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ABSTRACT 

A thorough and detai led study of Air Products and Chemicals, 
Inc. and A i r  Products Ltd. practices i n  t h e  design and use 
of equipment i n  oxygen service,  was performed. The report 
includes Liquid and Gaseous Oxygen Safety Review information 
covering: Material Compatibility, Operational Hazards, 
Maintenance Programs, Systems Emergencies, and Accident/In- 
cident Investigations and Reports, and a s e t  of references. 
Areas requiring fur ther  research and development f o r  sycSL ems 
involving exposure t o  oxygen environment have been iden-l;ified. 
An index t o  t he  Liquid and Gaseous Safety Review Data Forms 
and a General Index have been included t o  allow f o r  easy 
r e t r i e v a l  of t he  reported information. 



The NASA Aerospace Safety Research and Data I n s t i t u t e  (ASRDI) i s  respon- 
s i b l e  f o r  providing NASA and i ts  contrac tors  with t echn ica l  information 
and consul ta t ion  on s a f e t y  problems. To assist i n  t n i s  e f f o r t ,  c t  tnorough 
and d e t a i l e d  study of A i r  Products and Chemicals, Inc. (APcI) and A i r  
Products Ltd. (APL) p r a c t i c e s  i n  t n e  design and use of equipment i n  oxygen 
se rv ice ,  has been performed i n  accordance with t h e  terms of NASA Contract 
NAS3-15083. 

The purpose of t h i s  study was t o  nrovide ASRDI with some of t n e  $industrial 
information needed f o r  t h e i r  oxygen s a f e t y  review program which has t n e  
following object ives  : 

1. Providing e a r l y  recornendations t o  improve NASA" o q g e n  lrandling 
by c o r ~ a r i n g  NASA and contrac tor  o q g e n  systems design, inspect ion,  
operat ion,  maintenance and emergency procedures with those  pract iced 
i n  indust ry ,  u n i v e r s i t i e s  and other  government e s t a b l i  sf.1111ents. These 
systems include those  used on space vehic les ,  a i r c r a f t ,  t e s t  and 
se rv ice  f a c i l i t i e s ,  surface  vehic les ,  and disposal  s y s t e m ,  

2. Assessing t h e  vu lnerab i l i ty  of NASA and contrac tor  oxygen equipment 
t o  f a i l u r e  from a va r ie ty  of sources s o  t h a t  kazards may 7x2 defined 
and remedial measured formulated. 

3. F i l l i n g  gaps i n  knowledge on oxygen handling through ana lys i s  and 
research i n  order t o  provide a b e t t e r  da ta  base f o r  t h e  design of  
oxygen system and associa ted  s a f e t y  equipment, and f o r  t h e  fopmulation 
of meaningful t e s t s ,  inspect ions ,  and emergency procedures, 

4. I s su ing  c r i t e r i a  and standards on a l l  aspects  of oxygen handling 
and disposal .  

5. Providing i n s i g h t  i n t o  t h e  key processes t h a t  con t ro l  t h e  performance 
of oxygen systems and t h e i r  components as  an a i d  t o  design and. o-geration, 
p a r t i c u l a r l y  under off-design o r  emergency conditions. 

Speci f ic  quest ions concerning oxygen s a f e t y  were included i n  tlie contrac t  i n  
t h e  form of an Oyygen Safety Review Data Form and Check L is t .  Tlzese provided 
guidel ines  as t o  t h e  type  of information desired and included a format f o r  
iden t i fy ing  referenced documents. A b r i e f  summary of eacb main heading of 
t n e  BASA Safe ty  Review Check L i s t  includes t n e  following: 

I. Material  Compatibility 

A, L i s t  of mater ia ls  used o r  contained i n  l i q u i d  and gasec3us oxygen 
systems. 



The materials  used i n  oxygen systems, whether i n  d i rec t  contact 
with oxygen, or  exposed t o  oxygen r ich  a i r  as a r e su l t  of leaks  
or  accidents are  individual ly  considered under t h i s  heading. 
Ilethods and t e s t s  used t o  evaluate t h e  compatibility of t h e  
rnaterials i n  an oxygen enviroraent a re  described. References a r e  
:Listed whenever applicable. Allowable oxygen environments a re  
specif ied fo r  each one of t ke  rnaterials l i s t e d ,  

B. Compatibility Checks 

'File compatibil i ty considerations of materials  i n  t n e  oxygen 
systeras are  discussed and information on how t h e  areas of pos- 
s i b l e  concern i n  oxygen systems are handled i s  provided. Design 
c r i t e r i a ,  cleaning procedures and qua l i ty  control  methods a r e  
covered i n  de ta i l .  

11, Operational Hazards 

Guidelines, codes, regulations and specidl  procedures used i n  t h e  
design, i n s t a l l a t i o n ,  . fabr icat ion,  t e s t i n g  and operations f o r  pro- 
t ec t ion  against hazards involved with production, t ranspor ta t ion,  
storage and system handling of oxygen a re  presented w i t f l  a l i s t  of 
r e l a t ed  references. 

111. llaintenance Programs 

The Company pract ices  employed i n  tjle owgen systems naintenance 
programs t o  minimize both accident p robab i l i t i e s  and consequences 
of accidents and/or incidents are  described. Appropriate sect ions  
of Lhe Operations Department and Indus t r i a l  Gas Division Operating 
Manuals a re  discussed. 

I V .  Sysi;ems Emergencies 

The pract ices  employed t o  handle emergencies are  spel led out i n  some 
de t a i l .  Training, warning, and protection of personnel and equip- 
ment a re  discussed. 

V, Accident /Incident Investigations and Reports 

A review i s  made of accidents involving oxygen which occurred i n  t h e  
industry i n  general,  and i n  t h e  company i n  par t i cu la r .  Accident re- 
por t s  a re   resented wlnenever available.  

An A i r  Products and Chenicals, Inc. s t ee r ing  Committee consist ing of: 

W. L. B a l l  Corporate Safety Director 

A. Lapin Project  Manager 

C. McKinley Cryogenic Systems Division - R&D Director 



reviewed t h e  information generated by a t a s k  force of 15 senior  engineers 
and supervisory personnel who have been instrumental  i n  shaping t h e  eomparay 
s a f e t y  p o l i c i e s  throughout t n e  years and who represented trse foll-owing 
Divisions and Departments of t h e  Company: 

A i r  Products Limited 

Corporate Safety Department 

Cryogenic Systems Division: 
Central  Design Engineering Department 
Electro-Machinery Department 
Operat ions Department 
Projec t  Engineering Department 
Research and Development Department 

I n d u s t r i a l  Gas Division 
Engineering Department 

I n d u s t r i a l  Products Division 
Qua l i ty  Control Department 

Meta l lurgica l  Services Division 
Gas Equipment Department 

This review was supplemented by interviews,  discussions,  and vis: i ts  Lo severa l  
APCI and APL air separa t ion p lan t s  and manufacturing f a c i l i t i e s  both i n  t i le  
U.S. and Europe. This information w a s  then summarized and used :in t h e  prepa- 
r a t i o n  of t h e  Oxygen Safety Review Forms. I n  most ins tances ,  an individual  
Form was used t o  cover t h e  p rac t i ces  of one department, thus r e s u l t i n g  i n  
some dupl ica t ion when two d i f f e r e n t  departments reported on t h e  same type  of  
a c t i v i t y .  For example, both APCI and APLk cleaning procedures and p r a c t i c e s  
are separa te ly  covered i n  Forms IBlc-1 and IBlc-2 respect ively ,  I n  g e n e r d  
t h e r e  was no attempt t o  i d e n t i f y  d i f ferences  e x i s t i n g  between t h e  p r a c t i c e s  
of t h e  d i f f e r e n t  departments, s ince  t h i s  was not wi th in  t h e  scope of t h e  
program. 

It should be noted t h a t  t h e  Air Products mater ia l  covers an expe:rienee per iod 
of over 15 years ,  the re fo re  some contradic t ions  may e x i s t  between new and o ld  
documents i n  p a r t i c u l a r  i f  they or ig inated  i n  d i f f e r e n t  departments, Wiere 
such di f ferences  e x i s t  through evolutionary changes i n  p r a c t i c e ,  t h e  l a t e s t  
Air Products document i s  control l ing.  

It i s  i n t e r e s t i n g  t o  note t h a t  while t h e  Corporate and DivisionCL Safe ty  
Criteria a re  general ly followed throughout t h e  company, l o c a l  coi?di-i;ions 
sometimes require  spec ia l  t reatment as determined by l o c a l  managers, For 
example, t h e  Plant  Manager at t h e  Hettingen Plant  i n  Germany, i n s t i t u t e d  a 
system of valve locks and keys t o  insure  t h a t  l i q u i d  oxygen i s  del ivered t o  
l i q u i d  oxygen tankers  only, thus  e l iminat ing t h e  p o s s i b i l i t y  of loading 
t h e  wrong product i n  t h e  l i q u i d  tanker,  Differences i n  procedures between 
p l a n t s  a r e  a l s o  necess i t a t ed  by t h e  f a c t  t h a t  i n  some areas t h e  -truck d r ive r s  
are APCI employees, while i n  o thers  they belong t o  o the r  organizat ions under 
contrac t  t o  APCI. I n  addi t ion  sove plants  se rv ice  only P C 1  tankers  while 



others  se rv ice  APCI tankers  and others  as w e l l .  S imi lar ly  some customer 
i n s t a l l a t i o n s  requ i re  d i f f e r e n t  o r  add i t iona l  precautions as determined by 
t h e  sp1ecif5.c~ of t h e  loca t ions ,  usage, e tc .  Safety C r i t e r i a  i n  t h e s e  cases 
m e  determined by t h e  Departments involved i n  conjunction with t h e  Safety 
Department ,, 

It s e e m  t h a t  assuring s a f e t y  i n  a l a rge  organizat ion i n  which a l a r g e  number 
of s p e c i a l  l o c a l  conditions require  modifications t o  t h e  general s a f e t y  
c r i t e r i a ,  could bes t  be achieved by t h e  following two-phase approach: 

1, C r i t e r i a  Establishment 

Safety c r i t e r i a  and philosophy a re  es tabl ished by t h e  Safety Department 
with s t rong t echn ica l  support from t h e  Research and Development Depart- 
ment. These c r i t e r i a  w i l l  i d e n t i e  m~ter ia l  compatibi l i ty , design con- 
cepts  , contaminant types and l e v e l s  acceptable t o  s p e c i f i c  appl ica t ions ,  
systems evaluations,  and o the r  s i g n i f i c a n t  f ac to r s .  

2, C r i t e r i a  Implementation 

ImpBernentation of s a f e t y  c r i t e r i a  i s  tlle r e s p o n s i b i l i t y  of a l l  l e v e l s  o f  
supervi.sion and dl personnel. Tkis i s  achieved by education and t r a i n i n g  
i n  suel-1 a way, that s a f e t y  implementation becomes second nature. Tne 
obj ect5.ve i s  c l e a r  understanding of general philosophy and c r i t e r i a ,  s o  
t h a t  implementation of sa fe ty  i s  achieved, and t h a t  changes necessary t o  
aceommodate s p e c i f i c  l o c a l  conditions can be made by knowledgeable per- 
sonnel without endangering t h e  des i red  goals. 



ORGMJIZATION OF REPORT 

The report  consists of t h e  following par ts :  

1. Recommendations fo r  Research and Development 

2. Index t o  Liquid and Gaseous Safety Review Data Forms 

This index l is ts  t h e  Review Data F o m  i n  numerical sequence, It Iden-. 
t i f i e s  each form by number, t i t l e ,  date and number of pages, 

Liquid and Gaseous Oxygen Safety Reveiw Data Forms 

This par t  of t h e  report  closely follows the  NASA Oxygen Safety Review 
Check L i s t  and Review Data Form (~ t tachments  I and I1 of NASA ConLract 
No. NAS3-15083). I n  fac t  t h e  forms numbering system correspolids t o  
t he  NASA Documents nuxibering system. Thus, Form IA2a-7 i s  t h e  7th 
APCI Form with information requested i n  paragraph IA2a of t he  NASA 
Review Check L i s t  which r e l a t e s  t o  t he  Material Compatibility of 
Sealants and Threading Compounds. The organization of t h e  fo~rm it,- 
s e l f  i s  i n  close conformity with t h e  suggested NASA Review Data Form. 
The APCI Data Review Form includes only those sections of t h e  NASA Fom 
which apply t o  t h e  par t icu la r  subject. 

4. General Index 

The General Index covers a l l  Documents referred t o  i n  t h e  Data. Review 
Forms, t h e  Data Review Foms themselves, and an addit ional nwnber of 
documents re la ted  t o  t h e  subject of oxygen, oxygen handling and safety,  
The General Index consis ts  of f ive  sections:  

a. Numerical Section: A l l  documents a r e  l i s t e d  i n  numerical sequence, 
s t a r t i n g  from 990000010.  he 9th d i g i t ,  which i s  always a zero, 
except i n  one case 99000261~, should be ignored). 

b. Authors Section: A l l  documents are  l i s t e d  alphabetically by each 
one of t h e  authors. 

c. Corporate T i t l e s  Section: A l l  documents are reported alphabetically 
by the  name of t h e  Corporation o r  In s t i t u t i on  which origi:nated t h e  
document. For example, a paper authored by a member of L~ehigh Uni-- 
vers i ty ,  w i l l  appear under Lehigh University. Similarly, t h e  r e p o d s  
by C. F. Key of NASA w i l l  appear with the NASA grouping. 

d. Subjects Section: A l l  documents are l i s t e d  alphabetic all;^ by each 
one of t h e  main words of t h e  document t i t l e ,  and by key words which 
were added, whenever desirable. 

e. Source Section: All  documents are l i s t e d  i n  alphabetical  order i n  
accordance t o  t h e i r  source iden t i f ica t ion  such as AICM-CEP-TECH- 
MANUAL f o r  an American I n s t i t u t e  of Chemical Engineer publication 
or DMIc-MEMO-163, for  t h e  Bat te l le  Memorial I n s t i t u t e  Report iden- 
t i f i e d  as Publication DMIc-MEMO-163. 



The General Index arrangement thus allows information r e t r i e v a l  from 
severa l  bases, For example, a lubr ican t  covered by t h i s  s tudy,  can be 
found m d e r  L, with a11 other  lubr ican t s ,  o r  by looking up i t s  s p e c i f i c  
n m e ,  such as Knytox, All documents r e f e r r i n g  t o  t h i s  i tem w i l l  be 
i d e n t i f i e d  and could then be  found i n  t h e  Reference Section of t h e  re- 
p o r t ,  by looking up t h e  Document Numbers. 

5. - References 

This sec t ion contains CAP documents included i n  t h e  General Index, i n  a 
n m e r i c a l  sequence, The APCI documents we reproduced i n  f'ull and a r e  
re leased f o r  general d i s t r i b u t i o n  and avai labi l iLy with t h e  exception 
of the  following documents which a re  not re leased and a re  not ava i l ab le  
f o r  @ n e r d  d i s t r i b u t i o n :  

Onl,y one page i s  included i n  t h e  Reference Section f o r  each non APCI 
document, with s u f f i c i e n t  information t o  provide f u l l  i d e n t i f i c a t i o n  
and r e t r i e v a l ,  

A number of a d d i t i o n d  documents have been included i n  t h i s  sec t ion  
even though they were not r e f e r r e d  t o  i n  t h e  Review Forms. Tnese 
documents are r e l a t e d  t o  oxygen s a f e t y  and could be of i n t e r e s t  t o  
t h e  reader, Some of them a re  l i s t e d  below: 

flPCI Documents #9900007 a d  99000017 provide t h e  p roper t i e s  of gaseous 
and l i q u i d  oxygen, 

APCI Documents #99000060 through 9'3000065 and 99000069 descr ibe  Research 
and Development work performed i n  tile e a r l y  60's. 

APCI Documents #99000306, 99000312 and 99000313 cover recent  work using 
t h e  02 Index a s  one f a c t o r  i n  determining a c c e p t a b i l i t y  of mater ia ls  
f o r  oxygen service ,  

APCI Document #99000340 b r i e f l y  describes A P C I  procedure f o r  t h e  determina- 
t i o n  of  mater ia l  compatibi l i ty with oxygen. 

APCI Document #99000595 i s  an A P C I  repor t  on t h e  experimental burning of 
metals i n  o;rcy-gen Etemosphere and includes an appendix containing t h e  
abs t rac t s  of  43 papers on t h e  i g n i t i o n  of  metals. 



RECOMMENDATIONS FOR RESEARCH k i  DEVELOPMENT 

I n  order t o  determine acceptance of materials for  oxygen service and t h e  safety  
of t he  system i t s e l f ,  it i s  essen t ia l  t o  have material  properties and c r i t e r i a  
fo r  acceptabi l i ty  as follows : 

1. Material Properties as a Function of Oxygen Concentration and Presswe 

Some o r  all of t h e  following information i s  required t o  eval.uate a m t e -  
rial f o r  oxygen service. 

a. Material iden t i f ica t ion  

b, Igni t ion temperature 

c, Igni t ion energy 

d, Oxygen index 

e. Calorimetric heat values 

f, Adsorption capacity fo r  oxygen 

g, Autoignition temperature 

he High pressure compatibility 

i. Behavior under impact conditions 

Li terature  should be careful ly  reviewed so t h a t  available information Is 
evaluated and used, Laboratory work may be needed t o  supplement available 
information, 

2, Systems Behavior 

I n  any indus t r i a l  hazard s i tua t ion ,  t he  amount o f  ign i t ion  e n e r a  t o  F m i t e  
a material  i n  oxygen or  oxygen r i ch  environment i s  importan1:ly re la ted  t o  
t he  material  and in tens i ty  of t he  energy input, It i s  a l so  relasted i n  a31 
extremely important fashion t o  t h e  e n t i r e  system, The dynamics of t he  
ign i t ion  process i s  a l so  a function of t he  e n t i r e  system. : C t  i s  therefore 
necessary t o  careful ly  examine and evaluate each individual component as 
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well  as  t he  subsystems and t o t a l  system f o r  behavior i n  an oxygen 
at,mosphere as  a fiancti on of oxygen concentration, pressure,  and temperature. 

Crbiterfa w i l l  have Lo be established f o r  t h e  acceptabi l i ty  of materials  i n  
owgen. service  based on the  material  proper t ies  m d  examination of t h e  system 
o r  subsys"cm, i n  which t h e  materials  are  used, These c r i t e r i a  should be 
based on t h e  following: 

a, Aece.p"&mce of materials  per se. 
b, L i d t s  on t h e  q u m t i t y  of materials  i n  t h e  spec i f ic  system being 

e . x d n e d ,  
c, L e w l  ewd type of allowable contamination fo r  t h e  application. 
d, L i d t s  of temperature, pressure and oxygen concentrations. 
e ,  lnspeetic~n a d  qua l i ty  control  procedures, 

R e ~ e w .  of %he available inforlmaLion regarding oxygen compatibility of materials  
i n ~ c a t e s  .that adaLiona l  information i n  t h e  following areas may be required 
f o r  t h e  comqleLe sa fe ty  evdua t ion  of a specifi: system. 

Ms1"cer:id propesPeies needed f o r  oxygen compatibility evaluation are  usually 
a~a l i? ib le  i n  t h e  t e e h ~ c d  l i t e r a t u r e ,  However, t h i s  information i s  sparse 
or Backing comle te ly  i n  t h e  case of new materials  and f o r  high pressure 
(3,0013-10,000 p s i )  applications,  In these instances,  it w i l l  be necessary 
t o  acquire t h e  needed proper t ies  by experimental determination, 

A n m l ~ e r  of t e s t s  m e  being used t o  determine material  compatibility i n  t h e  
- presence of oxygen. However, these  t e s t s  are usually not closely re la ted  

t o  the  main charac te r i s t i es  of t he  system i n  which these  materials  a re  
used, For exanple, impact t e s t i n g  i s  a widely used c r i t e r i on  f o r  material  
eaecepl:mee, even when impact i s  not a fac tor  of t h e  spec i f ic  application 
mder  consideration, The amount of e n e r a  needed t o  i g n i t e  a material  i s  
innporl;asltly re la ted  t o  t h e  material  i t s e l f ,  i t s  physical dimensions, t o  
t h e  chwacte r  and in t ens i t y  of t h e  energy input,  and i n  EXI extremely impor- 
tar?% Pashaon t o  t h e  e n t i r e  system, For exapple, massive m e t a l  sect ions  
elear:ly i gn i t e  l e s s  readi ly  than do powders, wires,  ribbons, and small 
sections,  Therefore it i s  e s sen t i a l  t o  devise appropriate t e s t s  which in- 
eorpo~rate t he  po ten t ia l  hazards of t h e  system, such as sparks, f r i c t i on ,  
o r  gas compression and t h e  correct  s i z e  of t h e  t e s t  specimen. The re- 
sults of these  t e s t s  w i l l  be s ign i f ican t  and w i l l  provide a more dependable 
basis f o r  h e r i d  select ion fo r  t h e  contemplated service. 

3. Effecl; of Contaminmts on t h e  Materials Su i t ab i l i t y  

In  general, t h e  buak of t h e  work i n  t h e  area  of oxygen compatibility i s  
perk'o~med with m t i c d o u s l y  clean materials. Contaminants are studied 
by %he?melves, indepndent ly  of t h e  materials  t h a t  they would eont aminat e. 



It i s  believed t h a t  some materials  may be more detrimentally rzffected 
than others by t h e  presence of contadnants.  It i s  therefore  neces sav  
t o  consider t h e  complete system i n  order t o  determine the  possible sowees ,  
types and quant i t i es  of contaminants, so  t h a t  appropriate tesliing con- 
d i t ions  may be determined, These t e s t s  w i l l  help e s t ab l i sh  to le rab le  
contamination leve ls  f o r  t h e  system. 

4. System Test ing 

Complete systems should be careful ly  examined t o  determine t h e i r  oxygen 
compatibility. Even i f  each individual component i s  acceptab:Le on, I t s  own, 
synergis t ic  e f f ec t s  may render an assembly of these  components; macceptable. 
Therefore, systems and subsystems may have t o  be  t e s t ed  before a decision 
can be made regarding oxygen su i t ab i l i t y .  The e f fec t  of contt&nation i n  
t h i s  pa r t i cu l a r  case i s  extremely important since reactions or  chain reactions 
may be t r iggered by contamination with a resu l t ing  ign i t ion  and combustion 
of materials which would not otherwise have been ignited.  

5. Criteria for  Compatibility 

Present c r i t e r i a  f o r  oxygen compatibility are  of ten based on ewe o r  two types 
of tests even when they are  not closely re la ted  t o  t h e  intended applications,  
It i s  recommended t h a t  t h e  information obtained from new resecxrch prop-  
be used t o  reexamine t h e  present c r i t e r i a  t o  determine t h e i r  va l id i ty ,  
These programs should a lso provide the  bas i s  f o r  new c r i t e r i a  which w i l l .  
i n tegra te  a l l  available factors  re la ted  t o  t h e  compatibility of m t e r i a k s  
and t o  t h e  system i t s e l f  such as: oxygen phase, concentratio~i,  tem- - 
perature and pressure, materials  proper t ies ,  systems characte~ris-ties , 
poten t ia l  hazards and degree of exposure t o  l i f e  and equipment i n  case 
of a fa i lu re .  It i s  envisioned t h a t  an all inclusive "system Compat- 
i b i l i t y  Index" or  "system Safety Factor" could be developed by ap- 
plying an empirical coeff ic ient  t o  each per t inent  fac tor ,  which would 
apply t o  a21 types of oxygen systems: high or low pressure a]?plieations, 
l i qu id  o r  gas phase environment, simple o r  complex. This "Sy!:tem Com- 
p a t i b i l i t y  Index" o r  "system Safety F a c t o r l ' w i l l  provide a numerical 
system which w i l l  indicate  t he  degree of safety  of t h e  system being 
examined and w i l l  enable sound comparisons between competing cxhernes. 

The research and development programs t h a t  are  needed t o  prori.de t h e  re- 
quired information f o r  a complete sa fe ty  evaluation of systems involvjing 
oxygen, should consist  of a number of l imited scope par t s  dealing with 
spec i f ic  systems and/or subsystems. In  general each par t  of Ithe p r o e m  
should provide answers t o  t h e  following questions f o r  t h e  system being 
studied: 

1. Assessment of r e a l i s t i c  hazards as opposed t o  laboratory hazards. 

2. Cr i t e r i a  f o r  cleaning and frequency of solvent washing. 

3. Effect of rust and foreign pa r t i c l e s  i n  t h e  oxygen s t r e w s  of t h e  sys tm.  



4, I\/raximum allowable l e v e l  of contamination. 

5, Relation between allowable l e v e l  of contaminants and cleanliness 
requirements . 

6, Frequency of equipment inspection. 

4 ,  Cr i t e r i a  fo r  lubr icant  se lect ion fo r  a i r  and oxygen service ,  i f  ap- 
plicable.  

8, Cr i t e r i a  f o r  compatibility, i n  terms of quanti ty of materials ,  system 
pressure and temperature, and exposure. 

It is recommended t h a t  a l l  information presently available and being de- 
veloped as a result of new research and development programs be readi ly  
mtri ,evable.  
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February 21, 1972 

IMa-1 

LIQUID AND GASEOUS OXYGEN SAEETY REVIEW DATA 

I. Material  Compatibility 

A. Lubricants - 

1. Krytox 143 AA o i l  (duPont ) 

a. Specific Oxygen Environment 

Normal exposure i s  t o  air, but may be exposed t o  gaseous 
o r  l i q u i d  oxygen a t  ambient temperature t o  -29T°F and 
atmospheric pressure i n  t he  event of a process leak. 

(1) Company Pract ices  

( a )  Motor Bearing lubr ica t ion  f o r  l i q u i d  oxygen 
pump assemblies. 

B. Information Sources 

1. Company Pract ices  

b. Company Operating Experience. 

Was on a t r i a l  bas i s  f o r  replacement of Halocarbon 
lubr ican ts  which do not appear t o  have the  l ub r i c i t y  
and mechanical proper t ies  necessary fo r  our appli- 
cation. However i t s  performance was unacceptable, 

c. Based on Research and Development of Others. 

(1) Key, C. F., NASA-GCMSFC, "compatibility of 
Materials with Liquid Oxygen, I V , "  NASA 
TM X-53773, P. 12, 13, August 23, 1968 
(DOC. # ggo00126). 
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IAla-2 

LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material  Compatibility 

A. Lubricants 

1. Halocarbon 11-21E, Halocarbon Products Corporation 

a. Specif ic  Oxygen Environment 

Normal exposure i s  t o  a i r ,  but may be exposed t o  gaseous 
o r  l i qu id  oxygen a t  ambient temperature t o  -297'3' and 
atmospheric pressure i n  t he  event of a process leak. 

(1) Company Pract ices  

( a )  High pressure reciprocating pumps. Lubri- 
cant i s  not i n  d i r ec t  oxygen contact ,  but i n  
dr ive  t r a i n  of pump where t h e  possibil j- ty of 
int imate contact exis ts .  

(b )  A s  t h e  hydraulic f l u i d  i n  diaphragm' com- 
prssors  i n  oxygen service. 

( c )  Not t o  be used with aluminum, magnesium, 
o r  t h e i r  a l loys  under conditions of high 
torque o r  shear. 

B. Information Sources 

1. Company Pract ices  

c. Based on Research and Development of Others 

(1) Key, C. F. and W. A. Riehl, NASA-GCMSFC,  ompa pa ti- 
b i l i t y  of Materials with Liquid Oxygen, 11 

MTP-P&vE-M-~~-~~, p. 28, December 4, 1963 
(DOC. # 99000128). 
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IAla-3 

L I Q U I D  AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material Compatibility 

A. Lubricants 

1. Halocarbon l l - 1 4 E ,  Halocarbon Products Corporation 

a. Specif ic  Oxygen Environment 

Normal exposure i s  t o  a i r ,  but may be e q o s e d  t o  gaseous 
or  l i q u i d  oxygen a t  ambient temperature t o  -297OF and 
atmospheric pressure i n  t he  event of a process lie&, 

(1) Company Pract ices  

(a)  Centrifugal l i qu id  oxygen pump dr ive  t r a i n s  
bearings where intimate contact i s  possible,  

( b )  Ver t ical ly  mounted multi-stage cen t r i fuga l  
l i q u i d  oyygen pump dr ive  motor bearings 

( c )  Not t o  be used with aluminum, magnesium, o r  
t h e i r  a l loys  under conditions of high torque 
o r  shear. 

B. Information Sources 

1. Company Pract ices  

(1) Key, C. F., NASA-GCMSFC, "~ompa t ib i l i t y  of Materials 
with Liquid Oxygen, 111," NASA TM X-53533, P. 12,  
NOV. 3, 1966, (DOC. #g9000125), 
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LIQUID AND GASEOUS OXYGEN SAFETY RFNIEX DATA 

I. Material  Compatibility 

A. Lubricants 

1, Halocarbon 6-25 Wax, Halocarbon Products Corporation 

a. Specif ic  Oxygen Environment 

Ambient temp. t o  160°F up t o  1500 p i g  gaseous oxygen 

(1) Company Pract ices  

( a )  Protect ive  coating of oxygen compressor spare 
pa r t s  and compressor components during storage. 
Coating i s  not removed p r io r  t o  using equip- 
ment. 

(b)  Not t o  be used with aluminum, magnesium, or  
t h e i r  a l loys  under conditions of high t;orque 
o r  shear. 

B. Information sources 

1. Compny Pract ices  

e. Other 

Schmoyer , W. W. , "0qgen ~ompressors" , February 6, 1969 
(DOC ffgg000138). Record of telecon with Halocarbon 
Products, Feb. 4, 1969. Wax 6-25 i s  a mixture of 25% 
Halocarbon 600 wax and 75% Freon 113. The Freon evapor- 
a t e s  upon application leaving a protect ive  coatirlg on 
t h e  surface. 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material Compatibility 

A. Lubricants 

1. Kel F-90 grease, Minnesota Mining & Manufacturing Co. 

a. Specific Oxygen Environment 

Gaseous Oxygen, ambient temp, pressures t o  3000 psi .  

(1)  Company Pract ices  

(a) Laboratory glassware, analyzers, and t e s t i n g  
apparatus i n  contact with gaseous oxygen, 

( b )  Some lubr icant  fhnction i n  valves i n  gaseous 
oxygen service. 

( c )  '"O" r ing  and diaphragm lubr icant  i n  oxygen 
regulators 

( d )  Not t o  be  used with aluminum, magnesium, or  
t h e i r  a l loys  under conditions of high to]-gue 
or  shear. 

( e )  No longer manufactured. W i l l  be  replaced by 
Halocarbon 25-58 grease - Refer IA~~L-6 

B. Information Sources 

1. Company Pract ices  

a. Company Research 

(1) Walde, R. A., Flammability and Explosion Hazards, 
APCI 87-0-8822, May 1963 (DOC. #99000072). 

c. Based on Research and Development of Others. 

(1 )  Key, C. F. and W. A. Riehl, NASA-GCMSFC, "~o!mpatj.- 
b i l i t y  of Materials with Liquid Oxygen,'"fl~-P&VE-M- 
63-14, P. 28, December 4, 1963 (DOC #99000128). 



LIQUID MJD GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material Compatibility 

A. Lubricants 

1. Halocarbon 25-5s grease, Halocarbon Products Corp. 

a. Specific Oxygen Environment 

Gaseous Oxygen, ambient temp., pressures t o  3000 ]psi 

(1) Company Pract ices  

( a )  Laboratory glasswear, analyzers, and telsting 
apparatus i n  contact with gaseous oxygen. 

(b)  Some lubr icant  functions i n  valves i n  gsseous 
oxygen service.  

( c )  "0" r ing  and diaphragm lubr icant  i n  oxygen 
regulators.  

(d )  Not t o  be used with aluminum, magnesium, o r  
t h e i r  a l loys  under conditions of high t'orque 
o r  shear. 

B. Information Sources 

1. Company Pract ices  

c. Based on Research and Development of Others. 

(1) Key, C. F., NASA-GCMSFC, "Compatibility of 
Materials with Liquid Oxygen, Iv" , NASA TM 
x-53773, p. 12, A U ~ U S ~  23, 1968 (DOC. #9gooo126). 
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LIQUID &I'D GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material Compatibility 

A. Lubricants 

1. Fluorolube, FS, Hooker Chemical 

a. Specif ic  Oqrgen Environment 

Gaseous oxygen service ,  ambient temperature t o  -297OF 
pressures t o  3000 psig  

(1) Company Pract ices  

( a )  Internal. threaded devices i n  A i r  Separntion 
Plant  d i s t i l l a t i o n  columns. 

( b )  On tef lon tape on some NPT screwed connections 
t o  improve t he  l ub r i c i t y  of t he  system f o r  
b e t t e r  seal .  

( c )  Bonnet and stem threads and other valve pa r t s  
exposed t o  oxygen service. 

(d )  Not t o  be used with aluminum, magnesium, O r  

t h e i r  a l loys  under conditions of high torque 
o r  shear. 

B. Information Sources 

1, Comparqv Pract ices  

a. Company Research 

?t (1) Ent, W. L., Investigation of The Resistant  
Quali t ies of Cellulubes 220," TI4 #40, Sept. 18, 1953 
(DOC. #99000140). Technical lilemorandum TbI No. 40 
references LOX bomb t e s t s  of Hooker's Fluorolube 
FS and FS 5 and Kellog's Kel-F 3 o i l s .  

b. Company Operating Experience. 

Chlorotrifluoroethylene Family of lubr icants  a re  per- 
mitted t o  be used where lubr icants  are needed i n  contact 
with oxygen. Each application i s  reviewed. 

c. Based on Research and Development of Others. 

(1) Key, C. F. , ITASA-GCMSFC, "~ompa t ib i l i t y  of Materials 
with Liquid Oxygen III", NASA TM X-53533, Fi. 9 ,  
November 3, 1966, (DOC. #99000125 1. 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material  Compatibility 

A. Lubricants 

1. Krytox 143 AB o i l  ( d u ~ o n t  ) 

a. Specif ic  Oxygen Environment 

Normal exposure i s  t o  a i r ,  but may be exposed t o  gaseous 
o r  l i q u i d  oxygen a t  ambient temperature t o  -297°1i' and 
atmospheric pressure i n  t h e  event of a process leak,  

(1) Company Pract ices  

( a )  Motor Bearing lubr ica t ion  f o r  l i qu id  oxygen 
pump assemblies. 

B. Information Sources 

1. Company Pract ices  

b. Company Operating Experience. 

Was on a trial basis  f o r  replacement of Halocarbon 
lubr ican ts  which do not appear t o  have the  l u b r i c i t y  
and mechanical propert ies necessary f o r  our appli- 
cation. However i t s  performance w a s  unacceptable. 

c. Based on Research and Development of Others. 

(1) Key, C. F . , HAS-A-GCMSFC, "Compatibility of 
Materials with Liquid Oxygen, IV," NASA 
TM X-53773, P. 12, 13, August 23, 1968 
(DOC. # ggooo126 ). 



L I Q U I D  AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material Compatibility 

A. Lubricants 

1. Krytox 143 AC o i l  ( d u ~ o n t  ) 

a. Specif ic  Oxygen Environment 

Normal exposure i s  t o  air,  but may be exposed t o  gaseous 
o r  l i qu id  oxygen a t  ambient temperature t o  -29T°F and 
atmospheric pressure i n  t h e  event of a process 1-eak. 

(1) Company Pract ices  

(a) Motor Bearing lubr icat ion f o r  l i qu id  oxygen 
pump assemblies. 

B. Information Sources 

1. Company Pract ices  

be Company Operating Experience. 

Was on a trial basis  f o r  replacement of Halocar't~on 
lubr ican ts  which do not appear t o  have t h e  l u b r i c i t y  
and mechanical proper t ies  necessary fo r  our appli- 
cation. However i t s  performance was unacceptable, 

c. Based on Research and Development of Others. 

(1) Key, C. F., NASA-GCMSFC, "Compatibility of 
Idaterials with Liquid Oxygen, IV,"  NASA 
TM X-53773, P. 12, 13,  August 23, 1968 
(DOC. # 99000126). 
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L I Q U I D  AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material Compatibility 

A. Lubricants 

1. Krytox 143 AZ o i l  ( d u ~ o n t )  

a. Specif ic  Oxygen Environment 

Normal exposure i s  t o  a i r ,  but may be exposed t o  gaseous 
o r  l i qu id  oxygen a t  ambient temperature t o  -297°F and 
atmospheric pressure i n  t he  event of a process leak. 

(1) Company Pract ices  

(a) Motor Bearing lubr ica t ion  fo r  l i q u i d  oxygen 
pump assemblies. 

B. Information Sources 

1. Company Pract ices  

b. Company Operating Experience. 

Was on a t r ia l  basis  f o r  replacement of Halocarbon 
lubr icants  which do not appear t o  have t h e  l u b r i c i t y  
and mechanical propert ies necessary f o r  our app1.i- 
cation. However i t s  performance was ~nacceptab1.e~ 

c, Based on Research and Development of Others, 

(1) Key, C. F., NASA-GCMSFC, "compatibility of 
Materials with Liquid Oxygen, IV," NASA 
TM X-53773, P. 12, 13, August 23, 1968 
(DOC. # 99000126 ) . 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEN DATA 

I. Material Compatibility 

A. Lubricants 

1. Fluorolube, FS 5, Hooker Chemical 

a. Specific Oxygen Environment 

Gaseous oxygen service  ambient temperature t o  -29T°F, 
pressures t o  3000 ps ig  

(1 )  Company Pract ices  

(a) Transmitters and l i qu id  l e v e l  gauges i n  
oxygen service  

B. Information Sources 

1. Company Pract ices  

a. Company Research 

I t  (1) Ent, W. L., Invest igat ion of The Resistant  
Qua l i t i e s  of Cellulubes 220," TM #40, Sept. 7.8, 
1959 (DOC. #99000140). Technical 'Memorandum 
TM No. 40 references LOX bomb t e s t s  of Hookez-'s 
Fluorolube FS and FS 5 and Kellog's  Kel-F 3 o i l s .  

( 2 )  Foster ,  R. H., APCI Safety,  Hazards, and Expl-osian 
Testing Igni t ion Test Apparatus, Florulube Ga?eas@s, 
Epoxy Compounds Devcon 2 Ton and Devcon F, Foam Type 
Insula t ions  -- Styrofoam and Polyurethane Foam 
Insula t ion,  Raybestos Manhattan Packing and Im- 
pregnated Asbestos Rope Material ,  APCI MAR 87-0-8821, 
February 1962 (DOC. #99000066 ) . 

b. Company Operating Experience. 

Chlorotrifluoroethylene Family of lubr ican ts  a r e  per- 
mitted t o  be  used where lubr icants  a re  needed i n  contact 
with oxygen. Each appl icat ion is  reviewed. 

c. Based on Research and Development of Others. 

(1) Key, C . F. , NASA-GCMSFC , "compatibility of Materials 
with Liquid Oxygen III", NASA TM X-53533, p. 9 ,  
November 3, 1966, (DOC. #99000125.). 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I, Material Compatibility 

A. Lubricants 

1. Molylube "N" Bel-Ray Co. , Farmingdale , N , 3 .  

a. Specif ic  Oxygen Environment 

Gaseous and l i qu id  oxygen, ambient temperatures t o  
-29T°F pressures t o  3000 psig, 

( 1 )  Company Pract ices  

( a )  Used i n  small capacity l i qu id  oxygen recipro- 
cat ing pumps t o  correct  a seizure  problem be- 
tween s t a in l e s s  and aluminum thread joints .  

(b )  Used as  thread lubr icant  on oxygen regula,tors 

B. Irif ormat ion Sources 

1, Company Pract ices  

a, Company Research 

(1) Brophy, M., R&D Tests of Oxygen Compatibility, 
R&D Notebook #130, p. 16 & 17,  Feb, 11, 1963, 
(DOC. #99000120). 

( 2 )  Foster, R. H., APCI Safety, Hazards, arfd Expltosion 
Testing -- Epon H-60, Polycel 4 4 0 ~ ,  and Styll:ofom, 
Lubricants, Moly Spray Kote, and D r i  Lube, A P C I  MAR 
87-0-8821, April  1962 (DOC. #99000060). 

( 3) Walde, R. A., APCI Flammability and Explosio~l Hazards, 
Oxygen Pressure Gauge TWF Wool, Spintex 305, Mobykote 
Type Z and Type X-15, APCI MAR 87-0-8822, Mairch 1963 
(DOC, #99000071). 

b. Company Operating Experience. 

(1 )  Schmoyer, W. W., " ~ e g u l a t o r  Thread Sealant ," 
oct. 4 ,  1963, (DOC. #99000119). 

c. Based on Research & Development o f  Others. 

(1) Key, C. F., NASA-GCMSFC, "Compatibility of Materials 
with Liquid oxygen,' IV," NLYA TM X-53773, p. 14, 
August 23, 1968, (DOC. #99000126). 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I, Material Compatibility 

A. Lubricants 

1. Moly Lube No, 99, Moly Lube Products, Glen Cave, I?. Y e  

a. Specif ic  Oxygen Environment 

Exposure i s  t o  a i r  a t  ambient temperature and 
atmospheric pressure excepting i n  cases of leaks 
i n  process system then t h e  exposure i s  t o  gaseous 
and l i qu id  oxygen, ambient temperature t o  -29T°F, 
atmospheric pressure 

(1) Company Pract ices  

( a )  Used as a lubr icant  f o r  some screw threads on 
b o l t s  and studs as  an a id  t o  disassembly of 
parts .  Usually not i n  oxygen product st]-em. 

B. Information Sources 

1. Company Pract ices  

a. Company Research 

(1) Brophy, M., R&D Tests with High Pressure Oxygen, 
R&D Notebook #130, p. 31, June 1963, (Doc. #99000123) - 
Bomb t e s t  a t  2000 ps ig  

( 2 )  Walde, R. A . ,  "~aseous  Oxygen Compatibility 'Test 
on Mo1.y Lube No. 99", June 11, 1963, 
(DOC. #99000117 ) 

( 3 )  Foster,  Re H., APCI Safety,  Hazards, and E x p l o s i o ~  
Testing -- Epon H-60, Polycel 4 4 0 ~ ~  and Styrofoam, 
Lubricants, Moly Spray Kote , and D r i  Lube, APCI MAR 
87-0-8821, April 1962 (DOC. #99000068). 

( 4 )  Walde, R. A., APCI  Flammability and Explosion Hazards, 
Oxygen Pressure Gauge TWF Wool, Spintex 305, Malykate 
Type Z and Type X-15, APCI MAR 87-0-8822, March 1963 
(DOC. #99000071). 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Mater ia l  Compatibility 

A. Lubricants 

1. Fluoro-glide, Chemplast Inc. 

a. Spec i f i c  Oxygen Environment 

Gaseous oxygen, ambient temperature, pressures  t o  
250 p i g .  

( 1 )  Company Prac t i ces  

( a )  Used as an a l t e r n a t e  lubr i can t  t o  f luorolubes 
when requi red  f o r  oxygen con t ro l  and dis- 
t r i b u t i o n  system valve stems under condit ions 
which warrant t h e  use of a lubr i can t .  

B. Information Sources 

1. Company Prac t i ces  

a. Company ~ e s e a r c h  

(1 )  Yoder, L., Analyt ica l  Report on Flammability i n  
100% gaseous oxygen, 61-262, Apr i l  11, 1961, 
(DOC #99000139). 

c. Based on Research and Development of Others 

(1 )  Key, C. F. and W. A. Riehl ,  NASA-GCMSFC, 
" ~ o ~ ~ a t i b i l i t y  of Materials  with Liquid 
Oxygen," NASA TM X-985, p. 16 ,  August 1964, 
(DOC. #99000127). 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material Compatibility 

A. Lubricants 

1. Krytox 143 AD o i l  (duPont) 

a, Specif ic  Oxygen Environment 

Normal exposure i s  t o  a i r ,  but may be exposed t o  gaseous 
o r  l i q u i d  owgen at ambient t emera tu r e  t o  -297'F' and 
atmospheric pressure i n  t he  event of a process leak. 

(1) Company Pract ices  

( a )  Motor Rearing lubr ica t ion  f o r  l i qu id  olqgen 
pump assemblies. 

B. Information Sources 

1. Company Pract ices  

b. Company Operating E ~ e r i e n c e .  

Was on a trial basis  f o r  replacement of Halocarbon 
lubr ican ts  which do not appear t o  have t h e  l u b r i c i t y  
and mechanical proper t ies  necessary fo r  our appli- 
cation. However i t s  performance was unacceptable. 

c. Based on Research and Development of Others. 

(1) Key, C. F. , NASA-GCFTSFC, "Compatibility of 
Materials with Liquid Oxygen, IV," T W A  
TM X-53'773, P. 12, 13, Au@st 23, 1968, 
(DOC. /, 99000126). 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material Compatibility 

A. Lubricants 

1. Voltalef 3A ( ~ i n g s l e y  and Keith Limited, U.K.) 

a. Specific Oyygen Environment 

Normal exposure i s  t o  a i r  at ambient temperature, but 
may be exposed t o  gaseous o r  l i q u i d  oxygen, a t  ambient 
temperature t o  -29T°F and atnospheric pressure i n  t h e  
event of a process leak. 

(1) Company Pract ices  (APL) 

( a )  Centrifugal l i q u i d  oxygen pump drive t r a i n s  
bearings where intimate contact i s  possible. 

(b ) Vert ical ly  mounted multi-stage centr i fugal  
l i q u i d  oxygen pump dr ive  motor bearings, 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I, Material Compatibility 

A. Lubricants 

1, Esso Beacon 325 

a. Specific Oxygen Environment 

Normal exposure i s  t o  a i r  a t  ambient temperature, 'but 
may be exposed t o  gaseous or l i qu id  oxygen, a t  ambient 
temperature t o  -297 '~ and atmospheric pressure i n  the 
event of a process leak, 

(1) Company Pract ices  (APL) 

( a )  Oxygen Pump motor bearings ( ~ y r o n  Jackson). 
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LIQUID AND GASEOUS OXYGEN SAFETY FBVIEW DATA 

I, Material Compatibility 

A. Lubricants 

1, Formblin ~ 0 4  ( ~ o n t e c a t i n i  - ~ d i s o n )  

a, Specific Oxygen Environment 

Normal exposure is  t o  a i r  a t  ambient temperature, but 
may be exposed t o  gaseous or l iqu id  oxygen, a t  ambient 
temperature t o  -297'~ and atmospheric pressure i n  the 
event of a process leak. 

(1) Company Practices (APL) 

( a )  This lubricant a t  present is  being tes ted  on 
a LIN pump fo r  i ts  lubrication properties 
pr ior  t o  use on Centrifugal l iquid oxygen pump 
gear box, 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material  Compatibility 

A. Sealants & Threading Compounds 

1. Permatex #1516 

a. Specif ic  Oxygen Environment 

Gaseous Oxygen, Ambient Temperature t o  1 6 0 ° ~ ,  pressure t o  
4500 psig. 

(1) Company Pract ices  

( a )  Centrifugal  oxygen compressor, a s  a gasket mater ia l  
on t he  case halves of cen t r i fuga l  oxygen compressors. 
Used i n  conjunction with GE RTV 60 Si l icone rubber 
applied t o  t he  bearing por t ion of t h e  case halves, 

B. Information Sources 

1. Company Pract ices  

a. Company Research 

(1) Brophy, M., Compatibility Tests  with High Pressure 
Oxygen, R&D ?Totebook #I11 p. 152, Jan. 1963 
(DOC #99000122). The i gn i t i on  bomb and t e s t  
method i s  described i n  memo from E. Kehat , subject  : 
"~evelopment of Standard Ign i t ion  Test ,  Inteirim 
Report. Project  No. 87-0-8820/111 Dated Nov. 17, 
1961. (DOC #99000109). 

b. Company Operating Experience 

(1) Sat i s fac to ry  experience as  a gasket mater ia l  on the  
case halves of cen t r i fuga l  oxygen compressors. Used 
i n  conjunction v i t h  GE RTV 60 Si l icone rubber applied 
t o  t he  bearing por t ion of t he  case halves. 



LIQUID AND GASEOUS OXYGEN SAFgTY REVIEF? DATA 

I. Material Compatibility 

A. Sealants & Threading Compounds 

1. Teflon Tape -- Permacel 

a. Specific Oxygen Environment 

Gaseous and l iqu id  oxygen, ambient temperature t o  -297O~, 
vacuum t o  3000 p s i  pressures. 

(1 )  Company Pract ices  

( a )  Al l  National Pipe Thread (NPT) screwed 
connections used i n  oxygen service. 

(b )  APCI Design Engineering Standard 570.5.1 
Nov. 1960 (DOC. #99000118). 

( c )  APCI Safety Standard 609.1, June 1964 
(DOC. #99000051). 

( d )  APCI Safety G r a m  No. 27, Lubricants and Thread 
Components fo r  Oxygen Systems, March 22, 1963 
(DOC. #99000009). 

B. Information Sources 

1, Company Pract ices  

a. Company Research. 

Material t e s t s  performed by R&D on Permacel #412 
Tape i n  1959, no reactions i n  LOX bomb t e s t s  and 
no ign i t ion  i n  open flame. Mechanical perfor- 
mance t e s t s  a t  t h e  same time indicated good accept- 
ance f o r  threaded joints  and led  t o  issuance of 
Design Engineering Standard 570.5.1 i n  November 
1960 and Safety Standard 609.1 i n  June 1964. 
Further t e s t i n g  i n  1936, 1964, and 1965 i n  a 2000 
psig  oxygen bomb indicated some reactions occurred. 
No reactions occurred when tape was thoroughly 
solvent cleaned p r io r  t o  t es t ing .  Later solvent 
washings were analyzed t o  be bqdrocarbon con- 
taminated t o  an extend of 0.34 and 2.68 mg/sq. 
ft. of tape. Most popular brand names of tape 
have been t e s t e d  with r e su l t s  s imilar  t o  above 
t e s t s .  

(1) Dinan, E., Jan, 28, 1959, (DOC. #99000111). 
Permacel Ribbon Dope, i s  Item 3, 

(2 )  Yoder, L., Analytical Report on $ Hydrocarbon 
Contaminant, 61-3, Jan. 16, 1961 (DOC. Xgg000116 1. 
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(3 )  Walde, R. A., "~a seous  Oxygen Compatibility of 
Cross l i t e  Fluorocarbon ~ a ~ e "  July  30, 1963 
(DOC. #99000113). Permacel Tape was compared 
t o  Cross l i t e  Tape and 3M Fluorocarbon Tape. 

(4 )  Foster ,  R. H e ,  A P C I  Safety, Hazards, and Explosion 
Testing Igni t ion Test Apparatus, Fluorlube Greases, 
Epoxy Compounds Devcon 2 Ton and Uevcon F, Foam Type 
Insula t ions  -- Styrofoam and Polyuretlrlane Foam 
Insula t ion,  Raybestos Manhattan Packing and Im- 
pregnated Asbestos Rope Material,  S C I  MAR 87-0-8821, 
February 1962 (DOC. #99000066 ) . 

( 5 )  Foster ,  R. H., A P C I  Safety, Hazards, and Explosion 
Testing -- Polyester  Resin Impregnated Fiberglass Lava, 
A P C I  MAR 87-0-8821, March 1962 (DOC. #99000067). 

b, Company Operating Experience. 

No react ions  have occurred between oxygen and 
t e f l on  tape  i n  actual  operating experience. The 
space occupied by t h e  t e f l on  tape i n  tkreaded 
connections reduces t h e  exposure and thereby 
minimizes t h e  po ten t ia l  f o r  reaction. 

c. Based on Research and Development of Others. 

NASA publications regarding Compatibility of Materials 
with Liquid Oxygen i s  used as a guide fo r  se lec t ion  
of t e f l on  tape ,  other t e f l on  products, and other  
i n e r t  materials  of s imilar  formulation. 

(1) NASA-MSC ,  onme metallic Materials Design Guide Lines 
and Test Data Handbook ," MSC-02681, May 29, 1970 
(Doc. #99000129). 

9 1  (2)  Key, C. F. and FJ. A. Riehl, NASA-GCMSFC, Compat- 
i b i l i t y  of Materials with Liquid Oxygen," 'P- 
~ & ~ ~ - ~ - 6 3 - 1 4 ,  p. 35, December 4 ,  1963, 
(DOC. #99000128) . 

(3 )  Key, C. F., NASA-GCMSFC, "Compatibility of &!aterials 
with Liquid Oxygen," NASA TM X-53052, P. 13,  26, 
1964. (DOC. #99000124). 

( 4 )  Key, C. F., NASA-GCMSFC, "Compatibility of Materials 
with Liquid Oxygen, III", NASA TM X-53533, p. 17, 
November 3, 1966, (Doc. #99000125 ) . 

(5 )  Key, C. F., BASA-GCMSFC, "compatibility of Materials 
with Liquid Oxygen, IV," NASA TM X-53773, p. 16, 
flugust 23, 1968, (DOC. #99000126 ) . 



February 21, 1972 
IA2a- 3 

LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material Compatibility 

A. Sealants & Threading Compounds 

1. T-Film, Eco Mfgr. Co. 

a. Specific Oxygen Environment 

Gaseous and l i qu id  oxygen, ambient temperature t'o - 2 9 7 ' ~ ~  
vacuum t o  3000 p s i  pressure. 

( 1 )  Company Pract ices  

( a )  On all pipe threads. Limited use, as t h e  princi-  
pa l  sealant  is  t e f lon  tape. Used only i n  specia l  
applications where teflon tape has caused assem- 
bly problems. Specifically,  fo r  threaded connect- 
ions i n  oxygen regulator assembly. 

B. Information Sources 

1. Company Pract ices  

a. Company Research 

(1) Yoder, L., Analytical Report on Flammability. i n  100% 
gaseous oxygen, Autoi gni t  ion a t  1 atmoshpere oqy-gen . 
~ e p t  , 18, 1961, 61-683, (DOC. #99000114 1. 

