between the bladder and r i n g  segments that  functions as a 
bridge over the gap between the expanded segments is  required to  resist the 
5000 psi differential  pressure across the packer without shearing out or  undue 
deflection. 

L i n k  Width = W = 1 i n .  
L i n k  Material i s  Inconel 718. 

= 150,000 psi u-* 
yield 

(MIL-HNDBK-5, page 6-52) %& = 180,000 psi 

Shear - 

Bend i ng 

r = .$$ = 60,000 psi -(OK) bending I 

Def 1 ect  i on 

y = $ =  .0017 i n  -(OK) 
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I 
C. Vertical Gap Bridge Id 

As the back-up r i n g  expands the vertical gap between segments must also be 
bridged t o  prevent fa i lure  of the actuator bladder.. 
capable of resisting 5000 psi. 

This bridge must also be 

Bridge He igh t  = h = 4 i n .  
Bridge Material i s  Inconel 718. 

Shear 

I 

D. Leaf S p r i n g  Requirements 

segment to i t s  stowed pos i t ion  when the actuator bladder i s  deflated. 
desirable t o  have this return force very high i n  order t o  
the l inks a t  the bottom of the segment and i n  order t o  be 
d r i l l ing  mud. 

The leaf s p r i n g  provides the force necessary t o  return the.back-up ring 
I t  i s  

verco"'e -friction, i n  

ess affected by the 
The leaf spring i s  required t o  deflect  one inch without yielding. 

k/ 
/;, - Jc --__-__I__ 

,t r ___.__ * *  - _- --- - - - -. _- _. - . - - - - - - LZ--- -----_--.. 
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1 = 12 i n  
y = deflection = 1 in. 
W = deflection force (LBS) 
t = thickness ( i n )  
w = width = 1 i n .  

Material i s  Inconel 718 

Cy ie ld  = 150,000 psi 

C-T = 180,000 psi 

c = t / 2  
1 I 

1 w p Y = T T  

2rd2 , c = t / 2  therefore t = - y = --# - -  
3cE 3 Y  E 

Use = 120,000 psi 

E. Bladder Molded Shape 

The bladder, when unpressurized, niust assume a convoluted shape i n  order to  
reduce t o  an outside diameter of 6.25 inches maximum. 
able t o  expand t o  7.88 inch diameter minimum. 

I t  must, however, be 

D-6 
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i 

rl = .473 

c1 = &;1*25) (2E) ( .473) = .837 

= ,470 2 

'2 = ( 180 ., 36 2~11.25)) (2%) (.473) = 1.293 

' I  
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i 
i 

$70 

I 
i 

I 

I 1 

1 
1 

i 
b 

I 
! 

i 

I 
\r 

c 

2.90 - .473 - -473 s i n  !1.25° = 2.335 

(1.94 + .470) cos 22.5' = 2.227 

c + .470 s i n  11.25' = 2.319 

b-d = .0166 cos 11.25 

One complete c y c l e  then i s  equal t o  2(.837) + 1.293 + 2 (.0166) = 3.00 which 
gives f o r  the expanded diameter o f  t h e  o u t s i d e  o f  t h e  bladder 8(3.00) + 2(.125) = 

7.89 which i s  .01 inorethen required. 
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F .  Metal Fabric Wire Diameter 

The metal fabric will be designed t o  span a gap of .03 under a 
5000 psi .  The fabric will be woven of Incone! 718 wire 

/ 

T i e l d  = 150,000 psi 

Gt: = 180,000 psi 

y-'.~ JroOopsi 
Assume 6 MIL wire 

2 4 - 4  
= * =  n J  

c." 
$ 

Shear 

- Mc - -  
s e n d i n g  I 

c = d/2  
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This calculation was made only i o  cletwiniric i f  t he  wire size i s  approximately 
correct. 
accuracy of the calculation t o  t h d t  o f  an approximation a t  best. She optimum 
diameter should be deterniinzd tlxp:?r.lrncntal ly .  

The small diameter of the wire and snia11 gap probably reduces the L, 

i 
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