(2)  Kehat, E., "Ignit ion t e s t s  of "T" Film and Penton," 
Nov. 28, 1961, (DOC. #99000100). 2000 ps ig  bomb t e s t .  

(3)  Kitson, F. K. , "Assembly of Oxygen ~ e g u l a t o r s "  
November 30, 1961. (DOC. #99000110 ) 

( 4 )  Kehat, E., APCI Safety, Hazards, m d  Explosi.on Test- 
ing  -- Sil icon O i l s ,  Dow Corning RF-1-0065, Si l icon 
Oils Dow Corning RF-1-0065, Indopol Polybutene O i l  
Amoco L-10, Indopol Polybutene O i l  Amoco H-3.00, 
Penton, T-Film Thread Compound, APCI MAR 87-SO-8821, 
November 1961 (DOC. #9900063). 

b. Company Operating Experience 

Experience sa t i s fac tory ,  but limited. 

c. Based on Research and Development of Others. 

(1)  Key, C. F. and W. A. Riehl, IMA-GCMSPC, "cornpati- 
b i l i t y  of Materials with Liquid Oxygen," MTP-P&VX- 
M-63-14, p. 34, December 4,  1963, (DOC. #99000128). 
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1~2a-4  

LIQUID AND GASEOUS OXYGEN SAFETY RElVIEIJ DATA 

I. Mater ia l  Compatibility 

A. Sealants  & Threading Compounds 

1, Putti-Rope, National Greenhouse Co. 

a. Spec i f i c  Oxygen Environment 

Exposure i s  normally t o  an i n e r t  o r  a i r  a t ~ o s p h e r e  except- 
ing  when a l eak  i n  process system causes oxygen enrichment. 
Exposure under t h e s e  condit ions i s  gaseous o r  l i q u i d  
oxygen. Ambient kemperature t o  -29T°F, atmospheric 
pressure.  

( 1 )  Company Prac t i ces  

(a) Panel sea lan t  on cold  box closures.  

( b )  Safe ty  standard 609.1, June 1964, 
(DOC. #99000051). 

B. Information Sources 

1. Company Prac t i ces  

a. Company Research 

( 1 )  Ent , W. L. , " ~ u t t i - r o p e w  ; Analysis f o r  O i l  Content 
and Flammability ~ e m ~ e r a t u r e , "  Dec. 11, 1959, 
(DOC. #99000112 ) . 



LIQUID AND GASEOIJS OXYGEN SAFETY REVIEW DATA 

I. Mater ia l  Compatibility 

A. Sealants  & Threading Compounds 

1. Molylube "N" Bel-Ray Co. , Farmingdale , N. J. 

a. Spec i f i c  Oxygen Environment 

Gaseous oxygen, ambient temperature, pressures  
t o  3000 psig. 

( 1 )  Company Prac t i ces  

( a )  Approved s u b s t i t u t e  f o r  t e f l o n  t ape  on 
oxygen regu la to r s  where p l a t i n g  has reduced 
th read  j o i n t  clearance making assembly d i f -  
f i c u l t  when using t e f l o n  tape.  

B. Information Sources 

1. Company Prac t i ces  

a. Company Research 

( 1 )  Bronhy, M.,  R&D Oxygen compat ib i l i ty  Test -- R&D 
Motebook #130, p. 16 ,  17,  Peb. 11, 1363, 
(DOC. #39000120 ) 

b. Company Operating Experience. 

( 1 )  Schmoyer, W. W. , "Regulator Thread sea lan t " ,  
Oct. 4, 1963. (DOC. #/99000119) Safety Dept. 
Correspondence author iz ing  use. 

c. Based on Research & Development of Others. 

( 1 )  Key, C. F., NASA-GCMSFC, "Compatibility of P/laterials 
with Liquid Oxygen, IV,"  NASA TM X-53773, p*  14,  
August 23, 1968, (DOC. #99000126). 
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1~2a-6 

LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material Compatibility 

A, Sealants & Threading Compounds 

1. Cross l i t e  Fluorocarbon Tape 

a. Specif ic  Oxygen Environment 

Gaseous and l i q u i d  oxygen, ambient temnerature t o  - 2 9 7 " ~ ,  
vacuum t o  3000 p s i  pressures. 

(1) Company Pract ices  

( a )  A l l  National Pipe Thread (YISPT) screwed 
connections used i n  oxygen service.  

(b )  APCI Design Engineering Standard 570.5.1 
~ o v .  1960 (DOC. #99000118). 

( c )  APCI Safety Standard 609.1, June 1964 
(Doc. #99000051), 

B. Information Sources 

1. Company Pract ices  

a. Company Research. 

Material t e s t s  performed by R&D on Permacel #412 
Tape i n  1959, no reactions i n  LOX bomb t e s t s  and 
no ign i t ion  i n  open flame. 14echanical perfor- 
mance t e s t s  a t  t he  same time indicated good accept- 
ance f o r  threaded jo in t s  and l e d  t o  issuance of 
Design Engineering Standard 570.5.1 i n  November 
1960 and Safety Standard 609.1 i n  June 1964. 
Further t e s t i n g  i n  1936, 1964, and 1965 i n  a 2000 
ps ig  oxygen bomb indicated some reactions occurred. 
No reactions occurred when tape was thoroughly 
solvent cleaned p r io r  t o  t es t ing .  Later solvent 
washings were analyzed t o  be &ydrocarbon con- 
taminated t o  an extend of 0.34 and 2.68 mg/sq. 
f t .  of tape. Most popular brand names of t ape  
have been t e s t ed  with r e s u l t s  s imilar  t o  above 
t e s t s .  

(1) Walde, R. A., "~a seous  Oyygen Compatibility of 
Cross l i t e  Fluorocarbon   ape" July  30, 1963 
(Doc. #99000113), Permacel Tape was compared 
t o  Cross l i t e  Tape and 34 Fluorocarbon Tape. 
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1~2a-6  ( continued ) 

b. Company Operating Experience, 

No react ions  have occurred between oqrgen and 
t e f l o n  tape  i n  a c t u a l  operat ing experience. The 
space occupied by t h e  t e f l o n  t ape  i n  threaded 
connections reduces t h e  exposure and thereby 
minimizes t h e  p o t e n t i a l  f o r  reac t ion .  

c. Based on Research and Development of Others. 

NASA publ ica t ions  regarding Compatibility of Materials  
with Liquid Oxygen i s  used as a guide f o r  s e l e c t i o n  
of  t e f l o n  t ape ,  o the r  t e f l o n  products ,  and o the r  
i n e r t  ma te r i a l s  of s imi la r  formulation. 

(1 ) T?AYA-MSC , '"~onmetalli c FlIaterials Design Guide Lines 
and Tes t  Data ~andbook,'"~S~-02681, May 29, 1970 
(lloc. #99000129). 

11 ( 2 )  Key, C. F. and W. A. Riehl ,  NASA-GCMSFC, Comnat- 
i b i l i t y  of Materials  with Liquid oxygen," fP!:P- 
P&YZ-M-63-14, p, 35, December 4, 1963, 
(DOC. #99000128). 

(3)  Key, C ,  F. , NP-SA-GCMSFC , "Compatibility of I t a t e r i a l s  
with Liquid Oxyp;en," NASA TM X-53052, P. 13 ,  May 26, 
1964. (Doc. #99000124). 

( 4 )  Key, C. I?. , NASA-GCMSFC, "Compatibility of !daterials 
with Liquid Oxygen, 111", BASA TI4 X-53533, p. 17 ,  
November 3, 1966, (Doc. K33000125). 

( 5 )  Key, C. F., Ii?ASA-GCMSFC, " ~ o n p a t i b i l i t y  of Materia .1~ 
wi th  Liquid Oxygen, I V , "  NASA Tf,? X-53773, p. 16 ,  
August 23, 1968, (Doc, #99000126). 



February 21, 1972 

IA2a-7 

L I Q U I D  AI'TD GASEOUS OXYGEN SAFETY REVIEW DATA 

I, Material  Compatibility 

A. Sealants  & Threading Compounds 

1. Damco Te,pe 

a. Speci f ic  Oxygen Environment 

Gaseous and l i q u i d  oxygen, ambient temperature t o  -29T0~,  
vacuum t o  3000 p s i  pressures,  

(1) Company Prac t i ces  

(a)  A l l  National Pipe Thread (NPT) screwed 
connections used i n  oxygen service.  

( b )  APCI Design Engineering Standard 570.5. X 
~ o v .  1960 ( DOC. #99000118 ) . 

( c )  APCI Safety Standard 609.1, June 1964 
(DOC. #99000051). 

R. Information Sources 

1. Company Prac t i ces  

a. Company Research. 

Material  t e s t s  performed by R&D on Permacel #412 
Tape i n  1959, no reac t ions  i n  LOX bomb tests and 
no i g n i t i o n  i n  open flame. Mechanical perfor- 
mance tests a t  t h e  same time indicated  good accept- 
ance f o r  threaded j o i n t s  and l e d  t o  issuance of 
Design Engineering Standard 570.5.1 i n  November 
1960 and Safety Standard 609.1 i n  June 1964. 
Further t e s t i n g  i n  1936, 1964, and 1965 i n  a 2000 
p s i g  oxygen bomb indicated  some react ions  occurred, 
No react ions  occurred when tape  was thoroughly 
solvent  cleaned p r i o r  t o  t e s t i n g .  Later  solvent  
washings were analyzed t o  be hydrocarbon con- 
taminated t o  an extend of 0.34 and 2.68 mg/sq. 
f t .  of tape. Most popular brand names of t a p e  
have been t e s t e d  with r e s u l t s  s imi la r  t o  above 
t e s t s .  

(1) Frederick,  L. G., Analytical  Report on % 
Ether Extrac table  Contaminants and Fluorescence. 
70-368, Oct. 7, 1970, (DOC. #99000115). 
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1~2a-7 ( continued) 

b. Company Operating Experience. 

No reac t ions  have occurred between oxygen and 
t e f l o n  tape  i n  a c t u a l  opera t ing  experience. The 
space occupied by t h e  t e f l o n  t a p e  i n  threaded 
connections reduces t h e  exyosure and thereby 
minimizes t h e  p o t e n t i a l  f o r  reac t ion .  

c. Based on Research and Development of Others. 

NASA publ ica t ions  regarding Compatibility of I4aterials  
with Liquid Oxygen i s  used a s  a guide f o r  s e l e c t i o n  
of t e f l o n  tape ,  o the r  t e f l o n  products,  and o the r  
i n e r t  mater ia ls  of s imi la r  formulation. 

( 1 )  NASA-MSC, "Nonmetallic hlaterials  Design Guide Lines 
and Tes t  Data  andb book," !GC-02681, May 23, 1970 
(DOC. #99000129). 

( 2 )  Key, C. F. and W. A. Riehl ,  NASA-GCMSFC, "cornpat- 
i b i l i t y  of Materials  with Liquid Oxygen ," PJITP- 
~ & ~ ~ - b l - 6 3 - 1 4 ,  p. 35, December 4 ,  1963, 
(DOC. #99000128). 

(3)  Key, C. F., NASA-GCMSFC, "compatibi l i ty of  Materials  
with Liquid oxygen," NASA TM X-53052, P. 13, May 26, 
1964. (DOC. #/99000124). 

( 4 )  Key, C. P., RASA-GCidSFC, "Compatibili.ty of Materials  
with Liquid O ~ g e r r ,  III", NASA TI? X-53533, p. 17, 
November 3, 1966, (DOC. #99000125 ) . 

( 5 )  Key, C. F., NASA-GC?vlSFC, "Comnatibility of Materials  
with Liquid Oq~gen,  IV," NATA TIT X-53773, p. 16 ,  
A U ~ S ~  23, 1968, (DOC. #99000126). 



LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material  Compatibility 

A. Sealants  & Threading Compounds 

1. Sanden Tape 

a. Speci f ic  Oxygen Environment 

Gaseous and l i q u i d  o q g e n ,  ambient temperature t o  -297'~, 
vacuum t o  3000 p s i  pressures. 

(1) Company Prac t i ces  

( a )  A l l  National Pipe Thread (NPT) screwed 
connections used i n  oxygen service.  

(b )  APCI Design Engineering Standard 570.5.1- 
Nov. 1960 (DOC. #99000118), 

( c )  APCI Safety Standard 609.1, June 1964 
(Doc. #99000051). 

B. Information Sources 

1. Company Prac t i ces  

a. Com~any Research. 

Mater ia l  tests performed by R&D on Permacel #412 
Tape i n  1959, no react ions  i n  LOX bomb t e s t s  and 
no i g n i t i o n  i n  open f lane.  Mechanical perfor- 
mance tests a t  t h e  same time indicated  good accept- 
ance f o r  threaded j o i n t s  and l e d  t o  issuance of 
Design Engineering Standard 570.5.1 i n  IJovember 
1960 and Safety Standard 609.1 i n  June 1964. 
Further t e s t i n g  i n  1936, 1964, and 1965 i n  a 2000 
p s i g  oxygen bomb indicated  some react ions  occurred, 
No react ions  occurred when tape  was thoroughly 
solvent  cleaned p r i o r  t o  t e s t i n g .  Later  solvent  
washings were analyzed t o  be hydrocarbon con- 
taminated t o  an extend of 0.34 and 2.68 mg/sq. 
f t .  of tape. Most popular brand names of t ape  
have been t e s t e d  with r e s u l t s  s i m i l a r  t o  above 
t e s t s .  

(1) Frederick,  L. G., Analyt ica l  Report on % 
Ether Extractable Contaminants and Fluorescence. 
70-368, Oct. 7, 1970, (Doc. #99000115). 
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b. Company Operating Experience. 

No react ions  have occurred between oxygen and 
t e f l o n  tape  i n  ac tua l  operat ing experience. The 
space occupied by t h e  t e f l o n  t ape  i n  threaded 
connections reduces t h e  exposure and thereby 
minimizes t h e  p o t e n t i a l  f o r  reaction.  

c. Based on Research and Development of Others. 

NASA publ ica t ions  regarding C o m ~ a t i b i l i t y  of Materials  
with Liquid Oxygen i s  used a s  a guide f o r  se lec t ion  
of t e f l o n  t ape ,  o the r  t e f l o n  products, and other  
i n e r t  mater ia ls  of s imi la r  formulation. 

(1) NASA-MSC, "Nonmetallic Materials  Design Wide Lines 
and Test Data Handbook," MSC-02681, May 29, 1970 
(Doc. #99000129 1. 

(2 )  Key, C. F. and W. A. Riehl,  NASA-GCMSFC, "Comnat- 
i b i l i t y  of Materials  with Liquid oxygen," PTTP- 
~ & ~ ~ - ~ - 6 3 - 1 4 ,  p. 35, December 14, 1963, 
(DOC. #99000128). 

( 3 )  Key, C. F., NASA-GCMSFC, "compatibi l i ty of Materials  
with Liquid 0yvgen,I1 NASA TM X-53052, P. 13,  Flay 26, 
1964. (DOC. #99000124). 

(4) Key, C. F. , NASA-GCJSFC, " ~ o m p a t i b i l i t y  of >la ter ia ls  
with Liquid Oxygen, III", BASA TM X-53533, p. 17, 
November 3, 1966, (DOC. #9900012 5 ) . 

( 5 )  Key, C. F., NASA-GCMSFC, "Compatibility of Materials 
with Liquid Oxygen, Iv," NASA TM X-53773, p. 16 ,  
August 23, 1968, (DOC. H99000126). 



February 2:L, 1972 

LIQUID AND GASEOUS OXYGETJ SAFETY REVIEW DATA 

I. Mater ia l  Compatibility 

A. Sealants  & Threading Compounds 

1. Crane Packing Co. Tape 

a. Speci f ic  Oqgen Environment 

Gaseous and l i q u i d  oxrgen, ambient temperature t o  - 2 9 7 ' ~ ,  
vacuum t o  3000 p s i  pressures. 

(1) Company Prac t i ces  

(a) A l l  National Pipe Thread (NPT) screwed 
connections used i n  o q g e n  service.  

(b )  APCI Design Engineering Standard 570.5.1 
Nov. 1960 (DOC. #99000118). 

( c )  APCI Safety Standard 609.1, June 1964 
(DOC. #99000051), 

B. Information Sources 

1. Company Prac t i ces  

a. Company Research. 

Mater ia l  t e s t s  performed by R&D on Permacel #412 
Tape i n  1959, no react ions  i n  LOX bomb t e s t s  and 
no i g n i t i o n  i n  open flame. Mechanical perfor- 
mance t e s t s  a t  t h e  same time ind ica ted  good accept- 
ance f o r  threaded j o i n t s  and l e d  t o  issuance of 
Design E n ~ i n e e r i n g  Standard 570.5.1 i n  November 
1960 and Safety Standard 609.1 i n  June 1964. 
Further t e s t i n g  i n  1936, 1964, and 1965 i n  a 2000 
p s i g  oxygen bomb indicated  some react ions  occurred. 
No react ions  occurred when t ape  was thoroughly 
solvent  cleaned p r i o r  t o  t e s t i n g ,  Later  solvent  
washings were analyzed t o  be hydrocarbon con- 
taminated t o  an extend of 0.34 and 2.68 mg/sq. 
f t .  of tape. 14ost popular brand names of tape  
have been t e s t e d  with r e s u l t s  s imi la r  t o  above 
t e s t s .  

(1) Frederick, L. G., Analytical  Report on % 
Ether Extractable Contaminants and Fluorescence. 
70-368, Oct. 7, 1970, (DOC. #99000115). 
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b. Company Operating 15xperience. 

110 react ions  have occurred between oxygen and 
t e f l o n  t a ~ e  i n  ac tua l  operat ing experience. The 
space occupied by t h e  t e f l o n  tape  i n  threaded 
connections reduces t h e  exposure and thereby 
minimizes t h e  p o t e n t i a l  f o r  reaction.  

c. Rased on Research and Development of Others. 

XASA publ ica t ions  regarding C o m ~ a t i b i l i t y  of Materials  
with Liquid Oxygen i s  used as  a guide f o r  se lec t ion  
of t e f l o n  t ane ,  o the r  t e f l o n  products ,  and o the r  
i n e r t  mater ia ls  of s imi la r  formulation. 

(1) NASA-EIISC, "Nonmetallic Pdaterials Design Guide Lines 
and Test Data I~andboolr," ~ i~5~-02681,  May 29 ,  1970 
(DOC. #39000129), 

( 2 )  Key, C. F. and W. A. Riehl ,  bTASA-GCICYFC, "Conmat- 
i b i l i t y  of Materials  with Liquid Oxygen ," PEP- 
~&v~-b1-63-14, ?. 35, December 4 ,  1963, 
(DOC. H99000128). 

( 3 )  Key, C. F. , BASA-GCFGFC, "Compatibi1it:r of Materials  
with Licruid oxygen," PTASA T&'I X-53052, E). 13,  May 26, 
1964. (DOC. #99000124). 

( 4 )  Key, C. F. , XASA-GCMSFC, "Compatibility of Materials 
with Liquid Oxygen, III", NASA TM X-53533, p. 17, 
November 3, 1966, (DOC. #99000125 ) . 

( 5 )  Key, C. F., NASA-GCMSFC, " ~ o m p a t i b i l i t y  of ! . la ter ids  
with Liquid Oxygen, IV," JUSA TM X-53773, p. 16 ,  
~ u g u s t  23, 1968, (DOC. #99000126). 
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IA2a-10 

LIQUID AND GASEOUS OXYGEN SAFETY REVIhW DATA 

I. Material Compatibility 

A. Sealants  & Threading Compounds 

1. Oxomat 

a. Speci f ic  Oxygen Environment 

Gaseous oxygen, ambient temperature, pressures t o  
3000 psig. 

(1) Company Prac t i ces  

( a )  Used as  an a l t e r n a t e  thread s e a l a n t  i n  
appl ica t ions  where t e f l o n  tape  is  not 
sa t i s fac to ry .  Approval from Safety 
Dept, i s  required i n  each s p e c i f i c  
applicat ion.  

B. Information Sources 

1. Company Prac t i ces  

a. Company Research 

Moysan, S. H., Pna ly t i ca l  Report on Flammability i n  100% 
gaseous oxygen, 61-435, June 6, 1961, (DOC. #99000121), 
Autoignition t e s t  i n  oxygen. 
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IK2a-11 

LIQUID AND GASISOUS OXYGEN SAFETY REVIEW DATA 

I. Material  Compatibi1it:r 

A. Sealants  & Threading Compounds 

1, 314 Fluorocarbon Tape 

a. Speci f ic  Oxygen Environment 

Gaseous and l i q u i d  oxygen, ambient temperature t o  - 2 9 7 ' ~ ,  
vacuum t o  3000 p s i  pressures.  

(1) Company Pract ices  

( a )  A l l  National Pipe Thread (WT) screwed 
connections used i n  oxygen service ,  

( b )  APCI Design Engineering Standard 570.5,l 
Nov. 1960 (DOC. #99000118). 

( c )  APCI Safety Standard 609.1, June 1964 
(DOC. #99000051), 

B. Information Sources 

1. Company Pract ices  

a, Company Research. 

Material  t e s t s  performed by R&D on Permacel #412 
Tape i n  1959, no react ions  i n  LOX bomb t e s t s  and 
no i g n i t i o n  i n  open flame. Mechanical perfor- 
mance t e s t s  a t  t h e  same time indicated  good accept- 
ance f o r  threaded j o i n t s  and l e d  t o  issuance of 
Design Engineering Standard 570.5.1 i n  November 
1960 and Safety Standard 609.1 i n  June 1964. 
Further t e s t i n g  i n  1936, 1964, and 1965 i n  a 2000 
p s i g  oxygen bomb indicated  some react ions  occurred. 
No react ions  occurred when t ape  was thoroughly 
solvent  cleaned ~ r i o r  t o  t e s t i n g .  Later  solvent  
washings were analyzed t o  be hydrocarbon con- 
taminated t o  an extend of 0.34 and 2.68 mg/sq. 
f t .  of tape. !?ost popular brand names of t ape  
have been t e s t e d  with r e s u l t s  s imi la r  t o  above 
t e s t s .  
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In2a-11 (continued) 

(3 )  Walde , R. A. , '"Gaseous Oxygen Compatibility of 
Cross l i t e  Fluorocarbon Tape" Ju ly  30, 191;:j 
(Doc. P99000113). Permacel Tape was compared 
t o  Cross l i t e  Tape and 3M Fluorocarbon Tape. 

b. Company Operating Experience. 

No react ions  have occurred between oxygen and 
t e f l o n  tape  i n  ac tua l  operat ing experience. The 
space occupied by t h e  t e f l o n  t ape  i n  threaded 
connections reciuces t h e  exposure and thereby 
minimizes t h e  p o t e n t i a l  f o r  react ion.  

c. Based on Research and Development of Others. 

NASA publ ica t ions  regarding Compatibility of Materials  
with Liquid Oxygen i s  used as a guide f o r  se lec t ion  
of t e f l o n  t ape ,  o the r  t e f l o n  products ,  and o the r  
i n e r t  ma te r i a l s  of s imi la r  formulation. 

( 1  ) MRSA-MSC , "Nonmetallic Platerials Design Guide Lines 
and Test Data  andb book ," ?4~~-02681,  May 23, 1370 
(Doc. 899000129 ) . 

(2)  Key, C. F. and W. A. Riehl ,  IJASh-GCNSFC, "Compat- 
i b i l i t y  of I fa ter ia ls  with Liquid Oyyp,en," XW- 
~&VE-~-63-14, p. 35, December 4 ,  1963, 
(DOC. #99000128). 

( 3 )  Key, C. F., NASA-GCbSFC, " ~ o m p a t i b i l i t y  of Materials  
with Liquid Oxygen," NASA Ti4 X-53052, P. 13, ?lay 26, 
1964. (DOC. #99000124 ) . 

( 4 )  Key, C. F., NASA-GCMSFC, "Compatibility of Materials  
with Liquid Oxygen, 111" , NASA TI4 X-53533, p. 17,  
November 3, 1966, (Doc. #99000125 1. 

( 5) Key, C . F . , MASA-GCMSFC , "Compatibility of Materials 
with Liq.uid Oxygen, I V , "  NASA TM X-53773, p. 16 ,  
August 23, 1968, (DOC. #99000126). 



I N C .  

LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material Compatibility 

A. Sealants  and Threading Compounds 

1, Sodium S i l i c a t e  and China Clay Pas te  

a,  Speci f ic  Oxygen Environment 

Liquid and gaseous oxygen -300 '~  t o  + 3 2 0 ° ~ ,  pressures 
up t o  600 PSIG. 

(1) Company Prac t i ces  

( a )  Horizontal s p l i t  s e a l s  on oxygen turbo compressor 
(G.H.H. ~ e s i g n ) .  

(b )  Valve bonnets. 

( c )  Valve s e a t  threads.  

B. Information Sources 

1, Company Prac t i ces  (APL) 

b. Used i n  t h e  above du t i es  f o r  severa l  years without 
inc ident .  

c, Based on Research and Development of Others 

Recommended by B r i t i s h  Cryogenics Council 's  Cryogenic 
Safety Manual, A Guide t o  Caod Prac t i ce ,  1970, London, 
Great Br i t a in ,  (DOC, #99000359). 
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IA3a-1 

LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material  Compatibility 

A. Thermal & E l e c t r i c a l  Insu la t ions  

1. Foamglas ( c e l l u l a r  @ a s s )  Insu la t ion ,  Pittsburgh-Corning Corp, 

a. Spec i f i c  Oxygen Environment 

Normal exposure i s  t o  a i r ,  but may be exposed t o  gaseous 
o r  liq.uid oxygen a t  ambient temperatures -297'3' and 
atmospheric pressure  i n  t h e  event of  process leak. Also 
exposure may be t o  l i q u i d  a i r  i n  t h e  event of insula t ion-  
breakdown. 

( 1 )  Company Prac t i ces  

( a )  Thermal i n s u l a t i o n  f o r  oxygen transmission l i n e s .  

( b )  Thermal i n s u l a t i o n  f o r  any l i n e  opera t ing  a t  
cryogenic temperatures below t h e  l ique fac t ion  
temperature o f  a i r .  

( c )  APCI Safety Standard 6 0 9 ~ 1 ,  page .5,  June 1964, 
(DOC. 99000051). 

( d )  APL Engineering Spec i f i ca t ion  B.05, Rev. 0, 
January 2, 1970 (DOC. i#99000381). 

B. Information Sources 

1. Company Prac t i ces  

a. Company Research 

( 1 )  Yoder, L., Analyt ica l  Report on Flammability i n  
100% gaseous oxygen, 61-34 t o  61-40 and 61-42, 
February 3, 1961, (DOC. #99000130). 

c. Based on Research and Development of Others. 

(1) Key, C. D. and We A. Riehl ,  NASA-GCMSFC, "Compati- 
b i l i t y  o f  Mater ia ls  with Liquid oxygen," 
m ~ - ~ & m - ~ - 6 3 - 1 4 ,  p. 36, December 4,  1963, 
(DOC. #99000128). 
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L I Q U I D  AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Mster ia l  Compatibility 

A. Thermal & E l e c t r i c a l  Insula t ions  

1. Transi te  , Johns-Manville 

a. Speci f ic  Oxygen Environment 

Normal exposure i s  t o  i n e r t  o r  a i r  atnosphere excent- 
ing  when a leak i n  process system causes o v g e n  enrich- 
ment. Exposure under these  conditions i s  gaseous o r  
l i q u i d  oxycen, ambient temperature t o  -297'~~ atmos- 
pheric pressure. 

(1) Company Prac t i ces  

( a )  Cold box vesse l  supports needed f o r  shipping 
and not a s  s t r u c t u r a l  supports.  A re>lace- 
ment f o r  vooden supports . 

( b )  APCI Safety Standard 609.1, page 5 ,  June 1964. 
(DOC. H99000051). 

B. Information Sources 

1. Company Prac t i ces  

a. Company Research 

1t (1) Bauer, E., Behavior of Transi te  Under Compressive 
Loads a t  Ambient and Liq.uid N2 Temperatures'" 
APCI TR #,53, August 1962, (DOC. K99000134). 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material Compatibility 

A. Thermal & E l e c t r i c a l  Insula t ions  

1. Glass Wool 

s. Speci f ic  Oxygen Environment 
Normal exposure i s  t o  i n e r t  o r  a i r  atmosphere 
excepting when a leak i n  process system causes 
oxygen enrichment, Exposure under these  conditions 
i s  gaseous o r  l i q u i d  oxygen, ambient temp. t o  -297'F, 
atmospheric Tressure, 

(1 )  Company Prac t i ces  

( a )  Thermal insu la t ion  i n  cold boxes. 

(b ) APCI Design Engineering Standard 581,3, 
Oct, 24, 1960. (DOC. #99000041). 

( c )  APCI Safety Standard 609.1, p. 4 ,  June 1964, 
(DOC. #99000051). 

( d )  Batch analys is  f o r  o i l  content required  on 
every shipment pe r  QCL 103L, (DOC. #39000131). 
Maximum allowed o i l  contamination i s  3.5 l b s .  
pe r  ton  of g lass  wool. 

B. . Information Sources 

1. Company Prac t i ces  

c, Based on Research & Development of Others. 

(1) Key, C. F. and W. A. Riehl ,  NASA-GCMSFC,  ompa pa ti- 
b i l i t y  of Materials  with Liquid Oxygen9" 
M I " ~ T - P & v E - M - ~ ~ - ~ ~ ,  p. 38, December 4, 1963, 
(DOC, #99000128). 
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LIQUID ATJD GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Mater ia l  Compatibility 

A. Thermal & E l e c t r i c a l  Insula t ions  

1, Mineral Wool 

a. Speci f ic  Oxygen Environment 

Normal exposure i s  t o  i n e r t  o r  a i r  atmosphere except- 
ing  when a leak i n  process system causes oxygen 
enrichment. Exposure under t h e s e  condit ions i s  gas- 
eous o r  l i q u i d  owgen, ambient temp. t o  -297OF and 
atmospheric pressure.  

(1) Company Prac t i ces  

( a )  Thermal Insu la t ion  f o r  cold boxes. 

( b )  APCI Safety Standard 609.1, p. 4, June 1964 
(DOC. #99000051). 

( c )  APCI Design Engineering Standard 581~2, 
June 26, 1969, (Doc. #99000040). 

( d )  Batch ana lys i s  f o r  o i l  content required on 
every shipment of Rockwool per  QCL 103L. 
(DOC. #99000131). Maximum allowable o i l  
contamination i s  3.5 lbs .  per  ton  of mineral 
wool. 

( e )  APL Engineering Spec i f i ca t ion  N.02, Rev. 0 ,  
January 2, 1970 (DOC. #99000380). 

B. Informat ion Sources 

1, Company Prac t i ces  

a. Company Research 

(1) Himmelberger , F. "Q,uality Control of ~ockwool'" 
November 6 ,  1959. (Doc. #99000145 ) . 

( 2 )  Bassler ,  E. " ~ r o d u c t i o n  of Rockwool - Bethlehem 
S t e e l  Company," November 12, 1959, (Doc. #99000147). 
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c. Rased on Research & Development of Others. 

(1) Key, C. F. and W. A. Riehl ,  NASA-GCl/ISFC, "Compati- 
b i l i t y  of Materials  ~ J i t h  Liquid oxygen," 
~ E P - P & v E - M - ~ ~ - ~ ~ ,  p. 38, December 11, 1963, 
(DOC. #99000128 ) . 

( 2 )  Matthews, $7. D., and G. G. Owen, I C I  Ltd, "Safety 
Aspects of Reconstructed I C I  Oggen plant" ,  
AIChE, Safety i n  A i r  and Amnonia P lan t s ,  Vol. 5,  
F. 11, 1963. (DOC. #99000103). 
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LIQUID ATJD GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material Conlpatibility 

A. Themal & Elec t r i ca l  Insulations 

1. P e r l i t e  

a. Specific O~ jgen  Environment 

Normal exposure is  t o  i n e r t  o r  a i r  atmosphere except- 
ing where a leak i n  process system causes oxygen enrieh- 
ment, Exposure under these  conditions i s  gaseous or  
l iqu id  oxygen, ambient temp. t o  -29T°F and atmoshperie 
pressure. 

(1 )  Company Pract ices  

( a )  Thermal insulat ion fo r  cold boxes. 

(b  ) A P C I  Design Engineering Standard 581.1, 
May 2b, 1961. (Doc. #99000039). 

( c )  APCI Safety Standard 609.1, p. 4 ,  June 1964, 
(DOC. #99000051). 

( d )  APL Engineering Specification N,  01, Rev. 0 ,  
January 2, 1970 (DOC. #99000379). 

( e )  Campbell, R. W. and B. W. Taylor, Use of P e r l i t e  
i n  Air Separation Cold Boxes, APCI TB 39, June 14, 
1971 (DOC. #99000038). 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material Compatibility 

A. Thermal & Elec t r ica l  Insulations 

1. Milfoam -- Milfoam Corporation 

a. Spec i f  i c  Oxygen Environment 

Normal exposure i s  t o  a i r ,  but may be exposed t o  
gaseous o r  l iqu id  oxygen a t  ambient temperatures 
t o  0 2 9 7 ~ ~  and atmospheric pressure i n  the  event of 
a process leak. Also, exposure may be t o  l iqu id  
a i r  i n  the  event of insulation breakdown. 

( 1  ) Company Practices 

( a )  Thermal insulation for  oxygen transmission 
l i n e s  as  an a l te rna te  material  fo r  Foamglas 
under conditions where Foamglas is  used 5 
f ee t  on e i t he r  side of a leak poten t ia l  
jo int  (flange, valve, e t c  . ) 

(b)  APCI memorandum, Kitson, F. K. ,  Insulation 
Materials fo r  Cryogenic Systems, November 1, 
1968 (DOC. #99000292 ) . 

B. Information Sources 

1. Company Pract ices  

a. Company Research 

(1) U C I  memorandum, Schmauch, G., Flammability Tests 
on Insulation,  October 24, 1968 (DOC. #99000293 ) . 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material  Compatibility 

A. Thermal & Elec t r i c a l  Insulations 

1. National Gypsum Blue - National Gypsum Corporation 

a. Specif ic  Oxygen Environment 

Normal exposure is t o  air, but may be exposed t o  
gaseous o r  l i qu id  oxygen at ambient temperatures 
t o  -297OF and atmospheric pressure i n  t he  event 
of a process leak. Also, exposure may be t o  
l i q u i d  a i r  i n  t h e  event of insula t ion breakdown. 

(1 )  Company Pract ices  

( a )  Thermal insula t ion fo r  oxygen transmission 
l i n e s  as an a l t e rna t e  material  f o r  Foamglas 
under conditions where Foamglas i s  used 5 
f e e t  on e i t h e r  s ide  of a leak po t en t i a l  jo in t  
(f lange,  valve, e t c  . ) with t h e  balance. of the 
insula t ion as National Gypsurn Blue, 

(b) APCI  memorandum, Kitson, F. K . ,  Insula t ion 
Materials f o r  Cryogenic Systems, November 1, 
1968 (DOC. #99000292). 

B. Information Sources 

1. Company Pract ices  

a. Company Research 

(1) APCI memorandum, Schmauch, G. , Flammability Tests 
on Insula t ion,  October 24, 1968 (DOC. #99000293) . 
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1Aha-1 

I. Material  Compatibility 

A. P l a s t i c s ,  Elastomers, and Adhesives 

1. RTV-60, Si l icone Rubber Compound with SS-4004 silicolne 
primer, G. E. Thermolite-12 curing cata lys t .  

a. Specif ic  Oxygen Environment 

Gaseous omjgen, ambient t em~era tu r e  , atmospheric pressure 
t o  450 psig. 

(1) Company Pract ices  

( a )  Centrifugal Oxygen Compressors. Used only a t  
t h e  bearing a rea  of centr i fugal  oqrgen com- 
pressor case halves where there  i s  a continuous 
exposure t o  oxygen leaks through labyr inth  
seals .  

B. Information Sources 

1. Company Pract ices  

a. Company Research 

(1) Brophy, M., R&D High Pressure Oxygen Compatibility 
Test. R&D Notebook #111, p. 149, Jan, 1963, 
(DOC. #gg000137). Igni t ion was obtained only with 
t h e  sample i n  d i r ec t  contact with t he  ign i t ion  wire 
a t  LOO and 2000 psi .  



LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material  Compatibility 

A. P l a s t i c s ,  Elastomers, and Adhesives 

1. Keene Binder 

a. Specific Oxygen Xnvironment 

No d i r ec t  exposure t o  gaseous o r  l i qu id  oxygen ex i s t s  
i n  normal use excepting where leakage from process 
system i s  possible o r  breaks i n  t h e  insu la t ion  permit 
l iquefact ion of air on cold surfaces then t h e  exposure 
i s  t o  gaseous and l i qu id  oxygen a t  -297'~ and atmospheric 
pressure o r  oxygen enriched gaseous o r  l i qu id  a i r  a t  
temperatures below -297 '~  and atmospheric pressure. 

(1) Company Pract ices  

( a )  An inorganic cement type binder used as an 
adhesive f o r  seal ing jo in t s  between ce l l u l a r  
g lass  foam l i n e  insu la t ing  material .  

( b )  APCI Safety Standard 609.1, page 5, June 1964, 
(DOC. #99000051). 

B. Information Sources 

1. Company Pract ices  

a. Company Research 

It i s  believed t h a t  t h i s  material  was t e s t ed  fo r  
flammability, however no t e s t  records could be found. 
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LIQUID AND GASEOUS OXYGEN SPFETY REVIEW DATA 

I. Mater ia l  Compatibility 

A. P l a s t i c s ,  Elastomers, and Adhesives 

a. Spec i f i c  Oyygen Environment 

Gaseous oxygen ambient temperature pressures  t o  
3000 psig.  

( 1  ) Company Prac t i ces  

( a )  Regulator s e a t s  

(b )  Selec ted  cyl inder  valve s e a t s  

B. Information Sources 

1. Company Prac t i ces  

a. Company Research 

11 (1) Walde, R. A., Kel-F High Pressure Oxygen Compati- 
b i l i t y  ," , May 17,  1963, (DOC. #99000132 1. The 
Kel-F i n  t h e s e  t e s t s  w a s  shreded giving r e s u l t s  
which were not i n  agreement Frith r e s u l t s  of 
o the r  test in^ agencies. 

c. Based on Research and Development of Others. 

( 1 )  Key, C. F. and 'W. A. Riehl, NASA.-GCI.ISFC,  ompa pa ti- 
b i l i t y  of !?aterials  with Liquid Oxygen," 
rrn~-~&m-ril-63-14, p. 45, December 4 ,  1963, 
(Doc. #99000128). 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material Compatibility 

A. P l a s t i c s ,  Elastomers, and Adhesives 

1, Nylon 

a, Spec i f  i c  Oxygen Environment 

Gaseous oxygen, ambient temperature, pressures t o  
3000 psig. 

(1 )  Company Practices 

Nylon is  not en t i r e ly  compatible i n  oxygen service,  
gaseous and l iquid.  However successful  performance his tory 
with r e l a t i ve ly  few f a i l u r e s  i n  t he  past  25 years 
i s  the  reason why nylon continues t o  be used i n  
high pressure oxygen service t o  3000 psig  a s  cylinder 
valve sea t s  and regulator seats.  

( a )  H.P. regulator sea t s  

(b)  Oxygen cylinder valve sea t s  

B. Information Sources 

1, Company Pract ices  

a, Company Research 

(1) Yoder, L., Analytical Report on Igni t ion Tempera- 
t u r e  i n  100% oxygen Atmosphere, 60-496, Jan. 6 ,  1961. 
(DOC, #99000133). 

( 2 )  Walde, R. A., "Kel-F High Pressure Oxygen Compati- 
b i l i t y " ,  May 17, 1963, (DOC. #99000132). Comparison 
t e s t s  with Kel-F. 

be Company Operating Experience, 

Nylon i s  not en t i r e ly  compatible i n  oxygen service,,  gaseous and 
l iquid.  However successful performance his tory with 
r e l a t i ve ly  few fa i lu res  i n  t he  past  25 years i s  the  
reason why nylon continues t o  be used i n  high pressure 
oxygen service t o  3000 psig  a s  cylinder valve s ea t s  and 
regulator seats .  
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Mater ia l  Compatibility 

A. P l a s t i c s ,  Elastomers, and Adhesives 

1. Neoprene 

a. Speci f ic  Oxygen Environment 

Gaseous oxygen, ambient temperature, pressures t o  
3000 psig.  

(1) Company Pract ices .  

Neoprene i s  not e n t i r e l y  compatible i n  oxygen service ,  
however s a t i s f a c t o r y  performance over l a s t  25 
years permits neoprene t o  remain i n  low pressure  
oxygen service.  Its pr inc ipa l  use i s  i n  oxygen 
regu la to r s  where t h e  exposure i s  t o  normally 
l e s s  than 50 ps ig  oxygen. 

(a) Regulator s a f e t y  valve stem s e a t s  

(b )  Regulator diaphragms with neoprene molded 
on brass  par ts .  

( c ) "0'' r ings  

( d )  High pressure s e a t s  i n  two s tage  regula tors .  

B, Information Sources 

1. Company Prac t i ces  

be  Company Operating Experience. 

(1) Neoprene i s  not e n t i r e l y  compatible i n  oyygen se rv ice ,  
however s a t i s f a c t o r y  performance over l a s t  25 
years permits noeprene t o  remain i n  low pressure 
oxygen service.  Its p r i n c i p a l  use is  i n  oxygen 
regu la to r s  where t h e  exposure is  t o  normally 
l e s s  than 50 p s i g  oxygen. 

c. Based on Research & Development of Others. 

(1) Key, C. F., NASA-GCMSFC, "compatibi l i ty of Materials 
with Liquid Oxygen, 111," NASA TM X-53533, p, 31, 
November 3, 1966, (DOC, #99000125). 

(2)  Key, C. F., NASA-GCMSFC, " ~ o m p a t i b i l i t y  of Materials 
with Liquid Oxygen, IV," NASA TM X-53773, p. 25, 
~ u g u s t  23, 1968, (DOC. ffgg000126). 
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LIQUID AND GASEOUS OXYGEN SAFXTY mVIEW DATA 

I. Material Compatibility 

A. P l a s t i c s ,  Elastomers, and Adhesives 

1, Viton A, duPont 

a. Specif ic  Oxygen Environment 

Gaseous oxygen ambient temperature t o  160°F, pressures 
t o  250 psig. 

(1) Company Pract ices  

( a )  Sof't sea t ing  faces of bu t t e r f l y  valves i n  
oxygen compressor systems. 

B. Information Sources 

1. Company Pract ices  

a, Company Research 

(1) Brophy, M., "safety Tests Under WO 81-0095'" Apr i l  
27, 1966. (DOC. #99000135). Oxygen bomb t e s t s  t o  
250 psig. Hylomar Unward Jo in t ing  compound 
SQ-32 was  re jected under t h e  same t e s t .  

( 2 )  Frederick, L. G., and D. R, Latshaw, Oxygen Index 
Rating Viton 0-Ring Material,Viton E-60 (Green), 
Viton A  lack), Garlock 900 Johns Manville Asbestos 
61 Sheet, A P C I  Analytical Report 71-344, APCI Analytieali 
Report 71-345, August 13, 1971 (DOC. #99000304 1, 

(3)  Nissler ,  K. H., Demag KA-27-1V/KA-4-1~ Oxygen @om- 
pressor Viton A  lack), Viton E-60 ga re en), Demag 
Le t te r  t o  APCI, August 11, 1971 (Doc. #990001305). 

c, Based on Research & Development of Others. 

(1)  Key, C. F. and W. A. Riehl, NASA-GCMSFC, "~oimpati- 
b i l i t y  of Materials with Liquid oxygen," 
~E 'P -P&VE-P / I -~~ -~~ ,  p, 58, December 4 ,  1963, 
(DOC. #99000128). 

(2)  Key, C. F. NASA-GCMSFC, "compatibility of Materials 
with Liquid Oxygen, 111," NASA TM X-53533, p. 38, 
November 3, 1966, (Doc. # 99000125). 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material  Compatibility 

A. P l a s t i c ,  Elastomers and Adhesives 

1. Nylon 66" 1. C. I. Limited, U.K. ) 

a. Specif ic  Oxygen Environment 

Gaseous oxygen, ambient temperature, pressures up t o  
3000 psig. 

( 1 )  Company Pract ices  (APL) 

(a) 1i.P. Regulator Seats  

( b )  Oxygen Cylinder Valve Beats 
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LIQIJID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material  Compatibility 

A. Gaskets and Packings 

1. Graphite Impregnated Asbestos Packing. 

a. Speci f ic  Oqgen Environment 

Gaseous and l i q u i d  oxygen, ambient temperature t o  
-29T°F, atmospheric pressure t o  3000 psig.  

. (1) Company Prac t i ces  

( a )  Packing f o r  high pressure rec iprocat ing 
l i q u i d  o q g e n  pumps 

( b )  Stem packing f o r  various valves i n  oxygen 
service.  

B. Information Sources 

1. Company Prac t i ces  

a. Company Research 

11 (1) B a l l ,  W.L., Combustible Contaminant C o n t e n t i n  
Graphite Impregnated Asbestos Packing. " Sep-t . 30, 
1960. , (DOC. #99000144 ) . 
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L I Q U I D  AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material  Compatibility 

A. Gaskets and Packings 

1. TFE-GF-Green, Melrath Gaskets Co. 

a. Spec i f i c  Oxygen Environment 

Liquid oxygen -29T°F. Pressures t o  250 p s i s .  

( 1  ) Company Prac t i ces  

( a )  Gaskets i n  LOX t r a n s f e r  hose connections 

B. Information Sources 

1. Company Prac t i ces  

a. Company Research 

11 (1) Kitson, F., Flammability Test of Gaskets i n  Oxygen 
Atmospheres ," Oct . 23, 1970, (DOC. #99000146 ) , 
Material  glowed and charred but  d id  not burs t  i n t o  
flame. 

b. Company Operating Exlperience* 

(1 )  This mater ia l  s imi la r  t o  Fluorogreen E-600. 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Mater ia l  Compatibility 

A, Gaskets and Packings 

1, Vallegreen, Valley Forge Gasket Co. 

a. Spec i f i c  Oxygen Environment 

Liquid oxygen, -29T°F, pressures t o  250 psig. 

(1)  Company Prac t i ces  

( a )  Gaskets i n  LOX t r a n s f e r  hose connections 

B. Information Sources 

1. Company Prac t i ces  

a. Company Research 

(1 )  Kitson, F., "Flammability Test  of Gaskets i n  Oxygen 
Atmospheres," Oct. 23, 1370, (DOC. H99000146). 
Material  glowed and charred but  d id  not  burs t  i n t o  
flame. 

b, Company Operating Experience. 

(1) This ma te r i a l  s i m i l a r  t o  Fluorogreen E-600. 
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I. Mater ia l  Compatibility 

A, Gaskets and Packings 

1. Fluorogreen E-600, John Dore Company 

a. Spec i f i c  Oxygen Environment 

Liquid Oxygen, -29T°F, Pressures t o  250 nsie. 

(1) Company Prac t i ces  

( a )  Gaskets i n  LOX t r a n s f e r  hose connections, 

B. Information Sources 

1. Company Prac t i ces  

a. Company Research 

11 ( 1 )  Kitson, F., Flammability Test  of Gaskets i n  Oxygen 
Atmospheres ," Oct . 23, 1970, (DOC. ff9900.01.46). 
Mater ia l  glowed and charred but  d id  not  b u r s t  i n t o  
flame. 

c. Based on Research & Development of Others. 

( 1 )  Key, C.F., and W. A. Riehl,  NASA-GCMSFC, "Compati- 
b i l i t y  of Materials  with Liquid Oyvgen ," 
r v p r ~ - ~ & ~ ~ - ~ - 6 3 - l 4 ,  p. 62, December 4,  1963, 
(DOC. #99000128). 
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IA5a-5 

LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material Compatibility 

A. Gaskets and Packings 

1. Melrath 150 -- sheet asbestos gasket mater ia l ,  
Melrath Gasket Co. 

a. Specific Oxygen Environment 

Gaseous and l i qu id  o q g e n  ambient temperature t o  
-297'~, Pressures t o  250 psig. 

(1 ) Company Pract ices  

( a )  Flange gasket connections on oxygen 
vaporizers 

B, Information Sources 

1, Company Pract ices  

a, Company Research 

(1) Frederick, L. G., Analytical  Report on t h e  Compati- 
b i l i t y  of Melrath Material with Oxygen, 70-026, 
January 30, 1970. (DOC. #99000141). 

b. Company Operating Experience. 

As an a l t e rna t e  f o r  Garlock 900. 
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1~5a-6  

LIQUID AND GASEOUS OXYGEN SAFETY REVIEN DATA 

I. Material  Compatibility 

A. Gaskets and Packings 

1. ~ 1 2 2 6  Sheet asbestos gasket mater ia l ,  Nicolet Indus t r i e s  Inc. 

a. Spec i f i c  Oxygen Ehvironm.ent 

Gaseous and l i q u i d  oxygen ambient temperature t o  -297 '~  
Pressures t o  250 psig. 

(1) Company Prac t i ces  

( a )  Flange gasket connections on o v g e n  
vaporizers  . 

B. Information Sources 

I 1. Com-pany Prac t i ces  

a. Company Research 

(1) Frederick,  L. G., P ~ a l y t i c a l  Report on t h e  Compati- 
b i l i t y  of Gasket Materials  with Oxygen, 70-014, 
Janusnj  30, 1970. (DOC. #99000142). 

b. Company Operating Experience. 

A s  an a l t e r n a t e  f o r  Garlock 900. 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material Compatibility 

A. Gaskets and Packings 

1. Garlock 900, sheet asbestos gasket material, Garlock Mfg. Co. 

a. Specific Oxygen Environment 

Gaseous and l iqu id  owgen, 1 6 0 ' ~  t o  -29T°F, pressures 
t o  600 psig. 

(1 )  Company Practices 

( a )  Most flange gaskets i n  a i r  separation plants 
and i n  oxygen l ines .  

Be Information Sources 

1. Company Practices 

a. Company Research 

(1) Frederick, L. G., Analytical Report on the ~Compati- 
b i l i t y  of Gasket Materials with Oxygen, 70-1013, 
January 30, 1970, (DOC. #99000141 o r  990001b2), 

(2 )  Frederick, L. G., and D. R. Latshaw, Oxygen Index 
Rating Viton 0-Ring Material, Viton E-60 (Green 1 , 
Viton A an lack) , Garlock 900 Johns Manville Asbestos 
61 Sheet, APCI AnaXytical Report 71-344, APCI Analyticail 
Report 71-345, August 13, 1971 (DOC. #9900030b), 

(3 )  Nissler,  K. H., Demag KA-27-IV/KA-4-IV Oxygcm Com- 
pressor Viton A  lack), Viton E-60  reen en), Dem~g 
Let ter  t o  APCI ,  August 11, 1971 (DOC. #99000305) * 

( 4 )  Frederick, L. G., and D. R. ~a t shhw,  Compatibility of 
Material with Oxygen, Johns Manville Asbestos Sheet 
Packing Sty-pe No. 61, Garlock 900, APCI IWO LB-0795, 
APCI Analytical Report 71-264, May 28, 1971 (DOC. #99000309), 

(5)  Robinson, G. W., APCI LOX Compatible Gasket Ma te r id s ,  
Garlock 900 Durabla Johns-Manville Asbestos Sheet Pack- 
ing  S w l e  61, APCI Memo dated June 2, 1971 (DOC, #99000310 ). 

b. Company Operating Experiences. 

The gasket i s  not completely compatible with oxygen, 
however, 25 years of incident f ree  successf'ul service 
warrants i t s  use i n  low r i s k  applications. 

( 1  (1) Key, C. F., and W. A. Riehl, NASA-GCMSFC, Compati- 
b i l i t y  of Materials with Liquid oxygen," 
M ~ P - P & v E - M - ~ ~ - ~ & ,  p. 62, December 4 ,  1963, 
(DOC. #99000128). 
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1~5a-8 

L I Q U I D  AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material Compatibility 

A. Gaskets and Packings 

1. Vulcanized Red Fibre Gaskets 

a. Specif ic  Oxygen Environment 

Exposure i s  t o  a i r  at ambient temperature and atmospheric 
pressure excepting if leak i n  system develops, :then 
exposure i s  t o  gaseous oxygen a t  ambient temperature 
and atmospheric pressure. 

(1) Company Pract ices  

( a )  Oxygen cylinder valve par t  not exposed t o  
oxygen except on f a i l u r e  of system. 

B. Information Sources 

1. Company Pract ices  

a. Company Research 

Limited t o  hydrocarbon analysis  f o r  hazard 
evaluation. 

(1) Moysan , S . R. , Analytical Report on Q,ual i ta t ive  and 
Q,uantitative O i l  Analysis, 63-1662, 63-1663, 
November 6, 1963, (DOC. #99000143). 
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IA5a-9 

LIQUID AND GASEOIJS OXYGEN SAFETY RhTIW DATA 

I. Material  Compatibility 

A. Gaskets and Packings 

1. ~ ~ 2 4 6  sheet  asbestos gasket ma te r i a l  - Nicolet  Lndus-tries 

a. Spec i f i c  Oxygen Environment 

Gaseous and l i q u i d  oxygen ambient temperature t o  - 2 9 7 ' ~ ,  
Pressures t o  250 psig. 

( 1 )  Company Prac t i ces  

( a )  Flange gasket connections on oxygen vaporizers  

B. Information Sources 

1. Company Prac t i ces  

a. Company Research 

( 1 )  Frederick,  L. G., Analyt ica l  Report on t h e  Compati- 
b i l i t y  of Gasket Materials  with Oxygen, 70-015, 
January 30, 1970, (DOC. #99000142). 

b . Company Operating Experience. 

A s  an a l t e r n a t e  f o r  Garlock 900. 



LIQUID AND GRSEOUS OXYGEN SAFETY REVIEW DATA 

I. Material. Compatibility 

A. Gaskets and Packings 

1, Teflon, duPont 

a, Specific Oxygen Environment 

Gaseous and l i qu id  oxygen, 1 0 0 ' ~  t o  -297OF, pressures 
t o  3000 psig. 

(1) Company Pract ices  

( a )  Oxygen cylinder valve and manifold shut-off 
valve stem packing. 

(b) Stem packing i n  various valves i n  oxygen 
production compression, d i s t r ibu t ion ,  and 
control  systems. 

( c )  APL Engineering Specification ~ . 1 4 ,  Rev. 0, 
~ u l y  8, 1969 (DOC. #99000377). 

B. Information Sources 

1, Company Pract ices  

a. Company Research 

The evaluation of t e f l on  tape applies t o  packing mterial  
as  well. 

(1) Dinan, E., Jan, 28, 1959. (DOC. #99000111). 
Permacel Ribbon Dope, is  Item 3. 

(2)  Yoder, L., Analytical Report on % Hydrocarbon 
Contaminant, 61-3, d an. 16,  1961, (Doc. #99000116 1 e 

11 (3)  Walde, R. R., Gaseous Oxygen Compatibility of 
Crossl i te  Fluorocarbon   ape" July  30, 1963, 
(DOC. #99000113). Permacel Tape was compared t o  
Crossl i te  Tape and 3 M  Fluorocarbon Tape. 
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(4) Geist ,  J. M,,  Controlled Kinetics Experimentation -- 
Teflon Hose, APCI MAR 87-0-8820, May 1960 
(Doc. #99000057 ) . 

( 5 )  Geist ,  J. M., Controlled Kinetics Experiments -- 
Teflon Hoses, Supported by Braided S t a i n l e s s  S t e e l  
Housing, and Rubber Hoses, P l a s i t e  No 7122H, APCI 
J4AR 87-0-8820, June 1960, (Doc. #990000'j8), 

Based on Research & Development of Others. 

(1) Key, C. F. and W. A. Riehl,  NASA-GCMSFC, "cornpati- 
b i l i t y  of Materials  with Liquid Oxygen, 11 

M C P - ~ & ~ ~ - ~ - 6 3 - 1 4 ,  p. 54, December 4, 1963, 
(DOC. #99000128). 
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IA5a-11 

LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material Compatibility 

A. Gaskets and Packings 

1. Viton A, duPont 

a. Specific Oxygen Environment 

Gaseous oxygen, ambient temperature t o  1 6 0 ' ~ ~  pressures 
t o  250 psig. 

(1) Company Pract ices  

(a)  Flange gaskets f o r  piping systems 

(b )  "0" r i ng  packings fo r  valves 

B. Information Sources 

1. Company Pract ices  

a. Company Research 

(1 )  Brophy, M., ' 'Safety Tests Under ~081-0095" 
April  27, 1966. (DOC. #99000135). Oxygen bomb 
t e s t s  t o  250 psig. 

(2 )  Frederick, L. G., and D. R. Latshaw, Oxygen Index 
Rating Viton 0-Ring Material,  Viton E-60 (  ree en) , 
Viton A ( ~ ~ a c k ) ,  Garlock 900 Johns Manville Asbestos 
61 Sheet, APCI Analytical Report 71-344, APCI Analytical. 
Report 71-345, August 13, 1971 (DOC. #99000304), 

(3)  Niss ler ,  K. H., Demag KA-27-IV/KA-4-IV Oxygen Com- 
pressor Viton A  lack) , Viton E-60  l re en) , Demag 
Le t te r  t o  APCI ,  August 11, 1971 (Doc. #9900(3305) 

c. Based on Research & Development of Others. 

(1)  Key, C.F. and W. A. Riehl, ItASA-GCMSFC, "Compati- 
b i l i t y  of Materials with Liquid Oxygen, I t  

MTP-P&vE-M-~~-~~, p. 58, December 4, 1963, 
(DOC. #99000128). 

(2)  Key, C. F., NASA-GCMSFC, "compatibility of Materials 
witn Liquid Oxygen, 111," NASA TM X-53533, p. 38, 
November 3, 1966, (DOC. #99000125). 
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LIQUID AND GASEOUS OXYCZN SPEETY FLEVIEW DATA 

I. Mater ia l  Compatibility 

A. Gaskets and Packing 

1. Sindanyo. CS 51 Asbestos and Cement Boards. Natural 
un t rea ted  f i n i s h  ( ~ u r n e r s  Asbestos Cement Co. Ltd. U.Ko ), 

a. Spec i f i c  Oxygen Environment 

Normal exposure i s  t o  air o r  n i t rogen,  but may be 
exposed t o  gaseous o r  l i q u i d  oxygen a t  ambient 
temperature t o  -297'~ and atmospheric pressure  i n  
t h e  event of a process leak.  

(1) Company Prac t i ces  (APL) 

( a )  Cold Pipe Support Insu la t ing  and Packing 
material .  
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material  Compatibility 

A. Gaskets and Packing 

1. Kl inger i t  661 ( ~ i c h a r d  Klinger Limited U.K. ) 

a. Speci f ic  Oxygen Environment 

Gaseous and l i q u i d  oxygen systems, 1 6 0 O ~  t o  -297°F 
and pressures up t o  600 psig. 

(1) Company Pract ices  (APL) 

(a) A l l  f lange gaskets i n  a i r  separa t ion p l a n t s  and 
i n  oxygen l i n e s  
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material Compatibility 

A, Gaskets and Packing 

1. Tygaflor cementable PTFE tapes ( ~ ~ g a d u r e  Limited U.K. ) . 
a, Specif ic  Oxygen Environment 

Normal exposure i s  t o  air, but may be exposed t o  gaseous 
o r  l i q u i d  oxygen a t  ambient temperature t o  -297OF and 
atmospheric pressure i n  t h e  event of a process leak, 

( 1 )  Company Pract ices  (APL). 

( a )  APL have used these  tapes t o  provide a low f r i c t i o n  
jo in t  between two metal l ic  faces of a penetrat ion 
p l a t e  so t h a t  pipe s t r e s se s  could be minimized. 
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1~6a-1  

L I Q U I D  AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material  Compatibility 

A. Metals, a l loys ,  so lders ,  and surface treatments 

1. Tarset  - Pi t t sburgh Chemical Co. 

a. Speci f ic  Oxygen Environment 

Exposure i s  t o  a i r  excepting where leakage from system 
occurs. E.qosure i s  then t o  gaseous oxygen a t  ambient 
temperature and atmospheric pressure. 

(1) Company Prac t i ces  

(a )  Underground transmission l i n e  coatinc,  

( b )  APCI Safety Standard 609.1, p. 3, June 1964, 
(DOC, #99000051). 

( c )  This i s  an a l t e r n a t e  coating mater ia l  t o  
P l a s i t e .  

B. Information Sources 

1. Company P r a c t i  ces 

a. Company Research 

(1) Brophy, M., R&D Tarset  Burning Tests ,  R&D Notebook 
flll, p. 129-132, Ju ly  1962, (DOC. #9900014?). 

( 2 )  Brophy , M. , R&D Pipe Burning Tests , RtcD Notebook 
#111, p. 26-29, Apr i l  1961, (DOC. #9?000148). 

(3 )  Foster ,  H. H., Safety Hazards, and Explosion Testing, 
APCI Monthly A c t i v i t i e s  Report, 87-0-8821, July 1962, 
(Doc. #99000070). 
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1~6a-2  

LIQUID AN11 GASEOUS OXYGEM SAFETY REVIEbJ DATA 

I. Material  Compatibility 

A. Metals, a l l o y s ,  so lde r s ,  and surface  treatments 

1. Seal fas  Mastic #31-97, Benjamin Foster  Coo 

a. Spec i f i c  Oqygen Environment 

Exposure i s  t o  a i r  excepting where leakage from process 
system occurs. Exposure then i s  t o  gaseous o r  l iquid.  
oyygen, ambient temperature t o  -29T°F, and atmospheric 
pressure.  

( 1 )  Company Prac t i ces  

( a )  A sea lan t  f o r  thermal i n s u l a t i o n  on product 
t ransmission l i n e s  operat ing a t  a temperature 
below t h e  l ique fac t ion  temp. of a i r .  

( b )  APCI Safety Standard 609.1, p. 5 ,  June 1964, 
(DOC. #99000051). 

B. I n f o m a t i o n  Sources 

1. Company Prac t i ces  

a. Company Research 

(1 )  Yoder, L., Analyt ica l  Report on Flammability i n  100% 
gaseous oxygen, 61-38, 61-39> Feb. 3, 1961, 
(DOC. #99000130 ) . 

c. Based on Research & Development of Others. 

(1 )  Key, C. F. and W. A. Riehl ,  NASA-GCIZSFC,  ompa pa ti- 
b i l i t y  of l l a t e r i a l s  with Liquid Omgen ," 
rm~-~&~~$:-r/i-63-14, p. 37, December 4 ,  1963, 
(DOC. #99000128). 
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1~6a-3  

LIQUID AND GASEOUS OXYGEN SAFETY REVIEN DATA 

I. Material  Compatibility 

A. Metals, a l l o y s ,  so lde r s ,  and surface  treatments 

1. P l a s i t e ,  Tqo. 7122H, Wisconsin Pro tec t ive  coat in^ Co. 

a. Spec i f i c  Oxygen Environment 

Exposure i s  t o  a i r  excepting where leakage from nrocess 
system occurs. Exposure then i s  t o  gaseous o r  l i q u i d  
oqrgen, ambient temperature t o  -29T°F, and atrnospheri c 
pressure.  

(1) Company Prac t i ces  

( a )  Underground transmission l i n e  coatinp. 

(b ) Above ground insu la ted  transmission l i n e  
coating. 

( c )  APCI Safety Standards 609.1, p. 3, ,June 1964, 
(Doc. #99000051). 

B. Information Sources 

Company Prac t i ces  

a. Company Research 

( 1 )  Brophy, M.   las site Pro tec t ive  coating," Juqe 9, 
1960, (DOC. #99000150). Corrosion res i s t ance  and 
flammability of coated surfaces  t e s t s .  

( 2 )  Geis t ,  J. M.,  Controlled Kinetics  Experiments -- 
Teflon Hoses, Supported by Braided S t a i n l e s s  S t e e l  
Housing, and Rubber Hoses, P l a s i t e  No. 7122H, A P C I  
MAR 87-0-8820, June 1960, (DOC. #99000058 ) , 



LIQUID AND GASEOIJS OXYGEN SAFETY REVIE3J DATA 

I. Material  Compatibility 

A. Metals, a l l o y s ,  so lde r s ,  and surface  treatments 

1. copper Pipe ASTM ~ 4 2  

a. Spec i f i c  Oxygen Environment 

Gaseous and l i q u i d  oxygen, ambient temperature t o  -297'F, 
pressure t o  3000 ps ig  

( 1 )  Company Prac t i ces  

( a )  Various com~onents of oyygen p l a n t  p ip ing 
systems, and instrument systems. 

( b )  Ilesign Engineering Standard 574.1, 1). 3, 
May 1962, (DOC, #99000161). 

Be Information Sources 

1. Company Prac t i ces  

c. Rased on Research & Development of Others. 

( 1 )  Jackson, J. 13- , W e  Boyd9 and P. D. Mi l l e r ,  Defense 
Yetals  Information Center,  B a t t e l l e  Memorial 
I n s t i t u t e ,  v'Reactivity of P4etals with Liq.uid and 
Gaseous Oyygen," DMIC F4emorandum 163, p, 12,  
January 15,  1963, (DOC. #99000152). 

( 2 )  White, E. 1,. , and J. J. Ward, Defense Metals Informa- 
t i o n  Center, B a t t e l l e  F?lemorial I n s t i t u t e ,  " Igni t ion  
of Metals i n  Oxygen," DMIC Report 224, n,, 1 4 ,  
February 1, 1966, (DOC. #99000153). 

( 3 )  Dean, L. E. and W, R e  Thompson, Aero,jet-General, 
" ~ g n i t i o n  of P4etals and Plloys,"  American Rocket 
Society Journal ,  p. 917-923, Ju ly  1961, 
(DOC. #99000154). 
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LIQUID AND GASEOUS OXYGEN SfU'Er!2Y REVIEW DATA 

I. Material  Compatibility 

A. Metals, a l loys ,  so lde r s ,  and surface  treatments 

1. Copper tube ASTM R75 

a. Spec i f i c  Oxygen Environment 

Gaseous and l i q u i d  oxygen, ambient temperature t o  -29'7O~, 
pressures  t o  2300 psig. 

(1) Company Prac t i ces  

( a )  Interconnecting pipe systems i n  oqrgen 
p lan t s  

(b ) Design Engineering Standard 574.1, !.Jay 1962, 
(DOC. #99000161). 

( c )  Design Engineering Standard 574.2, Jan, 1964, 
(DOC. #3g000162). 

( d )  Design Engineering Standard 574.10, Jan. 1964, 
(DOC. ij99000163 1. 

( e )  Design Engineerj-ng Standard 574.50, Nov. 196B3 
(DOC. #99000164 1. 

( f ) Design Engineering Standard 574.51, ?dove 1968, 
(DOC. ff99000165 ) . 

( g )  Desicn B q i n e e r i n ~  Standard 574.52, Apr i l  1967, 
(DOC. #99000166). 

(h ) Design Engineering Standard 574.54, Jan.  1964, 
(DOC. #99000167). 

B. Information Sources 

1. Company Prac t i ces  

c. Based on Research & Developent  of Others. 

( 1 )  Jackson, J. D e ,  1;. UoYd, and P. D. Mi l ler ,  Defense 
Metals Information Center, B a t t e l l e  fdemorial 
I n s t i t u t e ,  "Reactivi ty of I f e t a l s  with Liquid and 
Gaseous Ovgen," D14IC Ivlenorandum 163, p. 12 ,  
January 1 5 ,  1963, (Doc. $99000152). 
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1~6a-5 ( Continued) 

( 2 )  White, 13. L., and J. J. Ward, Defense Metals Informa- 
t i o n  Center, R a t t e l l e  f.lemoria1 I n s t i t u t e ,  " Igni t ion  
of ?4etals i n  ~xygen,"  Df4IC Report 224, p. 1 4 ,  
February 1, 1966, (DOC. #99000153 ) . 

(3 )  Dean, L. E. and W. R. Thompson, Aerojet-General, 
" Igni t ion  of Metals and Alloys," American Rocket 
Society Journal ,  p. 917-923, Ju ly  1961, 
(Doc. #99000154). 
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L I Q U I D  AND GASEOUS OXYGET'T SAFETY REVIEb! DATA 

I. Material  Compatibility 

A. Metals, a l l o y s ,  so lde rs ,  and surface treatments 

1.Red Brass Pipe ASTI4 ~ 4 3  

a. Speci f ic  Oxygen Environnent 

Gaseous oxygen, ambient temperature, pressures t o  
3000 psig.  

(1) Company Pract ices  

(a)  Piping headers f o r  gaseous o q e e n  f i l l i n g  
and discharging cylinder manifolds. 

(b) Design Engineering Standard 572.1, p. 1, 
May, 1962, (DOC. 99000151). 

B. Information Sources 

1. Company Prac t i ces  

c. Based on Research & Development oP Others. 

(1) Jackson, J. I). , Kg Bo!rd, and P. D. Mi l l e r ,  Defense 
Metals Informati011 Center, B a t t e l l e  Ilemorial 
I n s t i t u t e ,  "Reactivi ty of I b t a l s  with Liqgid and 
Gaseous  en,'' D14IC: 14ernorandum 163, p. 23, 
Januar j  15,  1963, (DOC. #99000152 1. 

( 2 )  h?hite, E. L., and J. J. Ward, Defense Metals Informa- 
t i o n  Center, Ba t t e l l e  Memorial I n s t i t u t e ,  " Igni t ion  
of l letals  i n  Oxygen," DP4IC Report 224, p. 14 ,  
February 1, 1966, (DOC. #99000153). 
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LIQUID Ai'JD GASEOUS OXYGEN SI1F'ETY RPlBIEW DATA 

I. Material  Compatibility 

A. Metals, a l l o y s ,  so lde r s ,  and surface treatments 

a. Spec i f i c  Oxygen Znvi-ronment 

Exposure i s  t o  a i r  excepting where leakage from y o e e s s  
system occurs. Exposure then i s  t o  gaseous o r  l i q u i d  
oxygen, ambient temperature t o  -297OF, and atmosp'ileric 
pressure.  

(1 )  Company Prac t i ces  

( a )  Flange b o l t i n g  and. s tuds .  

(b ) Design engineer in^ Standard 571.2, Nov. 1967, 
(DOC. #93000156 ) . 

( c )  1)esign Engineering Standard 571.3, Nov. 1967, 
(DOC. #99000157 1, 

(d )  Desicn E n ~ i n e e r i n g  Standard 571.4, TTov. 1967, 
(DOC. #99000158). 

( e )  The references l i s t e d  below i n  most t e s t s  f o r  
compat ib i l i ty  l i s t  aluminum trithout iclentifyinp 
ASTbI: number o r  grades. However, ve i n t e r p r e t  
t h e  references a s  being appl icable  t o  t h e  var- 
ious ASTI4 numbers and grades a s  a c l a s s ,  

B. Information Sources 

1. Company Prac t i ces  

c, Rased on Research & Development of Others. 

( 1 )  Key, C. F. and W. A. Riehl ,  NASA-GCMSFC, ""ompati- 
b i l i t y  of Materials  with Liquid Oxygen," 
M ~ ' P - P & v E - M - ~ ~ - ~ ~ ,  p. 66, 67, December 4 ,  1963, 
(DOC. #99000128). 
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( 2 )  Jackson, J. 1). , W. K. Boyd, and P. D. Mi l l e r ,  Defense 
Metals Information Center, Hat t e l l e  Memorial 
I n s t i t u t e ,  "Reactivi ty of Metals v i t h  Liquid and 
Gaseous oxygen," DMIC Efemorandum 163, p. 23, 
January 15 ,  1963, (DOC. #39000152). 

( 3 )  White, E. L., and J. J. Ward, Defense Metals 
Information Center, Ha t t e l l e  Memorid. I n s t i t u t e ,  
11 I gn i t ion  of Xetals i n  Omj~en," DMIC Report 224, 
p. 12,  February 1, 1966, (DOC. 99000153). 

(4) Dean, L. 32. and W. R. Thompson, AeroJet-General, 
" Ign i t ion  of Metals and fl1lo;rs ," American Rocket 
Society Journal ,  p. 91-7-923, Ju ly  1961, 
(DOC, 899000154). 
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1~6a-8  

LIQUID ANT) GASEOUS OXYGEN SAFETY RETTIEW DATA 

I. Material  Compatibility 

A. Metals, a l loys ,  so lders ,  and surface treatments 

1. Aluminum, ASTIT I3 210 3003 

a. Speci f ic  Oxygen Environment 

Gaseous and l i q u i d  oxygen, ambient temnerature t o  -237"F, 
pressures  t o  900 psig. 

(1 )  Company Pract ices  

( a )  S t r a i g h t  aluminum instrument tubing,  
318" 0.D. x .035" wal l ,  ASTM 3003-1114. 

( b )  Coiled aluminum instrument tubing,  
3/8" O.D. x .035" wal l ,  ASTI4 3003-0, 

( c )  Desim Engineering Standard 571.50, Eov* 1968, 
(DOC. #99000159). 

( d )  D e s i p  Enqineering Standard 571.51, 1968, 
(DOC. #9900016O). 

( e )  The references l i s t e d  below i n  most t e s t s  f o r  
compatibi l i ty l i s t  aluminum 'crithout iden t i fy ing  
ASTM number o r  grades. However, we i n t e r p r e t  
t h e  references as being applicable t o  t h e  var- 
ious ASTM numbers and grades as a c l a s s ,  

B. Information Sources 

1. Company Pract ices  

c. Based on Research & Development of Others. 

(1) Key, C. F. and X. A. Riehl,  NPSA-GCMSFC, "Cornpati- 
b i l i t y  of Materials with Liquid Oxygen, I t  

MTP-P&vE-M-~~-~~, p. 66, 67, December 4 ,  1963, 
(DOC. #99000128). 
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( 2 )  Jackson, J. I>., W. K. Boyd, andP. D. Mi l l e r ,  Ilefense 
t6etals Information Center,  H a t t e l l e  f.lernoria.1 
I n s t i t u t e ,  "lieactivit?r of  l l e t a l s  with Liquid and 
Gaseous ~ x y f ~ e n , "  DP.IIC Memorandum 163, ?. 23, 
January 1 5 ,  1963, (DOC. /#9(3000152), 

( 3 )  White, E. L., and J. J. Ward, Defense Metals 
Information Center,  Bat t e l l e  Blemorial I n s t i t u t e ,  
" Ign i t ion  of Metals i n  Oxy~en," DBIIC: Renort 224, 
p. 12 ,  February 1, 1966, (Doc. 33000153). 

( 4 )  Dean, L. E. and W. R. Thonpson, L2ero,jet-C,eneral, 
" ~ g n i t i o n  of Metals and f l l loys,"  American Rocket 
Socie ty  Journal ,  T. 91'l-923, J u l y  1961, 
(Doc. Kgp000154). 
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1~6a-9  

LIQUII) AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material  Compatibility 

A. Metals,  a l l o y s ,  so lde r s ,  and surface  treatments 

1. Aluminum ASTP!! B209 5083-0 

a. Spec i f i c  Oqrgen Environment 

Gaseous and l i a p i d  oxygen, ambient temperature t o  -297'F, 
pressures  t o  150 psig. 

( 1 )  Company Prac t i ces  

( a )  P lant  piping s i z e s  14" through 36" 

( b )  F i t t i n g s  f o r  pipe s i z e s  14" through 36" 

( c )  Design Engineering Standard 571.2, Oet . 1965, 
(Doc. #99000155). 

( d )  Design Engineerins Standard 571.3, Nov. 1967, 
(DOC. f 99000156 1. 

( e )  The references l i s t e d  below i n  most t e s t s  f o r  
compatibi l i  t g  l i s t  aluminum without i.dentifyinp; 
ASQd nlmber o r  grades. However, w e  i n t e q r e t  
t h e  references a s  being appl icable  t o  t h e  var- 
ious  ASTM numbers and grades a s  a c l a s s ,  

B. Information Sources 

1. Company Prac t i ces  

c. Based on Research & Development of Others. 

( 1 )  Key, C. F, and W. A. Riehl ,  NASA-GCMSFC, "'Compati- 
b i l i t y  of F4aterials with Liquid ~ q g e n , "  
M!I!P-P&vE-M-~~-~~, p. 66, 67, December 4, 1963, 
(DOC. #gg000128). 
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(2 )  Jackson, J. D., W. K. Boyd, and P. D. Mi l ler ,  Defense 
Metals Information Center, B a t t e l l e  Memorial 
I n s t i t u t e ,  "Reactivi ty of  Metals with Liquid and 
Gaseous Oxygen," DMIC Memorandum 163, p. 23, 
January 15, 1963, (DOC. #99000152). 

( 3 )  White, E. L., and J. J. Ward, Defense Metals 
Information Center, B a t t e l l e  Memorial I n s t i t u t e ,  
" Ign i t ion  of  Metals i n  Oxygen," DMIC Report 224, 
p. 12 ,  February 1, 1966, (Doc. 99000153). 

( 4 )  Dean, L. E. and W. R. Thompson, Aerojet-General, 
" Igni t ion  o f  Metals and Alloys," American Rocket 
Society Journal ,  p. 917-323, J u l y  1361, 
(DOC. #99000154 ) . 
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1~6a-10 

LIQUID AND GASEOUS OXYGETJ SAFETY REVIEW DATA 

I. Material  Compatibility 

A. Metals, a l loys ,  so lde rs ,  and surface treatments 

1. Aluminum, MTM B210 6061-~6 

a. Speci f ic  Oqrgen Environment 

Gaseous and l i q u i d  oxygen, ambient temperature t o  - 2 9 7 ' ~ ~  
pressures  t o  900 psig.  

(1) Company Prac t i ces  

( a )  Instrument tubine: 3/8" O.D. x .065" wa l l  i s  
mandatory f o r  analyzer taps.  

(b )  Design Engineering Standard 571.50, Nov. 1968, 
(Doc. K99000159 ) . 

( c )  Design Engineering Standard 571.51, rlov* 19683 
(DOC. #99000160). 

( d )  !The references l i s t e d  below i n  most t e s t s  f o r  
compatibi l i ty l i s t  aluminum without iden t i fy ing  
ASTI4 number o r  grades. However, we i n t e r p r e t  
t h e  references as  being appl icable  t o  t h e  var- 
ious  ASTI4 numbers and grades a s  a c lass .  

Be Information Sources 

1. Conpany Prac t i ces  

c. Based on Research & Development of Others. 

(1) Key, C. F. aad W. A. Riehl ,  NASA-GCMSFC, "Cornpati- 
b i l i t y  of J la ter ia ls  v i t h  Liquid ~ w g e n , "  
~vr-p&m-?.1-63-14, p. 66, 67, December 4, 1963, 
(DOC. #99000128). 

( 2 )  Jackson, J. Do , Boyd, and P. D. Miller,  Defense 
Metals Information Center, B a t t e l l e  rllemori al 
I n s t i t u t e ,  " ~ e a c t i v i t y  of !!letals with Liquid and 
Gaseous Oqrgen,'' D t I C  Eemorandum 163, p. 23, 
January 15,  1963, (DOC. ff99000152). 
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( 3 )  White, E. L., and J. J. Ward, Ilefense Metals 
Information Center, B a t t e l l e  I4emorial I n s t i t u t e ,  
" Igni t ion  of Metals i n  Oxyp,en," D!IC Report 224, 
p. 12 ,  February 1, 1966, (DOC. 99000153). 

(4 )  Dean, L. E. and W. R. Thompson, Aerojet-General, 
" Ign i t ion  of Pletals and Alloys ," American Rocket 
Society Journal ,  p. 317-923, July 1961, 
(DOC. #99000154). 



LIQUID ADID GASEOUS OXYGEN SAFETY RLVIEW DATA 

I. Material  Corflpatiblli t y  

A. Metals, a l l o y s ,  so lde r s ,  and surface treatments 

1. Aluminum ASTW I32111 6061-~6 

a. Speci f ic  Oxyren Icnvironment 

Gas and Liquid oxygen, ambient temperature t o  -297O~, 
pressures t o  300 ?sip. 

(1 ) Co~.pany Prac t i ces  

( a )  Piping systems t o  12" diameter 

( b )  Design Engineering Standard 571.3, November 
lyGp[, (1)oc. #99000157 ) . 

( c )  Design Engineering Standard 571.4, November 
1967, (DOC. #99000158). 

( d )  The references l i s t e d  below i n  most t e s t s  f o r  
compatibi1it;r l i s t  aluminum without iden t i fy ing  
ASTM number o r  grades. However, we i n t e r p r e t  
t h e  references a s  being appl icable  t o  t h e  var- 
ious PSTM numbers and ~ r a d e s  a s  a c las s .  

B. Information Sources 

1, Company Prac t i ces  

c. Based on Research & Development of Others. 

(1) Key, C. F. and W. A. Riehl ,  NASA-GCFSFC, "Cornpati- 
b i l i t g  of Materials  with Liquid oxygen ," 
E T ~ P - P ~ v E - ? T - c ; ~ - ~ ~ ,  p. 66, 67, Decenber 4 ,  1963, 
(DOC. #99000128 ) . 

( 2 )  Jackson, J .  D., W. K. Boyd, and P. D. Miller*, Defense 
Metals Information Center, H a t t e l l e  Memorial 
I n s t i t u t e ,  "Reactivi ty of F.,Tetals wi th  Liquid and 
Gaseous ~xygen , "  I)bIIC Memorandum 163, p. 23, 
January 15 ,  1963, (DOC. #99000152 ) . 
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1~6a-1.1 (continued) 

( 3 )  l l i t e ,  E. L., and J. J. Ward, Defense F4etals 
Information Center, B a t t e l l e  Memorial I n s t i t u t e ,  
" Igni t ion  of Metals i n  Owgen," TJFfSC Report 224, 
p. 12, February 1, 1966, (DOC. 93000153). 

( 4 )  Dean, L. E. and W. R.  Thompson, AeroJet-General, 
11 I gn i t ion  of Metals and Alloys ," American Rocket 

Society Journal ,  p, 917-923, Ju ly  1961, 
(110~. #99000154). 
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1~6a-12 

LIQJJII) AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material  Compatibility 

A. Metals, a l l o y s ,  so lde r s ,  and surface  treatments 

1. Aluminum ASTI4 ~ 2 4 7  6061-T6 

a. Spec i f i c  Oxygen Environment 

Gaseous and l i q u i d  oxyEen, ambient temperature t o  -29y°F, 
pressures  t o  3000 psig. 

( 1 )  Comnany Prac t i ces  

( a )  Anodized body, bonnet, and backcaps of 
regula tors  t o  3000 psig.  

( b )  Forged f langes f o r  interconnecting p lan t  
aluminum piping t o  300 ps ig .  

( c  ) Forged f i t t i n g s  f o r  interconnecting p l a n t  
aluminum p i ~ i n p ;  t o  300 psip; ,  

t 

( d )  Design Engineering Standard $71.2, November 
1967, (DOC. #99000156 ) . 

( e )  Design Engineering Standard 571.3, November 
1967, (DOC. 899000157). 

( f ) Design Engineering Standard 571.4, Tlovember 
1967, (DOC. #99000150 ) . 

( g )  The references l i s t e d  below i n  most t e s t s  f o r  
compat ib i l i ty  l i s t  aluminum without identifyinp:  
ASTM number o r  grades. However, we i n t e q r e t  
t h e  references a s  being appl icable  t o  t h e  var- 
ious ASTTT numbers and grades as a c l a s s .  

B. Information Sources 

1. Corqany Prac t i ces  

c. Based on Research PC I>evelopment of Others. 

( 1 )  Key, C. F. and W. A. Riehl ,  NASA-GCTSFC, "Compati- 
b i l i t y  of 14aterials with LioLuid Oxygen," 
MT~-~&V~-l4-63-14, p. 66, 67, December 4, 1963, 
(DOC. #99000128 ) . 
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(2 )  Jackson, J. D., W. K. Boyd, and P. D. Mi l ler ,  Defense 
Metals Information Center, R a t t e l l e  Memorial 
I n s t i t u t e ,  "Reactivity of Metals with Liquid and 
Gaseous oxygen," DMIC Nemorandm 163, p. 23, 
January 1 5 ,  1963, (DOC. #99000152 ) . 

( 3 )  White, JI:. L., a .ndJ.  J. 'Ward, DefenseMetals 
Information Center, B a t t e l l e  M e ~ o r i a l  I n s t i t u t e ,  
" ~ g n i t i o n  of Metals i n  Oxygen," DMIC Report 224, 
p. 12, February 1, 1966, (DOC. 93000153). 

(4) Dean, L. E. and W. R. Thompson, Aerojet-General, 
" Igni t ion  of Metals and Alloys ,I '  Arcerican Rocket 
Society Journal ,  p. 917-923, July  1361, 
(Doc. #99000154 ) . 



f i ~ & ~ d  I N C  

February 21, 1972 
1~6a-13 

LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material  Compatibility 

A. filetals, a l l o y s ,  so lders ,  and surface treatments 

1. Aluminum ~ 3 6 1  1 ~ 6 0 6 1 - ~ 6  

a. Speci f ic  Oxygen Environment 

Gaseous and l iq-uid oqrgen, ambient temperature t o  -2?7'~, 
pressures t o  300 ps ig  

( 1  ) Company Prac t i ces  

( a )  Wrought b u t t  weld f i t t i n g s  t o  12  in .  pipe 
s i z e  f o r  p lan t  piping systems. 

( b )  Design Engineering Standard 571.3, November 
1967, (DOC. #?9000157 1. 

( c )  Design Engineering Standard 571.4, November 
1967, (DOC. #99000158). 

( d )  The references l i s t e d  below f a m o s t  t e s t s  f o r  
compat ib i l i ty  l i s t  aluminum without identiflying 
ASTM number o r  grades. However, we i n t e r p r e t  
t h e  references as being applicable t o  t h e  var- 
ious  ASTM numbers and grades as a c l a s s .  

B. Information Sources 

1. Comnany Prac t i ces  

c. Based on Research & Development of Others. 

( 1 )  Key, C. F, and W. A. Riehl ,  NASA-GCPISFC,  ompa pa ti- 
b i l i t y  of ! la ter ia ls  with Liquid. Oxygen," 
M ! ~ ? P - P & v E - M - ~ ~ - ~ ~ ,  p. 66, 67, December 4, 1963, 
(DOC. #99000128 ) . 

( 2 )  Jackson, J, D., W. K. Boyd, and P. D. Mi l l e r ,  Defense 
Metals Information Center, B a t t e l l e  Menorial. 
I n s t i t u t e ,  " ~ e a c t i v i t y  of Metals with Liquid and 
Gaseous 0qp;en," DMIC Nemorandum 163, p. 23, 
January 1 5 ,  1963, (Doc. #99000152). 
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( 3 )  White, R. L., and J. J. Ward, Defense Metals 
Information Center, Ha t t e l l e  Memorial I n s t i t u t e ,  
" Igni t ion  of f4etals i n  Oxygen," D M I C  Report 224, 
p. 12 ,  February 1, 1966, (DOC. 99000153). 

(4) Dean, L. 2. and bJ. R. Thompson, Aerojet-General, 
" Ign i t ion  of Vetals and Alloys," American Rocket 
Society Journal ,  p. 917-923, July 1961, 
(DOC. #99000154). 
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LIQUID AND GASEOUS OXYGEN SAFETY WVIEIJ DATA 

I. Mater ia l  Compatibi l i ty 

A. Metals, a l loys ,  so lde r s ,  and surface  t rea tments  

1. Carbon S t e e l  - (oxygen Service)  

a. Spec i f i c  Oxygen Environment 

Gaseous oxygen, -20°F t o  1 0 o O ~ ,  pressures  t o  about 
3000 psig.  

( 1 )  Company Prac t i ces  

( a )  Transmission l i n e s  and in terconnect ing  pip- 
ing  us ing ASTM A53, A53GrB, -4134~rA, A 1 3 j G r A ,  
A ~ ~ ~ G Y A ,  o r  4283GrA mater ia l .  

( b )  F i t t i n g s  f o r  t ransmission l i n e s  using ASTM 
A105Gr2 and A234 W B  o r  WPA mate r i a l  

( c )  Gaseous oxygen cyl inders  of  D.O.T. spec i f i ed  
s t e e l s  at pressures  t o  3000 p s i g  and temp- 
e r a t u r e s  of -20°F t o  130°F. 

( d )  Safe ty  r e l i e f  valve spr ings  i n  cold gas 
se rv ice  at ambient temperatures down t o  
-320°F and pressures  t o  160 psig.  

( e )  Design Engineering Standard 5'~8.10.1, Oct, 1965, 
(DOC. 899000168). 

( f )  Design Engineering Standard 578.10.2, Oct , 1966, 
(DOC. X99000169 ) . 

( g )  Desim Engineering Standard 578.10 13 June 1962% 
(DOC. #99000170 1. 

( h )  Design Engineering Standard 578.10.4, Jan,  1964,  
(DOC. 899000171). 

( i  ) Design Engineering Standard 578.10.5, Jan. 1964, 
(DOC. #99000172). 

( j ) Design Engineering Standard 578.10.6, June 1962, 
(Doc. #99000173 ). 

( k )  Design Engineering Standard 578.60.3, Sept . 1969, 
(Doc. #99000030 ) . 
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(1) Design Engineering Standard 578.60.4, Sept. 1969 
(DOC. 899000031) . 

( m )  Design Engineering Standard 578.60.5, Sept. 1969, 
(Doc. #99000032). 

(n )  Design Engineering Standard 578.60.6, S e ~ t .  1969 , 
(Doc. #99000033). 

(0 )  The references l i s t e d  below i n  most t e s t s  f o r  
compat ib i l i ty  l i s t  s t e e l  o r  s t e e l  a l loys  without 
iden t i fy ing  ASTM number or  prades . IIowever , 
we i n t e r p r e t  t h e  references a s  being applicable 
t o  t h e  various ASTM numbers and grades a s  a 
c lass .  

B. Information Sources 

1. Company Prac t i ces  

a ,  Company Research 

(1) Foster ,  R. H . ,  "cold Test of 11.2" Safety Valve with 
Carbon S t e e l  Spring, W.O. #lo-7071, Projec t  
00-5-3246-51.12" Technical tlemorandum No. 79, 
Apr i l  27, 1965, (Doc. #99000185). 

( 2 )  Kehat, E., "Burning of S t e e l  Pipes i n  a Flowing 
Oxygen Stream." Apr i l  17,  13b1, (Doc. 
#39000186). 

?P ( 3 )  Bailey, R., I g n i t i o n  L i m i t s  of Carbon S t e e l  i n  
Oxygen-Nitrogen Atmospheresn, IWO LB-0043, APCI 
Technical IrIemorandum No. 112, May 8, 1968, 
(Doc. #99000187). 

c. Based on Research & Development of Others. 

(1) Key, C. F. and W. A. Riehl,  NASA-GCMSFC, "Compati- 
b i l i t y  of  Pelaterials v i t h  Liquid ~ x y ~ e n , "  
MTP-P&w-M-~~-~~,  p. 69, December 4 ,  1963, 
(DOC. #99000128). 

( 2 )  Jackson, J. D., W. K. Boyd, and P. D. ! f i l ler ,  Defense 
Metals Information Center, B a t t e l l e  Memorial 
I n s t i t u t e ,  " ~ e a c t i v i t y  of Metals with Liquid and 
Gaseous oxygen," DMIC Memorandum 163, p. 23, 
January 15,  1963, (DOC. #99000152). 



February 21, 1972 

1~6a-14 ( continued 

(3 )  White, E. L., and J. J. Ward, Defense Metals 
Information Center, Ba t te l l e  Memorial I n s t i t u t e ,  
( 1  Ign i t ion  of Metals i n  oxygen," DMIC Report 224, 
p. 1 5 ,  February 1, 1966, (DOC. 99000153). 

( 4 )  Dean, L. E. and W. R. Tilompson, Aerojet-General, 
"Igni t ion of Metals and Alloys ," American Rocket 
Society Journal ,  p. 921, July 1961, 
(DOC. #99000154). 
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LIQIJID ATJD GASEO'IJS OXYGEN S,?FETY RI:VIETt7 DATA 

Material  

A. l le ta ls  , a l l o y s ,  so lde rs ,  and surface treatlnents 

1. Sta in less  S t e e l  ASTN A312 ~ ~ 3 0 4  

a. Spec i f i c  Oxygen Environment 

Gaseous and Liqldd Oxygen, ambient t e rne ra tu re  t o  -297'~ 
?ressures t o  3000 p i g .  

(1 ) Company Prac t i ces  

(a) Piping systems a t  oqrgen comnressors as d ic ta t -  
ed by conditions of i n s t a l l a t i o n  

(b) Ins t runent  p ip inc  above 1500 p s i r  

( c )  L u b r i c a t i n ~  o i l  p ip inc  i n  bearing areas of 
cen t r i fuga l  oqrgen comnressors . li:xnosure 
i s  t o  a i r  exceytinp where leakage from system 
occurs. 

( d )  Design E n c i n e e r i n ~  Standard 578.30.1, May 
1962, (DOC. #99000174 ) . 

( e ) Design E n g i n e e r i n ~  Standard 578.30.2, jJove~-ber 
1967, (DOC. #99000175). 

( f ) IIesign Engineering Standard 578.30.3, TJovember 
1967, (DOC. #99000176 ) . 

( p ; )  Desicn Engineering Standard 578.30.4, January 
1364, (DOC. H99000177 ) . 

(h) Design h h e i n e e r i n ~  Standard 578.30.5, Januarv 
1964, (UOC. //99000178). 

(i ) Design Engineering Standard 578.30.6, January 
1964, (DOC. #g9000179 ) . 

( 5  ) Desipn Engineerin? Standard 575.30. & , January 
1964, (DOC. #99000180 ) . 

( k )  D e s i p  F h ~ i n e e r i n g  Stmdard 578.30.15, 
November 1967, (DOC. #99000181). 

(1) Design Engineering Standard 578.40*1, 
Seatenher 1969, (I)OC. #99000182 ). 
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( m )  The references l i s t e d  below i n  most t e s t s  f o r  
compatibi l i ty l i s t  s t a i n l e s s  s t e e l  without 
iden t i fy ing  ASTM number o r  grades. However, 
we i n t e r p r e t  t h e  references as  being applicable 
t o  t h e  various AS?!M numbers and grades a s  a 
c l a s s  . 

B, Inlformation Sources 

1, Company Prac t i ces  

a. Company Research 

I1 (1) Bailey, B., I g n i t i o n  L i m i t s  of Some S ta in less  
S t e e l s  i n  an Oxygen ~tmosphere.  " Project  
00-7-3480-51.00, APCI Technical Memorandum No. 1 1 4 ,  
(DOC. #99000188 ) . 

c. Based on Research I% Development of Others. 

(1) Key, C. F. and W. A. Riehl ,  NASA-GCMSFC, "cornpati- 
b i l i t y  of Materials  with Liquid oxygen," 
MTP-P&vE- I I -~~ -~~ ,  p. 69, 70, December 4, 1963, 
(DOC, #990001.28 ) , 

( 2 )  Jackson, J. D., W. K. Boyd, and P. D. Mi l ler ,  Defense 
Metals Information Center, B a t t e l l e  Memorial 
I n s t i t u t e ,  "Reactivi ty of Metals with Liquid and 
Gaseous Oxye;en," Dl4IC Memorandum 163, p. 23, 
January 15,  1963, (DOC, #99000152 ) . 

( 3 )  White, E. L., and J. J. Ward, Defense Metals 
Information Center, B a t t e l l e  lllemorial I n s t i t u t e ,  
I? I g n i t i o n  of Metals i n  ~ x y ~ e n , "  DMIC Report 224, 
p. 15 ,  February 1, 1966, (DOC. 99000153). 

( 4 )  Dean, L. E. and W. R. Thompson, Aerojet-General, 
" ~ g n i t i o n  of Metals and Alloys," American Rocket 
Society Journal ,  p, 921, Ju ly  1961, 
(DOC. #99000154 ) . 



February 21, 1972 

1~t5a-16 

I. Material  C o q a t i b i l i t ~  

A. hletals, a l l o y s ,  so lders ,  and surface treatments 

1. Sta in less  S t e e l  ASTM ~211.0 304 

a. Speci f ic  Oxygen 3:nvironment 

Gaseous and l i q u i d  ovrcen, ambient temperature t o  -297O~ 
pressures t o  3000 p i g  

(1) Company Pract ices  

(a) Inner vesse l  of cryogenic storage tanks ,  high- 
way tankers and r a i l r o a d  tankers. 

(b) S t r u c t u r a l  supnort menbers of i n t e r n a l  corno- 
nents  of a i r  separat ion $ant cold boxes. 
f<xposure i s  t o  a i r  o r  i n e r t  gas e x c e ~ t i n p  
where leaks i n  system occur. 

( c )  Medim pressure l i q u i d  oqrgen dewars . 
( d )  The references l i s t e d  below i n  most t e s t s .  f o r  

compatibi1it:r l i s t  s t a i n l e s s  s t e e l  without 
iden t  j. fy ing ASTPl number o r  grades . fiowelrer , 
we i n t e r n r e t  t h e  references as  being anylieable 
t o  t h e  various ASTI4 numbers and grades as a 
c lass  . 

B. Information Sources 

1. Conpany Prac t i ces  

a. Company Research 

(1) Bailey, R., " Ign i t ion  Limits of Some S ta in less  
S tee l s  i n  an Oxygen ~ t n o s p h e r e  ." Project  
00-7-3480-51.00, APCI Technical !'4e~~orandum ?Joe 1 1 4 ,  
(DOC. !~99000188). 

c. Based on Research & Development of Others. 

(1) Key, C. I?. and W. A. Riehl ,  NASA-GCfJSFC, "Compati- 
b i l i t y  of Materials  with Liquid ~ y y g e n  ," 
l f l ~ - ~ & ~ ~ - f ? - 6 3 - 1 4 ,  p. 69, 70, Decenber 4 ,  1963, 
(DOC. #930001.28). 
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1~6a-16 (continued) 

( 2 )  Jackson, J. D., W. K. Boyd, and P. D. Mi l l e r ,  Defense 
Metals Information Center, B a t t e l l e  Memorial 
I n s t i t u t e ,  " ~ e a c t i v i t y  of Metals with Liquid and 
Gaseous ~xygen , "  DMIC F4emorandum 163, p. 23, 
January 15,  1963, (Doc. //99000152). 

( 3 )  White, E. L., and J. J. Ward, Defense Metals 
Information Center,  H a t t e l l e  Memorial I n s t i t u t e ,  
I1 I g n i t i o n  of Metals i n  Oxygen," DMIC Report 224, 
p. 15 ,  February 1, 1966, (Doc. 99000153). 

( 4 )  Dean, L. E. and W. R. Thompson, Aerojet-General, 
11 I g n i t i o n  of Metals and Alloys," American Rocket 

Society Journal ,  p, 321, J u l y  1961, 
(DOC. #99000154 ) . 
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1~6a-17 

LIQUID AND GASEOUS OXYGXTu' SAEETY REVIEW DATA 

I, Material  Compatibility 

A. Metals, a l loys ,  so lde rs ,  and surface treatments 

1. S t a i n l e s s  S t e e l  ASTP4 ~ 4 0 3  ~ 3 0 4  and ~ 4 0 3  ~ 3 0 4 ~ .  

a. Speci f ic  Oxygen Environment 

Gaseous and l i q u i d  oxygen, ambient temperature t o  -297O~, 
pressures t o  3000 p s i g  

(1) Company Prac t i ces  

( a )  Wrought s t a i n l e s s  f i t t i n g s  f o r  piping s ~ s t e r ~ s ,  

(b  ) Design Engineering Standard 570.30.1, May 
1962, (DOC. f99000174 ) . 

( c  ) Design Engineering Standard 578.30.2, Bovevber 
1967, (DOC. #99000175 1. 

( d )  Design Engineering Standard 578.30.3, U'ovember 
1967, (DOC. K99000176). 

( e  ) Design Engineering Standard 578.30.4, January 
1 9 0 ,  (DOC.  #99000177 1. 

( f )  Design Engineering Standard 578.30.5, Januaqr 
1964, (DOC. #99000178). 

( g  ) Design Engineering Standard 578.30.6, January 
1964, (DOC. #99000179 ) . 

( h )  Design Engineering Standard 578.30.8, January 
1964, (DOC.  #99000l80). 

(i ) Design Engineering Standard 578.30.15, 
Novenber 1967, (Doc. #99000181) . 

( j  ) Design Engineering Standard 578.40.1, 
September 1969, (DOC. f99000182 ) . 

(k) The references l i s t e d  below i n  most t e s t s  f o r  
compatibi l i ty l i s t  s t a i n l e s s  s t e e l  '~r i thout  
iden t i fy ing  ASTFZ number o r  grades. liowever , 
we i n t e r p r e t  t h e  references as  belnp a y ~ l i e a b l e  
t o  t h e  various ASTF? nlrmbers and grades as a 
c l a s s  . 
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IA6a-17 (continued) 

B. Information Sources 

1, Company Prac t i ces  

a ,  Company Research 

If (1) Bailey, B., Ign i t ion  L i m i t s  of Some S t a i n l e s s  
S t e e l s  i n  an Oxygen Atmosphere. '"ro,j e c t  
00-7-3480-51.00, APCI Technical Memorandum TJo. 114 ,  
(Doc. #99000188 ) . 

c. Based on Research & Developnent of Others. 

(1) Key, C. F. and W. A. Hiehl,  NASA-GCMSFC, "Compati- 
b i l i t y  of Materials  with Liquid Oxygen," 
~JRIP-P&vE-M-~~-I~,  p, 69, 70, December 4 ,  1963, 
(Doc. #/99000128 ) . 

( 2 )  Jackson, J. D , ,  W. K. Boyd, and P. D. Mi l ler ,  Defense 
Metals Information Center, B a t t e l l e  Memorial 
I n s t i t u t e ,  " ~ e a c t i v i t y  of Metals with Liquid and 
Gaseous Oxygen," DDMIC Memorandum 163, p. 23, 
January 1 5 ,  1963, (DOC, #99000l52). 

( 3 )  White, E. L., and J. J. Ward, Defense Metals 
Information Center, B a t t e l l e  Memorial I n s t i t u t e ,  
" Igni t ion  of Metals i n  ~xygen ,"  DMIC Report 224, 
p. 15 ,  February 1, 1966, (DOC. 93000153). 

( 4 )  Dean, L. E. and W. R. Thompson, Aerojet-General, 
" Igni t ion  of Metals and Alloys ," American Rocket 
Society Journal ,  p. 921, Ju ly  1961, 
(DOC. #99000154 1. 
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1~6a-18 

L I Q U I D  AND GASEOUS OXYGEIf SAFETY REVIEW DATA 

I. Material  Compatibility 

A. Metals, a l l o v s ,  so lde rs ,  and surface treatments 

1. S t a i n l e s s  s t e e l  ASTP4 A320 ~ 8 3 0 4  

a. Spec i f i c  Oxygen Environment 

Exposure i s  t o  a i r  excepting where leakage from 
system occurs. Exposure then i s  t o  gaseous o r  l i q u i d  
oxygen, ambient temperature t o  -29T°F, and atmospheric 
pressure.  

( 1 ) Company Prac t i ces  

(a)  Bolt ing and studs used with forged f langes 
i n  piping systems f o r  l i q u i d  and gaseous 
oxygen. 

(b  ) Design Engineering Standard 578.30.1, F J I ~ Y  
1962, (DOC. #99000174 ) . 

( c ) Design Engineering Standard 578.30.2, November 
1967, (DOC. #99000175). 

( d )  Design Engineering Standard 578.30.3, Novertber 
1967, (DOC. #99000176). 

( e )  Design Engineering Standard 570.30.4, Januaw 
1964, (DOC. #99000177 ) . 

(f ) Design Engineering Standard 578.30.5 , January 
1964, (DOC. #99000178 ) . 

( g )  Design Engineering Standard 578.30.6, January 
1964, (1)oc. #93000179 ) . 

( h )  Design Engineering Standard 578.30.8, January 
1964, (Doc. H99000180 ) . 

(i ) Design Engineering Standard 578.30.15, 
November 1967, (Doc, #?9000181). 

( j ) Design Engineering Standard 578.40.1, 
September 1969, (DOC.  #99000182 ) . 

(k) The references l i s t e d  be lo~r  i n  most t e s t s  f o r  
compatibi l i ty l i s t  s t a i n l e s s  s t e e l  without 
identi*inp, ASTY number o r  grades. However, 
we i n t e r p r e t  t h e  references as being applicable 
t o  t h e  various ASTV P-umbers and grades as  a 
c l a s s  . 
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1~6a-18 (continued) 

1, Company Prac t i ces  

a. Company Research 

(1) Bailey, B., " Igni t ion  Limits of Some S ta in less  
S t e e l s  i n  an Oxygen ~ t m o s ~ h e r e . "  Projec t  
00-7-3480-51.00, APCI Technical Memorandum No. 1 1 4 ,  
(DOC. #99000188). 

c. Based on Research & Development of Others. 

(1) Key, C. F. and W. A. Riehl ,  NASA-GCMSFC, "Compati- 
b i l i t y  of  Materials  with Liquid Oxygen," 
MT~-P&~~-14-63-14, p. 69, 70, December 4, 1963, 
(DOC. #99000128 ) . 

( 2 )  Jackson, J. D.,  W. K. Boyd, and P. D. Mi l ler ,  Defense 
Metals Informat ion Center, R a t t e l l e  Memorial 
I n s t i t u t e ,  " ~ e a c t i v i t y  of Metals with Liquid and 
Gaseous Oxygen," DMIC Memorandum 163, p. 23, 
January 15,  1963, (Doc. N99000152 ) . 

(3)  White, E. L., and J. J. Ward, Defense Metals 
Information Center, B a t t e l l e  Memorial I n s t i t u t e ,  
I1 I g n i t i o n  of Metals i n  Oxygen," DMIC Report 224, 
p. 15,  February 1, 1966, (Doc. 99000153). 

( 4 )  Dean, L. E. and W. R. Thompson, Aerojet-General, 
" ~ g n i t i o n  of Metals and Alloys," American Rocket 
Society Journal ,  p. 926, July 1961, 
(DOC. #99000154 ) . 
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L I Q U I D  AND GASEOUS OXYGETJ SAFETY REVIEW DATA 

I. Material  Compatibility 

A. Metals, a l loys ,  so lders ,  and surface treatments 

1. S t a i n l e s s  S t e e l  ASTM ~ 1 9 4  817321 

a. Speci f ic  Oxygen Environment 

(1) Company Prac t i ces  

( a )  Flange nuts  i n  piping systems f o r  1iq.ui.d and 
gaseous oxygen. 

( b )  Design Engineering Standard 578.30.1, 14ay 
1962, (DOC. #99000174 ) . 

( c  ) Design Engineering Standard 578.30.2 , November 
1967, (DOC. H99000175). 

( d )  Desim Engineering Standard 578.30.3, Kovenber 
1967, (DOC, #99000176 1. 

(e )  Design E h g i n e e r i n ~  Standard 578.30.4, January 
1964, (Doc. #99000177). 

( f ) Design Engineering Standard 578.30.5, JanuarN 
1964, (DOC. #99000178). 

( g )  Design Engineering Standard 578.30.6, tl'an1zar;v 
1964, (Doc. #99000179 1. 

(h ) Design Zngineering Standard 578.30 3 ,  j a n u a ~  
1964, (DOC. #99000180 ) . 

(i ) Design Engineering Standard 570.30.15, 
Movember 1967, (DOC. #99000181) . 

( j ) Design Engineerinc Standard 578.40 .19 
Se~tember  1969, (1)oc. #99000182). 

(k) The references l i s t e d  below i n  most t e s t s  f o r  
compatibi l i ty l i s t  s t a i n l e s s  s t e e l  without 
i d e n t i e i n g  ASTT? number o r  grades. Ho~.sever, 
we i n t e r p r e t  t h e  references as  being appl icable  
t o  t h e  various AS934 numbers and grades as a 
c lass .  
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1~6a-19 (continued ) 

B, 1n:Formation Sources 

1, Company Prac t i ces  

a. Company Research 

11 (1) Bailey, B., I g n i t i o n  Limits of Some S t a i n l e s s  
S t e e l s  i n  an Oxygen ~tmosphere."  p ro jec t  
00-7-3480-51.00, APCI Technical Pdemorandum No. 114 ,  
(DOC. #99000188). 

c. Based on Research & Development of  Others. 

(1) Key, C. F. and W. A. Riehl ,  NASA-GCMSFC, "compati- 
b i l i t y  of Materials  with Liquid oxygen," 
M T P - ~ & ~ ~ - ~ - 6 3 - 1 4 ,  p. 69, 70, December 4 ,  1963, 
(DOC. #99000128). 

( 2 )  Jackson, J. D.,  W. K. Boyd, and P. D. Mi l l e r ,  Defense 
Metals Information Center, B a t t e l l e  Memorial 
I n s t i t u t e ,  "Reactivi ty of Metals wi th  Liquid and 
Gaseous Oxygen , " D M I C  Memorandum 16 3, p. 23, 
January 1 5 ,  1963, (DOC. #99000152). 

( 3 )  White, E. L., and J. J. Ward, Defense Metals 
Information Center,  B a t t e l l e  Memorial I n s t i t u t e ,  
" Igni t ion  of Metals i n  Oxygen," DMIC Report 224, 
p. 15, February 1, 1966, (Doc. 99000153). 

(4) Dean, L. L'. and W. R. Thompson, Aerojet-General, 
" Ign i t ion  of  Metals and Alloys," American Rocket 
Society Journal ,  p. 921, July 1961, 
(Doc. #99000154 ) . 
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LIQ,UID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material  Compatibility 

A. Metals, a l loys ,  so lde rs ,  and surface treatments 

1. S t a i n l e s s  s t e e l s ,  type 416 cadmium p la ted  

a. Speci f i e  Oxygen Environment 

Gaseous oxygen, ambient temperature, pressure  t o  
3000 psig. 

( 1 )  Company Prac t i ces  

( a )  Oxygen cyl inder  valve stem tang. 

( b )  The references l i s t e d  below i n  most t e s t s  f o r  
compat ib i l i ty  l i s t  s t a i n l e s s  s t e e l  without 
iden t i fy ing  ASTM number o r  grades. IIowever , 
we i n t e r p r e t  t h e  references a s  being applicable 
t o  t h e  various ASTM numbers and grades a s  a 
c l a s s ,  

B. Information Sources 

1. Company Prac t i ces  

a. Company Research 

(1) Bailey, B., " Igni t ion  Limits of Some S t a i n l e s s  
S t e e l s  i n  an Owgen Atmosphere." Projec t  
00-7-3480-51,00, A P C I  Technical Memorandum No. 114 ,  
(DOC. #99000188 ) . 

c. Based on Research & Development of Others. 

I1 (1) Key, C ,  F, and W. A, Riehl ,  NASA-GCMSFC, Compati- 
b i l i t y  of 1\4aterials with Liquid oxygen," 
m ~ - P & ~ ~ - ~ - 6 3 - 1 4 ,  p, 69, 70, December 4 ,  1963, 
(DOC, #99000128). 

( 2 )  Jackson, J. D. ,  W. K. Boyd, and P. D. Mi l ler ,  Defense 
Metals Informat ion Center, B a t t e l l e  Memorial 
I n s t i t u t e ,  "Reactivi ty of Metals with Liquid and 
Gaseous oxygen," DMIC Memorandum 163, p. 23,, 
January 15,  1963, (DOC, #99000152). 

(3) White, E,  L., and J. J. Ward, Defense Metals 
Information Center, B a t t e l l e  Memorial I n s t i t u t e ,  
" ~ g n i t i o n  of Metals i n  Oxygen,'"MIC Report 224, 
p. 15 ,  February 1, 1966, (DOC. 99000153). 

\ 
( 4 )  Dean, L. E, and W, R, Thompson, Aerojet-General, 

" Igni t ion  of Metals and ~ l l o y s , "  American Rocket 
Society Journal ,  p, 921, July  1961, 
(DOC. #99000154). 
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L I Q U I D  MI) GASEOIJS OXYGEN SAFETY REVIEW DATA 

I. Material  Compatibility 

A. Metals, a l loys ,  so lde rs ,  and surface treatments 

1. S t a i n l e s s  S t e e l  ASTM A182 F 304 and ASTM A182 F 316 

a. Speci f ic  Oxygen Environment 

Gaseous and l i q u i d  oxygen, ambient temperature t o  -237OF, 
pressures  t o  3000 psig. 

(1) Company Prac t i ces  

( a )  Forged f i t t i n g s  f o r  p ip ing sys tem* 

( b )  Tube adaptors i n  instrument p ip ing se rv ice  

( c )  Design Engineering Standard 578.30.1, Fda!~ 
1962, (Doc, #99000174). 

( a )  Design Engineering Standard 578.30.2, N~vember 
1967, (Doc. #99000175 ) . 

( e  ) Design Engineering Standard 578.30.3, Novenber 
1967, (DOC. #99000176). 

(.f ) Design E n ~ i n e e r i n g  Standard 578.30.4, J a n u a q  
1964, (DOC. #99000177). 

( g )  Design Engineering Standard 578.30.5, Januar;c. 
1964, (Doc. H99000178). 

( h )  Design Engineering Standard 578.30.6, J a n u a q  
1964, (DOC. #?9000179). 

(i) Design Engineering Standard 578.30.8, J a n u a v  
1964, (DOC. #99000180). 

( j  ) Design Engineering Standard 578.30.15, 
November 1967, (DOC. #99(100181) . 

( k )  Design Engineering Standard 578.40.1, 
September 1969, (Doc. #99000182 ) . 

(1) The references l i s t e d  below i n  most t e s t s  f o r  
compatibi l i ty l i s t  s t a i n l e s s  s t e e l  without 
identify in^ ASYM number o r  grades. However, 
we i n t e r p r e t  t h e  references as  being applicable 
t o  t h e  various ASTM numbers and grades as a 
c lass .  
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1~6a-21 (continued) 

B, Information Sources 

1, Company Prac t i ces  

a, Company Research 

(1) Bailey,  B., " Igni t ion  Limits of Some S t a i n l e s s  
S t e e l s  i n  an Oxygen ~tmosphere."  Projec t  
00-7-3480-51.00, APCI Technical Memorandum No. 114 ,  
(DOC. #99000188 ) . 

c, Based on Research & Development of Others. 

( 1 )  Key, C. F. and W. A. Riehl ,  NASA-GCMSFC, "cornpati- 
b i l i t y  of Idaterials  with Liquid oxygen," 
M I P - P & v E - M - ~ ~ - ~ ~ ,  p, 69, 70, December 4, 1963, 
(DOC. #99000128). 

( 2 )  Jackson, J. D., W. K. Boyd, and P. D. Mi l l e r ,  Defense 
Metals Information Center,  B a t t e l l e  Memorial 
I n s t i t u t e ,  " ~ e a c t i v i t y  of Metals with Liquid and 
Gaseous oxygen," DMIC Memorandum 163, p. 23, 
January 15 ,  1963, (DOC. #99000152). 

( 3 )  White, E. L., and J. J. Ward, Defense Metals 
Information Center,  B a t t e l l e  Memorial I n s t i t u t e ,  
11 . Igni t ion  of Metals i n  Oxygen," DMIC Report 224, 
p. 15, February 1, 1966, (DOC. 99000153). 

( 4 )  Dean, L. E. and W. R,  Thompson, Aerojet-General, 
" Ign i t ion  of Metals and Alloys," American Rocket 
Society Journal ,  p. 917-923, J u l y  1961, 
(Doc. #99000154). 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material Compatibility 

A. Metals, a l loys ,  solders ,  and surface treatments 

1. Sta in less  S tee l ,  type 304, unident i f ied  as t o  ASTM spec, 

a. Specif ic  Oxygen Environment 

Gaseous and l i qu id  oxygen, ambient temperature t o  -297O~, 
pressures t o  3000 psig. 

( 1 )  Company Pract ices  

( a )  Sintered f i l t e r s ,  high pressure oxygen 
regulators 

(b )  Springs, nozzles, stems, p ins ,  and sea t  re- 
t a i ne r s  i n  oxygen regulators.  

( c )  Shafts ,  rods, and spec i f ic  pa r t s  f o r  recipro- 
cat ing and centr i fugal  oxygen pumps and com- 
pressors. 

( d )  Forged and cas t  s t a i n l e s s  s t e e l  valve bodies 

( e )  Forged, c a s t ,  and machined s t a in l e s s  s t e e l  
valve t r i m ,  

( f )  Bourdon tubes i n  specia l  gauges. 

( g )  Design Engineering Standard 578.60.1, p. 2, April 
1971, (DOC. #99000028 ) . 

( h )  Design Engineering Standard 531.2, p. 3, Oct. 
1963, (DOC, #99000022). 

( i )  Design Engineering Standard 579.31., May 1944, 
(DOC. #99000034). 

( j ) Design Engineering Standard 579.15, August 1966, 
(DOC. #99000037 ) . 

(k )  The references l i s t e d  below i n  most t e s t s  f o r  
compatibil i ty l i s t  s t a i n l e s s  s t e e l  with.out 
identif 'ying ASTM number o r  grades. Bowever, 
we i n t e rp re t  t h e  references as being applicable 
t o  t h e  various ASTM numbers and grades as a 
c l a s s  , 
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1A6a-22 (Continued) 

B. Information Sources 

1. Company Prac t i ces  

a. Company Research 

(1) Bailey, B., "1gnition Limits of Yome S ta in less  
S tee l s  i n  an Oxygen Atmosphere." Projec t  
00-7-3480-51.00, -WCI li'ecllnical Ilemorandum fJo, 1 1 4 ,  
(DOC.  i199000188). 

c. Easeu on Research 5G Development of Otxers. 

( 9  (1) Key, C. F. and W. A. Riehl,  MASA-CXNSFC, Compati- 
b i l i t y  of ?daterials  with Liquid Oxygen ," 
r.rr~-?&~-rl1-63-l4, p. 69, 70, December 4, l 'Jb3, 
(DOC. i199000128). 

( 2 )  Jackson, J. D.,  id. K. Boyd, and P. D. Mi l ler ,  ijefense 
Metals Information Center, E a t t e l l e  14emorial 
I n s t i t u t e ,  "Reactivi ty of J.letals with Licluici and 
Gaseous Oxygen," DMIC llemormdum 163, p. 23, 
January 1 5 ,  1963, (DOC. #39000152 ) . 

( 3 )  White, E. 1,. , and J. J. Ward, Defense Metals 
Information Center, Ha t t e l l e  ?/Iemorial I n s t i t u t e ,  
" I m i t i o n  of Metals i n  ~ x y ~ e n , "  DfiflC Report 224, 
D. 15, February 1, 1966, (DOC. 99000153). 

( 4 )  Dean, L. E. and W. R. Tliompson, Aerojet-General, 
" Imi i t ion  of Metals and Alloys," American 8ocket 
Society Journal ,  p. 917-923, July  19b1, 
(UOC. #99000154). 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material Compatibility 

A. Metals, a l loys ,  solders,  and surface treatments 

1. Copper-Silicon ASTM B98~rB 

a. Specific Oxygen Environment 

Exposure i s  t o  a i r  excepting where leakage from 
system occurs. Exposure then i s  t o  gaseous or  l i q u i d  
oxygen, ambient temperature t o  -29T0~, and atmospheric 
pressure. 

(1) Company Practices 

( a )  As bonnet bo l t s ,  s tuds,  and nuts f o r  various 
valve bodies o r  assemblies. 

( b )  The references l i s t e d  below i n  most t e s t s  for  
compatibility l i s t  metals without iden t iming  
ASTM nmber or  grades. However, we in te rpre t  
t h e  references as  being applicable t o  t he  var- 
ious ASTM numbers and grades a s  a class.  

B. Information Sources 

1. Company Pract ices  

b. Company Operating Experience 

(1) Acceptable material  through years of successful 
service. 

c. Based on Research & Development of Others. 

(1) Key, C. F. and W. A. Riehl, NASA-GCMSFC,  ompa pa ti- 
b i l i t y  of Materials with Liquid oxygen," 
~ P - P & v E - M - ~ ~ - ~ & ,  December 4,  1963, 
(DOC. #99000128). 

(2)  Key, C. F. and W. A. Riehl, NASA-GCMSFC,  ompa pa ti- 
b i l i t y  of Materials with Liquid 0xygenS1' NASA 
TM X-985, August 1964 (Doc. #99000127). 

(3 )  Key, C. F, , NASA-GCMSFC, "Compatibility of 
Ebte r ia l s  with Liquid Oxygenl', NASA TM X-53052, 
May 26, 1964, (Doc. #99000124). 
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( 4 )  Key, C. F. , NASA-GCMSFC, "compatibi l i ty of 
Materials  with Liquid Oxygen, III", NASA 
TM X-53533, l?ovember 3, 1966 , (DOC. ff99000125). 

(5 )  Key, C. F., NASA-GCMSFC, " ~ o m p a t i b i l i t y  of 
Materials  with Liquid Oxygen, Iv" , NASA 
TM X-53773, August 23, 1968, (DOC. #99000126). 

( 6 )  Jackson, J. D., W. K. Boyd, and P. D. Mi l ler ,  Defense 
Metals Informat ion  Center, B a t t e l l e  Memorial 
I n s t i t u t e ,  " ~ e a c t i v i t y  of Metals with Liquid and 
Gaseous oxygen ," DMIC Memorandum 163, 
January 15,  1963, (Doc, #99000152). 

( 7 )  White, E. L., and J. J. Ward, Defense Metals 
Information Center, R a t t e l l e  Memorial I n s t i t u t e ,  
11 Ign i t ion  of Metals i n  Oxygen," DMIC Report 224, 
February 1, 1966, (DOC. 99000153). 

(8)  Dean, L. E. and W. R. Thompson, Aerojet-General, 
" Igni t ion  of Metals and Alloys," American Rocket 
Society Journal ,  p. 917-923, July 1961, 
(Doc, #99000154). 



LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material Compatibility 

A. Metals, a l loys ,  solders ,  and surface treatments 

1. Free Machining Brass 

a, Specif ic  Oxygen Environment 

Gaseous and l i q u i d  oxygen, ambient temperature t o  
-297O~, pressures t o  3000 psig.  

(1) Company Pract ices  

( a )  Regulator i n l e t ,  o u t l e t ,  gages, and misc. pa r t s ,  

( b )  Oxygen Cyl. valve pa r t s  - packing nu t ,  stem 
bow,  stem pin ,  plug, safe ty  nu t ,  handwheel 
nut ,  Some pa r t s  ex-posed t o  oxygen only when 
leak i n  systems occur. 

( c )  Valve t r i m .  

( d )  The references l i s t e d  below i n  most t e s t s  fo r  
compatibi l i ty l i s t  metals without idenLifying 
ASTM number o r  grades. Iiowever, we i n t e rp r e t  
t he  references as being applicable t o  trhe var- 
ious ASTM numbers and grades as a c lass .  

B. Information Sources 

1. Company Pract ices  

b. Company Operating Experience 

(1) Accepted mater ia l  through years of successful  
service  . 

c. Based on Research & Development of Others. 

(1) Key, C. F. and W. A. Riehl, NASA-GCMSPC, "~orflpati- 
b i l i t y  of Materials with Liquid Oxygen, !I 

FR~?P-P&VE-P.I-~~-~)-+, December 4,  1963, 
(Doc. $99000128 ) . 

( 1  ( 2 )  Key, C. F, and W. A. Riehl, NSA-GCMSFC, Compati- 
b i l i t y  of Platerials with Liquid oxygen ," I?AP,A 
TP4 X-385, August 1964, (Doc. #99000127). 
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(3) Key, C. F., NASA-GCMSFC, "Compatibility of 
Materials with Liquid oxygen9', NASA TM X-53052, 
May 26, 1964, (DOC. #99000124). 

(4)  Key, C. F., NASA-GCMSFC, "compatibility of 
Idaterials with Liquid Oxygen, 111'" NASA 
TM X-53533, November 3, 1966, (DOC. #99000125) 

(5 )  Key, C. F., NASA-GCMSFC, '"ompatibility of 
Materials with Liquid Oxygen, IV" , NASA 
TM X-53773, August 23, 1968, (Doc. #99000126). 

(6)  Jackson, J. D., W. K. Boyd, and P. D. Miller ,  Defense 
Metals Information Center, Ba t te l l e  Memorial 
I n s t i t u t e ,  " ~ e a c t i v i t y  of Metals with Liq-uid and 
Gaseous Oxygen ," DMIC Memorandum 163, 
January 15, 1963, (Doc. #99000152). 

(7)  White, E, L., and J. J. Ward, Defense Metals 
Information Center, Ba t te l l e  Memorial I n s t i t u t e ,  
"Ignit ion of Metals i n  oxygen," DMIC Report 224, 
February 1, 1966, (DOC. 99000153). 

(8) Dean, L. E. and W. R. Thompson, Aerojet-General, 
1 )  Ign i t ion  of Metals and Alloys," American Rocket 
Society Journal ,  p. 917-923, Ju ly  1961, 
(Doc. #99000154 ) . 



LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material Compatibility 

A. Metals, a l loys ,  solders ,  m d  surface treatments 

1, Beryllium Copper 

a. Specif ic  Oxygen Environment 

Gaseous and l i qu id  oxygen, ambient temperature t o  - 2 9 7 ' ~ ~  
pressures t o  3600 psig  

(1 )  Company Pract ices  

( a )  Bourdon tubes i n  pressure gauges above 
800 psig,  

( b )  Rupture discs  i n  oxygen cylinder valves, 

( c )  I n l e t  m d  ou t l e t  valves on some reciprocaliing 
l i qu id  oxygen pumps. 

( d )  Design Engineering Standard 531.2, p. 3, Oct, 
1963, (DOC, #99OOOO22 ) . 

( e )  The references l i s t e d  below i n  most t e s t s  for  
compatibil i ty l i s t  metals without ident i fying 
ASTM number or  grades, However, we i n t e q r e t  
t he  references as  being applicable t o  the  var- 
ious ASTI4 numbers and grades as  a c lass .  

B. Information Sources 

1. Company Pract ices  

c, Based on Research & Development of Others. 

(1) Key, C ,  F, and W. A. Riehl, NASA-GCMSFC, "cornpati- 
b i l i t y  of Materials with Liquid owgen," 
M T P - ~ & ~ ~ - ~ - 6 3 - 1 4 ,  p. 67, December 4, 1963, 
(DOC, #99000128 ) . 

( 2 )  Jackson, J, D , ,  W, K. Boyd, and P. D. Miller ,  Defense 
Metals Information Center, Ba t te l l e  Memorial 
I n s t i t u t e ,  "Reactivity of Metals with Liquid and 
Gaseous Oxygen," DMIC Memorandum 163, p. 23, , 
January 15 ,  1963, (DOC. #99000152 1. 
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( 3 )  GJhite, E. L., and 3. J. Ward, Defense 14etals 
Information Center, B a t t e l l e  Memorial Ins t i tu l ie ,  
" Igni t ion  of Metals i n  oxygen," DICIC Report 224, 
p. 1 4 ,  February 1, 1966, (DOC. 99000153). 

(4) Dean, L. E. and W. R. Thompson, Aerojet-General, 
1 t Ign i t ion  of "eta& and Alloys , I t  American Rocket 

Society Journal ,  p .  917-923, July 1961, 
(DOC.  #99000154). 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material  Compatibility 

A. Metals, a l l o y s ,  so lde rs ,  and surface treatments 

1. S t a i n l e s s  S t e e l  ASTM ~ 2 6 9  304 

a. Speci f ic  Oxygen Environment 

Gaseous and l i q u i d  oxygen, ambient temperature t o  -297 '~  
pressures t o  3000 psig.  

( 1 )  Company Prac t i ces  

( a )  Tubing i n  s torage  vesse l  p ip ing systems. 

( b )  The references l i s t e d  below i n  most t e s t s  for  
compat ib i l i ty  l i s t  s t a i n l e s s  s t e e l  without 
i d e n t i e i n g  ASTM number o r  grades. However, 
w e  i n t e r p r e t  t h e  references as being applicable 
t o  t h e  various ASTM numbers and grades a s  a 
c l a s  s , 

B. Information Sources 

1. Company Prac t i ces  

a. Company Research 

t t  (1) Bailey, B, , Ign i t ion  Limits of Some S ta in less  
S t e e l s  i n  an Oxygen Atmosphere." Projec t  
00-7-3480-51.00, APCI Technical Memorandum No. 114,  
(DOC. #99000188). 

c. Based on Research & Development of Others. 

(1) Key, C. F. m d  W. A. Riehl ,  NASA-GCMSFC, id om pa ti- 
b i l i t y  of Materials  with Liquid Oxygen,'" 
mp-~&v~-bf-63-.14, p. 69, 70, December 4, 1963, 
(Doe. #99000128). 

( 2 )  Jackson, J. D., W. K. Boyd, and P. D. Mi l ler ,  Defense 
Metals Information Center, B a t t e l l e  Memorial 
I n s t i t u t e ,  "Reactivi ty of Metals with Liquid and 
Gaseous Oxygen," DMIC Memorandum 163, p. 23, 
January 15,  1963, (Doc. #99000153 . 
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( 3 )  White, E. L., and J. J. Ward, Defense Metals 
Information Center,  B a t t e l l e  Ylemorial I n s t i t u t e ,  
I t  I g n i t i o n  of 14etals i n  oxygen," DbIIC Report 224, 
p. 15,  February 1, 1966, (DOC. 39000153). 

(4 )  Dean, 1,. E. and W. R. Thompson, Aerojet-General, 
" Ign i t ion  of Metals and Alloys," American Eocket 
Society Journal ,  p. 917-923, July 1361, 
(DOC. #39000154). 
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LIQ,UID AND GASEOUS OXYGEPT SAFETY REJTIEbT DATA 

I. Material  Compatibility 

A. Metals, a l l o y s ,  so lde r s ,  and surface treatments 

1. Bronze ASTI.! ~ 6 1  o r  1362 

a. Spec i f i c  Oxygen Environment 

Gaseous and l i q u i d  oxygen, amhient temperature t o  - 2 9 7 * ~ ,  
pressures  t o  3000 psig. 

(1) Company Prac t i ces  

( a )  Valve bodies and valve t r i m  f o r  p ipe  l i n e ,  
oKfgen compressor, and a i r  separa t ion  p lan t s .  

( b )  Sin tered  bronze f i l t e r s  i n  regula tor  i n l e t  
connections. 

( c )  D e s i q  Engineering Standard 579.3, Jan. 1363, 
(DOC, K99000183). (Speci f ica t ion  f o r  various 
valves used i n  systems) 

( d )  The references l i s t e d  below i n  most t e s t s  f o r  
compat ib i l i ty  l i s t  metals without identifYing 
ASTM number o r  grades. However, we i n t e r p r e t  
t h e  references a s  being appl icable  t o  t h e  var- 
ious  ASTM numbers and grades as a c l a s s ,  

B. Information Sources 

1. Company Prac t i ces  

c. Based on Research & Develo~ment of Others. 

(1) Key, C. F. and W. A. Riehl ,  NASA-GCMSFC, " ~ o m ~ a t i -  
b i l i t y  of ? , la ter ia ls  with Liquid Oqgen," 
? ~ ! T P - P & v E - I . ~ - ~ ~ - ~ ~ ,  TI. 67, December 4 ,  1963, 
(DOC.  899000128). 

( 2 )  Jackson, J. D., K. Eoyd, and P. D. Mi l l e r ,  Defense 
Metals Information Center, B a t t e l l e  Memorial- 
I n s t i t u t e ,  " ~ e a c t i v i t y  of Metals with Liquid and 
Gaseous Oq~een  ," DMIC J4emorandurn 163, ]D . 23 !, 
January 15,  1963, (DOC. #99000152). 
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(3) White, E. L., and J. J. Ward, Defense I4etals 
Information Center, B a t t e l l e  Memorial I n s t i t u t e ,  
11 Ign i t ion  of Metals i n  oxygen," DMIC Report 224, 
p. 1 4 ,  February 1, 1966, (Doc. 99000153). 

( 4 )  Dean, L. E. and W. R. Thompson, Aerojet-General, 
 pitio ion of Metals and Alloys," American Rocket 
Society Journal ,  p. 917-923, Ju ly  1961, 
(Doc. #99000154). 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material Compatibility 

A. Metals, a l loys ,  solders ,  and surface treatments 

1. Brass sheet  or p l a t e ,  ASTM ~ 3 6  

a. Specif ic  Oxygen Environment 

Gaseous oxygen, ambient temperatures, pressures t o  
1500 psig,  

(1 )  Company Pract ices  

( a )  Impingent p la tes  i n  carbon s t e e l  oxygen trans- 
mission l i n e s  where flow i s  i n to  t h e  s ide  of a 
fabr icated t e e  i n  l i n e s  l a rge r  than 6" i n  
diameter, 

( b )  Design Engineering Standard 578.60.3, Note 3, 
September 1969, (DOC. #99000030 1, 

( c )  The references l i s t e d  below i n  most t e s t s  fo r  
compatibil i ty l i s t  metals without iden t i fy ing  
ASTM number o r  grades. However, we i n t e rp re t  
t h e  references as being applicable t o  t he  var- 
ious ASTM numbers and grades as a c lass .  

B. Informat ion Sources 

1. Company Pract ices  

c. Based on Research & Developrnent of Others. 

(1) Key, C. F, and W. A. Riehl, NASA-GCMSFC, "Compati- 
b i l i t y  of Materials with Liquid Ox;ygen, 11 

M T P - ~ & ~ ~ - ~ - 4 3 - l l r ,  p. 67, December 4 ,  1963, 
(DOC, #99000128 ) , 

(2 )  Jackson, J. D., W. K. Boyd, and P. D. M i l l e r ,  Defense 
Metals Information Center, Ba t te l l e  Memorial 
I n s t i t u t e ,  " ~ e a c t i v i t y  of Metals with Liquid and 
Gaseous Oxygen," DMIC Memorandum 163, p. 23, 
January 15, 1963, (DOC. #99000152) 



INC.  

Februaqy 21, 1972 
1Aba-28 (continued) 

( 3 )  ITnite, E. L., and J. J. Ward, Defense 1,letals 
I n f o m a t i o n  Center, B a t t e l l e  llemorial I n s t i t u t e ,  
" Ign i t ion  of Metals i n  ~ x y g e n , "  D N I C  Report 224, 
p. 1 4 ,  February 1, 1966, (DOC. 99000153). 

( 4 )  Dean, L. E. and W. R. Thompson, Aerojet-General, 
" Ign i t ion  of Metals and Alloys," h e r i c a n  Rocket 
Society Journal ,  p. 917-923, J u l y  1961, 
(DOC. f99000154). 
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LIQUID m n  GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material  Compatibility 

A. Metals, a l l o y s ,  so lde r s ,  and surface  treatments 

1. Monel, PSD4 ~ 1 6 4  

a. Spec i f i c  Oyygen Environment 

Gaseous o r  l i q u i d  oxygen, ambient temperature t o  - 2 7 9 ' ~ ~  
pressures  t o  3000 psig. 

( 1 )  Company Prac t i ces  

( a )  Tees used i n  carbon s t e e l  oxygen l i n e s  up t o  
6" i n  diameter where t h e  flow i s  i n t o  t h e  
s i d e  por t ,  

( b )  Piping dos,mstream of some pressure cont ro l  
valves i n  c r i t i c a l  ve loc i ty  areas.  

( e )  Valve forgings i n  c r i t i c a l  ve loc i ty  areas of 
oxygen transmission systems. 

(d) Reciprocating l i q u i d  oxygen pump rods. 

( e )  Suction s t r a i n e r s  f o r  oxygen compressors. 

( f )  Valve t r i m  i n  c r i t i c a l  ve loc i ty  areas  of 
oxygen transmission l i n e s .  

( g )  Desi~;n Xngineering Standard 578.60.3, Mote 3 ,  

( h )  The references l i s t e d  below i n  most t e s t s  f o r  
compat ib i l i ty  l i s t  metals without ident ic- r ing  
ASTT'I nmber o r  grades. Ho~rever, we i n t e r p r e t  
t h e  references  as being appl icable  t o  t h e  var- 
ious  ASTM numbers and grades as a c l a s s ,  

B. Information Sources 

1. Company Prac t i ces  

c. Based on Research & Development of Others. 
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( I )  Key, C ,  F. and W. A. Riehl, NASA-GCMSFC, "Compati- 
b i l i t y  of Materials with Liquid Oxygen," 
~ P P - P & V E - M - ~ ~ - ~ ~ ,  p, 67, 68, December 4 ,  1963, 
(DOC. #99000128 ) . 

(2 )  Jackson, J. D., W. K. Boyd, and P. D. Miller ,  Defense 
Metals Information Center, Ba t te l l e  Memorial 
I n s t i t u t e ,  "Reactivity of Metals with Liquid and 
Gaseous oxygen," DMIC Memorandum 163, p. 23, 
January 15, 1963, (Doc. #99000152). 

(3 )  White, E. L , ,  and J. J. Ward, Defense Metals 
Information Center, Ba t te l l e  Memorial I n s t i t u t e ,  
I 1  Ign i t ion  of Metals i n  oxygen," DMIC Report 224, 
p, 1 4 ,  February 1, 1966, (DOC. 99000153). 

( 4 )  Dean, L. E. and W, R. Thompson, Aerojet-General, 
" ~ g n i t i o n  of Metals and Alloys," American Rocket 
Society Journal ,  p. 917-923, July  1961, 
(Doc, #99000154). 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material  Compatibility 

A. Metals, a l l o y s ,  so lde rs ,  and surface treatments 

1. S t a i n l e s s  S t e e l  ASTI4 A351 G r  C F ~  

a. Speci f ic  Oxygen Lkvironment 

Gaseous and l i q u i d  oxygen, ambient temperature t o  -29T°F, 
pressures t o  1500 psig. 

(1) Company Prac t i ces  

( a )  Cast s t a i n l e s s  s t e e l  valve bodies and valve 
t r i m  i n  spec i f i ed  appl ica t ions  i n  oxygen 
sys terns. 

(b  ) Design E n ~ i n e e r i n g  Standard 579.3, Jan. 1963, 
(DOC, #99000183). ( spec i f i ca t ion  f o r  various 
valves used i n  systems.) 

( c )  The references l i s t e d  below i n  most t e s t s  f o r  
compatibi l i ty l i s t  s t a i n l e s s  s t e e l  without 
iden t i fy ing  ASTFil number o r  grades. Eovever , 
we i n t e r p r e t  t h e  references as  being applicable 
t o  t h e  various ASTM numbers and grades as  a 
c lass .  

B. Information Sources 

1. Company Prac t i ces  

a. Company Research 

(1) Bailey, B,, "Igni t ion  Limits of Some S ta in less  
S t e e l s  i n  an Oxygen Atmosphere." Projec t  
00-7-3480-51.00, APCI Technical Memorandum NO. 114,  
(DOC. #99000188). 

c. Based on Research & Development of Others. 

(1) Key, C. F. and W. A. Riehl ,  NASA-GCTYISFC, "Compati- 
b i l i t y  of 14ateriitls with Liquid oxygen," 
J\~TTP-P&VE-II-G~-~~, p. 69, 70, December 4 ,  1963, 
(DOC. #99000128). 
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(2)  Jackson, J. D., W. K. Boyd, and P. D. Miller ,  Defense 
Metals Information Center, Ba t te l l e  Memorial 
I n s t i t u t e ,  " ~ e a c t i v i t y  of Metals with Liquid and 
Gaseous Oxygen," DMIC Memorandum 163, p. 23, 
January 15, 1963, (DOC. #99000152). 

(3)  White, E. L., and 3. 3. Ward, Defense Metals 
Information Center, Ba t te l l e  Memorial I n s t i t u t e ,  
11 Igni t ion of Metals i n  oxygen," DMIC Report 224, 

p. 15, February 1, 1966, (DOC. 99000153). 

( 4 )  Dean, L. E. and W. R. Thompson, Aerojet-General, 
" ~ g n i t i o n  of Metals and Alloys," American Rocket 
Society Journal ,  p. 917-323, July 1961, 
(DOC. #99000154 ) . 



February 21, 1972 
1~6a-31 

thlc. 

LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material Compatibility 

A. Metals, a l loys ,  solders ,  and surface treatments 

1. Sta in less ,  9% Nickel S t ee l ,  ASTM A353GB 

a. Specif ic  Oxygen Environment 

Gaseous and l i q u i d  oxrgen ambient t e q e r a t u r e  t o  -297°F, 
pressures t o  250 psig.  

(1) Company Pract ices  

( a )  Inner vessel  of cryogenic l i qu id  storage 
containers.  

( b )  The references l i s t e d  below i n  most t e s t s  f o r  
compatibi l i ty l i s t  s t a i n l e s s  s t e e l  ~?ith.out 
iden t i fy ing  ASTFII number o r  grades. However, 
we i n t e rp r e t  the  references as being applicable 
t o  t he  various ASTI,I numbers and grades as  a 
c lass .  

B. Information Sources 

1. Company Pract ices  

a. Company Research 

(1) Bailey, R. ,  " Igni t ion Limits of Some S ta in less  
S t ee l s  i n  an Oxygen Atmosphere." Project  
00-7-3480-51.00, APCI Technical Memorandum No. 114 ,  
(DOC. fgg000188). 

c. Based on Research & Development of Others. 

(1) Key, C. F, and W. A. Riehl, NASA-GCFBFC, "cornpati- 
b i l i t y  of Idaterials with Liquid Oxygen, 

?I 

~ . I T P - P & v E - M - ~ ~ - ~ ~ ,  p. 69, 70, December 4 ,  1963, 
(DOC. #gg000l28). 
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(2)  Jackson, J. D., W. K. Boyd, and P. D. Miller ,  Defense 
Metals Information Center, Ba t te l l e  Memorial 
I n s t i t u t e ,  "Reactivity of ldetals with Liquid and 
Gaseous Oxygen," DMIC Pdemorandum 163, p. 23, 
January 15,  1963 , (DOC. #99000152). 

( 3 )  White, E. L., and J. J. Ward, Defense Metals 
Information Center, Ba t te l l e  Memorial I n s t i t u t e ,  
11 Ign i t ion  of Metals i n  Oxygen," DMIC Report 224, 
p. 15, February 1, 1966, (DOC. 99000153). 

( 4 )  Dean, L. E. and W. R. Thompson, Aerojet-General, 
"Ignit ion of I e t a l s  and Alloys," American Rocket 
Society Journal, p. 917-923, July  1961, 
(DOC, #99000154). 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material  Compatibility 

A. Metals, a l l o y s ,  so lde r s ,  and surface  treatments 

1. Copper Tube ASTM B88 

a. Spec i f i c  Oxygen Environment 

Gaseous and l i q u i d  oxygen, ambient Temperature t o  -297O~, 
pressures  t o  900 psig.  

(1 ) Company Prac t i ces  

( a )  Interconnecting pipe systems i n  oxygen p3.ants 

(b )  Design Engineering Standard 574.1, May 1962, 
(DOC. #99000161). 

( c )  Design Engineering Standard 574.2, Jan. 1964, 
(DOC. #99000162). 

(d)  Design Engineering Standard 574.10, Jan.. 1964, 
(DOC. #99000163 1. 

( e )  Design Engineering Standard 574.50, Nov. 1968 
(DOC. #99000164). 

( f ) Design Engineering Standard 574.51, Nov. 1966 
(DOC. #99000165). 

Be Information Sources 

1. Company Prac t i ces  

c. Based on Research & Development of Others. 

( 1 )  Jackson, J, D., W. K. Boyd, and P. D. Mi l ler ,  Defense 
Metals Information Center, B a t t e l l e  lemoria l  
I n s t i t u t e ,  "Reactivi ty o f  Metals with Liquid and 
Gaseous oxygen," DMIC Memorandum 163, p. 12, 
January 15,  1963, (DOC. #99000152). 

( 2 )  White, E. L., and 5. J. Ward, Defense Metals 
Information Center,  B a t t e l l e  Memorial I n s t i t u t e ,  
1 )  Ign i t ion  o f  Metals i n  Oxygen," DMIC Report 224, 
p. 14 ,  February 1, 1966, (DOC. 99000153). 

(3)  Dean, L. E. and W. R. Thompson, Aerojet-General, 
"ignition of Metals and Alloys ,'%erican Rocket 
Socie ty  Journal ,  p. 917-923, J u l y  1961, 
(DOC, #99000154 ) . 



February 21, 1972 

I~6a -33  

LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material Compatibility 

A. Metals, a l loys ,  solders ,  and surface treatments 

1. Carbon S t ee l  - (Non Oxygen Service with possible exposure 
t o  oxygen). 

a. Specif ic  Oxygen Environment 

Exposure i s  t o  air excepting where leakage from system 
occurs. Exposure i s  then t o  gaseous oxygen at #ambient 
temperature and atmospheric pressure. 

(1) Company Pract ices  

(a) Flanges of ASTM A181 G r  1 material  i n  t rans-  
mission and piping systems 

(b )  Studs of ASTM A193 G r  B7 o r  A307GrB material. 

( c  ) Nuts of ASTM A194 G r H  material  

(d) Oxygen regulator adjus t ing springs and 
spring buttons. 

( e )  Outer she l l s  of storage tanks and highway 
tankers of ASTN A7 material  

(f) Design Engineering Standard 578.10.2, 
October 1966, (Doc. #99000169 ) . 

(&)  Design Engineering Standard 578.10~3, 
June 1962, (Doc. #99000170 ) . 

(h) Design Engineering Standard 578.10.4, 
January 1964, (DOC, #99000171). 

(i ) Design Engineering Standard 578.10.5, 
January 1964, (Doc. #99000172 ) - 

( j ) Design Engineering Standard 578 . lo.  6, June 
1962, (DOC. #99000173). 

(k) Design Engineering Standard 578.1019, June 
1962 (DOC. #g9000184 1. 

(1) Design Engineering Standard 578,60.3, 
September 1969, (DOC. #99000030 ) . 
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(m)  Design Engineering Standard 578.60~4, 
September 1969, (Doc. #99000031) . 

(n )  Design Engineering Standard 578.60.5, 
September 1969, (Doc. #99000032 1. 

(0 )  Design Engineering Standard 578.60.6, 
September 1969, (Doc. #99000033 1. 

( p )  The references l i s t e d  below i n  most t e s t s  f o r  
compatibil i ty list s t e e l  o r  s t e e l  a l loys  with- 
out ident i fying ASTI? number o r  grade. However, 
we i n t e rp re t  t he  references as  being applicable 
t o  t h e  vwious  ASTM numbers and grades as a 
c l a s s  . 

B. 1:nformation Sources 

1. Company Pract ices  

a. Company Research 

(1) Foster,  R. H., "cold Test of 1/2" Safety Valve with 
Carbon S t ee l  Spring, W. 0. #lo-7071, Project  
00-5-3246-51.12" Technical Memorandum No: 79, 
April  27, 1965, (DOC. #99000185 ) . 

(2 )  Kehat, E., "Burning of S t ee l  Pipes i n  a Flowing 
Oxygen Stream." April  17,  1961, (DOC. #99000187). 

(3 )  Bailey, B., "Ignit ion Limits of Carbon S t ee l  i n  
Oxygen-Nitrogen ~tmospheres",  IWO LA-0043, APCI 
Technical I'llemorandum *Yo. 112, May 8, 1968, 
(DOC. #99000187). 

(4) Kehat , E. , APCI Safety,  Hazards and Explosion Testing 
Ucon Type Lubricants, S t ee l  Pipes, A P C I  MAR 87-0-8820, 
April ,  1961 (Doc. #99000059). 

c. Based on Research & Development of Others. 

(1) Key, C. F, and W. A. Riehl, NASA-GCISFC, "Compati- 
b i l i t y  of Materials with Liquid oxygen," 
M T P - P & v E - I ~ ~ - ~ ~ - ~ ~ ,  p. 69, 70, December 4 ,  1963, 
(DOC. #ggO001.28) . 

(2 )  Jackson, J. D., W, K, Boyd, and P. D. ?/liller, Defense 
Metals Information Center, Ba t te l l e  Memorial 
I n s t i t u t e ,  "Reactivity of Metals with Liquid and 
Gaseous oxygen," DMIC Memorandum 163, p. 23, 
January 15,  1963, (Doc. #99000152 ) . 
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( 3 )  White, E. L., and J. J. Ward, Defense Metals 
Information Center, R a t t e l l e  Memorial I n s t i t u t e ,  
17 I g n i t i o n  of Metals i n  oxygen," DMIC Report :224, 

P * 15, February 1, 1966, (DOC. 99000153). 

(4) Dean, L. E. and W. R. Thompson, Aerojet-General, 
1 )  I g n i t i o n  of Metals and Alloys, 11 American Roc.ket 

Society Journal ,  p. 917-923, July 1961, 
(DOC. #99000154). 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material Compatibility 

A. Metals, a l loys ,  solders,  and surface treatments 

1. Spheroidal graphite Iron (continental  standard GGG 3'8)* 

a. Specific Oxygen Environemnt 

Gaseous oxygen, ambient t o  320*~ ,  pressure up t o  
600 PSIG 

(1) Company Practices (APL) 

( a )  High Pressure casing for  O2 Turbo Compressors, 

(b)  Cylinder heads and jackets fo r  High Pressure 
0 Reciprocating Compressors. 2 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material Compatibility 

A. Metals, alloys, solders, and surface treatments 

1. Silver 

a. Specific Oxygen Environment 

Gaseous oxygen, ambient to 320°F pressures up to 
600 PSIG. 

(1) Company Practices (APL) 

(a) Oxygen turbo compressor labyrinths. 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material  Compatibility 

A. Metals, a l loys ,  solders ,  and surface treatments 

. Novonox S ta in less  s t e e l  a l loy  
To D I N  (~erman National Standards),  Composition: 
5% C r ,  17% Ni, 4% Cu, Niobium S tab i l i z e r ,  balance Fe. 

a. Specific Oxygen Environment 

Gaseous oxygen, ambient t o  320'~, pressures up t o  
600 PSIG. 

(1) Company Pract ices  (APL) 

( a )  Oxygen turbo - compressor Impellers. 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material Compatibility 

A. Metals, a l loys ,  solders,  and surface treatments 

1. Muntz Metal 60/40 Type, Composition: Cu 58 - 61%, 
Zn 38.5 - 42%, Pb 0.35 - 0.9% 

a. Specific Oxygen Environment 

Gaseous oxygen, ambient t o  320°F pressures up t o  
600 PSIG. 

(1) Company Pract ices  (APL) 

( a )  Oxygen Turbo compressor 
Cooler tube p la tes  
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material Compatibility 

A. Metals, d l o y s ,  solders ,  and surface treatments 

1. Alpha brass  tube Type TCL 100 o r  DTD 5019 
(~ungum Company Limited U.K. ) , 
Composition: Copper 86%, APenm, 1.2%~ Nickel 1.4% 
Si l i con  1,3%, I ron 0.25%, Lead .05$, Tin 0.1%~ 
Manganese 0~1%. Total  o ther  impuri t ies  0 . 5 % ~  Zinc 
Remainder , 

a. Specif ic  Oxygen Environment 

Gaseous and l i q u i d  oxygen, 100°F t o  -29T°F, pressures 
up t o  3000 PSIG. 

(1) C o q m y  Pract ices  (APL) 

(8) Oxygen manifold piping 

(b) Oxygen b o t t l i n g  f a c i l i t i e s  

( c )  Small standard plant  cold box piping 



February 21, 3972 

IA7a-1 

LIQUID AND GASEOUS 0XYC;;N SAFETY RhmEW DATA 

I. Material  Compatibility 

A. Chemicals, solvents,  and miscellaneous 

1, 1,1, dichlorothane 

a. Specific Oxygen Environment 

None. Exposure may be t o  gaseous o r  l i qu id  oxygen, 
ambient temperature t o  -29T°F, pressures t o  300 psig  
i f  solvent i s  not completely removed from equipinent 
o r  p a r t s  before introducing t o  oxygen service.  

(1) Company Pract ices  

( a )  Solvent agent f o r  hydrocarbon decontamination 
of small pa r t s  used i n  oxygen systems. 

B, Information Sources 

1, Company Pract ices  

a. Company Research 

(1) Kehat, E., "Develo~,ment of Standard Ign i t ion  Test 
Progress Report -- Project  #87-0-8821", dated 
Jan. 3, 1962, (DOC. #99000136). 

11 ( 2 )  Bassler, E., Cleaning f o r  Oxygen service" 
Jan. 1960, (DOC. #99000096). 
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L I Q U I D  AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material  Compatibility 

A. Chemicals, so lvents ,  and miscellaneous 

1. 1,1,1, Trichloroethane 

a. Speci f ic  Oxygen Environment 

None. ExJnosure may be t o  gaseous o r  l i q u i d  oxygen, 
ambient temperature t o  -297*~ ,  pressures t o  3000 p s i  
i f  solvent  i s  not completely removed from equipment 
o r  p a r t s  before introducing t o  oxycen service .  

(1) Company Pract ices  

( a )  Solvent agent f o r  hydrocarbon decontamination 
of small p a r t s  used i n  oxygen systems. 

(b) Safety Standard 609.1, page 2 ,  June 1964, 
(Doc. #99000051). 

B. Information Sources 

1. Company Prac t i ces  

a. Company Prac t i ces  

(1) Kehat, E., "Development of Standard Ign i t ion  Test 
Progress Report -- Project  /#?IT-0-8821," dated 
Jan. 3, 1962, (DOC. #99000136). 

11 ( 2 )  Bassler ,  E., Cleaning f o r  Oxygen service" 
Jan. 1960, (DOC. #99000096). 

c. Eased on Research and Development of Others. 

( 1 )  Key, C. F. and W. A. Riehl ,  NASA-GCMSFC, " ~ o m ~ a t i -  
b i l i  t y  of Materials  with Liquid Oxygen ," M'I'P-I?&VE-F4- 
63-14, p. 78, Decercber 4 ,  1963, (DOC. #99000128). 
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LIQUID AND GASEOUS OXYGEN S.WF:Y'Y REVIEW IIA'JIR 

I. Material  Compatibility 

A. Chemicals, solvents ,  and miscellaneous 

1. Chloroform 

a, Specif ic  Oxygen Environment 

None. Exposure may be t o  gaseous o r  l i q u i d  o g g e n ,  
ambient temperature t o  -29T°F, pressures t o  300 p s i  
i f  solvent i s  not completel~r removed from equipment 
o r  p a r t s  before introducing t o  oxygen service.  

(1) Company Pract ices  

( a )  Solvent agent acceptable f o r  hydrocarbon 
decontamination of small p a r t s  used i n  
oxygen systems. 

(b ) Laboratory applicat ions 

B. Information Sources. 

1. Company Prac t i ces  

a, Company Research 

(1) Kehat, E.,  "~evelopment of Standard Ign i t ion  Test 
Progress Report -- Project  #87-0-8821," dated 
Jan. 3 ,  1962, (DOC. t/93000136). 

l? 
(2 )  Bassler  , E. , "cleaning f o r  Oqrgen Service, 

Jan. 1960, (DOC, #99000096). 

c. Based on Research and Developent of Others. 

1) 
(1) Key, C. I?. and W. A. Riehl ,  TJASA-GCMSFC, Compati- 

b i l i t y  of Materials with Liquid oxygen ," YPP-P&Vli:-T.~- 
63-14, p. 78, December 4, 1963, (DOC. #99000128). 
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LIQUID AND GASEOUS OXYGEN SAFETY RRTJIEW DATA 

I. Material Compatibility 

A. Chemicals, solvents ,  and miscellaneous 

1. Carbon Tetrachloride 

a. Specif ic  Oxygen Environment 

None. Exposure may be t o  gaseous oxygen ambient 
temperature, and atmospheric pressure i f  solvent  
i s  not completely removed from equipment o r  pa r t s  
before introducing t o  oyygen service.  

(1) Comnany Pract ices  

( a )  Use of carbon te t rach lor ide  prohibited i n  a l l  
areas of a c t i v i t y  excepting as authorized i n  
c e r t a i n  laboratory applicat ions.  

( h )  Safety G r m  ?lo. 68, Carbon Tetrachloride,  
Feb. 21, 1969, (DOC. H99000106). 

B. Information Sources 

1. Company Pract ices  

a. Comnany Research 

(1) Kehat , E. , "~evelopment of Standard Ign i t ion  Test 
Progress Report -- Project  #87-0-8821," dated 
Jan. 3 ,  1962, (Doc, #?9000136). 

I f  ( 2 )  Bassler ,  E., Cleaning f o r  Oxygen Service" 
 an, 1960, (DOC. #gg000096). 

c. Based on Research and Development of Others. 

11 (1) Keys C, P. and W. A. Riehl, NASA-GCNYFC, Compati- 
b i l i t y  of "laterrials Trith Li-quid ~ q g e n , "  FQP-P&VE-M- 
63-14, p. 78, December 4 ,  1963, (Doc. #99000128), 
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LIQUID AND GASEOUS OXYGEN SAFETY RETIEN DATA 

I. Material  Compatibility 

A. Chemicals, so lvents ,  and miscellaneous 

a ,  Speci f ic  Oxygen Environment 

None. Exposure may be t o  gaseous o r  l i q u i d  oxygen, 
ambient temperature t o  -297OF, pressures t o  3000 p s i g  
i f  solvent  i s  not completely removed from equipment o r  
p a r t s  before introducing t o  oxygen service.  

(1 )  Company Prac t i ces  

( a )  Solvent agent f o r  hydrocarbon decontamination 
of small p a r t s  used i n  oxygen systems. 

(b) Safety Standard 609.1, page 2, June 1964. 
(DOC, # 99000051). 

' B, Information Sources, 

1. Company Prac t i ces  

a. Company Research 

( 1 )  Kehat, E., "~evelopment of Standard I g n i t i o n  Test 
Progress Report -- Project  #87-0-8821," dated  
Jan,  3,  1962, (DOC. #99000136). 

s o  ( 2 )  Bass ler ,  E, , Cleaning f o r  Oxygen Serviceq' 
Jan. 1960, (Doc, #99000096 ). 

c. Based on Research and Development of Others. 

(1) Key, C. F. and W. A. Riehl ,  NASA-GCMSFC, "Cornpati- 
b i l i t y  of Materials with Liquid Oxygen," 
r/rr~-~&vE-~-63-14, p. 81, December 4, 1963,  
(DOC, #99000128 ) . 



LIQUID RND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material  Compatibility 

A .  Chemicals, so lvents ,  and miscellaneous 

1, Methylene Chloride 

a, Spec i f i c  Oxygen Environment 

None. Exposure may be t o  gaseous o r  l i q u i d  oxygen, 
ambient temperature t o  -297O~, pressures t o  3000 p s i  
i f  solvent  i s  not completely removed f o r  equipment o r  
p a r t s  before introducing t o  o v g e n  service .  

( 1 )  Company Prac t i ces  

( a )  A i r  Separation p l a n t  wash-out solvent  

( b )  Solvent agent f o r  decontamination of srrall 
p a r t s  used i n  oxygen systems. 

( c )  Safe ty  Standard 609.1, page 2 ,  June 1964, 
(Doc. #99000051). 

B. Information Sources 

1, Company Prac t i ces  

a, Company Research 

(1) Kehat , E. , "Development of Standard I g n i t i o n  Test 
Progress Report -- Pro jec t  #87-0-8821," dated 
Jan, 3 ,  1962, (DOC, #990001.36). 

tr ( 2 )  Rassler ,  E, , Cleaning f o r  Oqygen Service" 
Jan. 1960, (DOC. #99000096). 
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L I Q U I D  AND GASEOUS OXYGEN SAFETY REYIIEW DATA 

I. Material  Compatibility 

B. Compatibility Check 

1, F i r e  Compatibility 

c. Cleaning Procedures 

I n  t h e  cleaning of commercial cryogenic systems, t h e  primary 
t a s k  i s  t o  remove those contaminants (such a s  o i l  and grease)  
which c r e a t e  a hazardous condit ion when oxygen i s  present .  
A secondary considerat ion i s  t h e  removal of  those contami- 
nants  which might i n t e r f e r e  with operation. Examples of 
t h i s  l a t t e r  category a r e  p a r t i c l e s  of grit which can i n t e r -  
f e r e  with valve closure,  and water which can plug up equip- 
ment as it freezes .  

Before a system i s  put i n  service ,  a cleaning s t e p  t akes  
place i n  the  blowing out of a l l  l i n e s ,  valves,  and packing 
glands. Heated, dry o i l - f ree  a i r  o r  ni trogen i s  used f o r  
blowing out ,  To be dry o i l - f ree  a i r ,  it has t o  go t h r o u ~ h  
a d r i e r  and have a dew point  of - 4 0 O ~ .  Nitrogen i s  pre- 
f e r red .  Despite a l l  reasonable precautions during o r i g i n a l  
cleaning fabr ica t ion ,  it i s  su rpr i s ing  t o  observe t h e  
amount of f"oreigzr material. which is  blown out  i n  t h i s  manner. 

After  equipment Elas been i n  operat ion,  per iodic  cleaning i s  
necessary only i f  it becomes contaminated with a f u e l .  
Normally, thLs does not occur, but i f  inspect ions  o r  
evidence of contamination ind ica te  fue l  t o  be present  i n  
an oxygen system, prompt cleaning of operat ing equipment 
i s  mandatory. I n d u s t r i a l  frequency of inspection,  and 
cleaning of operat ing equipment va r ies  from annually t o  
never, i f  t h e r e  is no s p e c i f i c  cause f o r  suspecting con- 
tamination. 

A. Company Pract ices  

a ,  Cmbon s t e e l  pipe 3" and l a r g e r  

(1) Sand b l a s t  t o  remove r u s t ,  varnish and 
m i l l  s ca le  and o the r  fore ign matter .  

( 2 )  I m ~ e r s e  i n  a so lu t ion  t o  provide an alka- 
line ac t iva ted  coating t o  t h e  surface of 
t h e  work t o  a c t  a s  a temporary r u s t  in- 
h ib idor .  
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IB~C-1' ( continued) 

b. Carbon s t e e l  pipe 2 112" and smaller 

(1) Immerse i n  a hot solut ion with a s t r i p p e r  
addi t ive  t o  remove varnish and i n i t i a t e  
ac t ion  on r u s t  and sca le .  

( 2 )  Remove pipe  - thoroughly r i n s e  with 
water. 

( 3 )  Immerse again i n  a hot so lu t ion  t o  assure  
complete removal of r u s t  and sca le .  

( 4 )  Remove pipe from cleaning solut ion and r i n s e  
with water. 

( 5 )  Immerse i n  a so lu t ion  t o  provide an a lka l ine  
ac t ivated  coating t o  t h e  surface of t h e  work 
t o  a c t  as  a temporary r u s t  i n h i b i t o r .  

c. Carbon s t e e l  p ipe l ines  

(1) Pipe must be supplied with no i n t e r i o r  
varnish . 

( 2 )  Temporary spool pieces and cleaning s t a t i o n s  
a re  used t o  permit spec i f i ed  i n  place clean- 
ing  and inspection.  

( 3 )  The i n t e r i o r  of a l l  pipe i s  sand b l a s t  clean- 
ed i n  place by t h e  Klean Kote Inc. method 

(Kleane Kote Inc. P.O. 
Box 588, LaPorte , Texas ) . 

(4) The pipe i s  blown out with dry, o i l  f r e e  
a i r  o r  ni trogen a f t e r  it i s  b l a s t  cleaned. 

d. Aluminum, s t a i n l e s s  s t e e l ,  and copper p ipe  

(1) Immerse i n  t h e  proper hot so lu t ion  and 
allow t o  soak i n  solut ion f o r  a per iod of 
time required f o r  complete removal of 
s o i l s  and contaminants . 

( 2 )  Rinse i n  water using a high ve loc i ty  stream. 

e. Fabricated pipe spools a f t e r  cleaning s h a l l  
be capped. Pipel ines  a f t e r  cleaning a r e  kept 
under s l i g h t  p o s i t i v e  ni trogen pressure.  

2. Exist ing Instal lat ion-Operat ions 

a. Frequency of cleaning i s  depending on t h e  follow- 
ing : 

(1) Periodic inspections when normal preventive 
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maintenance i s  scheduled. 

( 2 )  Product sample m a l y s i s  ind ica t ing  
contaminants . 

( 3 )  Normal schedule a s  determined from 
pas t  experience. 

(4 ) Abnormal operat ing condit io~zs , such a s ,  
high pressure drops, valve s e a t  leakage, 
e t e  . 

b. Types of Cleaning 

(1) Flushing normally used on complex piping 
c i r c u i t s .  This method i s  considered t h e  
most p r a c t i c a l  way t o  clean a cryogenic 
piping system t h a t  has previously been 
i n  service.  

The piping p r i o r  t o  using t h e  f lushing 
method must be checked t o  insure  Ghat all 
low points  have s u i t a b l e  dra ins .  The high 
points  need vents  t o  completely f i l l  c i r -  
c u i t s .  Double block and bleed valves a r e  
necessary where solut ion could en te r  an 
undesirable c i r c u i t .  

It i s  f i r s t  necessary t o  warm a system 
p r i o r  t o  f lushing.  This i s  done by blow- 
ing  t h e  system out using l l Q Q F  t o  150°F 
nitrogen o r  dry o i l - f ree  a i r  u n t i l  the 
insu la t ion  and piging a r e  warm, and then use 
9Q°F nitrogen o r  dry o i l - f ree  a i r  t o  in- 
sure t h a t  t h e  wllole system i s  not warmer 
than 9Q°F. Normally a l l  r e l i e f  valves 
and i n s t r m e n t  l i n e s  a r e  removed and valves 
a r e  i n s t a l l e d  t o  control  flow. 

Flushing w i l l  require  a s u i t a b l e  pump f o r  
introducing and r e c i r c u l a t i n g  t h e  cleaning 
solution.  Although experience has proven 
t h a t  r ec i rcu la t ion  i s  not e n t i r e l y  necessary, 
it i s  preferred.  If it i s  not poss ib le  t o  
r e c i r c u l a t e  t h e  so lu t ion ,  it i s  necessary 
t o  allow t h e  solutj.on t o  remain i n  t h e  
system f o r  one hour. The solut ion when 
drained, w i l l  be replaced with f r e s h  solvent  
i f  appreciably discolored,  and reintroduced 
i n  t h e  system fo r  another soak, When using 
t h e  soak o r  r e c i r c u l a t i n g  procedure, it mst 
be kept i n  mind t h a t  a l l  c i r c u i t s  must be 
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completely f i l l e d  with solut ion,  

A i r  Products and Chemicals uses methylene 
chloride f o r  f lushing solut ion.  Samples 
a re  used t o  determine t h e  magnitude of 
contamination. Samples of unused and used 
solut ion are  gathered f o r  comparison 
analys is .  The quant i ty  of solut ion in t ro -  
duced along with t h e  quant i ty  t h a t  i s  
drained must be recorded t o  get  an in- 
d ica t ion of how much solut ion i s  l e f t  
i n  t h e  system. Then other  means such a s  
pressur iza t ion a r e  used t o  remove t h e  
remaining solut ion.  The t o t a l  eontamina- 
t i o n  l e v e l  is  based on t h e  sample ana lys i s  
and t h e  quant i ty  of solut ion introduced 
i n  t h e  system. 

The c i r c u i t s  a r e  again blown out a f t e r  
t h e  cleaning solut ion has been drained. 
When methylene chloride i s  used, t h e  c i r -  
c u i t s  a re  heated t o  15Q°F. a d  held a t  t h i s  
temperature f o r  approximately four hours. 

( 2 )  Immersion f o r  s m a l l  items t h a t  a r e  e a s i l y  
accessible.  

This method i s  commonly used a s  a quick job 
s i t e  emergency method, such a s  when small 
p a r t s  of a valve a re  replaced while t h e  
system i s  temporarily shut down. This 
cleaning usual ly  only requires  a clean 
bucket and a source of  ni trogen o r  d ~ y  o i l -  
f r e e  a i r  f o r  blowing p a r t s  dry. 

Methylene chlor ide  o r  t r i ch lo re thy lene  a r e  
t h e  types of cleaning solut ions  APCI most 
commonly used f o r  quick cleaning of small 
p a r t s  . 
The immersion method i s  a l s o  used extensively 
f o r  cleaning pipe  f i t t i n g s  during i n i t i a l  
construction phase. This type of  cleaning 
uses one of t h e  many types of detergent 
solut ions .  The type of detergent  solut ion 
i s  dependent on t h e  metal t o  be cleaned. 

( 3 )  Spraying o r  swabbing of  l a r g e  vesse l s  t h a t  
can be entered. 

Surfaces may be sprayed with cleaning solut ion 
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applied by pressure spray nozzles.  This 
method i s  used f o r  cleaning tanks vhen 
convenient access i s  ava i l ab le .  

Spraying and swabbing i s  used a t  times t o  
c lean pipes,  f i t t i n g s ,  and c e r t a i n  p a r t s .  

The spraying and swabbing clleaning method 
can use a  chlor inated  solvent  o r  a deter-  
gent solut ion depending on t h e  type of metal 
a s  well as  t h e  s i z e  of t h e  aera  t o  be cleaned, 

( 4 )  Vacuuming used t o  clean out loose  p a r t i c l e s  
p r i o r  t o  a  more thorough cleaning,  

( 5 )  Blow-out - most cormnonly used method when 
dry o i l - f ree  a i r  o r  ni trogen i s  ava i l ab le .  
Vacuuming and Blow-out method. discussion.  

Vacuum cleaning loose  p a r t i c l e s ,  introduced 
during fabr ica t ion ,  i s  used when ready access 
t o  t h e  surface i s  possible.  

Inaccess ib le  surfaces on systems and/or 
c i r c u i t s  may be blown f r e e  of  s o l i d  p a r t i c l e s .  
Suf f i c ien t  ve loc i ty  and volume s h a l l  be pro- 
vided t o  accomplish thorough removal of loose 
p a r t i c l e s  from both t h e  system and i t s  out- 
l e t s .  Blow-out using ni trogen o r  dry o i l -  
f r e e  a i r  is  done p r i o r  t o  most cleaning pro- 
cedures. It i s  a l s o  used a f t e r  cleaning 
with solut ions  t o  remove a l l  t r a c e s  of sol-- 
vents  o r  detergents  t h a t  could not be drained. 
I n  most blow-outs, t h e  ni trogen o r  a i r  i s  beat- 
t o  about 10-50°F above t h e  bo i l ing  point  of 
t h e  cleaning so lu t ion ,  t o  a s s i s t  i n  complete 
derime of system. 

(6 )  Vapor cleaning - t h i s  i s  a  commercial method 
requir ing spec ia l  equipment. 

Small items m y  be cleaned i n  commercial vapor 
cleaning equipment. Assemblies which contain 
removable p a r t s  s h a l l  be disassembled f o r  
vapor cleaning. 

This t n e  of cleaning i s  used comonl:r by 
s u ~ p l i e r s  of p a r t s  f o r  oxygen compressors, ptmps, 
valves,  e t c .  This cleaning procedure w i l l  
supply APCI AAA standard c leanl iness .  ( 1 , 2 )  
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c. Degree of c leanl iness  

(1) APCI Class AA c leanl iness  (3 ,4)  i s  f o r  f ixed 
surfaces t h a t  come i n  contact  with pure 
oxygen. It w i l l  meet t he  following require- 
ment s. 

( a )  Visual examination of t h e  d i r ec t  surface 
under strong white l i g h t  s h a l l  indicate :  
no m s i t u r e ,  s lag ,  organic mater ia l ,  o r  
other foreign mater ia l ,  and e s sen t i a l l y  
no corrosion products. 

( b )  Par t i cu la te  matter w i l l  not exceed 1000 
microns and w i l l  amount t o  l e s s  than 10  
p a r t i c l e s  between 500 and 1000 microns. 

( c )  Black l i g h t  examination s h a l l  ind ica te  
no hydrocarbon fluorescence. Isola ted 
p a r t i c l e s  of l i n t  may be acceptable. 

( d )  A wipe t e s t ,  s h a l l  show no appreciable 
d iscolora t ion and no evidence of o i l y  
residue. 

( 2 )  Class AAA cleanl iness  (1 ,2)  i s  f o r  movable 
p a r t s  such as valves, pumps, e t c .  t h a t  come 
i n  d i r ec t  contact with pure oxygen. Require- 
ments a re  t he  same as  f o r  Class AA with t h e  
following addit ions:  

(a )  Par t i cu la te  contamination w i l l  be l imi ted 
t o  500 microns with not more than 25 par- 
t i c l e s  between 175 and 500 microns. 

( b )  I so la ted  p a r t i c l e s  of l i n t  detected by 
black l i g h t  must be removed with nitrogen 
or  dry oi l - f ree  a i r .  

3. w e s  of Cleaning Solution 

a. Detergents : 

(1 )  So i l  and O i l  Removal: 

( a )  Ferrous metals ( including s t a i n l e s s  s t e e l ,  
invar , and nine-nickel ) 

#77 Oakite 
J.S.T.C. Johar 
#4 Johar (low foaming) 
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H77 Oakite 
J,S.T.C. Johar 
#4 Johar 

( 2 )  Rust and Scale Removal 

( a )  Ferrous Metals 

#32 Oakite (~yd roch lo r i c  base ) 
Oakite Rust St r ipper  (~emoves paink 

and varnish) 
#13 Johar 

(b)  A l l  Metals 

#31 Oakite (removes oxides and f l u e s )  
#23 Johar 

(3)  Deoxidizer and Brightener 

( a )  Alminurn and Copper 

# 3 4 ~  Oakite (chromic base) 
#22 Johar 

( 4 )  Rust Retardant 

( a )  A l l  Metals 

Rinsite (a l so  prevents .water spot t ing)  

(5 ) Corrosion S ta in  Removal 

( a )  Aluminum and Aluminum Alloys 

#160 Oakite (etching mate r ia l )  r inses  f ree ly  
#21 Johar 

Detergent solutions s h a l l  not be employed t o  clean 
a surface which, through use, w i l l  contact oween 
r i ch  atmospheres, unless t he  cleaned surface can 
de f in i t e ly  be determined as f r e e  of all cleaning 
solut ion a f t e r  r inse .  

b. Chlorinated Solvents 

(1) Removal of o i l ,  grease, f a t s ,  waxes, t a r ,  rubber, 
su l fu r ,  and res ins .  
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( a )  A l l  Metals 

Trichlorethylene (conforming t o  
Federal specif icat ions  0-1-631+~, 
Type 11, and Mil i tary  Specifica- 
t ion  MIL-T-7003 ) 

Methylene Chloride ( technical  
grade ) 

It removes grease, o i l  solvent 
residue,  lubr ica t ing  compounds. 
I n  addit ion,  i t s  solvent a c t i v i t y  
permits quick s t r ipp ing  of 
paint  and lacquer f i lms,  in-  
cluding l a t e x  and t h e  new tough 
epoxy r e s in  materials .  

Equipment cleaned with chlorinated 
solvents sha l l  be purged with clean, 
dry a i r  o r  nitrogen. The purge 
sha l l  continue u n t i l  t h e  exhaust 
can be determined f r e e  of solvent 
vapors when t e s t ed  with Halogen gas 
detection equipment. 

When ordering, specify inh ib i ted  
grades of solvent t o  prevent acidic  
action on metals where water o r  
water vapors a re  present.  Also, 
s p e c i w  t h a t  t he  solvent i s  f o r  
metal cleaning of equipment i n  
oxygen service and t h a t  t h e  maximum 
residue permitted on evaporation i s  
only 0.001% by weight. When drums 
of solvent are  ordered, it i s  good 
t o  s p e c i e  t h a t  all be from t h e  
same l o t  number. This w i l l  permit 
e a s i e r  and more accurate sampling. 

I1 APCI Experiences and Analysis of Cleaning 

A. LOX Tanks 

1. Case 1 - Date 1959 

Tanks inspected and cleaned a f t e r  1-1/2 years 
of operation. Two tanks were cleaned a t  t h i s  
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f a c i l i t y ,  T m k  No. 1 had th ree  pounds of dust 
containing 2.8% by weight of hydrocarbons which 
igni ted i n  omgen a t  598OF. Tank No. 2 con- 
ta ined 1-112 pounds of dust.  Small globules of 
contaninants outl ined a l i qu id  level.,  These 
tanks have i n l e t  agld ou t l e t  nozzles on t h e  same 
end. Tank capacity i s  27,000 gallons.  

Case 2 - Date 1960 

Tanks inspected m d  cleaned a f t e r  th ree  years 
of service.  Five gallons of dust were removed, 
but no de f in i t e  t races  of hydrocarbons vere 
found. No l ab  analysis  i s  avai lable ,  Tank 
capacity i s  27,000 gallons with i n l e t  and out- 
l e t  nozzles on t he  same end. 

Case 3 - Date 1960 

Tanks inspected m d  cleaned a f t e r  two gears of 
service ,  Three p in t s  of dust were removed. 
Dust residue was found on all surfaces.  
Fluorescence under black l i g h t  i n  form of r ings  
at l i qu id  l eve l s .  (Cases 1, 2, 3 from memo 
dated 1/24/63 from W. W. Master t o  J. M. N O ~ O O ~ Q  5 )  ) . 
Case 4 - Date 1963 

Tanks inspected md cleaned a f t e r  3-1/2 years 
of service.  The tank was washed down with sol-  
vent. Analysis of t he  solvent used indicated a 
t o t a l  of 2,125 gram of hydrocarbons which, 
averaged out on t he  complete tank surface,  would 
have been about -7 milligrams of hydrocarbons 
per  square foot. This tank i s  not of t h e  flow- 
through ty-pe m d  it i s  cy l indr ica l .  Tank capacity 
i s  28,000 gallons. (~emo dated June 26, 1970 
from H. H. Master t o  W. L. Ball ( 6 ) ) .  

Case 5 - Date 1964 

Tanks cleaned a f t e r  th ree  years of service .  
The surface of t h e  tank was clean with no v i s i b l e  
t r a ce s  of o i l  o r  o ther  hydrocarbons. However, 
s i x  pounds of extremely f i n e  s i l i c a  gel  were 
removed from the  tank. The analysis  of t h e  
s i l i c a  gel  indicated 0.6% by weight t o  be hydro- 
carbons. This calcula tes  t o  0.04 pounds of 
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hydrocarbons i n  t h e  tank. This tank was fed  by 
anyone of s i x  p lan t s  a t  one time o r  o the r .  The 
tank capacity i s  27,000 gallons and i s  of t h e  
cy l indr ica l  type. This tank p r i o r  t o  inspec- 
t i o n  and cleaning was what i s  c a l l e d  a dead- 
ended tank,  t h a t  i s ,  with t h e  i n l e t  and o u t l e t  
nozzles being on t h e  same end of t h e  tank.  
Piping was changed t o  make it a flow-through 
tank. ( ~ e m o  dated 3/11/64 from A. L.  Hatley t o  
R. S. Ray ( 7 ) ) .  

The tanks l i s t e d  a r e  a l l  f i l l e d  from a i r  separat ion 
u n i t s .  A l l  cases o ther  than case 4, a r e  f i l l e d  from 
high pressure cycle p lan t s  using expansion engine 
i n  s e r i e s  with turbo expanders. Case 4 i s  fed 
from a s p l i t  cycle p lant .  The time tanks were put 
i n  service  i s  known, but t h e  throughput of t h e  tank 
is  not known and cannot be estimated because a l l  
these  loca t ions  have more than one tank,  A tank 
i n  service  f o r  one year could have had more through- 
put than one i s  service  two years.  

There a r e  no f irm cleaning schedules f o r  l i q u i d  
tanks.  The a i r  separat ion u n i t s  a r e  defros ted  and 
blown out on a th ree  year schedule. Should t h e  de- 
f r o s t  ind ica te  an unusually high contamination, 
tank cleaning would be mandatory. 

B. Liquid Oxygen Pumps 

1. Case 1 

Inspected and cleaned a f t e r  15,000 hours of 
operation. Contaminants: 1.29 g r .  Pump showed 
some dust and no v i s i b l e  o i l .  

2. Case 2 

Inspected and cleaned a f t e r  2,250 hours of 
operation. Contaminants: 1 -90  g r .  Pump showed 
some dust and no v i s i b l e  o i l .  
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3. Case 3 

Inspected and cleaned a r t e r  an estimated 2,000 
hours. ContminaslCs: 11.1 gr. Pump was black 
l igh ted  with negative r e su l t s ,  No t r ace s  of 
dust reported. 

4. Case 4 

Inspected md cleaned a f t e r  3,100 hours of 
operation, Contaminants: 3.17 gr. P u p  
showed some dust and no v i s i b l e  o i l .  

5. Case 5 

Inspected and cleaned a f t e r  2,191 hours of operation. 
Containants :  0.34 gr. Pump showed some dust 
and no v i s i b l e  o i l .  

I n  all cases t h e  c o n t h n a n t s  were usually assumed 
t o  be t h e  same as t h e  lubr icant  used i n  t he  a i r  
compressor. 

The above mentioned pumps take  suction from a i r  
separation un i t s ,  The suction t o  t he  pumps has a 
100 mesh screen. Cleaning frequencies depend on 
t h e  ty-pe of cycle of t h e  a i r  separation un i t  a s  
well as pas t  h is tory .  Frequencies range from 24 
months t o  36 months. I n  newer p lan t s  with cleaner 
cycles (using centr i fugal  compressors), cleaning i s  
done only i f  c o n t d n a t i o n  i s  suspected. 

C, Miscellaneous Equipment 

Liquid owgen dump tanks, disposal  vaporizers, 
product vaporizers, and vent stacks a r e  cleaned on 
s f ive  year naximm in te rva l  cycle. 

I, Case 1 - 1964 
A LOX vaporizer was cleaned a f t e r  1 5  months of 
service  during which a t o t a l  of 542,486 SCF 
oxygen was vaporized. The flushing with re- 
c i rcu la t ion  method was used. The cleaning solu- 
t i on  was methylene chloride. The hydrocarbon 
contminat ion analysis  showed 0.1056 grams. 
The contamination accumulating i n  t h e  vaporizer 
i s  negl igible  as was expected. (~emo  from 
F, K, Kitson t o  S.  J, Mittleman July  1964 (8)), 
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A P C I  Class AAA Cleanliness Requirements 
A P C I  Quality Control Layout Wo. QCL 107F, Ju ly  1, 1971 
(DOC. #99000082 ) 

A P C I  Requirements fo r  Vendor Class AAA Cleaning 
APCI Quality Control Layout No. QCL 117F, Ju ly  1, 
1971 (Doc. #9900008b) 

APCI Class AA Cleanliness Requirements 
A P C I  Quality Control Layout No. QCL 106F, Ju ly  1, 
1971 (DOC. #99000081) 

APCI Requirements fo r  Vendor Class AA Cleaning 
APCI Quality Control Layout No. QCL 1 1 6 ~ ,  July  1, 
1971 (Doc. #99000085 ) 

Master, H. H., Storage Tank Cleaning 
A P C I  Memo, January 24, 1963 (Doc. #99000089) 

Master, H. H., LOX Tanks 
A P C I  Memo, June 26, 1970 (Doc. #99000091) 

Hatley, A. L., Cleaning LOX Storage Tank No. 6 - Santa 
Susana 

MCI Memo, 14arch 11, 1964 (Doc. #99000090) 

Kitson, F. K.,  Washout Analysis of Sun O i l  Company's 
LOX Tank Vaporizer 

APCI Memo, Ju ly  9, 1964 (DOC. #99000092) 

APCI  Cleaning Requirements fo r  A i r  Plant  Equipment 
A P C I  Quality Control Layout No. QCL 101F, Ju ly  1, 
1971 (Doc. #99000077 ) 

APCI Cleaning Requirements fo r  Bourdon Tube Type Gages 
Used fo r  Oxygen Service 

A P C I  Quality Control Layout No. QCL 102F, Ju ly  1, 
1971 (DOC. #99000078) 

APCI Approved Cleaning Agents and Associated Equipment 
and Supplies 

A P C I  Quality Control Layout No. QCL 103F, December 1 4 ,  
1965 (DOC. #99000285 ) 

A P C I  Class A Cleanliness Requirements 
A P C I  Quality Control Layout No. QCL 105F, Ju ly  1, 
1971 (DOC. #99000080) 

A P C I  Requirenents f o r  Vendor Class A Cleaning 
A P C I  Quality Control Layout No. QCL 115F, Ju ly  1, 
1971 (DOC. #99000084 ) 
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(14 ) Pennsalt Chemicds Corporation, Cleaning o f  Liquefied 
Gas Processing Equipment 

Pennsalt Technic& Bul le t in ,  February 3, 1960 (DOC. 

#99000093) 

(15)  Kitson, F. K, , Cleaning For Owgen Service 
Ape1 ivem~, A U ~ S ~  5, 3.963 (DOC. #99000094) 

(16) APCI Cleaning m1d Inspection,  Mater ia ls  f o r  h y g e n  Service 
APCI Safe ty  S tmdards  608.1, October 1965 (DOC.  #99000050) 

(17) APCI Cleaning md Inspection f o r  Equipment i n  A i r  P l a n t s  
and i n  Bxygex Service 

A P C I  P l a t  Operations Manual, Sect ion 1.08, Apr i l  4 ,  
1967 (DOC, #99000095 0 

(18) APCI Piping,  Valve Procwement and Cleaning Procedure 
APCI Design Engineering Standard 579.5, August 12 ,  
1960 (DOC, #99008836) 

(19) BassPer, E, J,, Cleming f o r  Oxygen Service 
APCI, January 1960 (DOC. #99000096) 

(20) Master, H, H, , A i r  Separation Plant  Contamination, 
History, Sampling and Analysis 

APCI Plant  MmagersB Safe ty  Meeting, Creighton, Pa., 
February 28 md March 20, 1968 (DOC. #99000097 

(21) APCI Exchanger, P lan t ,  and Plant  Equipment Solvent Washouk 
Frewenc i  e s  

A P C I  Plant. Operations Manual Sect ion 5.07, Ju ly  15,  
lgT0 (DOC, f 99000098 ) 

(22)  APCI Planat Solvent %shout, General 
AFCH Plant  Operations Manual Sect ion 1.05, February 20, 
1967 (DOC, #99000099 ) 

(23) APCI mron-Jackson Oxygen Pump Washout Procedure f o r  
Analyt ica l  h ~ p o s e s  

APCL P lan t  Operations Manual Sect ion 1.07, J u l y  7, 
1970 (Doc, #99000286) 

(24)  APCP Cleaning 
APCP Constmetion Spec i f i ca t ion  230.15, page 8, 
September 16,  1969 (Doc. #99000101) 

(25) APCI Cleaning of Carbon S t e e l  P ipe  and F i t t i n g s ;  Cleaning 
A l W n m  Pipe,  F i t t i n g s ,  P a r t s  and Fabr ica t ions ;  Cleaning 
S t a i n l e s s  S t e e l  md Copper Pipe,  F i t t i n g s ,  P a r t s  and 
Fabr ica t ions ;  Descript ion of Cleaning Mediums; Inspection 
of  Decontminated Components ; and Pickl ing  o'f Carbon 
S t e e l  Pipe a~rd F i t t i n g s  

APCI Construction Spec i f i ca t ions  200.16.1.1 t o  200.17.4, 
Pages 14-20, February 3, 1967 (DOC. #99000102) 
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(26) Coulson , K. J. , and I, Everson, Fire Hazards When Vapor 
Cleaning With Trichlorethylene (T .C .E. ) 

ion Sheet No. 38, 

( 27 ) Schmoyer , W. W. , Carbon Tetrachloride 
APCI Safety-Gram No. 68, February 21, 1969 (Doc. #99000106) 

(28 ) Kehat , E. , Detonation Tests of Oil From Aliquippa Pump 
Suction Filter Defrost and of Methylene Chloride 
APCI Memo, December 11, 1961 (DOC. #99000107) 

(29) Smith, H., APCI Solvent and Cleaners--Deviations--Cleaning 
for Oxygen Service 
APCI Safety Standard 629.0.10, June 19, 1961 
(DOC. #99000054) 

( 30 ) Himmelberger , F. , Notes on Liquid Oxygen Contaminants 
Missile Program, APCI, January 6, 1958 (DOC. #99000108) 
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LI0,UID NJD GASEOIJS OXYGEN SAFETY REVIEW DATA 

I, Material  Compatibility 

B. Compatibility Check 

1. F i r e  Compatibility 

The cleaning procedures followed by APL a re  e s s e n t i a l l y  
t h e  same a s  t h e  ones followed by APCI.  These procedures 
and r e l a t e d  ones a r e  covered i n  t h e  following documents: 

(1) APL, Construction Speci f ica t ions  f o r  Pipinp greet ion 
Test ing and Cleaning, !.PIJ Engineering Speci f ica t ion 
M. 02, Rev. 2, Apri l  19, 1971 (DOC. #99000397). 

( 2 )  APL, Solvent Washing of Pinine  Systems, AFL I .G .D,  
Engineerinp Manual EM 56-06, Rev. 0, July 3, 1971, 
(Doc. +/99000338 1. 

( 3 )  APL, General Procedure foe Decontamination of S t a t i c  
Tank and Road Vellicle Assemblies f o r  02 Service,  
APL Qua l i ty  Control Procedure No. Q.3.0. Rev. 0,  
(DOC. #99000399). 

( 4 )  APL, Manufacturing Quality Procedure f o r  Degreasing 
of Pipevork, WL Qua l i ty  Control Procedure No, Q.11, 
Rev. 0, (Doc. Xy9000400). 

( 5 )  APL, Manufacturing Q,uality Procedure f o r  I n t e r n a l  
Cleaning of Aluminum Tankers and S t a t i c  Tanks f o r  
Oxygen Service,  RPL Quality Control Procedure No. Q.12. 
Rev. 0, (Doc. N99000401). 

( b  APL, Manufacturing Qua l i ty  Procedure f o r  I n t e r n a l  
Cleaning of 9% Nickel and Hi-Proof S t a i n l e s s  S t a t i c  
Tanks f o r  Oxygen Service,  APL Quality Control Procedure 
No, 6.13, Rev. 0, (DOC. #99000402). 

( 7 )  APL, Aloclene 100 and A p ~ l i e d  Chemicals 5.57, 
APL, February 5 ,  1972, (DOC. #99000403). 
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LIQUID AND GASEOUS 81C41GEB SWEm REVIEW DATA 

I. Material C o q a t i b i l i t y  

B. Compatibility meeks 

1, Fi re  Compatibility 

d. Q u d i t y  Control 

(b) specif icat ion 

Machining and fabr icat ion controls t o  reduce ign i t ion  and f i r e  hazards 
involve pr imwily the  c leming  of accessible m d  inaccessible smfaces 
p r io r  t o  o r  a f t e r  ssembly,  

Machined pas"$s eons%i%u%ing ro ta t ing  or  moving pieces are  c lemed 
(after machining) of sulfur ized machining lubr icants  i n  accord with APCI 
Class Afli9 Clemliness  Requirements, Quality Control Layout, QCLlQTF, 
Jul 1971 (Doc, #99000082), 

This is  usually accomplished by immersing i n  ag i ta ted  solvent solut ions ,  
such as methylene chloride solu%ion, ( ~ e f e r  Pecklam, He M., and Bauser, 8,  L., 
The Martin Compaq , ' "ompatibil i t  of Materials with Liquid oxygenP' pro- 
ceedings of t he  1958 Gng~ogenic a g i n e e r i n g  Conference, Advances i n  Cngro- 
genic Engineering, VoP, b ,  Paper A-3, p, 26-46, Plenum Press, Inc. (N,Y. ) , 
January 1959 (Doc, #99005989 ) 

Fixed machinew pa r t s  m e  clenaed i n  a s imilar  manner under s l i gh t ly  
l e s s  s t r ingent  inspection conditions t o  MGH Class AA Cleanliness Require- 
ments, Qual i ty  Control Layout, Q C E E O ~ F ,  Ju ly  1971 (DOC. #ggOOOO8l ). 

Fabrication poses problem on inherent clearnliness i n  areas such as  a )  
backup s t r i p s ,  b) angle s%iffeners ,  c )  cleaning of vessels p r io r  t o  f i n a l  
closure of .the inner vesseBs, d) b ~ a z e d  d w n u  assemblies, e )  brazed 
copper assemblies. 

Pr io r  t o  inser t ion  of weld r ing type backup s t r i p s  i n  an aluminurn o r  
s t a in l e s s  s t e e l  piping assembly, the  surfaces of both t he  backing r ing  
and the  adjacent pipe w e  power sanded t o  a clean br ight  f in i sh .  

Angle s t i f f ene r s  whose f l a t  edges bear against  t h e  p l a t e  are f u l l y  
f i l l e t  welded on both sides so t h a t  t he  fayin% surfaces are  compietely 
encased and never see the product f l u i d  o r  gas. 
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Pr ior  t o  f i n a l  closure of vessels without manway openings t he  in- 
t e r n a l ~  of the  vessels are  washed with an acceptable solvent and ex- 
e n e d  t o  e i ther :  

a) APCI Class B Cleanliness Requirements, Qual i ty  Control Lay- 
out,  Q C L ~ O ~ F ,  Ju ly  1971 (Doc. #99000079 ), 

or  b APCI Class A Cleanliness Requirements, Qual i ty  Control Lay- 
out,  QCL105F9 July 1971 (Doc. #99000080), 

dependent on t he  f i n a l  product, and as  indicated in:  

APCI Cleaning Requirements f o r  A i r  Plant  Equipment, Qual i ty  
Control Layout, QCLlOlF, July 1971 (DOC. #99000077 ) . 
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(2)  Progrms 

( a )  po l ic ies  

(b) pract ices  

APCI Qual i ty  Mmud d e t e d n e s  cleanliness requirements f o r  dl phases 
of manufacture and f o r  dl purchased material  and equipment. These re- 
quirements a re  s e l f - e q l m a t o v  $916 w e  covered by t h e  following doeu~nents: 

(1) APCI CPeming Requirements f o r  A i r  Plant  Equipment, Quali ty 
Control Layout, QCLBOPP, July  1971 (Doc. #99000077). 

( 2 )  APCI  Cleaning Requirements f o r  Bowdon Tube Type Gages Used f o r  
Oxygen Semi  ce , Quali ty  Control Layout, QCL102F, July 1971 (Doc, 
#99000078 ) . 

( 3 )  APCI Class B cleanliness Requirernents, Qual i ty  Control Layout, 
Q C L ~ O ~ F ,  July  1971 (DOC, #99000079). 

( 4 ) APCI CEas s A Cleanliness Requirements, Qual i ty  Control Layout, 
QCLIOSF, July  1971 (DOC, N99000080 ) . 

(5 )  APCI Class AA Cleanliness Requirements, Qual i ty  Control Layout, 
Q C L ~ O ~ F ,  July  1971 (DOC, #99000081) . 

( 6 ) APCI Class AAA Cleanliness Requirernents, Qual i ty  Control Layout, 
QCL107F, July  1971 (DOC, #99000082), 

( 7 )  APCI Requirements f o r  Vendor Class B Cleaning, Qual i ty  Control 
Layout, Q c L ~ ~ ~ F ,  July  1971 (Doc. #99000083 ) . 

(8) APCI Requirements f o r  Vendor Class A Cleaning, Qual i ty  Control 
Layout, QCL115F, July  1971 (DOC. #gg000084 ) . 

( 9 )  APCI Requirements f o r  Vendor Class AA Cleaning, Quali ty Control 
Layout, Q C L ~ ~ ~ F ,  July  1971 (Doe. #99000085 ) . 
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(10 .WCI Requi rements f o r  'Vendor Class M Cleaning, Qual i ty  Control 
'LqoLPL I QCUl7F Ju ly  11971 (Doe, f 99000086 ) . 

(11 . P C 1  Brazed U W n m  Weat Exchanger Cleaning Requirements, Qual i ty  
Control Layout, $CLll9F, July  1971 (Doc. #99000087 ) . 

It s h u a d  be noted t h a t  t he  brazed alwinwn heat  exchanger cleaning i s  
perfomed .to remove f 9 u ,  i n  p a r t i c a a r ,  and contarninants, i n  general ,  i n  
order Lo pro tec t  agains$ corrosion, as well  as  against  i gn i t i on  and f i r e  
hazard, 

The following references a re  of i n t e r e s t  i n  r e l a t i on  t o  cleaning require- 
ments f o r  o q g e n  service;  

(1) .%PCB Requireme- fo r  Vendor Class B Cleaning, Qual i ty  Control 
L ~ ~ o u % ,  QCLLI~F, Jld..~ 1971 (DOC, 899000083 1. 

(21 @GI Regulrea~ents for Vendor Class A Gleaning, Qual i ty  Control 
kwout, QCL115i?', July 1971 (DOC, #9900808k 1, 

( 3 )  WCI Requireaents for Vendor Class ,W Cleaning, Qua l i ty  Control 
Layout QCLBI~F Jna7y 1973 (DOC, P99000085 1. 

(4) A P C I  Reqdrements f o r  Vendor Class Cleaning, Qual i ty  Control 
hyou t ,  QCLYPTF , July 1971 (DOC, 599000086 ) , 

( 5 )  P C 1  Requirements f o r  HPD Specified Paint  Systems, Qual i ty  Control 
Layout, QCkl20F, Ju ly  1971 (Doc, #99000088 1. 

( 6 )  Coqressed Gas Association, "~quipment Cleaned f o r  Oxygen ~ e r v i c e , "  
CGA Pmphlet  ~ 4 , l ,  March 1959 (DOC, #g900(4l98 1. 

(7)  Kehat, E, , "HiIazmd Level of Wyboearbon F i l m  i n  Systems Containing 
Liquid and Gaseous Oxygen," Advances i n  Cryogenic Engineering, Vol. 1, 
pp , 163-169, a962 (DOC, f99000199 1. 

$8 (8) Ball ,  FP, L, , Hazard Level of wdrrocarbon Films i n  Oxygen systems ," 
AIChE-CIE3P Tech, Manual, Safety i n  A i r  and Ammonia Plants ,  Vol. k, 
pp. 96-20, 1962 (DOC, #99000200). 

(9  ) Wade, Re A, , "Relationship of t h e  Chemical Structure  of Cutting O i l s  
t o  Their ~x;grgeaa-~orn~ra~ibility,~~ AAIC~E-CD Tech. Manual, Safety i n  
A i r  and h o n i a  Plants ,  Vole 1, pp. 21-23, 1965 (DOC. #99000201). 

(10) Lapin, A , ,  Discussion with W, E, kucas-IPD Inspection, Regarding 
P9CI Cleanliness Weq~remel-8Ls9 M C P  Mem, Ju ly  22, 1971 (DOC. #99000221). 
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1 Lapin, A, , Telephone Conversation with M r .  W i l l i a m  McCodck 
regarding Requirements f o r  Vendor Class AA and Class .ABA Clewing, 
APCI Memo, July 22, 1971 (Doc, #99000222). 

(12) Kehat, E., " ~ a z a r d  Level of Hydrocarbon F i b s  i n  System Containing 
Liquid and Gaseous Olrygen," Cryogenic Engineering Conference, 
Ann Arbor, Michf gan, USAF Contract ~ ~ 3 3  (616)6730, Awwt 15-17', 
1961 (DOC. #99000303 ) . 

(13) Frederick, L. G., D. R. Latshaw, APCI Analytical Report on Pluoreseenee 
of Various Types of O i l s  -- Mobil DTEl05, Texaco Cappella - A, 
Cellulube 550, Fluorolube,Sears Thread Cutting O i l ,  July 15, 1971 
(DOC. #99000311). 

(14) ASTM Standard P i c t o r i a l  Surface Preparation, ASTM Standasds for  
Painting S tee l ,   AS^-~2200-67, 1967 (DOC. #99000339 1. 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I, Materials Compatibility 

B. Compatibility Check 

1, Fi re  Compatibility 

d. Qual i ty  Control - APL 

(2)  Programs 

(a) Pol ic ies  

(b) Pract ices  

The following references represent APL pract ices  r e l a t i ve  t o  c leanl iness  
and qua l i ty  control  requirements f o r  equipment used i n  oxygen service:  

(1) APL, Acceptance Test f o r  Class B Cleanliness, APL Engineering 
Specif icat ion A,01, Rev. 0, May 12, 1969, (DOC. #99000360), 

( 2 )  APL, Acceptmce Test f o r  Class A Cleanliness ( ~ i g h  Pur i ty  Clean), 
APL Engineering Specif icat ion A.02, Rev. 0, May 12, 1969, 
(DOC, #99000361) , 

(3) APL, Acceptance Test f o r  Class AA Cleanliness (oxygen c lean) ,  
APL Ehgineering Specification A.03, Rev. 0 ,  Apri l  1, 1.971, 
(DOC, #99000362) . 

,(4) APL, Degreasing Acceptance Tests f o r  Oxygen Service Compressors, 
APL Engineering Specif icat ion K.02, Rev. 0, June 23, 1969, 
(DOC. #99000363 ) . 

( 5 )  APL, Valves - Oyygen Service: Minimum Decontamination and Test 
Requirements, APL Engineering Specification L-06, Rev. 0, 
~ d y  7 ,  1969, (DOC. #99000364). 

( 6 )  APL, Construction Specif icat ion fo r  Piping Erection, Testing 
and Cleaning, APL Engineering Specification M.02, Rev. 2, 
April  19, 1971, (DOC. #99000365). 

( 7 )  APL, Specif icat ion fo r  Oxygen Service Vessel Fabrication 
( ~ e s i g n e d  by APL Fabrication by Vendor), APL Engineering 
Specif icat ion C.03, Rev. 2, July  26, 1971, (DOC. #99000366). 
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APL, Speci f ica t ion f o r  Oxygen Service Pressure Vessel Fabricat ion 
(Designed and fabr ica ted  by t h e  vendor), APL Engineering Specifi- 
ca t ion  C ,  04,  Rev, 2,  Ju ly  26, 1971, (Doc, #99000367). 

APL, Brazed Core Extended Surface Heat Exchangers, APL Engineering 
Speci f ica t ion E.02, Rev. 4 ,  June 28, 1370, (Doc. #99000368). 

APL, S h e l l  & Tube T;vpe Cooler, Other Than f o r  02 Service 
(APL p l a n t s )  , APL Engineering Speci f ica t ion E. 04, Rev. 1, 
June 1, 1971 , (Doc. #99000369). 

.APL, S h e l l  & Tube Type Coolers f o r  O2 Service,  APL Engineering 
Spec i f i ca t ion  Ee05, Rev, 1, June 1, 1971, (Doc. #99000370). 

.APL, Centr i fugal  Cryogenic Pumps, APL Engineering Speci f ica t ion,  
6.03, Rev. 0, Apri l  1, 1971, (Doc. #99000371). 

.APL, Pressure Gauge - Oxygen Service,  APE Engineering Speci f ica t ion 
J.07, Rev, 0, June 18,  1969, (Doc, N99000372). 

.APL, Pressure Regulating Valves f o r  Oxygen Service,  APL Engineering 
Spec i f i ca t ion  J.15, Rev. 0, June 18 ,  1969, (Doc. #99000373). 

@L, Re l i e f  Valves, W a r m  Gas Service, -20°F +lOO°F, APL Engineering 
Speci f ica t ion 5.18, Rev. 0, June 18, 1969, (Doc. #99000374). 

M L ,  Transfer  Hose f o r  Cryogenic Liquids, APL Engineering Specif i-  
ca t ion L,11, Rev, 0, J u l y  7, 1969, (Doc. #99000375). 

APL, F lex ib le  Hoses f o r  Charging and Discharging Manifolds Oxygen 
Service,  APL Engineering Speci f ica t ion L.12.1, Rev, 0, Ju ly  7, 1969, 
(Doc. #99000376). 

APL, Unsintered P.T.F.E. Tape, APL Engineering Speci f ica t ion 
~ . 1 4 ,  Rev. 0, J u l y  8, 1969, (DOC. #99000377). 

,!4J?L, Cryogenic Liquid Hose Couplings f o r  Use i n  t h e  U.K., APL 
Engineering Standard ~ s . 0 8 ,  Rev. 0, October 21, 1969, (Doc. 
#99000378), 

APL, Expanded P e r l i t e ,  APL Engineering Speci f ica t ion N.01, Rev. 0 ,  
January 1, 1970, (Doc. #99000379). 

APL, Mineral Wool, APL Engineering Speci f ica t ion N.02, Rev. 0 ,  
January 2, 1970, (Doc. #99000380). 

.@L, Insu la t ion  - Preformed Ce l lu la r  Glass Section f o r  P ipe l ines ,  
APL Engineering Spec i f i ca t ion  N.05, Rev. 0, October 1, 1970, 
(DOC, #99000381). 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material Compatibility 

B. Compatibility Checks 

2. Structural  Materials Compatibility 

APCI experience with oqgen  service has been with both m t a l l i e  
materials,  and non lnetallics fo r  gaskets and packing, 

a. (1)  Chemical reactions and al loy modifications due t o  
oxygen diffusion a re  not known t o  a f fec t  m t e r i a l  
strength,  a d  therefore a r e  not a fac tor  considered 
i n  t h e  select ion of metall ic materials for  olrygen 
ser r ice ,  

(2) Material composition i s  not a factor ,  but bath 
mechanical m d  t h e m a l  properties are. The change 
i n  mechmied m d  thermal properties with temperature 
a r e  considered, 

(3) Metal lurgicd changes such as embrittlement a t  lower 
temperatwes i s  a factor  with a l l  construction m ~ t e r i a l s ,  
However, t h i s  i s  due t o  t he  low temperatures produced by 
cryogens, with no special  consideration for  oxygen. 

( 4 )  Coatings and claddings a r e  not factors  considered for  
oxygen service because there  i s  no need for  them, 

(5 )  Exposure t o  secondary reagents i s  not a factor  fo r  
oxygen service because of a low probabili ty of being 
exposed t o  them. 

b. Structures m d  support systems a re  designed t o  safely  accomo- 
date t he  dimensional changes produced by temperature differences 
between ambient t o  low temperature operation. This i s  generally 
accomplished by providing f l e x i b i l i t y  between strucLuses t o  
minimize interact ion forces. 

c. Notch-sensitivity i s  a factor  i n  material  se lect ion,  and i s  
indicated by t e s t s  on a notched t e n s i l e  specimen or  by means 
of a notched-impact specimen. The l a t t e r  i s  i n  general use 
and i s  required by the ASME: Pressure Vessel Codes 2 The 
notch i n  t he  impact specimen represents t he  s t r e s s  r a i s e r  which 
may be present i n  t h e  as-built s t ructure ,  o r  developed during 
subsequent operation, Operating experience indicates t h a t  
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code r u l e s  governing design, mater ia l  exmina t ion ,  and 
weld acceptance standmds have been s u f f i c i e n t  t o  minimize 
failures due notch s e n s i t i v i t y ,  

d. Fabr ica t ion and welding i s  ca r r i ed  out i n  accordance with 
t h e  ASME Pressure Vessel code ( ~ $ 2 )  r i l e s  with s a t i s f a c t o r y  
r e s u l t s .  Inspeetion meets t h e  N a t i o n d  Board r e q i r e m e n t s  ( 3 ) .  

e, Materials  and p a r t s  s u i t a b i l i t y  controls  a re  ca r r i ed  out i n  
accordeanee with t h e  M!&E Pressure Vessel Code r u l e s  with 
s a t i s f a c t o r y  r e s u l t s ,  

f ,  Composite mater ia ls  have not been used f o r  p r e s s w e  carrying 
p a r t s  f o r  oli@pgen service ,  

g, A s  indica ted  e a r l i e r ,  APC9 has had experience with non-metallic 
valve i n s e r t s  m d  b'h~'tterf1y and b a l l  valve s e a t s  md seals .  
Kel-F Teflon, and g1as s - f i l l e d  Teflon have been s a t i s f a c t o r y ,  
p a r t i e d a r l y  f o r  .Light shut-of f condit ions,  @ G I  % Design 
Engineering Standard 5 7 8 , 6 0 , ~  (4) on oxygen piping should 
give fPCI% c w r e n t  p rac t i ces ,  T h i s  should be an exeel lent  
document f o r  describing somewhat completely mater ia ls  and 
conceptual r e q u i ~ e n e w ~ ~ s .  Also t h e  CGA% Oxygen Pipel ine  
S u b c o ~ t t a e  rough draf l  oof March 30,  1971, "~ssembly of  
I n d u s t r i a l  P rac t i ces  Used For Gaseous Oxygen Transmission 
and Dis t r ibut ionvB should be a f ine  reference document, 

he  References 

(1) American Society of Mechm.ngical Engineers, Pressure Vessel 
Division, ASME Boiler  and Pressure Vessel Code Section V I I I ,  
1971 ( D O C ,  #99000280 9, 

( 2 )  American Society of Mechanica1 Engineers, Welding Quali- 
f i c a t i o n s ,  SFB BolRer and Pressure Vessel Code 1971 
(DOC, # 9 9 0 0 0 2 ~ ~ ) ,  

( 3 )  National Bomd Inspection Code, A manual f o r  b o i l e r  and 
pressure  vesse l  inspectors ,  The National Board of Boiler  
and Pressure Vessel Inspectors ,  Columbus, Ohio, 1968 
(DOC * #99000212 1, 

(4) APCI , Oxygen Piping, A P C I  Design Engineering Standard 
578.60.1, Apr i l  24,  1972 (DOC, #99000028). 

( 5 )  Compressed G a s  Association, Assembly of I n d u s t r i a l  
P rac t i ces  Used f o r  Gaseous Oxygen Transmission and 
Distirbu-bion, CGA Docket 70-11, March 22, 1972 
(DOC, #99000345 ), 
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LIQUID AND GGEOUS OXSlGEN SAFETY REVIhW DATA 

I, Material Compatibility 

B. Compatibility Check 

2. Structural  Materials Compatibility 

a. Relationship of Material Strength t o  Maximum Stress  Over 
t he  Working Temperature Range as Affected by: 

(1) elhe&@& reactions and alloy modifications due t o  
ox;ygen diffiasion, 

and ( 2 )  Maherids eompos i t i o n  and property changes 

No consideration i s  given t o  the  e f fec t  of chemical reactions and 
possible a l loy modiffieations due t o  owgen diffusion. Testing of copper 
tubing and lead-tin solders ~fteer  t en  years of intermit tent  cryogenic 
service have given no indieation of deter iorat ion of material  properties,  
Stainless  s t e e l s  and a l a n u  al loy which form inner cryogenic vessels 
of insulated systems hwe shown no appreciable deter iorat ion of l r a c u ~  
a f t e r  eight-ten years of s emice  asld it i s  f e l t  t ha t  appreciable BiG 
fusion would be evident i n  t h i s  period of time, It i s  not considered, 
on t h i s  bas i s ,  t ha t  s i m i f i e m t  ehmges i n  properties take place i n  the  
above alloys,  Thermal cycling of highly s t r a i n  hardened s ta in less  s t e e l  
under experimental conditions has been found t o  produce transformation 
of up t o  15% of the  nomally  austeH1Lic s t ructure  t o  martensite. 

However, no service fa i lu res  have occurred which can be a t t r ibu ted  
t o  these factors.  

( 3 )  M e t a l l u g i e d  changes such as embrittlement 

No known fa i lu re s  have occurred by my suspected embrittlement 
phenonenon thought t o  be associated with oxygen diffusion. 

( 4 )  Effects of coatings and eladdings 

While some f ea r  existed i n  the  ear ly  9% nickel s t e e l  vessels tha t  
dissimilar weld metal and reinfircement pad material  would provide 
dangerously d i f fe ren t  expmsion coeff ic ients ,  r e su l t s  of several  y e w s v  
service tend t o  indicate  othemise,  The inconel type f i l l e r  metals i n  
use as weld metal for  t he  9% nickel s t ee l s  have taken par% i n  no f i e l d  
type fa i lu res .  Similarly,  clad material would appzar t o  of fe r  no great  
disadvantage, providng the  propefiies of both the cladding and the  
material  being clad were compatible with the temperature of operation, 
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Eqerimental  and service his tory has been obtained with t h e  Aluminum- 
Stainless  S tee l  r o l l  bonded t r ans i t i on  piece, and the  Aluminum-Copper- 
Sta inless  S tee l  brazed t r ans i t i on  piece, and the  Aluminum-Copper-Stain- 
l e s s  S t ee l  brazed t r ans i t i on  pieces. Under modest loads,  no degradation 
of bond Lakes place, even af'ter several  hundred cycles from ambient t o  
cryogenic conditions. Similarly, the  s i l v e r  welded alum-stainless s t e e l  
t r ans i t i on  has shown exceptionally good res is tance t o  s t resses  imposed 
by cycling. 

( 5) Compatibility losses  through exposure t o  secondary 
reagents which a re  natural  t o  systems or  introduced 
by accidents . 

F e l u r e s  of materials  i n  r i ch  or  lean gaseous oxygen service is 
t m i f i e d  by "wet atmospheres" with t races  of chlorides. Upon conden- 
sa t ion i n  %:he system, an accumulation of chlorides can occur which may 
seriously a f f ec t  s t a in l e s s  s t ee l s ,  and the  brasses commonly used f o r  
condenser tubing, and could cause f a i l u r e  usually by a s t r e s s  corrosion 
nneehanism, The same conditions on aluminum al loys  r e s u l t s  i n  a ra ther  
genera3 corrosion pattern.  

l lproper  materials  se lect ion o r  improper protection of materials  
on t he  water s ide  of heat exchangers produces galvanic couples which 
r e su l t s  i n  premature f a i l u r e s  of she l l s ,  baf f les  , e t c  . 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I, Material Compatibility 

B. Compatibility Checks 

2. S t ruc tura l  Materials Compatibility 

em Notch s ens i t i v i t y  of materials  over temperature ]range 
of use as  affected by: 

(1) Thermal Fatigue 

No spec i f ic  information. 

(2 )  Allowable defect s i ze  ( fabr icat ion or  material  
f a u l t  ) 

and (3)  Allowable crack growth and r a t e  of crack growth 

Allowable defect s izes ,  where measured, have been i n  accord with 
ASME Code, Sec. V I I I ,  Para, UW-51, (DOC, #99000210) and i t s  associated 
porosity standard. No f a i l u r e s  have occurred which are  a t t r i bu t ab l e  
t o  res idual  defects of t h i s  size.  Investigations regarding a l lo~rab le  
crack growth and r a t e  of crack growth have been non-existent except f o r  
some preliminary s tudies  referred t o  below which show growth of cracks 
i n  an aluminum a l loy  at ambient temperatures under cycl ic  loads: 

Erdogan, F. and R. Roberts, "A Comparative Study of Crack 
Propagation i n  Plates  Under Extension and Bending9' 
Proceedings of t h e  F i r s t  Internat ional  Conference on 
Fracture, Vol. 1, p, 341-362, 1965 (DOC. #990002L3 ). 

Roberts;R. and F. Erdogan,  he Effect of Mean Stress  on 
Fatigue Crack Propagation i n  Plates  Under Extension and 
Bending ," Presented a t  the  ASME Winter Annual Meeting, 
Pit tsburgh, Pa. , November 12-17, 1966 No, 67-WA/M~~-2 
(DOC, #99000214). 

Loushin, L. L., W. J. Lambertin, and A. J. Polmer, "An 
Application of Fracture Mechanics t o  Safe Life Design i n  
Cryogenic Pressure Vessels", Esso Research and Engineering 
Company, Report No. EE .~~ER.?O,  August 24, 1970, (DOC. 
#99000215 1. 

Tafuri ,  J, C. and R. Roberts, "Fatigue - Crack Growth Rates 
and Fracture Toughness Study of Welded Alurninum Alloy 5083"~ 
Presented a t  the  ASMFC Winter Annual Meeting, November 29 - 
December 3, 1970, Paper No. ?O-WA/PVP-~ (DOC, #99000216). 



LIQ,UID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I. Material Compatibility 

B. Compatibility Checks 

2. S t ruc tura l  14aterials Compatibility 

d. Fabrication and Welding (Include guide t o  material  and 
weld defect repa i r s  ) . 

Material and welding defect  repa i r s  a r e  required when defects  a re  
more serious than those allowable i n  ASME Code, Section V I I I ,  Para. 
UW-51 o r  UW-52 (DOC. #99000210), (whichever i s  applicable 1. 

I n  a l l  cases, t he  defect i s  removed by grinding (using aluminum oxide 
o r  s i l i c o n  carbide wheels, high speed burrs,  or  a f i l e )  and t h e  area i n  
question i s  examined by e i t he r  a dye penetrant o r  radiographic technique 
t o  insure removal of t h e  defect  p r i o r  t o  rewelding. Even with v i sua l  and 
dye penetrant techniques, however, defeat recognition and removal some- 
times escapes t he  operator and r epe t i t i ve  repa i r  welding of t he  same area 
i s  required. In  these instances the  aluminum al loys  tend t o  over-age, o r  
segregate, and hot cracking of t he  adgacent parent mater ia l  can take place. 
A cure fo r  t h i s  condition i s  sometimes a l o c a l  annealing o r  solution t r e a t -  
ing operation. By the  s m e  token, 9% nickel  s t e e l  impact proper t ies  can 
be ser iously  affected by r epe t i t i ve  welding operations i n  a local ized 
area. S ta in less  S tee l s  a r e  remarkably f r ee  of any of t h e  above troubles.  
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I, Material Compatibility 

B, Compatibility Checks 

2. S t ruc tura l  Materials Compatibility 

e. Materials and pa r t s  s u i t a b i l i t y  controls 

(2) Vendor procedures on purchased equipment 

Vendor procedures for  fabr icat ion are s imilar  t o  APCI i n  t h a t  t he  
code and cleaning requirements, where imposed, regulate fabr icat ion,  
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

11. Operational Hazards 

A. Overpressure 

1. Safety r e l i e f  valves a r e  i n s t a l l e d  i n  accordance t o  APCI Piping 
Group Memo #19 ( 1  ). 

2. Thermal r e l i e f  valves a r e  always i n s t a l l e d  i n  any sec t ion  of 
cold  p ip ing which l i e s  between two valves. 

3. Low point  dra ins  a r e  general ly provided t o  minimize trapped 
l i q u i d s  . 

4. Refer t o  Review Forms 11~4-1  and 11~4-2. 

5. S t r u c t u r a l  loads on venting systems a r e  determined as per  APCI 
Piping Group Memo #19 ( 1 ) .  

6 ,  Piping is  designed t o  ANSI B31.3 '"Petroleum Refinery piping'" 
( 2 )  o r  ANSI B31.5 " ~ e f r i ~ e r a t i o n  Pipingn ( 3 )  t o  guard agains t  
f a i l u r e  from overpressure. For a t r e a t i s e  on f a i l u r e s  due t o  
de fec t s  see:  THIELSCH, IlEMUT "Defects and Fa i lu res  i n  Pressure 
Vessels and Pipingq' (4) Reinhold. 

7. Ve loc i t i e s  i n  gaseous oxygen systems a r e  l imi ted  t o  a maximum 
of 200 f e e t  pe r  second. Surges on pressure waves should be 
avoided and t h e  p ip ing system designed fo r  what is  considered 
an economical pressure  drop. 

Flow of l i q u i d  should be  con t ro l l ed  so  t h e r e  i s  not  a s e a t  
r a t e  of  change i n  v e l o c i t i e s  i n  t h e  system t o  minimize pressure 
surges (commonly known as water hammer). Refer t o  bibliography 
on Water Hammer ( 5 ) ,  fo r  add i t iona l  information. 
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LIQUID AND GASEOUS OXYGEN SAF'ETY REVIEW DATA 

11. Operational Hazards 

A.  Overpressure 

4. I n t eg r i t y  of Insula t ion 

I. Shop Fabricated LOX Storage Tanks 

These tanks a re  of double wall construction with t h e  a n n d a r  
space f i l l e d  with P e r l i t e  insula t ion and evacuated t o  18 
microns pressure. The i n t e g r i t y  of t he  insula t ion i s  not 
af fected by t h e  i n t e rna l  pressure of t he  inner tank except 
i n  t h e  case of f a i l u r e  o r  leakage of t he  inner tank. To 
prevent overpressuring of the inner tank,  pressure r e l i e ~ n g  
devices are  i n s t a l l e d  using t he  following design c r i t e r i a .  

A .  Safety Valves a r e  s e t  a t  100% design pressure and s ized  
t o  re l i eve  t he  l a rge s t  of t h e  flows l i s t e d  below. 

1. LOX vaporized due t o  normal heat leak boil-off .  

2. Gas vol%e equal t o  maximum f i l l i n g  rat,e (vent valve 
assumed closed).  

3. Maximum gas flow fo r  pressur izat ion valve f a i l u r e  
i n  wide open posit ion,  

B. Rupture d i s c  s e t  a t  120% of design pressure and s ized t o  
r e l i eve  the  l a rge s t  of t he  flows l i s t e d  below minus t h e  
sa fe ty  valve capacity. 

1, Vessel exposed t o  f i r e  with P e r l i t e  i n  t h e  annular 
space but no vacuum. The amount of LOX vaporized i s  
ca lcula ted using t h e  equation i n  paragraph 4.3.5 i n  
CGA Pamphlet S-1.3 Safety Relief Device Standards, 
Pa r t  3, Compressed Gas Storage Containers 
(DOC. #99000315 ) . 

2. LOX vaporized due t o  heat leak assuming vaeum i s  l o s t  
i n  t h e  annular space. Heat leak w i l l  increase up t o  
350 times t h a t  of a tank with t he  design vacuum i n  
t h e  annular space. 

The ou te r  tank i s  protected by a spring loaded L i f t  p l a t e  t o  
re l i eve  overpressures above 2-3 p s i  i n  t he  annziiar space, 
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LIQIJID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

11. Operational Hazards 

A, Overpressure 

4. I n t e g r i t y  of Insula t ion 

11. Fie ld .  Fabricated, f l a t  bottom LOX Storage Tanks 

These tanks a r e  of double w a l l  construction with t h e  
annular space f i l l e d  with P e r l i t e  and purged with nitrogen. 
The i n t e g r i t y  of t h e  insu la t ion  system on these  tanks a r e  
a f fec ted  i n  t h e  same way a s  f o r  t h e  shop fabr ica ted  tanks 
(11~4-1) .  The pressure re l i ev ing  devices f o r  t h e  inner  tank 
a r e  s ized using t h e  following design c r i t e r i a .  

A. Pressure - Vacuum r e l i e f  valves a re  used t o  p ro tec t  t h e  
inner tank. 

1. The pressure s e t t i n g  is  5 psig  and t h e  valve i s  
s ized t o  r e l i e v e  t h e  l a r g e s t  of t h e  opera t ing 
conditions l i s t e d  below. 

a.  LOX vaporized due t o  normal heat  l eak  boi l -  
o f f  p lus  LOX f l a sh ing  i n  tank under f i l l k i n g  
condit ions.  

b. Relief  of gas volume equal t o  maximum f i l l i n g  
r a t e  (vent valve assumed c losed)  

2. The vacuum s e t t i n g  i s  1 /2  oz. and t h e  valve i s  
s ized f o r  a gas volume equal t o  maximum. pump- 
out  r a t e  . 

B, Pressure - Vacuum r e l i e f  valves a r e  used t o  p ro tec t  t h e  
ou te r  tank. 

1. Pressure s e t t i n g  is 2" H20 and valve i s  s ized t o  
r e l i e v e  t h e  maximum nitrogen purge flow with purge 
control  valve f a i l i n g  wide open o r  t h e  expansion 
of t h e  purge gas due t o  an e x t e r i o r  f i r e .  

2. Vacuum s e t t i n g  is  1" H20 and valve i s  s ized t o  handle 
t h e  va r ia t ions  t h e  annular space gas volume due t o  
ambient thermal cycling. 
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11. Operational Hazards 

B. 1)isposal of Ventetl Gases 

1. Company Prac t i ces  

a .  A i r  P lants  

Allthough .NASA i s  not i n t e r e s t e d  i n  a i r  separa t ion  ~ l a n t s  
i n  t h i s  p a r t i c u l a r  study, our pol icy  of  s e ~ r e g a t i n p  var- 
ious d e f r o s t ,  d isposal  and reac t iva t ion  l i n e s  t o  vent 
s tacks  may be appl icable  t o  some of t h e i r  operat ions.  
Basical ly,  t h i s  i s  merely an i s o l a t i o n  of  pure oxygen 
o r  oxygen r i c h  vent manifolds and s t ack  from other  vents  
which have o r  may poss ib ly  contain incompatible ma te r i a l s ,  
Refer t o  APCI Safe ty  Standard 607.1.12, Pages 7 and 8 ( 1 ) .  

h. Safety Valves 

Safety ~ a l v e  discharges a r e  piped outdoors where such 
equipment mav be i n  buildings o r  confined a reas .  Safe ty  
considerat ions f o r  t h e  vent area  a r e  t o  include adequate 
v e n t i l a t i o n  t o  prevent oxygen concentrat ions o r  hazards 
t o  personnel. Personnel hazards would include flammability 
p o s s i b i l i t i e s ,  cryopenic burns and harmful e f f e c t s  of 
high ve loc i tv  r a ses  d i rec ted  on individuals .  

Safe ty  valve discharges can be xanifolded and extended 
t o  a sa fe  area  nroviding t h e  p ip inp manifold i s  s ized  
t o  prevent excessive back pressure on t h e  valves whjch 
would e f f e c t  t h e  r e l i e f  s e t t i n p .  Cases have been con- 
s idered on individual  bas i s  whereby individual  sa fe ty  
valve discharge vents  o r  manifolded sjrstems a r e  t i e d  
i n t o  t h e  proper de f ros t ,  d isposal  o r  r e a c t i v a t i o n  s tacks  
(mentioned above) t o  extend discharges t o  a s a f e  o r  s a f e r  
d is tance  without dupl ica t ing  long pip ing runs.  AL1 mani- 
f o l d  valves must be piped properly,  including unions on 
t h e  discharge ~ i n i n g ,  so they can be removed f o r  r e p a i r ,  
replacement o r  checks. 

Safe ty  discharges must be protected from weather and 
o the r  aoss ib le  adverse e f f e c t s .  I f  discharges a r e  not 
manifolded, they must have an elhow fac ing down~ard (but  
not i n  areas  frequented by personnel)  i n  the  discharge 
p a r t  o r  have a pipe n ipple  with t h e  bottom outboard end 
cut  o f f  a t  a 45' angle. 

Fur ther  d e t a i l s  a r e  i n  Safe ty  Standard 607 .1 .12(~)  and 
Design Engineering Standard 578.60.1 ( 2  1. 
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c. Product Loading Areas 

operat ions Department has i n s t a l l e d  systems i n  loading 
a reas  where gas vented from highway tankers being 
f i l l e d  can be a hazard t o  opera tors ,  equipment and i n  
some cases t o  t h i r d  p a r t i e s  where t h e  a c t i v i t i e s  a r e  
located  reasonablv c lose  t o  public  thoroughfares,  t o  
handle these  vented cases.  Climatic condit ions ( l i t t l e  
o r  no wind ve loc i ty ,  high humidity, e t c .  ) can increase  
t h e  hazards a s  vapors tend t o  remain i n  t h e  area  and 
c lose  t o  the  ground. 

These systems cons i s t  of a f l e x i b l e  hose attachment 
on the  tanker vent which connects t o  a manifold piped 
t o  a 500-gallon aluminum tank. A vent s tack  o f f  t h e  
top  of t h e  tank extends from 20 f e e t  t o  30 f e e t  above 
grade depending on t h e  loca t ion  and ma.p;nitude of  t h e  
problem. The primary purpose of t h e  500-gallon tank 
( 9 2 4 8 3 ~ ) ( 3 )  i s  t o  a c t  as  a "buffer" i n  t h e  event a 
tanker i s  inadver tent ly  ~ e r m i t t e d  t o  overflow. 
Secondary purpose i s  t o  use it a s  a durn  tank f o r  
o f f - spec i f i ca t ion  l i q u i d  o r  d iscarding res idua l  
l i q u i d  i n  a tanker t h a t  i s  t o  be converted t o  another 
nroduct . 
Some refinements t o  t h e  systen,  depending again on 
t h e  loca t ion ,  overa l l  problem and t h e  f a c t  t h a t  t h e  
loader may not always be i n  t h e  immediate a rea ,  a r e :  

An a i r  blower (genera l ly  1700 CFM) i s  s e t  on 
t h e  tank and discharges,  a t  an a n ~ l e ,  i n t o  t h e  
s tack  so a s  t o  a c t  a s  an eductor.  This a i r  
serves t o  d i l u t e  the  ?as concentrat ion and 
a l so  t o  heat  t h e  vapors t o  prevent t h e i r  
t t  dropping" t o  t h e  ground l e v e l .  Actuation 
of t h e  blowers va r i e s  according t o  needs. 
Where frequent  service  is  required it i s  
kept o ~ e r a t i n g ,  f o r  a l l  p r a c t i c a l  purposes, 
constantly.  Others tu rn  it on a s  necessary. 
A number of loca t ions  have a temperature- 
ac tuated  switch with a sensing bulb i n  t h e  
stack.  The temperature switch i s  s e t  t o  t h e  
lowest temnerature p r a c t i c a l  below t h a t  of  
expected low f o r  t h e  geographical loca t ion .  
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2. Level switches (usual ly  s e t  a t a b o u t  5 inches)  
a r e  piped i n t o  t h e  s ide  of the  tank,  near t h e  
bottom, where loaders may leave t h e  immediate 
area.  This switch i s  s e t  t o  ac tua te  an alarm 
t o  warn t h e  loader t h a t  t h e  tanker i s  over- 
f i l l e d  and passing l i q u i d  i n t o  t h i s  tank,  The 
loader would be expected t o  get  back t o  t h e  
loading pad and immediately shut the  f i l l  valve, 
Where t h e  loader may be an arpreciable  distance 
away, t h e  switch would a l so  s top  t h e  blower t o  
prevent a possible react ion should t h e  l i q u i d  
reach t h e  blower dischange before t h e  f i l l  valve 
i s  shut.  Where t h e  tank i s  used f o r  disposal  
of l i q u i d ,  a by-pass switch may be necessary 
t o  take  t h i s  stritch out of t h e  blower and alarm 
c i r c u i t s  during t h i s  operat ion.  A red warning 
s h a l l  ind ica te  it i s  on by-pass and i n  t h i s  
case, t h e  loader should not be permitted t o  
leave t h e  area.  

3. Most f a c i l i t i e s  have more than one product 
loaded a t  t h e  same s i t e .  Separate manifolds 
a r e  used f o r  each product, but they do t i e  in- 
t o  a common tank. The separa te  manifolds a r e  
t o  preclude the  p o s s i b i l i t y  of reverse flow of 
one product i n t o  another and i s  p a r t i c u l a r l y  
important where oxygen may back i n t o  a high- 
p u r i t y  ni trogen tanker where 25 ppm or  l e s s  
oxygen i s  standard. The blower-eduction 
system supplements t h i s  control  i n  t h a t  i t s  
operat ion tends t o  c l e a r  out a l l  vapors and, 
depending on t h e  number of simultaneous load- 
ings ,  may e f f e c t  a s l i g h t  n e ~ a t i v e  pressure 
within t h e  tank. Another back up system f o r  
cross  contamination i s  a s w i n ~  check valve 
where each tanker t i e s  in to  t h e  manifold system 
with t h e  f l e x i b l e  hose. These check valves 
a r e  on a l l  systems. 

4. Storage tank vents ,  r e l i e f  valve discharge 
piping, and pump cooldown l i n e s  have been t i e d  
i n t o  these  d i spersa l  system tanks where neees- 
sary  and convenient. 
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A l l  new f a c i l i t i e s  are required t o  have some dispersal  
system fo r  t r a i l e r  vents i n  load areas. Where 
multiple usage i s  prac t ica l ,  t he  above system 
need not be incorporated. The Wharton plant  has 
a large  capacity dump tank f o r  discharging off- 
specif icat ion l i qu id  during s t a r t up  periods. This 
doubles as a t r a i l e r  load system vent. A t  Lone 
S t a r  a product vaporizer (cooling water as a vapor- 
i z ing  medium) has a separate c o i l  fo r  dumping l i qu id  
f'rom the  hydrocarbon and guard adsorbers when they 
a re  t o  be reactivated,  The tanker vapor l i n e s  a re  
teed i n t o  t h e  c i r c u i t ,  pass tilrough t ne  vaporizer, 
and go t o  an ex i s t ing  stack. 

We are  presently i n  a program for  automating loading 
systems whereby t h e  shutoff  valves are  actuated by 
a l i qu id  l e v e l  switch on t n e  t r a i l e r .  For these  
systems, t h e  dispersal   tan^ with t h e  blower and t h e  
l e v e l  switch are  a compulsory par t  of t h e  automation. 
I n  addit ion t o  providing safe venting conditions, t h e  
system provides a backup for  t h e  automation. If t h e  
Pi l l  valve f a i l s  t o  close on t he  tanker contained 
c i r cu i t ry ,  t h e  overflow operates tile d ispersal  tank 
switch which i n  t u rn  in te r rup ts  t h e  power t o  t h e  
fa i l -c lose  automatic valves and a l so  sounds an alarm 
and shuts o f f  t h e  blower. The " ~ u t o - ~ o a d "  systems 
are  described i n  some d e t a i l  i n  Ii. H, Master's 
memoranda dated March 22, 1971 (4 ) and April  5 ,  1971 ( 5 ) . 
I n  addit ion t o  d i r ec t  sa fe ty  aspects,  t h e  t r a i l e r  
venting system has a d i r ec t  economic advantage i n  
t h a t  it reduces t n e  curb stop and pad deter iora t ion 
caused by cold gases and l iqu ids .  Also, accidental  
s p i l l s  have resul ted i n  t h e  necessi ty fo r  t i r e  re- 
placement numerous times and amounts saved i n  t h i s  
respect  are  not calculable but are  known t o  nave 
been high. 

d. Disposal Problems 

Problems re la ted  t o  t h e  disposal  of cryogenic vapors are  
covered i n  APCI Safety - G r a m  110. 17 ( 6 ) ,  H. H. Master's 
paper subject  "Product Vapor ~ a z a r d s "  ( 7 ) ,  J. B. Gaylets 
paper subject   i ire Incident i n  an Oxygen cloud" (8), and 
A. Lapin's paper subject  "Oxygen Diffusion i n  t h e  Atmos- 
phere f o r  Liquid Oxygen ~ o o l s "  (9 ,  10) .  
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11. Operational Hazards 

B. Disposal of  Vented Gases 

1. Cleanliness of d isposal  system (compat ib i l i ty  with o x i d i z e r ) ,  

Report IIB1-2 covers our approach t o  t i s  quest ion including (3 conformance t o  Safety Standard 608.1 . This standard limits 
p a r t i c u l a t e  s i z e  and quant i ty  t o  an acceptable value t o  prevent 
plugging of opera t ing equipment and t o  el iminate p a r t i c l e  

t f r i c t i o n  as a source of igni t ion .  Addit ionally,  these  values 
a r e  acceptable f o r  most commercial appl ica t ions  involving 
con t ro l  valves, o r i f i c e s ,  e tc .  

Materials  u t i l i z e d  i n  d isposal  and vent systems are  l imi ted  t o  
corrosion r e s i s t a n t  types such as  copper, b r a s s ,  a u s t e n i t i c  s ta in-  
l e s s  s t e e l  and monel. Objective here i s  t o  maintain t h e  c l e m l i - -  
ness l e v e l  o r i g i n a l l y  achieved while u t i l i z i n g  mater ia ls  s u i t a b l e  
f o r  cryogenic temperatures. Design Engineering Standard 578.60.1 ( 2 )  

r e f l e c t s  t h i s  philosophy. 

2. Proximity of o the r  a c t i v i t i e s  t o  vents wiiich may be endagered  by 
ox id ize r s ,  d i l u t i o n  methods f o r  sa fe  concentrat ions,  

Our bas ic  philosophy i s  t o  vent far enough away from personnel. are= 
o r  opera t ing equipment t o  permit n a t u r a l  d i l u t i o n  t o  sa fe  l i m i t s ,  
Distances are indicated  by following standards : 

578.60.1'~) ( 3 )  Vents from oxygen compressors 
607.1.12 (page 9 )  Vaporizer vents 

Vaporizers a r e  designed t o  vent cold gas. Vent piping must be 
d i rec ted  away from carbon s t e e l  components t o  prevent cooling below 
- 2 0 ° ~ .  

Rela t ive  loca t ions  of vents a i n s  and de f ros t  s tacks  a re  covered 
by Safety Standards 605.1.3 A i r  Separat ion Plant  Layout. 

3. References. 

(1) APCI Cleaning and Inspection,  Materials ,  Oxygen Service,  APCI 
Safety Standards 608.1, October 1965 (DOC. #99000050), 

( 2 )  APCI Oxygen Piping, APCI Design Engineering Standards 578.60.1, 
Apr i l  24, 1972 (DOC. #99000028). 
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3) Kitson, F., A P C I ,  Plant  Components, A i r  Separation Plant ,  
Piping, Valves and Safety Relief Devices, APCI Safety Standards 
607.1.12, October, 1962 (DOC. #99000046 ) . 

( 4 )  B a l l ,  W. L., C r i t e r i a  A i r  Separation Plant  Layout, APCI 
Safety Standards 603.1.3, January 6, 1961 (DOC. #99000043). 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

11. Operational Hazards 

B. Disposal of Vented Gases 

1. Cleanliness 

The approach t o  c lean l iness  of  oxygen piping i s  covered i n  
d e t a i l  i n  APCI Construction Speci f ica t ions .  A t y p i c a l  
example would be t h e  APCI Construction Speci f ica t ions ,  General 
Construction and Equipment Erection,  Oxygen Compression System, 
E l  Segundo, Cal i f .  Section 200.0 t o  200.20, Revised November 
17 ,  1969 (DOC. #99000338). Additional requirements a re  found 
i n  RPCI, Cleaning and Inspection of Materials  i n  Oxygen 
Service,  APCI Safe ty  Standards 608.1, October 1965 
(DOC. #99000050). 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

11. Operational Hazards 

B. Disposal of Vented Gases 

4. Procedural arrangements 

APCI c r i t e r i a  f o r  t h e  design of oxygen piping a re  covered by 
APCI Design Engineering Standards 578.60.1 fo r  oqrgen piping 
dated April 27, 1971 (DOC. #99000028). 
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11. Operational Hazards 

C. Coupling t o  %her Systems 

1. Iso la t ion  arrangements f o r  keeping oxidizers out of adJ acent 
systems; considerations of operational e r rors  o r  l e&s  through 
valves. 

Leakage of oxygen t o  nitrogen i s  norma3ly prevented by use of double 
check valves ( c i r c l e  Seal s e r i e s  232B with Viton O-ring sea l s )  lo -  
cated between manual double block valves ( b a l l  type a t h  "Plfflon 
sea l s ) .  The chamber between the  block valves i s  vented t o  t h e  at- 
mosphere through a vent valve and check valve, The check vdve is  
u t i l i z e d  t o  prevent entrance of  contaminants during e ~ e a d e d  periods 
when the  vent valve is open. 

Where nitrogen gas i s  u t i l i z e d  f o r  purging hydrocarbon systems a d  
t h e  gas or iginates  i n  a vessel  common t o  t h e  oxygen ( d i  s t i l l a ~ i o n  

) , a special  i so la t ion  system i s  u t i l i z e d  t o  prevent backflow 
of hydrocarbons i n t o  t h e  oxygen column i n  case nitrogen presswe 
diminishes below normal leve ls  . Automatic double blt>ek valves are 
u t i l i z e d  with an automatic vent valve between them. Actuation Is by 
lo s s  i n  pressure o r  loss  of nitrogen purity.  

Accidental contamination of  oxygen piping and in s t rmen t s  with o i l  
is normally prevented by segregated piping and instnmentat ion so  
t h a t  o i l  leakage cannot occur around oxygen containing coanponents, 

2. Temperature coupling t o  adjacent systems ; cooling, cold ea>nderas;l;te, 
leakage of cool l iqu ids  on adjacent systems. 

Basically,  we normally employ s t a in l e s s ,  aluminum and copper for  t he  
portion of systems operating below -20°F and f o r  w m E r  piping up to 

switch s e t  t o  warn operator of  f a l l i n g  temperatures below 
-5OF. Thereaf'ker , carbon s t e e l  i s  usually u t i l i z e d  m l e s s  mdntain- 
ing cleanliness during construction o r  during operation is  a problem, 

Compressors, which a re  vulnerable t o  l i qu id  carryover from a l iqu id  
source, are  protected by a l i q u i d  t r a p  i n  addit ion t o  a t a p e r a t w e  
alarm and shutdown systems . 
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L I Q U I D  AND GASEOUS OXYGEN SAFETY REVIEW DATA 

11. Operational Hazards 

D. S p i l l s  and Leakage 

The general ru le  i s  t o  repa i r  oxygen gas o r  l i qu id  leaks ime-  
d ia te ly ,  I f  leaks are  minor and i n  a re la t ive ly  safe  area,  and 
it is not p r ac t i ca l  t o  f i x  them immediately they would be fixed 
a t  t he  f i r s t  opportune moment. For bad leaks i n  hazardous areas,  
of course, the  leak i s  t o  be fixed immediately, Minor leaks 
where there  i s  a r e a l  po ten t ia l  hazard, such as a cracked. f i t -  
t i n g  which could break completely, would be repaired im-diadely,  

No leaks are  t o  be repaired u n t i l  all pressure i n  t he  appropriate 
c i r c u i t s  has been bled down. When torches o r  welding are nee- 
essary f o r  repairs ,  c i r c u i t s  must be purged with nitrogein and 
t e s t e d  f o r  21% oxygen o r  l e s s  atmospheres. Also, hot work re- 
quires posi t ive  blank of source of oxygen, Posit ive blmiks in- 
clude complete disconnect of l i n e  by mechanical means, blank 
inser ted between flanges, o r  two block valves with a bleed Lo 
atmosphere between them, Naturally, a l l  too ls  and f i t t i n g s  
should be cleaned appropriately before use and the  area should 
be cleaned and dr ied a f t e r  work has been completed. 

O u r  main area of concern regarding s p i l l s  i s  i n  t he  load.-unload 
areas. There have been a number of major s p i l l s ,  generally due 
t o  truck pul l ing out before disconnecting t he  t r ans fe r  hose, 
A l l  of t he  newer f a c i l i t i e s  have remote operated shutoff valve 
on storage tank l i n e s  i n  the  event there i s  l i n e  breakage. 
Older plants  are  under investigation and no decisions have been 
made i n  t h i s  matter. Presently there  a re  31 LOX tanks i n  t h i s  
load-unload category, 11 of which have remote shut off  vnlves, 
There have been a number of incidents where dr ivers  have pulled 
away and to rn  up our loading area l i ne s ,  However, al l  were 
caught and handled immediately so no major incidents resulted,  
Generally, the  manual valve was closed and damage repaired as  
necessary. One such recent happening was a t  8 locat ion where 
they had a remote valve but t h i s  was on a LIN system. 

The majority of our loading areas have water deluge systems in- 
s t a l l e d ,  manually actuated, which would serve t o  vaporize 
s p i l l e d  l i q u i d  and a t  l e a s t  prevent propagation of a f i r e  i n  
t he  event we had such a problem. Details  a re  i n  APCI '%&luge 
Systern LOX Loading ~ a c i l i t y " ,  Safety Standard 630.2.6, Jan. 
1964 (DOC, #99000055 ) . 
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APCI, "check L i s t ,  A i r  Separation Plant ,  Operation", Safety Stan- 
dard 610.1.5, February 16, 1961 (DOC. #99000218), has two items 
on t he  check l i s t  regarding s p i l l  hazards. One (page 10 )  in- 
d icates  t h e  loading area  pad i s  t o  be sloped t o  permit flow t o  
t he  l e a s t  hazardous area. The other (page 9 )  questions, '"re 
the re  remote operating shutoff valves at locat ions  where large  
quan t i t i es  of LOX o r  l i qu id  hydrogen are  s tored and f a i l u r e  of 
a tank would present an extreme hazard?" 

B P C I  , "Air Separation Plant ,  Cryogenic Liquid Disposal" , April  
I t  1962 (DOC. #99000047), and APCI, Vaporizer, Cryogenic Liquid 

~ i s p o s a l "  , Design Engineering Standard 514.6.2, May 26, 1961 
(DOC. #99000015), a r e  not d i r ec t l y  applicable t o  s p i l l s  and 
leakage but have some d e t a i l s  on vaporizers and na tura l  
disposal, 

We have not environmental warning and escape systems, therefore  
no detection;  quanti ty and response time l i m i t s ,  

It i s  company and industry policy t o  keep all oxygen areas and 
systems f r e e  of incompatible materials  and i gn i t i on  sources, 

99 Handling of Low Temperature Fluids and High Pressure Oxygen", 
by F. Himmelberger, presented at t h e  Aeronautical Industr ies  
Section Program of t h e  National Safety Congress, Chicago, Ill., 
October 19, 1959 (DOC. #99000219), has some material  on s p i l l s .  
A l l  f a c i l i t i e s  have t h i s  a r t i c l e  included i n  t h e i r  Safety 
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11. Operat ional  Hazards 

D. S p i l l s  and Leakage 

1. Drainage and Ultimate Disposal Arrangements 

a. A t  production p lan t s  t h e  I n d u s t r i a l  Gas Division i s  
resnonsih le  f o r  t h e  conversion of t r anspor t  equipment 
from one se rv ice  t o  another (e.c. LOX t o  LIFT) and f o r  
d isposal  of of f -pur i ty  product. This ~ e n e r a l  ca-tecory 
of d i s r o s a l  xrould be i n t e n t i o n a l  and would be performed 
i n  t h e  followinl-, manner i P  t h e  production facili-t:r has 
a vapor c o l l e c t i o n  systen. The l i q u i d  product would be 
t r a n s f e r r e d  a t  a cont ro l led  r a t e  i n t o  t h e  p lan t  ta,nker 
vanor c o l l e c t i  on system f o r  vaporizat ion and d i s ~ e r s a l  
t h r o u ~ h  a vent s tack  provided with a blower ~ ~ h i c l i  s a fe ly  
d isperses  t h e  vapor i n t o  t h e  atmosphere. I f  a vapor 
c o l l e c t i o n  sgstem i s  not provided a t  t h e  production 
f a c i l i t y ,  t h e  l i q u i d  profiuct i s  drained onto a clean 
gravel  a rea  a t  a con t ro l l ed  r a t e  t o  avoid producing a 
l a r g e  vapor plume and a l a r q e  a rea  with a high oxygen 
concentration. 

b. Safe venting and con t ro l  of leakace during t r a n s f e r  of 
LOX product at consumer s i t e s  i s  achieved by el iminat-  
ing  t h e  possibi1it:r of product from contact ing combust- 
i b l e  mater ia ls .  It i s  I G D  p r a c t i c e  t o  i n s t a l l  bulk 
oxygen s torage  systems i n  accordance wi th  comFan:r c r i t e r -  
i a  based on t h e  appl icable  codes, NFPA i/56G, " Ins ta l l a -  
t i o n  of Bulk Osrgen Sys tem a t  Consumer s i t e s " ,  1965 
e d i t i o n  (Doc. #99000190). This code and Air Pro<uctsq 
c r i t e r i a  requi res  t h a t  l i q u i d  oxyren be t r a n s f e r r e d  over 
noncombustible su r faces ,  t h u s ,  any leakape of l i q u i d  
oxygen o r  small s p i l l a g e  would be sa fe ly  vaporized. The 
noncombustible surfaces  referenced above a r e  clean gravel  
o r  concrete. Where aspha l t i c  paving o r  poss ib le  llyciro- 
carbon on crave1 or  on e a r t h  a r e  under t h e  t r a n s f e r  hose 
connections o r  v a l v i n ~ ,  an alunlinum drip-pan i s  nrovi de d 
during t h e  t r a n s f e r  operation. 1t has been A i r  products" 
experience t h a t  t h e  r e l a t i v e l y  small quant i ty  of vapor as- 
socia ted  with LOX t r a n s f e r  procedures do not pose a 
problem. 
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I I D 1 - 1  (continued) 

NFPA #5QG, 1365 e d i t i o n  has been rev i sed  i n  !Clay 1971, 
i n  accordance with t h e  "flmmendnents" t o  NIi'PA TTo. 566,  
(DOC. #!?9000191) and w i l l  be designated as  TJFPA #50. 

c. Gaseous oxygen s torage  systerls a r e  a l s o  covered by TJFPA 
pamphlet #5G6 ; ho~srever , t h e  problems of leakage a r e  
s i y n i f i c a n t l y  l e s s  thzn with  LOX. 
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11. Operational Hazards 

D. Sp i l l s  and Leakage 

2. Separation of Incompatible Materials and Igni t ion Sources 
i n  Disposal Systems 

NFPA # 5 G G  (DOC. #99000190) l i s t s  quanti ty distance c r i t e r i a  
t o  maintain flammable m d  combustible storage a t  a safe  
distance from the  owgen bulk storage system. Similarly,  
i gn i t i on  sources a r e  r e s t r i c t e d  from t h e  immediate area  of 
t h e  oyygen bulk storage system. It i s  t h e  i n t en t  of t h e  
NFPA code t o  prevent storage of combusti.ble materials  and 
combustible s t ruc tures  a t  an inadequate distance from t h e  
storage system t o  preclude t he  exposure of t he  oxygen s tor-  
age system t o  a f i r e .  
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11. Operat ional  Hazards 

D. S p i l l s  and Leakage 

3. Environmental Warnings and Escape Systems 

Due t o  t h e  p r a c t i c a l  maximum s torage  a t  consumer s i t e s ,  
perhaps 20,000 gal lons  of LOX, (average 2,403 g a l s )  there 
i s  not a necess i ty  f o r  any s p e c i f i c  o r  general  require-  
ments f o r  environmental warnings and escape systems, 
Each oxygen bulk s torage  system i s    la carded w i t h  a 
warning " ~ q g e n  - l?o Smoking o r  Open Flames. 1t 
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11. Operational Hazards 

D. S p i l l s  and Leaka~e 

4. Detection: Quantity and Response Time Limits 

Due t o  t h e  p r a c t i c a l  maximum s torage  of 20,000 gal lons  of 
l i q u i d  oxygen with t h e  average s torace  being 2,400 g a l s ,  
a  de tec t ion  system i s  not provided a t  consumer f a c i l i t i e s .  
TJFPA pamphlet i'f566 (DOC, #99000130) r equ i res  t h a t  s torage  
systems be located  i n  we l l  v e n t i l a t e d  areas  and p laces  a 
r e s t r i c t i o n  on t h e  number of f i r e  walls  and loca t ions  of 
f i r e  ~ r a l l s  t h a t  may be used and would r e s t r i c t  v e n t i l a t i o n  
( see  Section 5-1-11). 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

11. Operational Hazards 

E. Contaminants Accumulation 

The procedures f o r  solvent  evaporation technique, and f o r  ex t rac t ion  
of e t h e r  soluble  mater ia l  and o i l  content determination are covered 
in:  

Latshaw, D. H . ,  "Oxygen Safety Review Check ~ i s d " ,  
M a y  4 ,  1971 (DOC. #99000217) 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

11. Operational Hazards 

F. Oxygen Transfer 

1. Production t o  storage,  storage t o  system, storage t o  t ranspor t ,  
t ranspor t  t o  system. 

Liquid production t o  storage i s  normally accomplished through 
gravi ty  feed t o  low pressure tanks operating at 2-3 psig.  Piping 
mater ia l  may be aus t en i t i c  s t a in l e s s ,  copper o r  aluminum. Insula- 
t i o n  i s  by rockwool i n  ducts f o r  multiple l i n e s  o r  Fozmglas fo r  one 
o r  two l i ne s .  Liquid oxygen o r  nitrogen may be ca r r ied  i n  a common 
duct. Inclusion of l i qu id  hydrocarbons i s  not permitted. Small 
plan ts  of ten u t i l i z e  a vacuum jacketed t r ans f e r  system o r  a batch 
t r ans f e r  system t o  minimize heat leakage. 

Storage t o  system of ten requires  elevated pressures necess i ta t ing 
t he  use of cen t r i fuga l  pumps. Storage t o  t ranspor t  a l so  requires 
pumping equipment due t o  operating pressures of t he  storage and t he  
normal e levat ion of t ranspor t  tankers. Transport t o  system i s  
usually accomplished by pressurizing t he  tanker ( t o  approximately 
25 p s ig )  o r  by on-board pumps fo r  higher pressures. 

Safety requirements r e l a t i v e  o storage and loading areas a re  t) covered by Standard 607.2.1.1 . Deluge systems are  covered by 
Standard 630.2.6(2). 

2. References. 

(1 )  B a l l ,  W. L., Plant  Components, Storage, Converter System, and 
Cryogenic Liquids, APCI  Safety Standards 607.2 -1.1, April ,  1962 
(DOC. #99000048). 

2 Kitson, F. K., APCI, The Protection Equipment, Deluge System, 
LOX Loading Fac i l i t y ,  APCI Safety Standards 630.2.6, January, 
1964 (DOC. #99000055). 
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11. Onerational Hazards 

F. Oxygen Transfer 

1. Production, Storage t o  System, Storage t o  Transport,  
Transport t o  System Loading and Unloading Procedures f o r  
Liquid Oxygen Transfer  a r e  Lis ted  i n  A i r  P r o d u c t s ' S a f e t y  
Standards 635.19, Pages 3, 4, 5,  and 6. 

a. WZCI, Loading and Unloading Operations, I I P C I  Safety 
Standards 635.19, February 1968 (DOC, #9900019k 1. 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

11. Operational Hazards 

F. Oxygen Transfer 

1, Systems 

Fie ld  Fabricated Cryogenic Liquid Storage Tanks. 

APCI  procedure f o r  t he  design and fabr icat ion of l a rge  Cryogenic 
Liquid Storage Tanks i s  covered i n  d e t a i l  i n  t h e  
references : 

1, APCI Standard Specification f o r  a Fie ld  Fabricated Cryogenic 
Liquid Storage Tank ( ~ l a t  ~ o t t o m ) ,  A P C I  No. 998208, September 
15,  1971 (DOC. #99000341). 

2, APCI Job Specif icat ion 310,000 Gallon Capacity LOX/LIR Storage 
Tank, APCI No. 71-2775-16,10-l~, September 16, 1971 (DOC, 

#99000342 1. 

3, American Petroleum I n s t i t u t e ,  Recommended Rules f o r  Desie?;n 
and Construction of Large, Welded, Low-Pressure Storage Tanks, 
API Standard 620, Fourth Edition, February 191'0 (DOC, #99000343), 

4. In te rna t iona l  Conference of Building Off ic ia l s ,  Unifom 
Building Code, 1970 Edition, Volume I (DOC. 899000344), 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

11. Operational Hazards 

F. Oxygen Transfer  

1. Systems 

The following documents describe some of t h e  APL oxygen 
t r a n s f e r  methods, severa l  t y p i c a l  i n s t a l l a t i o n s ,  and 
t h e  Operations Department overhaul procedures f o r  
l i q u i d  pumps: 

(I)  APL, Centrifugal  Oxygen Compressor Mmual, 
Hattingen P lan t ,  APL (Doc. #99000410 ) , 

( 2 )  APL, LOX i n s t a l l a t i o n  a t  Customer S i t e s ,  APL, I,G,D, 
Engineering f h u a l ,  No. EM 40-01, Rev, 0, 
J U ~ Y  19, 1971 (DOC. #99000411). 

( 3 )  APL, Procedure f o r  F i l l i n g  Cryogenic Tanker by 
Pump a t  Carrington, APL, I.C.D. Engineering Manual, 
No. EM 50-01, Rev. 0, !.lay 27, 1971 (Dac, #99000412). 

( 4 )  APL, Procedure f o r  F i l l i n g  Cryogenic Tankers by 
Pmp a t  Bracknell,  APL, I .G.D. Engineering Manual, 
No. EM 50-02, Rev. 0, )lay 27, 1971, (DOC. #99000423), 

( 5 )  APL, Procedure f o r  F i l l i n g  Cryogenic Tankers by 
Pump a t  Stoke-On-Trent; , APL, I. G.D. Engineering Idmual , 
No. EM 50-03, Rev. 0, May 5, 1971 (DOC. #99000414 ) , 

( 6 )  APL, Purge Procedure f o r  Cryogenic Liquid Container, APL, 
I.G.D. Engineering Manual, No. EM 52-02, Rev. 0, 
June 3, 1971, (DOC. #99000415). 

(7 )  APL, Procedure f o r  Cylinder F i l l i n g  and Q'uality 
Control (Standard Pur i ty  Gases), APL, I . G , D ,  Engineering 
Manual, No. EM 55-01, Rev. 0, Ju ly  2, 1971 
(DOC. #99000416). 

(8) APL, Procedure f o r  t h e  I n s t a l l a t i o n  of a Cryogenic 
Tank, APL, I.G.D. Engineering Manual, IJo. EM 60-01, 
Rev. 0, May 19 ,  1971, (DOC. #99000417). 

(9 )  APL, Operations Department, Overhaul Procedure, 
New Malden, APL C 15519.5 (DOC. #99000418), 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

11. Operational Iiazards 

F. Oxygen Transfer  

2. P ipel ine  Transportat  ion  

O2 p ipe l ines  a r e  present ly  designed i n  accordance with t h e  
following : 

a. ANSI ~ 3 1 . 8 ,  Gas Transmission and Dis t r ibut ion Piping 
System, American National Standard I n s t i t u t e  (EX USA 
s t andard) ,  1968 (Doc. #99000350). 

b. T i t l e  49. Transportat ion,  Pa r t  192 - Transportat ion of 
Natural Gas and Other Gas by Pipeline:  Minimum Federal 
Safety Standards -- Establishment of Minimum S t m d w d s ,  
Federal Regis ter ,  - 35, No. 161, August 19 ,  1970 
(Doc, #99000351). 

c, T i t l e  49. Transportat ion,  Pa r t  192 - Transportat ion of 
Natural Gas and Other Gas by Pipel ine  : Minimurn Federal 
Safety Standards -- Establishment of Minimum Standards, 
F i l i n g  of Inspection and Maintenance Plans,  Federal 
Regis ter ,  35, No. 205, October 21, 1970 (DOC. #99000352), 

d, T i t l e  49. Transportat ion Par t  192 -- Transportat ion of 
Natural Gas and Other G a s  by Pipel ine:  Minimum Federal 
Safety Standards -- Establishment of Minimum Standards, 
Odorization of Gas, Federal Regis ter ,  - 35, No. 220, November 
11, 1970 (DOC. #99000353). 

e ,  T i t l e  49, Transportat ion,  Pa r t  192 - Transportat ion of 
Natural G a s  and Other G a s  by Pipel ine:  Minimum Federal 
Safety Standards -- Establishment of Minimum Standards, 
Miscellaneous Amendments, Federal  Regis ter ,  - 35, No, 223, 
November 17, 1970 (Doc, 99000354). 

f. T i t l e  49. Transportat ion Par t  192 - Transportat ion of 
Natural G a s  and Other Gas by Pipeline:  Elinimum Federal 
Safe ty  Standards -- Establishment of Minimum S'tandards, 
Corrosion P i t t i n g ;  Notice of Public Hearing, Federal 
Regis ter ,  36, No. 126, June 30, 1971 (DOC, #99000355). 
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g. T i t l e  49. Transportat ion Par t  192 - Transportation of 
Natural. Gas and Other Gas by Pipeline:  Minimum Federal 
Safety Standards -- Establishment of J![inimum Standards , 
Requirements f o r  Central Corrosion, Federal Register ,  
36, 110. 126, June 30, 1971 (DOC. #990003$6). - 

h. T i t l e  49. Transportation Par t  192 - Transportation of 
Natural Gas and Other Gas by Pipel ine:  Minimum Federal 
Safety Standards -- Establisfment of Minimum Standards, 
Extension of Time f o r  Confirmation o r  Revision of Maximum 
Allowable Operating Pressure,  Federal Register ,  36, No. 176, 
September 10,  1971 (Doc. #99000357 ) . 

i. Public Law 90-481 

j. Compressed Gas Association, Assembly of  I n d u s t r i a l  P rac t i ces  
Used f o r  Gaseous Oxygen Transmission and I l i s t r ibut ion , CGA 
Docket 70-11, Third Drart, March 22, 1972 (Doc. #99000345). 

Liquid oxygen t r a n s f e r  systems are designed i n  accordance with: 

ANSI B31.3, Petroleum Refinery Piping, American National 
Standard I n s t i t u t e  (EX American Standard ~ s s o c i a t i o n ) ,  1966 
(Doc. #39000347 ) . 



INC. 

February 21, 1972 
113'2-2 

LIQUID AIJD GASEOUS OXYGEN SAFETY REVIEW DATA 

11. Operat ional  Hazards 

F. Oxygen Transfer  

2. P ipe l ine  Transportat ion 

APL Oxygen p ipe l ine  design concepts and c r i t e r i a  a r e  des- 
c r ibed  i n  t h e  following documents: 

(1) APL, Oxygen P ipe l ines ,  APL E n ~ i n e e r i n r  Standard 
~S .3011 ,  Rev. 0, J u l y  1, 1970, (Doc. f99000'+04) 4 

( 2 )  APL, Design and Safe ty  Standards f o r  Ca.rbon S t e e l  
Gaseous Oxygen Transmission Lines, RPL Engineering 
Standard LS 30/2, Rev 1, December 1, 1970, 
(Doc. #99000405 ) . 

( 3 )  APT,, Pipine, Selec t ion  Sheet-Carbon Steel-Warm Oxygen 
Service 150 PSIG (CSO 1 .5) ,  APL Engineering Standard 
LS.31/1, Rev. 0, June 12,  1970, (DOC. #99000406), 

(4) APL, Piving Selec t ion  Sheet-Carbon Steel-Warm Owger, 
Service 275 PSIG (CSO 2.7),  RPL Enpineering Standard 
LS. 31/2, Rev. 0,  January 29, 1970, (Doc. #99000407). 

( 5 )  APL, pip in^ Selec t ion  Sheet-Carbon Steel-Warm Owgen 
Service 500 PSIG (CSO 5 . 0 ) ~  APL Engineering Standard 
LS.31/3, Rev. 0 ,  June 12,  1970, (DOC, #99000408), 

(6) APL, Piping Selec t ion  Sheet-Carbon Steel-Warm Oxygen 
Service  720 PSIG (CSO 7.2), APL Engineering Standard 
LS. 3114, Rev. 0, June 12,  1970, (Doc. #99000409), 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

11. Operat ional  Hazards 

F. Oxygen Transfer  

2. Road, Railroad, Barge, and Pinel ine  Transportat ion 

a. Pressure Rel ief  

The majori ty of r e l i e f  devices on LO% tankers  and LOX 
r a i l c a r s  a t  A i r  Products have a s e t  pressure of 25 p s i p  
and a road sa fe ty  r e l i e f  valve s e t  f o r  1 5  psig. Several  
tankers  a l s o  have s a f e t y  r e l i e f  valves v i t h  a s e t  pres- 
su re  of 40 p s i g  and severa l  pumpers have a s e t  pressure  
of 80 psig. Rupture d i scs  a r e  a l s o  provided on t h e  
above cryogenic t r anspor t  equipment which a r e  r a t e d  f o r  
approximately 1-1/2 times t h e  s a f e t y  r e l i e f  valve s e t t i n g ,  
The r e l i e f  devices f o r  tankers a r e  designed i n  accordance 
with t h e  c r i t e r i a  l i s t e d  i n  CGA Pamphlet Number 341 
"Tentative Standard Insu la ted  Tank Truck Spec i f i ca t ion  
CGA-341 For Cold Liquefied Gases1' 2nd Edi t ion ,  1970, 
(DOC. ff99000195). 

Gaseous oxygen tube t r a i l e r s  containing D. O.T. tubes 
a r e  provided with f r ang ib le  d i scs  i n  accordance with 
CGA Pamphlet Number S-1.1 "Safety Rel ief  Device Standards, 
P a r t  1 - Cylinders For Com>ressed Gases1' 5th Edit ion,  
sgdg , (DOC. #!13000l96 ) . 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

11. Operational Hazards 

F. Oxygen Transfer 

2. Road, Railroad, Barge, and Pipeline Transportation 

b. Contamination Control 

Contamination control  i s  insured by A i r  ProductsD Qual i ty  
Assurance Program which monitors on a monthly t o  four 
month bas i s ,  t he  product produced a t  t h e  production 
f a c i l i t i e s  and i n  storage a t  t he  cylinder f i l l i n g  fa- 
c i l i t i e s .  This program i s  described i n  d e t a i l  i n  t he  
following documents: 

( 1  ) APCI Qual i ty  Control Program, D i s t r i c t  Operations 
Manual, Section 6.3, J a y  1965 (DOC. kr99000223). 

( 2 )  Sco t t ,  D* J a  ,"Analyses Required on Quality. Control 
Samples", May 10, 1968 (Doc. #99000224). 

(3) Ent, W. L., " ~ e v i s i o n s  t o  IGD Qual i ty  Assucrance 
Cost ~rocedures" ,  including "schedule fo r  Sub- 
mit t ing Routine Product samples", October 17, 1966 
(Doc, #99000225 1. 

( 4  ) APCI Analysis Requirements Summary, D i s t r i c t  
Operations Manual, Vol. L, Section 6.3.2, March 
1970 (DOC, #99000226 1. 

Assistance i s  rendered t o  customers t o  insure t h a t  t he  
customer system is  sui tably  cleaned f o r  oxygen service  
p r i o r  t o  introduction of oxygen i n t o  a new system. 
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LIQUID Ai'iI) GASII:OIJS OXYGEN SAFETY RXVIIiW DATA 

11. Opera t iona l  Hazards 

F. Oxygen Trans fe r  

2. Road, Rai l road ,  Barge and P i p e l i n e  Transport  a t i o n  

c. Oxygen Di sye r sa l  From Vents and Lines 

Liquid oxygen t anke r s  were i n i t i a l l y  designed wi th  
ven t s  ex tendinc  down t o  t h e  r e a r  o r  forward of t h e  con- 
t r o l  cab ine t ,  It was be l i eved  a  numher of yea r s  ago 
t h a t  t h i s  was t h e  s a f e s t  means of d i spos ing  of vent ing  
oxygen, Within t h e  p a s t  s e v e r a l  y e a r s ,  desi ,m of new 
t anke r s  have s a f e t y  r e l i e f  device vents  d i r e c t e d  un and 
hack t o  vent  oxygen a, t  an approximate e l eva t ion  of 
e i g h t  f e e t  above grade, This has s u b s t a n t i a l l y  reduced 
t h e  concent ra t ion  of oxygen enr iched  atmospheres c l o s e  
t o  t h e  p o u n d  and nrovided b e t t e r  d i s p e r s a l  o f  t h e  vapor 
i n t o  t h e  atmosphere, 

Gaseous oxygen tube  t r a i l e r s  a r e  provided wi th  vent  
s t acks  which discharge o y g e n  s t r a i g h t  up i n t o  t h e  a i r  
above t h e  he ig th  of t h e  h ighes t  tubes  on t h e  tube  
t r a i l e r .  Weather p r o t e c t i o n  caps a r e  i n s t a l l e d  on t h e  
ven t  s t acks .  
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LIQUID A?JD GASEOUS OXYGEM SAFETY REVIEW DATA 

11. Operational Hazards 

F. Oxygen Transfer  

2. Road, Railroad,  Barge and P ipe l ine  Transportat ion 

d. Vehicle Accident Procedures 

Accident procedures a r e  included i n  APCI, F i r e  
Extinguishment, APCI  SAfety Standards 635.30, 
pages 1, 2, and 4 ,  ~ e d r u a r ~  1966 (DOC. #93000137). 
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LIQIJTD AJTD GAS YOUS OXYGlU SAFETY REV1137 DATA 

11. Operational ITazards 

F. Oyxgen Transfer  

2. Road, Railroad, Barge <and Pipel ine  Transportation 

e. Vibration and Controlled Sloshing 

Vibration of tankers i n  over t h e  road use i s  minimized 
by c e r t a i n  inherent  f ac to r s  i n  tanker design and by 
ca re fu l  se lec t ion  of t h e  running gear. The inner  tank 
v ib ra t ion  i s  dampened by p e r l i t e  insu la t ion  and by t h e  
inner  tank supporting system u t i l i z i n g  phenolic mater- 
i a l s  as  thermal b a r r i e r s .  Piping i s  guided t o  permit 
contrac t ion and el iminate unwanted movement r e s u l t i n g  
from road vibra t ion.  Careful se lec t ion  of c o m e r c i a l l ~ ~  
ava i l ab le  running gear t o  obta in  minimum vibra t ion 
t r ansmi t t ed  t o  t h e  chassis .  

A number of years ago l i q u i d  oq,rgen tankers were provided 
with approximately t h r e e  t ransverse  b a f f l e s  and one ad- 
d i t i o n a l  longi tudinal  b a f f l e  . I n  s t r i v i n g  t o  achieve 
1ight~reip;ht  designs and as t h e  longi tudinal  b a f f l e  d id  
not appear t o  contr ibute  s i g n i f i c a n t l y  t o  tanker opera- 
t i o n ,  it has been dele ted  from recent  designs tr i th no 
detec table  adverse e f fec t .  The more recent  designs 
include b a f f l e s  t h a t  a r e  a perfora ted  conical  design 
with a hole i n  t h e  center  l ~ i t h  an approximate 50 percent 
open area. A design t o  minimize t h e  e f f e c t  of s loshing 
and obta in  maximum tanker capacity with l ightweight  
design i s  d i f f i c u l t .  
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

11. Operational Hazards 

F. Oxygen Transfer 

3. Malfunctions and Fai lures  

a. Oxygen pressure gauge f a i l u r e  on March 23, 1964 i n  b a u s  
Plant. Questionable his tory  and t h e  gauge used because 
it had not been labeled fo r  oxygen service.  M a n  received 
bruise  on l e f t  hand. Refer t o  memo, Schmoyer, W. W., 
"special ty Gas Gauge Fai lure  ," April 13, 1964 
(Doc. #99000257). 

b. Hose rupture and f i r e  on t e s t  gauge equipment a t  our 
Shakopee, Minnesota cylinder f i l l  f a c i l i t y  on June 9,  1968, 
Rubber hose should not be used i n  oxygen service.  M a n  
received second degree burns t o  h i s  face and arms, Re 
was  wearing sa fe ty  ~ J a s s e s .  Refer t o  memo, Hilbbs, 14. He, 
t1 Test Gauge Equipment Fa.ilure, Shakopee, "June 12, 1968 
(DOC. f99000284). 

c. A P C I ,  Memo by B. J. Ber re t t in i ,  "LOX Pump Fi res  and 
~ x p l o s i o n s  , " dated June 26, 1970 (Doc. #99000258 ) , 
Summarizes causes and s i m i l a r i t i e s  of seven d i f fe ren t  
APCI/APL t r ans f e r  pump energy re leases .  
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

11. Operational Hazards 

Date - 
6/28/61 

Oxygen Transfer  

3. Malfunctions and Fa i lu res  

The following information i d e n t i f i e s  severa l  APCI inc iden t s  involv- 
i n g  oxygen t r a n s f e r  equipment o r  instrumentation. A P C I  reposts  a d  
documents covering these  inc idents  more f u l l y  a r e  a l s o  identified 
by date  and Document #. 

Doc. # Author Equipment 

99000274 E. Kehat Gauges Tests  on o r i f i c e s  Lo be in- 
s t a l l e d  i n  o q g e n  s e r ~ e e  
gauges Lo prevent personnel 
i n j u r y  i n  -the event o f  an 
energly re lease  o r  over-pressme 
rupture of gauge bourdon tube, 

99000275 F. K. Kitson Gauges Report of requirements for 
purchasing new gauges and 
modifications of o l d  gauges 
t o  p ro tec t  personnel i n  t h e  
event of a rupture,  

1/64 99000049 We W. Sehmoyer Vacuum Safety Standard 607,2,2,5 on 
System cyl inder  evacuation system 

t o  prevent c o n t d n a - t i o n  of 
fill manifold and cylinders,  

7/65 99000270 We W. Schmoyer Regulator Report on operat ion,  use, 
hazards and general  accident  
causes of r e g d a t o r s ,  

12/15/67 99000277 W. L. Ba l l  Loading Two repof i s  on an inc ident  
99000278 M. H. Hubbs whereby a loader" eye was 

probably saved by glasses  when 
r ehip sha t t e red  h i s  

g lasses  when t igh ten ing  a 
l i q u i d  con~leclion. 

99000281 M, Hubbs Cylinder Cylinder s a f e t y  blew on f i l l  
F i  ll manifold. Force broke pig- 

t a i l  and fill m n i f o l d ,  break- 
i n g  adjacent  cylinder loose, 



Doc f A - Aukhor 

12/30/68 99000265 H. B, Master 

1/24/69 99000266 H. H. Master 

2/27/70 99000273 H. H. Master 

2/8/71 99000279 H. H. Master 

Pumps 

Pumps 

Vacuum 
System 

Loading 

February 4, 1972 

IIF3-2 (continued) 

Competitor pump f i r e  had 
indicated foreign mater ia l  may 
have been cause, Reviews our 
posi t ion and spec i f ies  suction 
screens be i n s t a l l e d  where 
s t i l l  necessary, 

Same as above but d i rec t ing  and 
ins t ruc t ing  managers t o  
accomplish screen i n s t a l l a t i ons ,  

Near miss report  where uncom- 
pa t i b l e  material  was used i n  
a r i ng  balance meter i n  oxygen 
service  and act ion taken t o  
check and e l i f i n a t e  ex i s t ing  
and future  problems. 

Vacuum system arrangement t o  
prevent water from ge t t ing  
i n t o  cylinders where Hash water. 
s e a l  compressor is  u t i l i zed .  

Review reasons and s t a tu s  of 
modifications t o  0pera;tions 
Department pump t o  prevent 
recurrence of a s imilar  pump 
f a i l u r e  a t  Puerto Rico. Modi- 
f i ca t ions  t o  lube system addi- 
t i o n  of suction screens and 
protect ive  ba r r i e r s ,  

Driver pulled away from load 
area with hose s t i l l  connected. 
Stopped i n  time t o  prevent 
l i n e  o r  hose breakage, 



d 
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LIQUID AND GASEOUS OXYGEN SmTY REVIEW DATA 

11, Operational Hazards 

F, Oxygen Transfer 

3. Malfunctions and Fai lures  

The following information i den t i f i e s  several  incidentrj wt~iek i  
occurred with other  o q g e n  equipment together  with re]?orts and 
documents covering these  incidents i n  g rea te r  deLail,  

Date - Doc. # Author Equipment 

6/26/61 99000259 S. H e  Duffala Compressor Two repor ts  on the 6/21/61 
7/7/61 99000260 W. L, B a l l  Linde oxJrgen compress~r f i re  

at Great Ldilres Steel, Three 
k 

men were ki:Lled, Since all 
th ree  on s i%e were killed, 
the re  is  sonae question on t he  
cause, but it i s  knom they 
were having trouble with the 
compressor, 

Pump F i l t e r  Report of a nnissile pad 
incident where eondminmts  
i n  a pump f i lGer  were probably 
i n i t i a t e d  by a foreign p a r t i c l e  
at high velocity,  The result- 
ing  re lease  caused a massive 
LOX s p i l l ,  

10/21/63 99000261 W. L. B a l l  -P 
99000261~ J. J, Rendos 

99000263 J. J. Rendos MPS 

Reflux pump on t he  Aireo p l a t  
at Butler, Pa, exploded m d  
k i l l e d  one maan. Piping and 
pump believed t o  have con- 
t m i n m l s  , 

1965 AIC~E: meeting paper on 
four separate fires exper- 
ienced a t  A m u r  A g r i c a d w a l  
Chemical Conipmy , 

Report on eause of two pmps 
f i r e s  experienced by Aireo on 
5/21/66 a d  5/23/44, 



INC.  

Date 
P 

12/29/67 

Doc. # - Author Equipment 

99000264 H. H. Master Pipeline 

99000269 H. Bauer pumps 
We Wegner 
K. F. Windgassen 

February 3, 1972 
IIF3-3 ( continued) 

Description 

Details  were l imited on an 
oxygen pipel ine  f i l t e r  f i r e  
a t  a  s t e e l  mi l l  i n  India where 
s i x  people were ki l led.  

Ar t ic le  from Cryogenics on 
t e s t s  made f o r  causes of 
pump f i r e s .  Includes mech- 
anical  problems, re la t ion  
of various metals t o  com- 
bustion p o s s i b i l i t i e s  and 
in tens i ty ,  and drop hammer 
t e s t s  on chips of metals and 
assembly materials. 
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LIQ,UID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

11. Operational Hazards 

F. Oxygen Transfer 

3. Equipment Malfunctions and Failures 

The two main categories of machinery used fo r  oxygen t r ans fe r  
a r e  compressors and pumps. Malfunctions and f a i l u re s  with these 
devices have l ed  t o  numerous design features and operating 
techniques t o  prevent fa i lu res  or  a t  l e a s t  t o  prevent serious 
damage and personnel injury.  Most f a i l u re s  have been diagnosed 
su f f i c i en t ly  t o  enable action t o  be taken t o  prevent recurrence, 
however, some fa i lu res  have been unexplained and the  resu l t ing  
action has been protect ive ra ther  than preventive. Some poten t ia l  
f a i l u re s  a re  impossible t o  prevent and these cases a re  necessari ly 
handled by protective measures. 

Materials of construction for  compressors and pumps of-ten are  nod 
completely compatible with oxygen and under cer ta in  conditions 
w i l l  burn, In  most instances there  i s  no subs t i tu te  material  
which i s  both compatible with oxygen and which w i l l  s a t i s fy  t he  
design requirements. In  some instances the  cost of more compatible 
materials i s  prohibit ive.  S i lver  i s  used i n  l imited quanl i t ies  
f o r  shaf t  sea l s  with some makes of compressors but t he  high cost  
has caused some manufacturersto use cheaper l e s s  compatible 
materials. Compressors cast  of bronze would be more compatible 
with oxygen than when cas t  of i ron but t he  costs and manufacturing 
d i f f i c u l t i e s  prevent t h i s  selection.  

Oxygen Compressors Most compressors used by industry f o r  oxygen 
have been e i the r  reciprocating or  centrifugal.  Generally recipro- 
cat ing compressors a re  used f o r  small t o  moderate flow ra t e s  where 
low t o  moderate pressures a r e  required. For high flow ra t e s  and 
high pressure a centrifugal and reciprocating compressor are often 
used i n  se r ies ,  Centrifugal compressors require a t  l e a s t  500 CFW 
ac tua l  flow a t  t he  l a s t  stage of compression for  reasonable per- 
formance and are  generally l imited t o  about 500 psig  discharge 
pressure. Applications with l e s s  flow or  with higher presswres 
a r e  usually accommodated with reciprocating compressors, 

Potent ia l  equipment malfunctions and f a i l u re s  are  designed out of 
t he  compressor a s  much as possible during the  procurement and 
design stage. Not a l l  compressor manufacturersare knowledgeable 
on oxygen compressors and thus t he  select ion of potent ia l  suppliers 
is  the  f i r s t  step.  Proper purchasing specif icat ions  are  necessary 
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t o  f u l l y  describe t h e  duty m d  design features  required. Oqrgen 
compressor suppliers have ce r ta in  standard features  of construction 
but r e l y  on customer specif icat ions  t o  complete t h e  design. 
Customer specif icat ions  as ide  f'rom process duty requirements a r e  
bas ica l ly  experience fac tors  t o  be applied t o  t h e  compressor design, 
The compressor supplier  does not usually receive f u l l  feed back 
information on t h e  operation of t h e  compressor as does t h e  
operator. Thus t h e  compressor operator r e f l e c t s  experience 
fac tors  i n  specif icat ions  f o r  new equipment. 

Reciprocating Compressors Reciprocating compressors have been 
used f o r  many years i n  oxygen service but u n t i l  recent years 
mostly small high pressure uni ts .  P r io r  t o  t h e  advent of Teflon, 
and s imilar  mater ia ls ,  f o r  piston rings and pis ton rod packing 
most compressors were operated with a soap-water solut ion f o r  
lubr ica t ion  o r  used carbon-graphite seal ing materials  and wear 
par t s .  Also i n  use has been t h e  l abyr in th  type pis ton compressor 
and t h e  diaphragm type compressor. 

Present day reciprocating compressors a r e  mostly Teflon r ing  
construction of labypinth pis ton construction with a few diaphragm 
compressors used fo r  low flow high pressure applications.  

Some of t h e  notable malfunctions and f a i l u r e s  on reciprocating 
oxygen compressors i n  recent years which have been "'designed-out" 
a r e  l i s t e d  below: 

Incorrect  assembly of compressor cylinder valves such t h a t  in take 
valves were i n s t a l l e d  i n  discharge por ts .  This condition r e s u l t s  
i n  recompression i n  t h e  cylinder and generates excess heat and 
a high po t en t i a l  f o r  a f i r e .  A P C I  specif icat ions  require a valve 
design such t h a t  an in take valve w i l l  not f i t  in$o a discharge 
por t .  

Foreign objects  enter ing cylinders have caused scoring of cylinders 
with resu l tan t  excess heat and po t en t i a l  f i r e .  Impacting of 
foreign objects  could a l so  cause a f i r e .  APCI specif icat ions  re- 
quire  l i n e  f i l t e r s  i n  f ront  of compressors t o  prevent entrance 
of foreign objects .  

Foreign objects  can a l so  be i n  t h e  form of broken pa r t s  from t h e  
compressor i t s e l f  such as valve p a r t s  f a l l i n g  i n to  t h e  cylinder,  
APCI  spec i f i ca t ions  require  vibrat ion switches which function on 
high accelera t ion o r  "shock" forces and which shut down t h e  com- 
pressor. Experience has shown t h a t  t h e  i n i t i a l  impact of t h e  
pis ton with t h e  foreign object  causes l e s s  damage than t h e  sub- 
sequential  damage caused by continued operation. Continued 
operation i s  l i k e l y  t o  cause heat and a resu l tan t  f i r e .  For t h i s  
reason vibrat ion switches must be s e t  t o  t r i p  t h e  compressor 
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ins tan t ly ,  upon sensing a malfunction, i n  order t o  be e f fec t ive ,  

Non-lubricated cylinders using Teflon o r  similar materials fo r  
self-lubricating rubbing or  sealing par t s  a re  subject t o  
unpredictable wear ra tes .  Since the  self-lubricating material  
generally separates moving metal pa r t s  t h e  wearing out of t he  
material  can cause metal t o  metal contact with high f r i c t i o n  
heat and poten t ia l  f i r e .  Self-lubricating piston rings a re  
sometimes supplied with an expansion r ing  t o  help hold. t he  
piston r ing  against  the  cylinder bore. In  the  event of piston 
r ing  f a i l u re  o r  high wear t he  expander can come i n  contact with 
t he  cylinder bore. Since t h e  expander i s  usually spring s t e e l  
it can cause scoring and heat and a po ten t ia l  f i r e .  APCI 
specif icat ions  prohibi t  t he  use of expanders. 

Piston r ide r  r ings  which support t he  weight of t h e  piston and 
guide t h e  piston i n  t he  cylinder can wear and allow metal t o  
metal contact. Constant monitoring of t h i s  wear i s  d i f f i c u l t  
and requires disassembly of t he  compressor. APCI  specifications 
prohibi t  t he  use of expanders. 

Piston r i d e r  r ings  which support t he  weight of t he  piston and 
guide the  piston i n  the  cylinder can wear and allow metal t o  
metal contact. Constant monitoring of t h i s  wear i s  d i f f i c u l t  
and requires disassembly of the  compressor. A P C I  specif icat ions  
require a r i d e r  band design t h a t  w i l l  not operate as a sea l  
r i ng  and thus should not wear out before t he  normal piston 
rings.  Horizontal compressors a r e  specif ied t o  have a detector 
t o  sense a lowering of t he  piston rod. The lowering of t he  
rod w i l l  indicate  wear of t he  piston r ide r  r ings or  wear of 
t h e  crosshead and shows inspection is  necessary. 

Temperature indication within t he  compressor system i s  very use- 
ful t o  detect  problems. Inters tage gas temperature indicators  
w i l l  detect  cooling problems, compressor cylinder valve problem 
o r  piston r ing  leakage. On compressor cylinders with many valves 
an individual temperature pickup i s  mounted on each valve t o  
detect  a broken o r  leaking valve. 

Centrifugal Compressors Centrifugal compressors a re  being used 
more i n  recent years due t o  la rger  volumes of gas t o  be trans- 
ferred.  High ro ta t ing  speeds a r e  necessary with centrif'ugal corn- 
pressors since the  pressure i s  developed by k ine t ic  energy, 
Because of t h e  high ro ta t ing  speeds, accidental  rubs between 
the  ro tor  and case a r e  l i k e l y  t o  produce a f i r e .  

The materials used fo r  construction of a centr i fugal  cornp-essor 
a r e  generally a compromise between oxygen compatible materials 
and materials having proper mechanical design properties.  The 
compromise materials must be such t h a t  they are  compatible with 
oxygen i n  t h e  normal mode of operation but may not necessari ly 
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be compatible i n  t h e  event of a malfunction of in te rna l  rub 
during operation. The prime example of t h i s  condition i s  t h e  
common use of s t a in l e s s  s t e e l  a l loys  for  rotors  and s t e e l  or  
iron al loys  fo r  t h e  case. A high velocity rub between the  im-  
pe l l e r  and the  case has caused several f i r e s  wherein t h e  im- 
p e l l e r  has been consumed by f i r e  and the case has burned through. 
Since compatible materials a re  not available o r  a re  prohibit ively 
expensive the  compressor i s  designed t a  minimize the  chances 
of a rub. 

Probably the  greates t  cause for  a f i r e  i n  a centr i fugal  compressor 
i s  having a rub between an impeller and the  case. The compressor 
design should be such t h a t  i f  a rub does take place the  rub should 
occur a t  a small diameter section where t he  rubbing veloci ty  i s  
low. Shaft seals  a re  generally a labyrinth type and do experience 
rubs since they a re  designed for  small running clearances. These 
sea l s  a re  s m a l l  diameter and of t h i n  cross section with narrow 
edges such t h a t  a rub w i l l  generally not cause a f i r e .  The laby- 
r i n t h  blades diss ipate  t h e  f r i c t i o n  heat from the  rub adequately 
t o  keep t h e  temperature of t he  materials below t h e i r  igni t ion 
point. Conversely a rub of the  impeller a t  high veloci ty  a t  a 
massive section w i l l  concentrate t he  f r i c t i o n  heat and ign i t e  
t he  rubbing materials. 

A P C I  specif icat ions  require materials of construction and cer ta in  
running clearances t o  help design out po ten t ia l  f i r e  causes. 
Additional preventive measures a r e  t e e n  by instrumenting the  
compressors t o  detect  malfunctions as they develop and thus take 
corrective action before a rub takes place. Several of t h e  
more important instruments i n  use a re  : 

1. Temperatures - A l l  in ters tage gas temperatures before and 
a f t e r  intercooling,  bearing temperatures and cooling water 
temperatures. A l l  of these temperatures indicate  t he  con- 
d i t ion  of t h e  compressor and a re  of primary importance when 
used t o  indicate  a change taking place. 

High gas temperatures a re  not necessari ly harmful i n  them- 
selves but t h e  temperature e f f ec t  on the  compressor pa r t s  
could cause thermal deformations and resu l t ing  problems. 
Of importance i s  t o  determine t h e  cause of t h e  temperature 
r i s e ,  A P C I  connects the  compressor discharge temperature 
indicator  t o  alarm and t o  shut down the  compressor. 

Bearing temperatures a re  an imyortant indicator  of bearing 
performance. Bearings generate considerable heat and a 
bad bearing w i l l  generally increase i n  temperature. The 
bearing heat is removed with t he  c i rcu la t ing  lubricant 
and thus t h e  bearing temperature a lso gives an indication 
of lubricant flow. 
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2. Vibrations - Rotor vibrat ions  r e l a t i v e  t o  t h e  conxjressor 
case and ro tor  ax i a l  posi t ion r e l a t i v e  t o  t h e  case a re  
constantly monitored and t h e  instrumelnts d e s i p e d  t o  
alarm and t o  shut down t h e  compressor, The ro tor  vibra- 
t i ons  a r e  very indicat ive  of t h e  mechanical condit,ion of  
t h e  compressor. The vibrat ions  w i l l  in&ea;le ro to r  un- 
unbalance o r  looseness, rubs between t h e  ro tor  anti ease, 
bearing problems, and dr ive  coupling problems. Any  
v ibrat ion increase from t h e  normal acceptable l e v e l  i s  
reason f o r  investigation.  APCI standard procedwe i s  t o  
have t h e  vibrat ion instruments sound an alarm a t  a vibra-tion 
l e v e l  0-5 mils above normal and shut down -the compressor at 
a l e v e l  1.5 mils above normal. I f  a gradual vibraitican 
l e v e l  increase i s  occurring t h e  compressor w i l l  be manudly 
shut down at a l eve l  of 1.0 mils above normal, 

Axial posi t ion of t h e  ro to r  i n  t h e  ease i s  maintained by t h e  
t h r u s t  bearings, A s h i f t  of t h e  ro tor  can allow s ide  eon- 
t a c t  of t h e  impeller i n  t h e  case with t h e  previously men- 
t ioned f i r e  po ten t ia l .  The posi t ion i n s t r m e n t s  a re  s e t  
t o  alarm and t o  shut down t h e  c o q r e s s o r  i f  t h e  r o b r  r m e s  
beyond t h e  l i m i t s  normally allowed by t h e  t h ru s t  trearlng. 

Vibration monitoring equipment of t h e  proximity probe type,  
which does not touch t h e  observed sha f t ,  i s  r e l a t i ve ly  new 
and has been very helpful  i n  diagnosing high speed cendri- 
f'ugal compressors. APCI has been able  t o  diagnose many 
po t en t i a l  problems and perform correct ive  work p r i o r  t o  
a f a i l u r e  with t h e  a i d  of these  vibrat ion sensors. We 
bel ieve several  previous unexplained compressor f i r e s  could 
have been prevented through t h e  use of t h i s  type equipment, 
Because of t h e i r  importance all APCI centr i fugal  o q g e n  
compressors a re  now equipped with r a d i a l  and a x i d  d b r a t i o n  
monitors. 

Anti-Surge Control - Centrifugal compressors a r e  subject  Lo 
a condtiion cal led surge. Surge occurs when t h e  back pressure 
imposed on t h e  compressor i s  g rea te r  than t h e  compressor i s  
capable of producing and occurs a t  d i f f e r en t  pressure values 
depending upon t h e  flow r a t e  through t h e  compressor, When 
surge occurs the re  i s  a rapid  pressure change withing t h e  
compressor t h a t  usually r e s u l t s  i n  a change i n  ax i a l  force 
on t h e  ro to r  and can a l so  reverse t h e  d i rec t ion  of t h ru s t  
on t h e  bearings. Thrust bearings a r e  usually capable of 
withstanding repeated surging but it i s  an aggravated condi- 
t i o n  and there  a r e  many cases of compressor f a i l u r e  caused 
by surging. Since t h e  surging causes an ax i a l  mov~ement a 
s ide  rub on an impeller i s  l i k e l y  and on an oxygen compressor 
it would probably cause a f i r e ,  
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A l l  APCI oxygen compressors a re  equipped t o  automatically 
vent o r  bypass t h e  compressor discharge flow a t  operating 
conditions approaching surge. Additional vents w i l l  a l so  
automatically vent t o  atmosphere i n  t h e  event of a shut- 
down so t h a t  t h e  stored volume of gas i n  t h e  compressor 
w i l l  vent quickly enough t o  prevent any surge conditions 
while t h e  compressor i s  slowing down. 

Oxygen Pumps Most pumps used by industry fo r  oxygen have been 
e i t h e r  reciprocating o r  centr i fugal .  Generally reciprocat ing 
pumps a r e  used f o r  s m a l l  t o  moderate flow r a t e s  and f o r  higher 
pressures.  Centrifugal  pumps a r e  used f o r  most all flow r a t e s  
where low t o  moderate pressures a r e  required. 

Oxygen pumps, both reciprocating and cen t r i fuga l ,  a re  a specia l ty  
item and a re  avai lable  from a l imi ted number of suppl iers .  The 
specia l  design fea tures ,  c leanl iness  requirements and r e l a t i v e l y  
s m a l l  s a les  volume makes them unprofi table fo r  most pump suppliers.  

Materials of construction a r e  s imi la r  f o r  both typs of pumps and 
f a l l  i n t o  t h e  category of acceptable low temperature mater ia ls ,  
namely nickel  a l loys ,  copper a l loys  and aluminum. Generally t h e  
nickel  a l loys  a r e  used where high strength is  required,  copper 
a l loys  where rubbing contact i s  expected and aluminum where l i g h t  
weight i s  required. The copper a l loy  generally used i s  bronze 
and i s  t h e  most compatible with oxygen of t h e  low temperature 
metals. Nickel a l loys  a re  generally t h e  300 s e r i e s  s t a i n l e s s  
s t e e l  o r  Monel. 

Oxygen pumps a r e  generally a simple device with few controls o r  
instruments. Most pumps have only a suction and discharge pressure 
gage t o  monitor t h e i r  performance. Oxygen pump usage i s  mostly 
f o r  t r ans f e r  operations where t h e  l i q u i d  oxygen i s  t rans fe r red  
from one storage vessel  t o  another and of ten from a pressure vessel  
t o  a higher pressure vessel  or  pipe l i n e .  This t r ans f e r  duty i s  
mostly on in termit tent  operation. 

Ilalfunctions and f a i l u r e s  of oxygen pups a r e  probably due more 
t o  t h e  in termit tent  mode of operation than fo r  any other reason. 
S ta r t ing  and stopping of any mechanical device i s  generally 
considered detrimental  t o  i t s  long term performance, but  with 
oxygen pumps t h i s  condition i s  grea t ly  exaggerated. Some of 
t h e  past  f a i l u r e s  of record and reasons fo r  f a i l u r e  a re  l i s t e d  
below and it can be seen how intermit tent  operations a f f ec t s  
the  pump. ?Tot a l l  f a i l u r e s  have been explained and t h i s  f a c t  
indicates  t h e  need for  more instrumentation and controls on 
oxygen pumps. A.PC1 i s  now working on new standards fo r  oxygen 
pumps and w i l l  attempt t o  achieve b e t t e r  pumps and b e t t e r  
operating techniques. 
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Centrifugal Pumps A centr i fugal  pump i s  usually t rouble  f r e e  
so  long as the  shaf t  bearings and shaf t  sea l s  are  i n t a c t ,  Many 
probelms can develop t o  cause f a i l u r e s  and these  w i l l  be dis- 
cussed; but we consider bearings and s ea l s  as  t he  g rea tes t  pro- 
blems. 

1. Bearings - The pump impeller must r o t a t e  at a rapid  r a t e  i n  
t h e  pump housing i n  order t o  develop pressure. Accidental 
contact between t he  ro t a t i ng  impeller and the  pump case w i l l  
cause f r i c t i o n  heat and even i n  a l i q u i d  oxygen environment 
can cause a f i r e .  Most known f i r e s  and explosions of centr i -  
f'ugal oxygen pumps were due t o  impeller rubs and most of 
these  rubs were due t o  f a i l e d  bearings. Very few pumps are  
i n s t a l l e d  with any instrumentation t o  monitor t h e  condition 
of t h e  bearings. 

Low speed pumps 3600 RPM and below generally have grease 
lubr ica ted  bearings and are  not a general problem when 
properly maintained. Higher speed pumps are  e i t h e r  grease 
lubr icated o r  o i l  lubr icated and do have bearing problems. 
Oxygen pumps generally use oxygen compatible f luor inated 
lubr ica tns  which a re  i n f e r i o r  t o  premium petroleum lubr ican ts  
and do not adequately protect  against  r u s t  and corrosion 
within t he  bearings. Pumps can rust i n  t he  bearing area  
while inoperative and f a i l  prematurely during operation, 
Fluorinated lubr ican ts  a re  a l so  subject  t o  breaking down 
and forming ac id ic  products when subjected t o  excess heat 
and moisture. These conditions can develop i n  a pmq 
bearing housing with ce r t a in  bearing f a i l u r e  as a resu l t .  
Most pumps use a small amount of lubr icant  and as  a 
r e s u l t  have very l i t t l e  reserve supply t o  account fo r  
any leakage. O i l  lubr icated pumps r e ly  on c i rcu la t ion  
of lubr ican t  with most pumps not equipped t o  monitor t h e  
lubr icant  flow. 

Some pumps have t h e i r  bearings lubr ica ted  with t he  pumped 
l i q u i d  oxygen and it i s  c r i t i c a l  t o  maintain l i qu id  i n  
t h e  bearings. The f r i c t i o n  heat of t h e  bearings w i l l  tend 
t o  vaporize t he  l i q u i d  and t he  bearings can f a i l  under 
t h i s  condition. For t h i s  type pump, it i s  c r i t i c a l  t o  
maintain su f f i c i en t  TPSH t o  prevent cavi ta t ion and thus 
prevent f lashing i n  t h e  bearings. 

Temperature ind ica tors  a r e  a good device t o  monitor t h e  
condition of bearings not lubr icated with t h e  pumped 
l iqu id .  Bearings generally increase i n  temperature as 
they wear and w i l l  rapidly  increase i n  temperature 
while fa i l ing .  High temperature switches a r e  a good 
device t o  detect  bearing f a i l u r e  and t o  shut down t h e  
pump p r io r  t o  an impeller rub occurring. 
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Shaft Seals - Oxygen pump shaf t  sea l s  are  generally 
exposed t o  t h e  atmosphere which allows oxygen leakage 
t o  sa fe ly  diss ipate ,  Since t h e  shaf t  s e a l  gets  cold 
while pumping it can condense moisture which w i l l  
subsequently freeze and form i c e  deposits, In termit tent  
operation allows thawing and refreezing whicli allows 
water t o  penetrate t h e  s ea l  and freeze ins ide  t h e  s e a l  
surfaces which can cause s e a l  fa i lu re .  A dry atmosphere 
i n  t h e  s e a l  a rea  i s  benef ic ia l  and i f  heated, affords 
addi t ional  benefi t .  Dry heated nitrogen i s  used t o  
blanket t h e  s e a l  a rea  on i n s t a l l a t i ons  where nitrogen 
i s  available.  I n s t a l l a t i ons  such as on t r a i l e r s  where 
dry gas is  not avai lable  can expect more s ea l  probelms, 

3. Suction Screens - Foreign objects  enter ing t he  pump suction 
can become lodged between t h e  impeller and case and cause 
f r i c t i o n  heat  and f i r e .  A l l  A P C I  pumps a re  supplied with 
suction screens t o  keep foreign objects  from enter ing 
t h e  pump. 

4. Cleanliness - Oxygen pumps, as well  as a l l  oxygen handling 
equipnent, must be c lear ,  Too of ten mechanics a re  care less  
and a pump f i r e  o r  explosion r e su l t s ,  

5 ,  Faulty r epa i r  - Incorrect  assembly of a pump can read i ly  
allow impeller rubs. 0x;ygen pump maintenance and overhaul 
i s  be s t  performed at cen t ra l  maintenance depots o r  by 
t he  pump manufacturer t o  assure proper assembly and c leanl i -  
ness. 

Reciprocating Pumps Reciprocating pumps are  used almost 
exclusively where high pressures are  required fo r  cylinder 
f i l l i n g  and high pressure storage systems. 

The reciprocating pumps operate a t  slower speeds than centri-  
fugal  pumps and have much slower rubbing contact veloci ty  i n  
t he  l i q u i d  oxygen area, Reciprocating pumps generally operate 
with a plunger i n  a b a r r e l  with packing or  s ea l  r ings on t he  
plunger t o  prevent leakage. I n  t h e  event of malfunction o r  
excess wear accidenta l  rubs between t he  plunger and b a r r e l  
r a r e l y  c rea te  enough f r i c t i o n  heat t o  cause a f i r e  o r  expolosion. 
Material se lec t ion  f o r  t he  cold end of t he  pump i s  important so  
as t o  have mater ia ls  which can bes t  t o l e r a t e  rubs without creat- 
ing excess f r i c t i o n  heat and metal t o  metal gall ing.  Bronze a l loys  
a r e  preferred over s t a i n l e s s  s t e e l  f o r  t h i s  consideration. 

E)ump packing mater ia l  i n  recent years has been predominantly Teflon 
al loyed with various s t a b i l i z e r s  and addit ives.  P r io r  t o  Teflon, 
carbon-graphite mixtures with asbestos were used and are  s t i l l  used 
t o  a l e s s e r  extent. 
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Cleanliness and proper packing i n s t a l l a t i on  are  impori~ant s ince  t he  
contact area  of the  packing t o  the  plunger i s  where t he  most heat 
from f r i c t i o n  can be expected and where a f i r e  or  explosion i s  
most l i k e l y  t o  i n i t i a t e ,  Operation of a l i q u i d  oxygen pump on 
some other  cryogenic f l u i d  such as l i qu id  nitrogen or  l i qu id  argon 
can present a hazard when put back on l i qu id  oxygen service ,  unless 
t h e  pump i s  disassembled and properly cleaned. Minute pa r t i c l e s  
of packing, especia l ly  carbon pa r t i c l e s ,  are  formed during operation 
and while on oxygen service  are  gradually oxidized with no pro- 
blem. I f  these  pa r t i c l e s  a re  fomed i n  a non-oxygen e n ~ r o m e n t  
and then l a t e r  exposed t o  an oxygen environment they w i l l  oxidize 
rapidly  and together can r e s u l t  i n  excess heat  with a po ten t ia l  
f i r e  o r  explosion. 

Reciprocating pwnp valves can be a maintenance problem but do 
not normally present a sa fe ty  hazard i n  themselves, Valve f a i l w e  
w i l l  cause the  pump t o  stop pumping, however, and con4;inuous 
operation can develop excess heat within t h e  pump s ince no l i q u i d  
flow i s  present t o  carry  away t h e  f r i c t i o n  heat. A discharge 
pressure switch or  flow measuring device s e t  t o  shut down t h e  
pump can monitor against  t h i s  occurrence, 

LOG OF FIRES I N  CENTRIFUGAL GASEOUS OXYGEN COMPRESSORS 

14Zd t o  Late 1950% - Fai lure  somewhere i n  South Africa, presm8,bly 
a Brown Bovari compressor. 

1959 - January 15  - McClouth S t ee l ,  Detroi t ,  Michigan 

Mmufac t urer  Carrier  
Low Pressure Case: 

Model 18 H 3501 
Capacity 4,080 c f i  
Discharge 94.5 

High Pressure Case: 
Model 18 H 3501 I 
Capacity 620 cfl~l. 
Discharge 399.4 p s i a  

Speed 9500 q r n  
Total  BHP 1668 

The f i r e  occurred i n  t he  high pressure casing between the  
last s tage wheel and t h e  balancing piston,  The high pressure 
case burned through and the  flames melted and burn.ed through 
t h e  low pressure eas t  i ron  case. The carbon s t e e l  sha f t s  
apparently were heavily darnaged but the  cas t  i ron d i a p h r a m  
showed no evidence of burning. The journal and t h ru s t  bear- 
ings were not damaged appreciably and apparently did not 
en te r  i n to  t h e  combustion reaction.  
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1959 - Ju ly  10 - Wyandotte Chemical, Geismar, Louisiana 

Clark - m e  IM8 2 machines i n  s e r i e s  
Ca,paci t y  3150 cf'm a t  75OF. 
BHP 1050 
Speed 9500 r p m  
Discharge 225 psig  

The react ion was confined t o  t h e  discharge end s e a l  area  only. 
The previous day leakage was found i n  a diaphragm water nipple,  
which was repaired during outage of about 30 hours due t o  
process trouble.  F i re  occurred during s t a r t up  when oxygen was 
bled i n t o  t h e  machine a f t e r  3-hour run-in with nitrogen. 

It i s  speculated t h a t  corrosion products caused by water 
leakage caused f r i c t i o n a l  heating and ign i t ion  i n  t h e  balance 
pis ton area, 

1960 - Montecatini, Novaro Chemical Plant  

Make Demag Turbo Blower 
( ~ u r c h a s e d  i n  1952) 

Stages Three 
I n l e t  Pressure 1 atmosphere 
Discharge Pressure 2.5 atmospheres 
Speed 10,500 rpm 
Speed of Tilotor 3,000 r p m  

A f i r e  reportedly occurred "some time ago" a t  t h e  referenced 
f a c i l i t y ,  The only data  avai lable  concerns t h e  design of 
t h e  machine. 

1964 - July  17 - Wyandotte Chemical Company, Ceismar, Louisiana 

Reaction occurred i n  same machines involved i n  f a i l u r e  of 1959. 

The f i r e  i n  t he  oxygen compressor was associated with explosions 
and f i r e s  i n  other  sections of t h e  process system. It i s  be- 
l i eved  t h a t  ethylene oxide backflowed through a connection i n t o  
t h e  process a i r  stream t o  t h e  a i r  separation p lan t ,  went through 
t he  a i r  separation plant  and i n t o  t h e  oxygen compressors. The 
low pressure case received only minor damage, but t he  high 
pressure case w a s  blown apart .  The suction b o t t l e  of t h e  low 
pressure machine was s p l i t  open and t he  top heat blown about 
250 f e e t  away, 
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1965 - September 26 - Ifingo Oqygen Company, Mingo J u ~ c t i o n ,  Ohio 

F i re  occurred i n  piping associated with t he  complressor but did 
not involve t h e  compressors themselves. 

1967 - December - Poland 

A Demag un i t  reportedly f a i l e d  shor t ly  a f t e r  s ta r tup ,  Cause 
believed t o  be improper/inadequate cleaning a f t e r  long period 
of storage. 

1968 - Knapsack Gresheim ( ~ i v i s i o n  of ~ e s s e r ) ,  Duisburg, West Germany 

A t  t h i s  f a c i l i t y  f ive  Brown Bovari centr i fugal  o,xygen compressors 
discharge i n t o  a common oxygen main. On a normal shutdown of 
one of these  machines, which had been i n  operation fo r  seven 
years,  t h e  discharge check valve f a i l e d  t o  operate. Tine operators 
a l so  had f a i l ed  t o  c lose  t he  manual discharge block valve, which 
normally i s  done p r io r  t o  shut t ing down the  compressor. After 
coming t o  r e s t ,  t he  backflow of oxygen caused the  machine t o  
r o t a t e  backwards. A s  t he  lube o i l  pump does not operate with 
reverse ro ta t ion  of t h e  shaft, t h e  main bearings and t h rus t  
bearings received no o i l  and began t o  overheat, damaging t h e  
bearings and t h e  s i l v e r  labyr inth  gackings of t h e  seal ing glands 
and impellers. Excessive heating i n  t he  bearings vaporized 
t he  remaining o i l ,  f i na l l y  resu l t ing  i n  an a i r -o i l  vapor e q l o s i o n  
and f i r e .  

Upon closing t h e  discharge block valve, ro ta t ion  of t he  machine 
ceased and t he  a i r -o i l  f i r e  w a s  put out by t he  operators, Damage 
was confined t o  t h e  bearings and labyrinths.  Oxygen was not 
involved i n  t h i s  reaction,  which i s  of a type t h a t  under s imilar  
circumstances could occur on a compressor regardless of t h e  
mater ia l  being compressed (whether oxidant, f ue l  o r  i n e r t  ) . 

1968 - June 17 - Shel l  Chemical Company, Geismar, Louisiana 

Manufacturer 
Discharge Pressure 
Capacity 
BHP 
Speed 
Bearing Lubrication 

E l l i o t t  - 24 HB 
265 ps i a  
1365 acfm (500 T/D) 
945 
19,403 q m  
Water 

This un i t  was t h e  high pressure case of a two-case t r a in .  The 
u n i t  had been i n  steady operation fo r  a period of more than 
four weeks. There was no indicat ion from the  operating records 
of a change of conditions ( l o s s  of power, surging, v ibrat ion,  
pressure o r  temperature change). 

Inspection of t h e  casing revealed the  most extensive damage 
i n  t h e  a rea  of t h e  f i r s t  s tage impeller discharge, The casing 
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had been burned through i n  four places i n  t h e  plane of t h e  
f i r s t  s tage discharge, and the  in te r s tage  diaphragm was  al- 
most completely consumed. Although the  second s tage impeller 
was severely damaged, there  was very l i t t l e  evidence of com- 
bustion i n  t h e  second stage. The shaf t  was not burned nor 
were t he  Journal bearings o r  t h ru s t  bearings. 

1968 - June 27 - A i r  Products and Chemicals, Inc.,  Sparrows 
Point, Maryland 

Clark IM3 ( ~ i g h  Pressure Case). The inboard journal of the  
high pressure case is  believed t o  have f a i l ed  during ro l l -  
down of t he  compressor, metal-to-metal rubbing i n  t h e  in te r -  
locking labyr inth  at the  balance drm of the  high pressure 
ro to r  ensuing and causing igni t ion.  The f i r e  broke through 
at both ends of t h e  high pressure casing and several  places 
i n  t he  balance piping. The ro to r  and high pressure case were 
damaged beyond repair .  

1968 - September - Mekog, Holland 

F i r e  reported i n  GHIi oxygen compressor. 

1968 - October - Shel l  Chemical Company, Geismar, Louisiana 

The new E l l i o t t  compressor, replacing tile un i t  t h a t  burned i n  
June 1968, caught f i r e  and was destroyed t h e  f i r s t  time an 
attempt was made t o  put it onstream. 

1968 - December 1 4  - A i r  Products and Chemicals, Inc.,  Weirton, 
West Virginia 

I n  Clark IM7-3 evidence was found, during regular ly  scheduled 
maintenance work, of l imi ted f i r e  damage which possibly occurred 
during an e a r l i e r  s tar tup.  

1968 - December 27 - Airco, Bethlehem, Pennsylvania 

A Demag high pressure casing had f i r e  i n  discharge volute of 
l a s t  stage. 

1969 - Nippon Sanso, Japan 

A Demag u n i t  reportedly f a i l e d  ear ly  1969 or  l a t e  1968 i n  a 
manner s imilar  t o  t he  second Airco Bethlehem f i r e .  

1969 - March 18 - A i r  Products and Chemicals, In. ,  Middletown, Ohio 

A Clark low pressure case, f i r e  beginning i n  4th stage,  burning 
through i n t o  2nd stage. F i re  occurred during a scheduled shut- 
down of t he  compressor. 
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1969 - April 4 - U. S. S tee l ,  Chicago, I l l i n o i s  

A Clark oxygen compressor i n  a Linde plant .  

1969 - April  15 - Airco, Bethlehem, Pennsylvania 

F i re  i n  same Demag machine t ha t  had a f i r e  i n  December 1968, 

1969 - June - August Thyssen ~ k t t e ,  Duisburg 

A GHH cen t r imga l  compressor system. F i re  reportedly occurred 
i n  t he  l a s t  in tercooler  causing damage t o  the  in tercooler  and 
s t e e l  foundations. No dmage t o  t he  compressor. 

1969 - December 5 - A i r  Products and Chexicals, Inc. , E l  Segundo, 
Cal i fornia  

A Clark high pressure case, Type 161 B 4/4,  o p e r ~ t i n g  a t  about 
1275 psig,  caught f i r e  while being run-in on i n i t i a l  stm-hpe 

1-96? - - ~ n d i a  

A Clark oxygen compressor reportedly was involved i n  a serious 
i n t e rna l  f i r e  a t  a plant  t h a t  was being erected by Constructor 
John Brown ( ~ n g l a n d  ) . 

1962 - Linde Division of Union Carbide, East Chicago, Indiana - 
An incident occurred with a Clark 3~44-21@, 400,000 scfh t o  195 
ps ig  oxygen compressor. 

Machine went down on a general power f a i l u r e  t h a t  a l so  shut down 
driox pumps and t h e  pipe l ine .  Because of cold weather, t he  f l u i d  
i n  t h e  dash pot on t h e  discharge check valve froze o r  became so 
viscous t h a t  t he  valve f a i l ed  t o  close,  After  an elapsed time 
of about 20 minutes, power t o  driox pumps was rees tabl ished,  the 
pumps s t a r t e d  up, and pressure i n  the  product l i n e  was reestablished,  
Power t o  t he  compressor motor and lube o i l  pumps was not yet  on, 
As t h e  check valve was not closed, oxygen back flowed in to  the  
compressor, r o t a t i ng  t he  ro tors  backward and without o i l  t o  t he  
bearings. 

An operator near t he  compressor noticed t h e  s t a r t up  of t he  u n i t  
and went t o  close t he  manual valve. A s  t h i s  valve was d i f f i c u l t  
t o  operate, t he  man had t o  close t he  next valve d~wns t r em.  

A ~ u f f  of smoke came out of the  lube o i l  console and one o i l  
dra in  burned - otherwise the  f i r e  was contained ins ide  the  case, 
A l l  s e a l s  were out because of f r i c t i o n  and f i r e .  
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196? - - Linde Division of Union Carbide, Gary, Indiana 

The Clark oxygen compressor was steam-turbine driven and it 
was f e l t  t h a t  i n  a t  l e a s t  one s ta r tup  t h e  operators were 
slow bringing t h e  machine through a c r i t i c a l  speed. There 
was no outward manifestation of d i f f i cu l ty ,  but when it 
became necessary t o  open tne  case for  maintenance reasons, 
they discovered excessive wear on an inters tage labyrinth 
s ea l  and evidence of contact between the s ea l  and t h e  shaf't 
sleeve, and burning on t h e  shaf t  sleeve which was s t a in l e s s  
instead of monel, 

1970 - April - Galatz, Rumania 

A f i r e  reportedly occurred during the  first week of April on 
a Demag oxygen compressor. Machines have been running two years. 
Stra iner  was in s t a l l ed  on these machines made of 1816 s ta in less  
s t e e l  i n  suction l i n e  and s t r a ine r  completely disintegrated,  
went through machine with resu l t ing  f i r e  and destruction of 
two casings i n  a three-casing t r a in .  The s t r a ine r s  were apparently 
i n s t a l l ed  against Demag's advice, No in jur ies .  

1970 - April - Auguste Thyssen Chemical Works near Oberhausen, 
West Germany 

A f i r e  reportedly occurred i n  a GHH compressor during the  f i r s t  
week of April, 

References : 

1, APCI General Specification fo r  Cleaning for  Oxygen Service, 
APCI No, 550-SDw27A, Revision ~ 6 ~ 4 1 ,  May 15, 1963 (Doc. #99000335). 

2, A P C I  General Specification fo r  Centrifugal Compressors, AFT1 
No. 550-SD-16~, Revision B8551, April 15, 1965, (DOC. #99000336 1. 

3. APCI General Sepcification fo r  Reciprocating Compressors, A P C I  
No, 550-SD-lA, Revision ~ 7 3 6 1 ,  March 9, 1964 (Doc. #99000337). 

4. A P C I  Construction Specifications. General Construction and 
Equipment Erection i n  Oxygen Compression Systems, E l  Segundo, 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

11. Operational Hazards 

F. Oxygen Transfer 

3. Equipment Malfunctions and Failures 

a. Equipment 

(1) Gas Pressure Regulators 

1. The following applies t o  pressure regulators manufactured by MCI' and 
used by i t s  customers. 

a,  General gaseous oxygen high pressure cylinder and low pressure 
l i n e  s t a t i on  service. 

(1 ) Company Pract ices  

( a )  To provide de ta i led  operating ins t ruct ions  t o  users includ- 
ing t he  recommendation t h a t  t he  ins t ruct ions  issued by 
makers of equipment used i n  combination with APCI  regula- 
t o r s  be consulted before operating the  un i t s  i n  combination. 

(b  ) To provide qual i f ied factory and d i s t r ibu tor  repa i r  service.  

( c )  To provide precleaned spare pa r t s  k i t s  i n  sealed,  dust- 
t i g h t  containers. 

(d )  To package regulators p r io r  t o  shipment i n  t i g h t  closing 
protect ive  containers and sea l  body openings t o  prevent 
foreign material  from entering t he  i n t e r i o r  of t h e  reg- 
ula tors .  

( e )  To functionally t e s t  every regulator f o r  sa fe ty  and per- 
formance p r io r  t o  f i n a l  packaging. 

( f )  To provide regulator assemblers with proper t oo l s  and 
supervision t o  prevent defects being introduced a t  t h i s  
point. 

( g )  To promote cleanliness throughout the  regulator assembly 
operation, including an i n i t i a l  degreasing s tep  of par t s  
wetted by the  gas. 

( h )  To provide up-to-date design documentation t o  asse~nblers 
t o  insure t h e  use of proper pa r t s  and supplies. 
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( j  ) To maintain a high l e v e l  of qua l i ty  control  of regula tor  
pa r t s  through 100% inspection of a l l  s ign i f ican t  dimensions 
and proper t ies  p r i o r  t o  t h e i r  entry i n to  assembly stock. 

(k) To thoroughly degrease and deburr al l  machined pa r t s  p r i o r  
t o  inspection and stocking. 

(1) To provide maximum cleanliness and physical control  i n  
t h e  assembly stockroom. 

( m )  To c lea r ly  i d e n t i m  all pa r t s  and materials  i n  t h e  stock- 
room. 

(n) To maintain an ongoing program of product evaluation f o r  
sa fe ty  and performance. 

( 0 )  To thoroughly invest igate  a l l  reported malfunctions and 
f a i l u r e s  and t o  take any correct ive  act ion indicated t o  
prevent reoccurrences. 

( p )  To thoroughly tesi; a l l  new products under controlled 
conditions simulating those of actual  use. 

(q) To corroborate design sa fe ty  of new products through 
t e s t s  by independent agencies such as  Underwriters' 
Laboratories, Inc. Along with i n i t i a l  t e s t i ng ,  UL 
provides a valuable ongoing inplant  qua l i ty  audi t  
service.  

( r )  To provide and maintain accurate, c l ea r ,  and up-to- 
date engineering drawings and specif icat ions  and a 
system fo r  e f fec t ive ly  communicating changes t o  those 
who w i l l  execute them. 

( s )  To use a l l  avai lable  technical  information i n  t h e  selec- 
t i on  of t h e  materials  of construction and t h e  spec i f ic  
design features  of regulators and t o  keep abreast  of new 
technology which can be applied t o  improving t h e  inherent  
sa fe ty  of regulators.  

b, Gaseous oxygen high pressure cylinder and low pressure l i n e  s t a t i on  
service  with oxy-fuel welding, cu t t ing  and heating equipment. 

' (1 ) Company Pract ices  

( a )  A l l  of a (1) 

( b )  To provide spec i f ic  ins t ruc t ions  per ta ining t o  t h i s  service  
warning of t h e  specia l  precautions necessary t o  insure  sa fe ty  
of operat ion 
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Discussion: 

It is  t h e  i n t en t  of these  pract ices  t o  prevent equipment mal- 
function and f a i l u r e s  due t o :  

(1) Improper design 

(2 )  Faulty manufacturing pract ices  

( 3 ) Inadequate c leanl iness  

(4 )  Improper use 

(5 )  Improper maintenance and repa i r  

Adherence t o  these  pract ices  i s  t h e  respons ib i l i ty  of t h e  Gas 
Equipment Department of APCI. Their e f f o r t s  a re  audited by 
t h e  APCI Corporate Safety Department. 

Related A P C I  documents 

(1) APCI, Product Test Procedures 1200 Ser ies  Regulators, A P C I  
January 30, 1970 (DOC. #99000287). 

( 2 )  A P C I ,  Operating and Safety Ins t ruct ions  f o r  Regulators and 
Compressed Gases, APCI, Welding Products Division, 1~114-70 
(DOC. #99000288 ) . 

(3 )  APCI ,  Se Up and Operating Ins t ruct ions  fo r  A i r  Products k Redi-Set Welding and Cutting Outf i ts ,  APCI Form 3424 
WF'D 003-M-406000 ( 5 ~  92569) Rev 3 (Doc. #99000289). 

(4 )  Kokinda, J. J., 1200 Ser ies  Regulator -- Materials of 
Construction - f231-G-120054 (oxygen), Drawing #000-0- 
4070004~, A P C I  , October 25, 1971 (Doc. #99000290 ) . 

(5 )  APCI , Master Drawing 1200 Series Regulations, APCI 
Drawing 000-0-4070043, March 4 ,  1968 (Doc. #99000308), 

(6 )  Compressed Gas Association, Safe Handling of Compressed 
Gases, CGA Pamphlet P-1, 1965 (DOC. #99000271). 

( 7 )  American Welding Society, Safety i n  Welding and Cutting, 
USAS 249.1, 1967 (Doc. #99000272 ) . 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

11. Operational Hazards 

F. Oxygen Transfer 

3, Malfunctions and f a i l u r e s  

a, Equipment 

( 3 )  Valves 

x. Avoidance of ga l l ing  - Bronze o r  monel globe 
valves with bronze o r  monel t r i m  should be used 
f o r  t h r o t t l i n g  o r  bypassing ox;vgen contrcll valves 
regulators.  When the  s i ze  of the  valve i s  such 
t h a t  a s t a in l e s s  s t e e l  body i s  t h e  only p r ac t i c a l  
valve avai lable  commercially t he  t r i m  should be 
bronze o r  monel. I f  a Colmonoy 6 hard faced stain- 
l e s s  s t e e l  sea t  and disc  a r e  used, t h e  d i sc  lock- 
nut must be bronze o r  monel t o  avoid any ga l l ing  
between a s t a in l e s s  s t e e l  stem and disc .  Galling 
occurs read i ty  with stainle.ss s t e e l  i n  d r y  gas 
systems. 

y, Check valves i n  02 service should be monel o r  bronze. 
Wafer swing type with Kel-F d i sc  i n s e r t s  do an ade- 
quate job when used with cen t r i fuga l  compressors. 
For reciprocating compressors, a swing ch.eck design 
i s  inadequate and would break down i n  a very shor t  
time. A reciprocating compressor p l a t e  type check 
valve o r  valve spec i f i c a l l y  designed fo r  reciprocating 
service must be used. 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

11. Operational Hazards 

F. Oxygen Transfer 

3. Malfunctions and Failures 

b. Geisering , Excessive Vibrations, Shock ( ~ h e r m a l  and 
Pressure ) , Line Surges. 

The Bibliography (P. 86) of t he  APCI Report, A n  h a l y s i s  
of Water Hammer i n  Cryogenic Transfer Lines, The Mississippi 
Test Fac i l i t y  of the  George C. Marshall Space Fl ight  Center, 
National Aeronautics and Space Administration; APCI, 
February 28, 1964 (DOC. #99000358), l i s ts  several  
publications and a r t i c l e s  covering the  subject ma~tter, 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

11. Operational Hazards 

F. Oxygen Transfer 

3. MalPunction and f a i l u r e s  

c. Insulation system deter iorat ion due t o  vibrations 

Oxygen piping is  insulated with ce l l u l a r  glass  and urethane 
insulation.  Cellular glass insulat ion is  used t o  insulate  
a l l  flanges, valves, pumps, e tc .  where oxygen process leakage 
may occur i n  normal operations. This insulat ion i s  used fo r  
a minimum horizontal  distance of 4 fee t  and minimum v e r t i c a l  
distance of 10 fee t  on e i t he r  s ide  of t he  preceding locat ions ,  
Urethane insulation is  used on the  remainder of the  piping. 

Cel lular  glass  insulat ion i s  a f r iab le  material  and subJecG 
t o  f a i l u r e  by vibration.  The i n t e r i o r  o r  bore of t he  inner 
l ayer  of insulat ion is  coated with a vinyl base compound t o  
reduce abrasion from vibrat ion and temperature chaage of 
piping. 

Excessive piping vibrations,  however, would be detrimental 
not only t o  the  insulation system but t o  other meclnanical 
devices and should be eliminated. 

Urethane insulat ion is not f r i a b l e  and no special  v ibrat ion 
cushion is used. 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

11. Operational Hazards 

G. F i res  and Explosions 

1. Methods t o  contain or  r e s t r i c t  combustible mixtures. 

The application of a safe ty  fac tor  i n  t h e  design of oxygen 
process, s torage,  and handling systems for  t he  temperc3;ture 
and pressure of service,  provides a measure of containment 
f o r  only minor reactions which occur from ign i t ion  of com- 
bus t ib le  mixtures. Containment of catastrophic high energy 
react ions  i s  not considered i n  design f o r  p r ac t i c a l  and 
economic reasons. 

The in ten t  of process design i s  t o  r e s t r i c t ,  where possible,  
t h e  entrance of combustible mixtures i n  oxygen process, 
s torage,  and handling systems. The methods through which 
t h i s  can be accomplished a re  ( a )  mechanical devices, (b )  
instrumentation, and ( c )  operating procedure. 

a. Mechanical Devices - Mechanical devices a r e  addit ions 
t o  oxygen systems which provide a measure of protection 
t o  r e s t r i c t  combustible mixtures. They may be pa r t  of 
t h e  process design, requirements of codes, requirements 
of industry pract ices ,  or  a completely separate aux i l l i -  
ary  component fo r  a spec i f i c  function. These mechanical 
devices may be manually or  automatically operated. 

(1 )  Industry developed standards, although not manda- 
to ry ,  requiring d i f fe ren t  valve ou t l e t  connections 
on cylinder valves fo r  the  d i f fe ren t  compressed 

. gases contained i n  cylinders.  Corresponding f i t -  
t i ngs  of f i l l  l i n e s  and various accessories a re  
i n  agreement with t he  cylinder valve ou t l e t  con- 
nections. The purpose of t h i s  standard i s  t o  pre- 
vent t he  accidental  f i l l i n g  of cyl inders  with t he  
wrong and possibly hazardous product. Industry 
p rac t ice  i s  published i n  Pamphlet V-1, Compressed 
Gas Cylinder Valve Outlet i n  I n l e t  Connections by 
Compressed Gas Association, Inc . (I) and contains 
t h e  American Standards ~57.1-1965(*) and t h e  
Canadian Standard ~96-1965 ( 3 ) . 
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(2 )  Exhibit 'kt' of Plant Operations Manual, Section 
2.02(4), l i s t s  t h e  fixed ends of t r ans f e r  hoses 
and storage tank connections t o  be used f o r  t he  
d i f fe ren t  cryogenic l i qu id  products t o  prevent 
intermixing a t  f i l l i n g  o r  customer storage s i t e s .  

( 3 )  Process design of oxygen producing equipment in- 
cludes t he  use of f i l t e r s ,  scrubbers, and d r i e r s  
t o  remove contaminants from t h e  process stream, 
and t h e  use of hydrocarbon and guard absorbers 
t o  handle contaminants which manage t o  s l i p  through 
with t h e  process stream. Check valves a r e  used 
t o  prevent reverse flow of material  and double 
block and bleed valves axe used t o  i s o l a t e  c i r c u i t s  
where hazardous materials  are  associated by design 
with oxygen producing, handling, and s to r ing  equip- 
ment. 

b. Instrumentation - Total hydrocarbon, acetylene spot check, 
oxygen, nitrogen,  and other analyzers a re  used t o  contin- 
uously o r  in te rmi t ten t ly  monitor t h e  various process 
streams of p lants  t o  detect  t h e  presence of contaminant 
materials  which might be detrimental t o  t h e  sa fe ty  and 
operation.of t he  equipment. This instrumentation can be 
t i e d  t o  alarm and shutdown switches t o  provide an auto- 
matic system f o r  a l e r t i ng  personnel t o  an impending hazardous 
s i t ua t i on  and for  protect ing equipment, The area and 
atmosphere surrounding operation eq*pment a r e  checked with 
portable oxygen analyzers at regular in te rva l s  or  a s  t h e  
operation demands fo r  owgen enrichment o r  oxygen defi-  
ciency t o  a l e r t  personnel of a po ten t ia l  hazard. An ex- 
plosimeter i s  frequently used t o  check t he  presence of 
flammable gases, i f  t he  process involved uses these  
materials .  

c. Operating Procedures - Operating procedures have been 
developed f o r  oxygen process, s torage,  and handling systems 
which, i n  addit ion t o  optimum operating eff ic iency,  minimize 
o r  el iminate t he  pos s ib i l i t y  of combustible mixture foma- 
t i o n  within equipment. Some important operating procedures 
t o  achieve control  of combustible mixture formation a r e  
l i s t e d  below: 

(1 ) Safety Standard 686.4.1, Purging Methods, ( ) estab- 
l i she s  concentration l im i t s  concerning purge operations 
where oxygen o r  a i r  may possibly be introduced i n  
flammable gas processes or storage systems. The purge 
media i s  nitrogen. 
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( 2 )  D i s t r i c t  Operations IJlanual, Section 6.3, Qua l i ty  
Control Program,(6) l i s t s  t he  requirements fo r  t h e  
regular scheduled check and double check on pro- 
ducts a t  a specified qual i ty ,  t h i s  control  program 
detects  t he  presence of contaminants which may e f fec t  
t he  safe  operation o r  t h e  process handling o r  s tor-  
age system. Similar procedures have been included 
i n  t he  Plant  Operations Manual t o  maintain qua l i ty  
of product. 

( 3 )  Detailed procedures e x i s t  i n  t he  D i s t r i c t  Operations 
Manual, Section 9.1(7),  and t he  Plant  Operations 
Manual, Section 2.02,(4) for  t he  f i l l i n g  of containers 
with gaseous and cryogenic l i qu id  products. 

2. Avoidance of chemical reactions and flashbacks. 

A sa fe ty  review of APCI process, s torage,  and handling systems 
i s  made fo r  t h e  purpose of determining compatibil i ty with gas- 
eous or  l i qu id  oxygen. The pos s ib i l i t y  of chemical reactions 
with oxygen a re  examined during the  safe ty  review. 

The many d i f fe ren t  applications i n  which owgen i s  used by other  
than t h e  producer is  an area where a sa fe ty  review i s  generally 
not made excepting where spec i f ica l ly  requested. This service 
i s  available t o  customers and when requested, consi-ders t h e  
chemical react ion poss ib i l i ty .  

A universal  application of oyygen i s  i n  conjunction with 
acetylene i n  t h e  welding and burning of metal processes where 
piped systems a re  used t o  d i s t r i bu t e  t h e  gases t o  t h e i r  points 
of use. Design of these  systems i s  i n  agreement with National 
F i r e  Protection Association Code No. 51, Welding and Cutting, 
Oxygen-Fuel Gas Systems ( 8) . Hydraulic f l ash  a r r e s to r s  a re  used 
i n  t he  fue l  system t o  prevent flame from ge t t ing  back t o  t he  
supply source. Check valves a r e  used a t  the  individual  use 
points  t o  prevent t he  intermixing of gases and t h e  formation 
of flammable mixtures within t he  system. 

3. Avoidance of shock Sensi t ive  Materials. 

Materials used i n  oyygen process, s torage,  and handling systems 
must meet t he  requirements as  l i s t e d  i n  Safety Standard 609.1, 
Compatible ~ a t e r i a l s ( 9 )  and must be su i tab le  fo r  t he  temperature 
and pressure of t he  service as  specif ied by applicable professional  
and i ndus t r i a l  codes. 
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4,. Methods t o  reduce t he  vulnerabi l i ty  towards i n t e rna l  and 
external  f i r e s .  

a. Quantity-distance requirements of t he  National F i r e  
Protection Association Code No. 566, OTfiP Systems a t  Consumer s i t e s ( l 0 )  and NFPA No. 50 
a r e  used fo r  both gaseous and l i qu id  oxygen storage on 
customer property. 

b. The same ru les  (NFPA No. 566) apply a t  producing 
f a c i l i t i e s  with possible expansion of distances between 
oxygen compressors and other equipment. 

c. I n  the  case of oxygen compressors, inventory dump acces- 
so r i e s  a r e  provided along with appropriate instrumentation 
and shut-down devices t o  vent t he  oxygen, c lose  t he  in- 
l e t  valve, introduce nitrogen i n to  t he  compressor and 
piping, and stop t he  compressor. 

d. An oxygen compressor is  always s t a r t e d  on nitrogen and 
t h e  system completely checked p r io r  t o  introduction of 
oxygen t o  t he  system. 

e. Plant  liq-uid, when product qua l i ty  or  o ther  reasons dic- 
t a t e ,  is  drained and disposed i n  a locat ion away from 
main plant  components through a vaporizer. 

f .  Tra i le r  vents a r e  connected t o  a vapor disposal  system 
which exhausts t he  va-pors i n  an area away from plant  
components o r  ~ ihe re  personnel may be working. 

5, Protection provided f o r  adjacent components from in te rna l  
or  external  f i r e s .  

a. Personnel prot  c t ' v e  shie lds  a s  per Design Engineering 
Standard 546.1 f used around oxygen compressors have a 
secondary purpose of offer ing protection t o  adjacent 
components . 

b. The above pract ice  is  being extended t o  cover protect ive  
shie lds  around plant  mounted cen t r i fuga l  l i q u i d  oxygen 
Pumps * 

c. The oxygen compressor control  panel posi t ion must be i n  
agreement with Design Engineering Standard 51r6.1(12) 
requirements and must have a protect ive  roof a s  per 
Design Engineering Standard 534.1 ( l 3 ) .  
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d. Operating plant  l i qu id  oxygen t r ans f e r  from storage 
t o  r a i l  or highway tanker loading areas a r e  pro- 
vided with a manually operated water deluge system 
fo r  f i r e  protection and vaporization of l i qu id  s p i l l s ,  

e. F i re  f igh t ing  capab i l i t i e s  a re  provided a t  s t r a t eg i c  
locat ions  throughout producing f a c i l i t i e s .  F i r e  
hydrants, hose houses, hose r e e l s ,  and f i r e  extin- 

( 1 4 1  w i s h e r s ,  as specified i n  Safety Standar s 630 .2~2  
630.2.3(15), 630.2.6(16), and 630.2.2(177e 
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A. System Check and Inspection Where, Why, and How 

1. Structure  

S t r u c t u r a l  inspect ion is  made on a year ly ,  monthliv, o r  
da i ly  t a sk  depending on t h e  equipment and locat ion,  

Lis ted  below a r e  a few examples as used i n  t h e  Operations 
Department, 

a. Inspect  general  condition of piping system. This should 
include pipe supports f o r  overloading, def l e e t i o n  and 
cracked welds. The piping i s  checked f o r  excessive 
s t r e s s  o r  sagging. This i s  done on a d a i l y  task and i s  
a v i s u a l  inspection. 

b, Inspect  general  condition of enclosures of pumps md 
cold piping, This i s  general ly considered as eold boxes 
and eold piping duct work. Over pressure protec t ion 
devices a r e  provided on these  systems. The number and 
kind of devices and s e t  pressure a r e  based on t h e  con- 
f igura t ion ,  pressure r a t i n g ,  purge pressure,  and t h e  
type insu la t ion  used i n  t h e  box. 

c. Inspect  general  condition of Lox Storage Tanks, This 
inspect ion i s  depended on t h e  type of tank. The normal 
s t r u c t u a l  inspect ion w i l l  include foundations, supports,  
insu la t ion  l e v e l ,  vacuum readings, and general  condition, 
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LIQUID AND GASEOUS OXYGEN SAFFX'Y REVIEW DATA 

111. Maintenance Program 

A. System Check & Inspection Where, Why, & How 

2. Leaks 

Major l i qu id  and cold gas leaks are repaired immedi.ateU 
because of possible foundation heaving, over pressuring of 
Jacket,  o r  cracking of carbon s t e e l  s t ruc tu ra l  members, 
F i r s t  indications of leaks  are  f r o s t  spots and changes i n  
purge pressure or  cold vapors, A deta i led procedure i s  
attached from t h e  A P C I  Plant Operations Manual sect ion 1.14, 
Cold Box Leaks, Nov. 10, 1968 (Doc. #99000227). Should t h e  
leak occur i n  a coded vessel  APCI Plant Operations Manual 
Section 6.09, Coded Vessels Repair, November 29, 1968 
(Doc. #99000228) must be used. Quality Control Layout 
Pneumatic Testing QCL105A, July  1, 1971 (Doc, #99000207), 
and Qual i ty  Control Layout, Hydrostatic Testing, QCL1l?AA, 
July 1, 1971 (DOC, #99000206) are  used f o r  t e s t i n g  af'ter 
t he  repairs  are made, 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

111. Maintenance Program 

A. System Check & Inspection Where, Why, & How 

3. System Instrumentation and Controls 

System instrument and control  checks i n  operations are eon- 
tinuous as readings a re  taken on hourly bas i s  and u. mal- 
fhnction of most of them w i l l  give an alarm and/or shutdown 
of r e l a t ed  equipment. The Plant  Operations Manual Seetion 
6.05, Instrumentation Preventive Maintenance, October 30,  
1968 (Doc. #99000229) gives inspection procedures and 
frequencies. The sa fe ty  r e l i e f  valves and rupture ~ s c s  
are  inspected as per Plant  Operations Manual sect ion 4,02, 
Safety Valves and Rupture Discs, December 8, 1969 (DOC, 

#99000230 1. 
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111. Maintenance Program 

A. System Check & Inspection Where, Why, & How 

4. Insulation 

Insula t ion check and inspection i s  accomplished on a da i ly  
x l sua l  inspection and i n  more d e t a i l  when t h e  preventive 
mintenance manua2 requries it, 

Insula t ion of interconnecting l i n e s  which contain low temp- 
era ture  streams require insula t ion t o  prevent heat input t o  
t h e  stream and t o  provide personnel protection from cold 
temperatwes , 

Insula t ion fo r  l i qu id  oxygen l i n e s  o r  other l i n e s  which may 
come i n  contact with l i qu id  owgen a re  non combustible Lo 
protect  against  t h e  pos s ib i l i t y  of a react ion i n  t h e  event 
of a l i qu id  leak. 

Process l i n e s  operating a t  temperatures colder t h a n  t h e  eon- 
densing temperature of a i r  are  insula ted with material  @om- 
pa t i b l e  with oxygen. 

Appropriate weather protection t h a t  w a s  applied t o  t h e  in- 
su la t ion  must be maintained. 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

111. Maintenance Program 

A. System Check and Inspection;  where, why, and how 

5. General Considerations of t h e  "agingn system 

Inspection of Bulk Oqgen Storage Systems. I G D  inspect ion 
procedures f o r  gaseous and l i q u i d  oxygen storage systems 
a t  consumer s i t e s  a r e  contained i n  D i s t r i c t  Operations 
Manual Volume 1, Section 4.2.3, and Section 4.1.3, 
respect ively .  

a. APCI, Maintenance and Inspection Requirements f o r  
Customer Bulk Gas Supply System, APCI D i s t r i c t  
Operations Manual, Vol. - 1, Section 4.1.3, June 1971 
(DOC. #99000192), 

b e  A P C I ,  llaintenance and Inspection Requirements f o r  
Bulk Liq.uid Customer I n s t a l l a t i o n s ,  APCI D i s t r i c t  
operat ions ~ a n u a l ,  vole  - 1, sec t ion  4.2.3, ?lay 1969, 
(DOC. #99000193). 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

111, Maintenance Program 

A. System Check & Inspection, Where, Why & How 

5. Preventive Maintenance Program 

A l l  of operations f a c i l i t i e s  a re  on a formal P.M. Program. 
Manuals are  issued l i s t i n g  all tasks  with a def in i t ive  
numbering system for  each of t h e  tasks.  Work required on 
a monthly or  l e s s  frequent bas i s  is  on an IBM Card and t h e  
cards are  d i s t r ibu ted  each month a t  which time t h e  t a sk  i s  
t o  be performed. The Operations Dept. Preventive Main- 
tenance Report, Feedback Card (DOC. #99000231) is  f i l l e d  
i n  i f  and when t h e  work i s  done and returned t o  t h e  cor- 
porate o f f ices ,  Each month a report  i s  issued indicat ing 
compliance i n  percent of f f~ormal" tasks  and  ownti time'^ 
t asks ,  Man hours expended i n  each category a re  a l so  noted, 
In  t he  event downtime tasks  cannot be done due t o  operating 
requirements, they can be rescheduled and they are  not 
penalized i n  t h e  compliance report .  Fwrther d e t a i l s  m e  
given i n  t h e  "plant Preventive Maintenance Control" Doc-nL, 
June 1971 (DOC. H99000232). Also attached a re  a few 
representa t ive  pages of t h e  PM Manual, 

The following l is ts  a re  representative of maintenance pro- 
gram en t r i e s  on oxygen equipment o r  re la ted  items. Fre- 
quencies of t h e  maintenance tasks  are a l so  noted with one 
period i n  some cases and with a range of period in te rva l s  i n  
others.  It must be understood t h a t  t h e  frequency is  a 
flmction of not only t h e  type of t h e  equipment i n  t h i s  
category but a l so  i t s  his tory ,  process, usage, vendor and 
construction which may d i c t a t e  more or  l e s s  frequent t ask  
requirements. 

Oxygen Gas Storage 

1. Inspect valves and packing f o r  leaks  Weekly 

2. Inspect general condition of vessels,  supports and 
piping f o r  paint  requirements. 1 Year 

3.  Check ex t e r i o r  of storage vessels,  vessel  supports and 
sa fe ty  valve equipment. Check shut o f f  valve. 1 Yeas 

4. Soap t e s t  s torage bank piping a t  maximum working 
pressures. 3 Years 
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Lox Storage and Piping 

1, Check valve packings for  leaks. Inspect boots on ex- 
tended stem valves, Dai ly-Weekly 

2, Inspect r e l i e f  valve f o r  leakage. Daily 

3, Inspect interconnecting piping and insulation. Weekly 

4, Inspect storage tank and crossover for  f r o s t  spots. Weekly 

5, Cheek crossover fo r  oxygen concentration Weekly 

6 ,  Inspect top of tank and jacket vents. Weekly 

7, Cheek and top-off insulat ion level.  1 year 

8, Cheek t o  ensure control ler  fo r  foundation heating i s  
maintaining i t s  se t  point. Recalibrate according t o  
mmufacturers instructions.  6 mos. 

9, Cheek vacuum reading and record 1 year 

10, Cheek puri ty  from top of Lox Storage Tank. weekly 

Lox Pmps 

1, Defrost pump. Clean and inspect pump suction screens. 
Clean or  replace as  necessary. 3 mos.-1 yr.  

2, Inspect fo r  purnp sea l  (or  packing) leakage. Listen f o r  Shift-Daily 
aqy unusual noises o r  vibration. General visual  inspection 
of pwps and motors. Check nitrogen purge flow. Daily . 

3, Check oxygen concentration i n  box. Weekly 

4, Cheek pump box for  f r o s t  spots and general eondition. Weekly-Monthly 

5, Inspect condition of blowout panels on box. weekly-6 mos , 

6, Lox Pump ( K J ) - ~ e ~ f o r m  solvent wash. Pr ior  t o  and af'ter 
solvent wash inspect intern& pa r t s  with a black l i g h t  
and report  observations. 3 Yr. 

"jP Lox Pmp ( ~ x t e r n a l ,  usually t ransfer  pump)-dfter 500 
operating hours overhaul pump replacing bearings as  well  
as other worn parts.  6 mos. 

8, Lox Pump (w)-perform thorough eheck of en t i r e  pump 
assembly. Replace par t s  as necessary. Change gear case 
o i l ,  Perform wash out. 12-36 mos. 
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9, Lox Pump (w)-Rotate shaft  by hand one f u l l  turn before and 
a f t e r  cooldown. S tar t  up 

10, Inspect general condition of pump and piping system for  
product or  o i l  leaks, Daily 

Vaporizers 

1. Check steam regulator valve. Check condensate trap, 3 mos, 

2. Inspect all steam piping valves and f i t t i n g s  for  leaks. 
Repair as necessary. Inspect steam drain l ines  and traps 
for  plugging. Clean as necessary. Daily-weekly 

3. Inspect vaporizer for  cracks and general condition, 
Repair as necessary Daily 

4, Pressure t e s t  product oxygen c o i l  monthly 

5, Shif t  t e s t  she l l  vent fo r  high oxygen. Report and 
readings greater than 21% oxygen, monthly 

6, Drain water side, Flush out and r e f i l l .  6 mos, 

7, Wash vaporizer internally.  Use methylene chloride. 4 years 

8. During freezing weather check water bath temperature, 
heater on a t  3 5 O ~  and off a t  40'~. Check panel heater 
operation, Dai Ay 

9. Thermal Research Vaporizer checks, 

a. t e s t  flame guard system, Daily 

b. t e s t  run burner. Allow system temperatures t o  
reach normal operating levels. ot 

c. Check flame s t a b i l i t y  through s ight  port. Adjust 
I 9  as necessary. 

d. Visually inspect for  leaks and sign of overheating o 

e. Check combustion a i r  blower and circulating water 
pump for  unusual noise or  vibration. I t  

f .  Record one corlrplete s e t  of log readings (reconsider 
schedule a f t e r  3 months) 11 
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g,  Inspect flame scanner lenses f o r  crackes and d i r t .  
Clean or  replace as  necessary. Inspect spark plug gap 
se t t ing ,  Inspect blower discharge sleeve. Perform 
dai ly  system t e s t  a f t e r  performing the  above work. Check 
for corrosion and requirements fo r  touch-up 
painting, ~onth ly-6  mos . 

h, Replace scanner c e l l ,  Clean gas f i l t e r s  on combustion 
and oxygen analyzer, Inspect combustion blower, Clean 
as necessary, 1 Year 

i, Clean water c i rcu la t ing  pump suction s t ra iner ,  monthly 

3, Remove and disassemble burner. Inspect f o r  damage 
do ceramics and combustion chamber. S p l i t  burner a t  
flange just below spark plug and thoroughly inspect 
ce rmics  f o r  deposits ,  cracks and spal l ing o r  other 
damage, Replace scanner c e l l ,  24 mos, 

k, Check tubes,  tube supports, ba f f l e s  and in t e r io r  of 
s h e l l  f o r  corrosion. Make inspection with burner 
relnoved and by removing bottom manhole and sect ion of 
stock. 24 mos. 

Loading Stat ions  

1, Tra i le r  and ra i l road  loading s t a t i on  l o t  f i l t e r s .  Inspect 
and service as  necessary, 6 mos, 

2, Inspect all loading connections and hoses fo r  wear or abuse. 
Replace fau l ty  connections o r  hoses. Daily 

e l i n d e r  F i l l i n g  

1, Inspet a l l  copper p i g t a i l s  f o r  wear and replace as  
necessary, Monthly 

2, Anne& a l l  copper p i g t a i l s  6 mos, 

3, Inspect tube t r a i l e r  stanchion hoses, tubing and f i t t i n g s  
f o r  leaks ,  damage and proper anchorage. Repair o r  re- 
place as necessary, 6 mos, 

4, Calibrate all cylinder manifold pressure gauges. 

5, Check m d  ca l ib ra te  pressure switches, 

3 rnos, 

1 year 
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General 

1. Perform v isua l  inspections of a l l  safety valves. Leakers, 
no sea l ,  i l l e g i b l e  or  missing date tags ,  signs of corrosion, 
etc. w i l l  require r e t e s t ,  repair ,  or replacemnt as 
necessary. 1 year 

Further Details a re  given i n  the  Following: 

a. Plant Preventive Maintenance Control, June 1971 (Doc. #99000232) 

b. Montm Plant Safety Survey, Form 2032, Sect. 5.18 (DOC. #99000233) 

c. Kitson, F. K , ,  Approved Alloy Steels  i n  Cryogenic Service, Safety 
G r a m  No, 10, Rev. 1, October 25, 1963 (DOC. #99000040). 
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LIQUID AND GASEOUS OXYGEN SAFETY HEVIEW DATA 

111. Maintenance Program 

B., Safe Cleaning Procedures for  F i l te rs ,  Traps, 'and Instruments - 
I . - 

E i l t e r s  - - A 

,:: . 
The only standird locat i ins  for any numbers of f i l t e r s  o r  
s t ra iners  i n  oxygen service are the suction l ines  t o  pumps, suction 
l ines  t o  compressors, discharge l ines  of high-pressure recipro- 
cating pumps, and in-line product f i l t e r s  for  government require- 
ment s. 

When we were using pumps i n  plant processes for  pumping through 
heat exchangers t o  vaporize against incoming a i r  we had suction 
f i l t e r s  on the  suction l ines  t o  prevent larger  par t ic les  of 

I desiccants, solder and any other foreign material from entering 
. the pump. There are a few of these systems s t i l l  i n  operation 

but concept has changed, and we generally do not u t i l i z e  t h i s  pro- 
cess anymore ( l iquid vaporization from storage, or  oxygen gas 
compressors have succeeded t h i s  method). Generally construction 

-, . -. was per our pr int  58521~( l )  which has related pr in ts  specifying 
10 mesh monel wire cloth,  which i s  backed by 304 s ta in less  s t ee l  
perforated sheets (cylindrical).  

We now have screens i n  a l l  our t ransfer  pumps suction l ines.  They 
have 100 mesh s ta in less  s t ee l  conical screens. This action was  
prompted by f i r e s  i n  pumps i n  Airco a t  Bethlehem where it was 
believed foreign material caused the  incidents. 

- Our old high pressure reciprocating pumps, which have graphite 
packing, have sintered bronze (porex) f i l t e r s  on the  discharge 
side of the  pump t o  prevent graphite and asbestos par t ic les  from 
getting in to  the exchangers and subsequently in to  cy1,isders o r  

- .  other area where it would be undesirable. ._  il 
Government specifications for LOX require filti-U~~OIL $f our pro- 
duct. Where necessary, we i n s t a l l  in-line f i l t e r s  on our product 
hoses used t o  load t r a i l e r s  for  government locations. We are  
presently using a Pal l  Trinty Rigimesh (s tainless  ) 10 micron, 98 
percent removal, 40 micron absolute removal f i l t e r  assembly. 

A l l  of the  above f i l t e r s  are  cleaned i n  methylene chloride or  
trichlorethylene and blown dry with nitrogen. Air known t o  be 
dry and o i l  f ree  is  also permitted for drying. 
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I do not know of any so-called t raps  used i n  any of our oxygen 
systems excepting t h e  suction l i n e  of t he  old  A P C I  high-pressure 
reciprocating pump. A t  one time we had used brass re f r igera t ion  
f i l t e r s  here, but l a t e r  put a U-type "plumbers" t r a p  made from 
copper re turn  bends or  s t r e e t  elbows jus t  upstream of t he  pump. 
It was intended only t o  hold any heavy material ,  such a s  solder,  
i n  t h i s  low point and prevent the  foreigh material  from ge t t ing  
i n to  t h e  pump o r  t he  pump valves. 

This t r a p  w a s  cleaned i n i t i a l l y  as pa r t  of t h e  o r ig ina l  piping 
and had no fu r ther  cleaning requirements. 

Instruments 

(2 )  Instruments a re  generally cleaned a cording t o  our QCL 1 1 6 ~  . 
Design Engineering Standard 531.2 (37 specif ied gauges be cleaned 
t o  1 1 6 ~ .  It a l so  s t a t e s  a decal "oxygen - Use No o i l "  be aff ixed 
Lo t h e  gauge. 

The only other formal cleaning procedure fo r  instruments t h a t  I 
could f i nd  i nuals and inqu i r ies  i n  t h e  Engineering Department 
w a s  QCL 102FP4r  Cleaning Bourdon Tube Type Gages f o r  Oxygen 
Service. 

References 

(1) Oxygen Pump F i l t e r  Assembly, A P C I  Drawing #58521~, Rev. B, 
December 18, 1957 (DOC. #99000234). 

( 2 )  A P C I  Requirements fo r  Class IIA Cleaning -- A P C I  Qual i ty  Control 
Layout No. QCL 1 1 6 ~ ~  July  1, 1971 (DOC. #99000085). 

( 3 )  A P C I  Instrumentation Pressure Indicators -- A P C I  Design 
Engineering Standards 531.2, October 1963 (DOC. #99000022 ) . 

( 4 )  A P C I  Cleaning Requirements fo r  Boudon Tube Type Gages Used 
For Oxygen Service -- APCI Quality Control Layout No. QCL 102F, 
Ju ly  1, 1971 (DOC. #99000078 ) . 
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111. Maintenance Program 

C. Pressure Testing 

The following s teps  a re  followedin pressure t e s t i n g  

1. Secure a safety  work permit 

2. Areas where t e s t i ng  i s  taking place i s  t o  be considered off- 
l i m i t s  f o r  personnel except fo r  authorized people doing the  
work. Rope off  the  area and display applicable signs,  

3. Whenever possible,  hydrostatic t e s t i ng  i s  t o  be u t i l i z e d  
i n  preference t o  pneumatic tes t ing.  

4. Never t e s t  a c i r c u i t  without a proper re l ieving dewice, such 
as a r e l i e f  valve or  rupture disc,  as  an i n t eg ra l  part of 
the  c i r c u i t  o r  vessel. 

5. Always use a regulator when pressurizing c i r c u i t s  wiQh high- 
pressure cylinders. 

6. Always use dry and oi l - f ree  f i t t i n g s  and l i ne s  when pressme- 
i z ing  oxygen c i rcu i t s .  Also, t he  pressurizing medium, 
nitrogen or  a i r ,  must be dry and o i l  free.  

7. Build up pressure gradually t o  50 percent of t e s t  presslare 
and then i n  increments of 10  percent u n t i l  t e s t  pressure i s  
reached. This i s  especially important on high-pressure e i r -  
cui ts .  Hold a proof pressure f o r  a t  l e a s t  f ive  minutes and 
then reduce 10 percent before "moving in" f o r  soaping and 
visual  inspection. 

8. Stand c lear  of equipment while it is  being pressuriz;ed, 

9. Never stand i n  l i n e  with pipe corps, plugs, o r  blinds mich 
can blow loose under pressure. 

LO. Before pressurizing c i r cu i t s ,  be sure a l l  valves are  s e t  
properly and know where vent valves are  located i n  the  event 
t h a t  quick venting of pressure i s  necessary. 

11. The pressure gauge must be v i s i b l e  t o  the  operator when 
pressurizing a vessel  o r  c i rcu i t .  I n  cases where the  
operator cannot see a gauge, a second person observing the 
gauge must re lay signals t o  t he  ooperator. 
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12, Arter pressurizing a c i r c u i t ,  wait several  minutes before 
attempting t o  check l i n e s  o r  soap t e s t ,  Remember, some f lux  
can hold high pressure temporarily. 

13. Be caref'ul when venting and re l ieving pressures. Be sure 
a l l  personnel are clear. Anchor all l i n e s  t o  prevent "whip- 
ping". When possible,  vent upward ra ther  than a t  lower 
levels .  

l h .  I f  a c i r c u i t  i s  l e f t  pressurized, warn a l l  personnel a t  
charge of s h i r t s  and leave signs reading  anger - Under 
~ r e s s u r e "  i n  conspicuous places. Hourly checks are t o  be 
made by qual i f ied persons t o  check the  equipment and guard 
against over-pressure due t o  temperature. 

15. Never walk awqy from an unfinished solder jo in t ,  threaded 
jo in t ,  etc.  because of a r e s t  break o r  s h i r t  change. Always 
f i n i s h  t he  joint .  

16. Be sure f i t t i n g s ,  valves, and piping for  the  hookup are  su i t -  
able f o r  pressures involved. 

R h e r  Sources of Information 

POM 1,03, Safety Control Procedure - TagOut, and POM 1.04, 
Safety Control Procedure - Safety Work Permit has some re- 
l a t ionsh ip  with pressure t e s t i n g  as they are  procedures t o  
prevent inadvertent pressurizing of vessels o r  c i r c u i t s  not 
intended t o  be pa r t  of t h e  t e s t .  Also, tagging of t h e  valves 
serve as warnings t o  those individuals not paxt of t he  actual  
work. See attachments. These POM procedures a re  t he  same as  
Safety Standards 626.3.3 and 625.3.5. 

2.  POM procedure 6.09, Coded Vessel Repairs, out l ines  Operations 
Department act ion on coded vessels including pressure t e s t .  
QCL 117A, Hydrostatic Testing - General and QCL 105A, 
Pneumatic Testing - General, are attachments t o  t h i s  POM 
procedure which a re  Manufacturing Department procedures used 
i n  conjunction with our work. 

MCI References : 

1, A P C I  Safety Control Procedure - Tagout, APCI Plant Operations 
Manual Section 1.03, February 15, 1967 (Doc. #99000202). 

2, APCI, Safety Control Procedure - Safety Work Permit, A P C I  
Plant Operations Manual Section 1.04, February 16,  1967 
(DOC. #99000203). 
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3. A P C I ,  Coded Vessel Repairs, APCI Plant  Operations Mmual 
Section 6.09, November 29, 1968 (Doc. #99000204 ) . 

4. Maryland Casualty Company, APCI Field Inspection Contract 
with Maryland Casualty Company, APCI  Plant  Operations 
Manual Section 6.09, Attachment 1, August 27, 1969 
(DOC. #99000205 ) . 

5. A P C I ,  Hydrostatic Testing - General, APCI Qaul i ty  Control 
Standards QCL 117A, October 20, 1958 (Doc. #99000206). 

6. A P C I ,  Pneumatic Testing - General, A P C I  Quali ty Control 
Layout QCL105A9 July  1, 1971 (Doc. #99000207). 

7. Smith, H e  W., A P C I  Safety Control Procedures -- Tag Out 
Procedures, APCI Safety Standards 626-3.3, May 1962 
(Doc. #99000208). 

8. Smith, H. W., APCI Safety Control Procedures -- Air 
Separation Plant Safety Work Permits, A P C I  Safety Standard 
626.3.5, June 19,  1961 (DOC. #99000209). 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I V .  System Rnergencies 

APCI Safety Standard 626.3.8, Emergency Procedures, ?.lay 1962 
(DOC. #99000053), i s  the  guideline fo r  establishing specif ic  
emergency procedures for  each company location considering t h e  
function of the  f a c i l i t y  and the  number of people employed,, 
The emergency conditions considered are  equipment malfunction 
o r  f a i l u re ,  human f a i lu re ,  extreme climatic conditions, o r  
national emergency. 
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I V .  System Emergencies 

A. Safety Training and Area Placarding 

1. Safety Training 

a. Safety Meetings 

Safety Standard 625.0 .1 '~)  (dup1.icated as  POM 5.16 ( 2 ) )  
requires  a t  l e a s t  one sa fe ty  meeting each month. This 
i s  genera l ly  complied with and a l l  personnel a r e  covered 
by t h e  most p r a c t i c a l  scheduling. Reports on t h e  meet- 
ings  a r e  submitted t o  t h e  Operations Safety-Service Manager 
where they a r e  reviewed and recorded f o r  compliance* Non- 
compliance i s  questioned and reported t o  Opera."cons man- 
agement as necessary. 

Generally, plant  management i s  spokesman a t  t h e  meetings, 
Experts from t h e  corporate o f f i ces  may hold t h e  meetings 
occasionally on subjects  i n  which they a r e  more p ro f ic ien t .  
Also, technic ians  (mechanical o r  e l e c t r i c a l ,  e t e ,  ) assigned 
t o  a range of p lan t s  may speak on s a f e t y  problems i n  t h e i r  
p a r t i c u l a r  f i e l d s  and theor ies  of same so a b e t t e r  under- 
s tanding of t h e  equipment and operat ing p r inc ip les  may 
prevent accident s . 
Topics can be a wide range of general i n d u s t r i a l ,  personnel 
p ro tec t ive ,  equipment or  process d iv is ions .  The f a c i l i t i e s P  
current  problems would be given p r i o r i t y .  Second p r i o r i t y  
would be recent problems a t  o ther  p l a n t s  which may be 
d i r e c t l y  r e l a t e d  t o  t h e  f a c i l i t i e s '  operat ions.  Plant 
managers a r e  kept posted on these  problems i n  order t o  insure 
d i s t r i b u t i o n  of per t inent  information. I f  very important$ 
t h i s  i s  done immediately by telephone. Other means of 
re laying t h e  information a re  by memos, Safety-Grams o r  
Safety Bullet  ins .  

Plant  inc idents  ranging from near accidents  t o  accidents  
and t h e i r  inves t igat ions  a r e  reported on standard forms. 
Monthly repor t s  on i n j u r i e s  a r e  reported t o  t h e  Safety 
Department. Serious inc idents  a re  covered immediately 
by phone. De ta i l s  f o r  t h i s  epor t ing a r e  i n  Corporate 
Administrative Procedure 1.573), S f e t y  Standard 625.0 -1 (1) 
and Plant  Operations Manual 5.16(27, 5.18(4),  and 5.21(5).  
These procedures and associated repor t s  a re  used t o  obta in  
and r e l a y  information t o  applicable loca t ions .  
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Qua l i ty  control  top ics  are  a lso  used occasionally as  sa fe ty  
meeting material .  There i s  some re la t ionsh ip  with owgen 
and other rases  production as  t h e  mixing with o ther  gases, 
lack  of s u f f i c i e n t  pur i ty ,  and end uses could r e s u l t  i n  
react ions  hazardous t o  personnel and property. Low 
oxygen pur i ty  or  inadvertent f i l l i n g  of oxygen containers 
with another gas could d i r e c t l y  r e s u l t  i n  l o s s  of l i f e ;  
f o r  instance,  i n  hosp i t a l  breathing usage. 

b. Pr in ted  Material 

F a c i l i t i e s  a re  provided with per iodicals  and s a f e t y  
papers a s  applicable t o  t h e i r  operat ions.  A l l  f a c i l i t i e s  
subscribe t o  National Safety Council mater ia l .  Technical 
papers a re  purchased and d i s t r ibu ted .  

A t  one time t h e  American I n s t i t u t e  of Chemical Engineers 
annual symposium repor t  on Safety I n  A i r  and Ammonia Plants  
was d i s t r i b u t e d  t o  dl f a c i l i t i e s .  However, t h e  l a s t  four 
( t h e r e  a re  twelve volumes) were e s s e n t i a l l y  a l l  l imi ted  
t o  t h e  ammonia ~ l a n t  and d i s t r i b u t i o n  was l imi ted  t o  
New Orleans and a few key personnel i n  t h e  Operations 
o f f  i c e s .  

A l l  f a c i l i t i e s  have copies of t h e  Plant  Operations Man- 
ua l ,  one sect ion of which i s  devoted e n t i r e l y  t o  safe ty .  
Operators have t h e i r  own copy of t h i s  POM i n  t h e  control  
room with t h e  Safety,  Qua l i ty  Control,  and Operations 
sec t ions  f o r  t h e i r  review and reference.  Many times t h e  
new o r  revised procedures a r e  covered formally i n  sa fe ty  
meetings . 
Each f a c i l i t y  a l so  has two binders,  one s p e c i f i c a l l y  f o r  
t h e  AIChE symposium repor t s  and another f o r  a l l  Safety- 
Grams and Safety Bul le t ins  issued by t h e  Safety Department. 
The Safety Manual a l s o  contains copies of miscellaneous 
t echn ica l  papers applicable t o  our work. 

For t h e  l a s t  t e n  years a l l  employees have been issued a 
pocket s i z e  Operations Safety Manual f o r  ready reference.  
It includes t h e  following sect ions :  

Safety Organizations 
General Safety Rules 
Proper t ies  of Products 
Safe Handling of Cryogenic Liquids 
Safe Handling of Compressed Gases 
Plant Operation and Maintenance Safety 
Maintenance and Shop Procedures 
Plant  Housekeeping 
Protec t ive  Clothing and Equipment 
Chemicals 
F i r s t  Aid Ins t ruc t ions  
F i r e  Protect ion 
Office Safety 
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This p o c k e h a n u a l  has been revised several  tinres and 
repr inted.  However, t h i s  pas t  year it was decided Lo 
discontinue i t s  use when t he  present supply i s  e~austed, 
Company growth, expanded operations, d ivers i f i ed  pro- 
ducts, e te .  now make it impractical t o  inelude even t he  
main items as  revisions and addit ions a r e  needed con- 
s tan t ly .  The POM does t h i s  job b e t t e r  and since it 
i s  avai lable  i n  a l l  control  rooms and i s  a looseleaf 
manual, it f i l l s  t he  b i l l  adequately, 

2. Area Placarding 

Main placarding a t  a i r  separation f a c i l i t i e s  a r e  th.e No 
Smoking signs. Generally, there  i s  no smoking permitted 
except i n  o f f ices ,  control  rooms and locker rooms, but 
areas of increased hazards may have addi t ional  reminders. 

Other placards used as  applicable a re  l i s t e d  below: 

a. F i re  Extinguishers - May have br ight  red pa in t  at 
t h e  actual  hanging area  t o  f a c i l i t a t e  locat ion i n  
emergencies and a l so  ac t  as an indicator  t o  t h e  
f a c t  t h a t  one belongs at t h a t  locat ion so replace- 
ment can be expedited i f  necessarv, 

b. " ~ u t h o r i z e d  Personnel Only9' - Generally used i n  
e l e c t r i c a l  bays only and i n  t he  immediate areas 
of oxygen compressors. Oxygen compressor areas 
a re  so posted t o  reduce personnel exposure t o  
f i r e  p o s s i b i l i t i e s .  Also, authorized personnel 
a r e  famil iar  with t he  compressor and must first 
check operating conditions t o  be sure they a re  
s a t i s f ac to ry  before they spend any appreciable 
amount of time i n  the  area. 

11 c. Danger, Do Not Stand i n  Front of Cabinet While 
Motor i s  Being Started" - These signs a r e  posted 
on motor terminal boxes containing switches, l igh t -  
ning a r r e s to r s  and capacitors ra ted 2500 vo l t s  
o r  higher. There have been several  incidents  o f  
explosions of t h i s  type of equipment, One man 
was hurt  qui te  ser iously  i n  one case, 

d.  anger, High voltage" - As applicable,  

11 e. Danger - No Smoking, Matches o r  Open Lights" - 
O r  similar sign i n  storage ba t te ry  areas where 
hydrogen may be emitted. 

f .  Exits  - As applicable fo r  more remote escape routes ,  
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I' 
g. Danger ~ a u s t i c " a n d  "'Danger kcid" - A s  necessary t o  

appl icable  areas  f o r  p u r i f i e r  o r  water treatment. 

h. " ~ a u t i o n ,  May be High i n  Oxygeni' - For areas ,  such a s  
i n  storage tank s k i r t s  where the re  may possibly be 
oxygen leaks  and/or concentrations. Also, ni trogen 
tanks ind ica te  the re  may be an asphyxiating atmosphere. 

A good many other s igns f o r  normal i n d u s t r i a l  s a f e t y  con- 
s ide ra t ions  a r e  used, such as:  

F i r e  Hose 
he rgency  Shower 
Safety Glasses and Hard Hats Must be Worn 
V i s i t o r ' s  Parking 
Vis i to r s  Must Apply a t  Office 
Chemicals Goggles Must Be Worn i n  This Area 

3. References 

(1) APCI, I n d u s t r i a l  Safety Policy, APCI Safety Standards 
625.01, October 3, 1961, (DOC. #99000241) . 

( 2 )  APCI, I n d u s t r i a l  Safety Policy, APCI Plant  Operations 
Manual Section 5.16, October 30, 1968, (Doc. #99000253). 

( 3) APCI, Accidents Reporting, APCI Corporate Administrative 
Procedure, No. 1.5, April 1, 1968, (DOC. #99000254). 

( 4 )  APCI, Safety Reports and Forms, APCI Plant  Operations 
Manual, Section 5.18, March 3, 1970, (DOC. #99000233) * 

( 5 ) A P C I  , Accident Reporting, APCI Plant  Operations Manual, 
Section 5.21, May 8, 1368, (Doc. #99000255 ) . 
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IV. System Emergencies 

Be Warning Devices 

Warning devices for oxygen systems vary with process, :zppPiea%ion 
and vendors variations of similar equipment. However, msd of 
the systems have some . Unless otlaemise 
noted, the s lications, 

1. Process Stream 

a. Low pressure switch and alarm upstrem in the !;uc%lon 
of a centrifugal compressor to recycle the comj3ressor 
if suction pressure decline continues to smb-atmosphere 
level. For reciprocating compressors, it w i l l  not re- 
cycle but will alarm and shut down. 

b. A low temperature switch and alarm on suction piping 
of any compressor taking suction *om a possib3-e cold 
source. Setting shall be based on area climte bud in 
no case shall it be set below -5OF. 

u c. A high temperature indicator-switch and alarm shall be 
provided on each stage discharge upstream of the cooler, 
Maximum permissible alarm and shutdown settings shall 
be 340'~ and 350'~ respectively. Each produeirlg faeilitgr 
shall establish a lower setting when operating te~aperatwes 
indicate this is possible. Alarm and shut dom points 
shall then be 10QF and 20°F respectively above m x i m m  

ertime operating temperature. 

2. Lubrication 

a. For centrifugal compressors, a high oil temperature 
indicator-switch, bulb type shall be installed in the 
oil return header from the bearings to the oil sup, 
The switch shall be connected to the alarm on the 
oxygen compressor instrument panel. The intent of 
this requirement is to warn the operator of exc!essive 
oil temperature due primarily to insufficient %rater 
flow, 

b. For reciprocating compressors, the high oil temperatwe 
indicator switch shall be in the oil return line from 
the cooler to the sump. 



INC.  

November 12, 1971 

IVB-1 (continued) 

3* Motor 

a. The motor e n d i n g  temperature indicator sha l l  be located 
on the main instrlmrnent panel. A switch sha l l  autonnaLically 
shut dom the compressor on excessive temperature. 

b. The motor cooling a i r  temperature switch sha l l  actuate 
an alarm located on the omgen compressor panel i n  
case of excessive tempereitwe. 

c. Water-cooled motors sha l l  be protected against in te rna l  
water leakage fiom overhead coolers by a liquid-level 
switch connected t o  an d a m  on the  oxygen compressor 
panel or  by a. bottom drain continuously open t o  atmos- 
phere. 

4, Cooling Water 

a. A pressure switch sha l l  be connected t o  actuate an alarm 
located on the main in s t rmen t  panel, i n  case of abnormally 
low water presswe i n  the  water pump out le t  header. 

b, Loss of cooling tower fan operation sha l l  be indicated by 
an alarm located on the main control  panel. 

5. Seal Gas System (cent r i f iga l  compressors only) - A labyrinth 
system ~ 5 t h  nitrogen as a sealing gas i s  an in tegra l  par t  of 
centr i fugal  compressors t o  prevent bearing lubr icat ing o i l  
from reaching oxygen systems. Generally, a t  l e a s t  a double 
protection i s  provided by these sea l  systems. 

a. Pressure switches sha l l  be provided t o  alarm and shut down 
the  compressor when manufacturers' limits a re  exceeded for  
t he  folloW5ng conditions. 

Pressure a t  bearing end i s  too low 
Pressure a t  in ject ion par t  i s  too low 
Pressure a t  impeller end i s  too high 
Different ia l  pressure between impeller and 

injecLion par t  i s  too low 

b. Seal gas backup system pressure i s  too low (alarm only) 

NOTE: Backup system i s  provided i n  the  event primary sea l  
source has problem. Usually, the  backup source 
is  a cylinder supply with suf f ic ien t  storage t o  
get primary system working or  shut down the com- 
pressor, 



6 ,  Rotor Shi f t  (centr i fugal  compressors only) - A rotor skifi 
device i s  incorporded $0 indicate wear on the thli-i~s"e;shoes 
and i f  wear is  excessive t o  s h d  it down. Normally, chere 
i s  a bleed-through of gas i n  t h i s  system, but as wear  on 
shoes progresses, it w i l l  pe-Pnnft it t o  touch $Re pl-mger 
which actuates a gear m d  p e m i t s  a pistan t o  drop, When 
t h i s  piston cops, it stops the bleed-$hrowh, bui:ids 
pressure and aeluates the  & a m  asld shut down, 

7, Vibration - Centr i f igal  Compressor 

a,  Equipment sha l l  be provided for monitoring r a d ~ d  
vibration,  ax ia l  d b r a t i o n  and a i a l  posit ion of eack 
eoqres so r  roLor shaf t  md of the  high speed pinion, 
This equipment sha l l  be connected t o  the  ejwgen corn-- 
pressor instrument panel alarm, A switch shall shuz doTwv 
the  oxygen compressor in. case of excessive vibs-ation 
a t  any point no l l y  connected for  continuous mn- 
i to r ing ,  

b. Continuously mni tored   brati ion points sha l l  be seZ 
fo r  d a m  and shut d o n  a t  i n i t i a l  s ta r tup  md ever~r 
major overhaul as follows : 

MaximulllNomalVibration +0.5mil A l a r m  
Maximw Nomal Vibration +1,5 m3.B Automacias Shuk d0wn 

8. Vibration - Reciprocating Compressors 

a. Seismic type vibration switches sha l l  be provided %o 
shut down the compressor when frame vibration ar~lplitude 
increases t o  twice the value a t  the  new conditions as 
accepted by Machinery Engineering. A mininm o f  one 
switch per two crank throws is required. Each sMtch 
sha l l  be wired t o  l i g h t  a yellow l i g h t ,  which xi49 in -  
dicate the  switch tha t  has shut down the compressor, 
The l i g h t  sha l l  be maintained u n t i l  the  switch is reset, 

NOTE: The majority of the  above informt ion  was ex- 
t rac ted  from APCI Design mgineering Stmdard 
570.7, A P C I  Operated Oqgen Compressor S y s t e ~ n ~  
July 19, 1971 (DOC. #99000256), 

1. Warm discharge side of vaporizers generally go into carbon 
s t e e l  piping. Temperatwe switches are applied here t o  
sound alarms i f  piping gets too cold, usually due tlo 
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insuff ic ient  heating source (water or steam). The l iquid 
source (pump or valve from a pressurized tank) is  shut off 
a t  the same time the alarm is  sounded. 

2, Thermal Research Type Vaporizers (Natural Gas Fuel) - Alarms 
and shut downs for  t h i s  system are: 

a. Low temperature switches, similar t o  Item 1 above. 

b. Pressure switch t o  act  i n  the event the natural gas supply 
pressure is  low or high. 

c. Low pressure switch for  a i r  blower. 

d. High temperature switches for  the downcomer i n  case of low 
water level. 

e. High stack temperature switch, i n  case stack temperature 
i s  too high as a resul t  of low water level.  

f .  Low water level  switch. 

g, Flow switch t o  act  i n  case of fa i lure  of water pump. 

h. CGA combustible gas analyzer t o  indicate incomplete 
combustion. Calibrated 0-2 percent t o t a l  combustibles 
i n  an ine r t  atmosphere. 

i. Fire  m e  t o  indicate no flame condition. 

1, Some of the older plants had low-pressure alarms on suction side 
of pumps t o  indicate loss  of feed or low head t o  the  pump. General 
use was on BJ type pumps. 

2, New plants are  now getting low current (amps) devices t o  indicate 
low suction pressure. Low pressure and low current switches are  
both t o  prevent cavitation and subsequent damage t o  the  pumps, 
par t icular ly bearings and shafts. 

Product Lines 

1, Some customer feed l ines  are  provided with alarm indicating 
low pressure. Low pressure could be indicative of f a i lu re  of 
some of our equipment, excess demands by the customer or 
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f a i lu re  of the l ine .  Excess flow valves are ins ta l led  at a few 
older locations and most of the new plants whereby a l i n e  fa i lwe  
would also automatically shut off t h i s  valve. Excess Plow 
valve i s  actuated by readout on a flow indicator across rn 
or i f i ce  section. Ashland, Cleveland and Los Angeles have such 
systems. The Cleveland valve prevented a w r e  serious incident 
some years ago when the  customer had a Pire i n  t h e i r  reducing 
s ta t ion  and the excess flow valve was actuated, 

Storage Tanks 

1. Low pressure storage tanks have low pressure etlarms, sasua%ly s e t  
a t  approximately 1 pisg, t o  warn operators i f  there i s  a terndency 
t o  approach vacuum conditions which could cause a t m k  collapse, 
Buildup c o i l  system malf'unction could resu l t  i n  lowerieig of 
pressure, par t icular ly during withdrawal procedures. 

General 

1. It i s  our policy t o  i n s t a l l  temperature switches i n  an area 
where carbon s t ee l  l i nes  may be cooled down t o  - 2 0 ' ~  or  laver 
due t o  .malmctions of equipment. This i s  znen"coned h o v e  for 
l i nes  downstream of vaporizers, but i s  applicable i n  other 
areas. This same arrangement has been used where e q m s i s n  
of gas may cause excessive cooldown, but general r u l e  here is 
t o  use proper materials of construction rather  than the switch, 
Switch i s  t i e d  in to  an alarm and/or applicable systems shut 
down t o  prevent M t h e r  cooling. 
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LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

IV.  System Emergencies 

C. Protec t ion 

1. Personnel 

The adequacy of personal p ro tec t ive  equipment i s  insured by 
t e s t i n g  and maintenance a s  required by APCI, Plant  Operations 
Manual 1.12 ( I ) ,  

a. Eye Protec t ion 

Safety g lasses  must be worn a t  a l l  t imes i n  areas  such as  
opera t ing a reas ,  cyl inder  f i l l i n g  areas ,  and near any 
grinding o r  c u t t i n g  operations. 

Glasses must be worn by o f f i c e  personnel o r  v i s i t o r s  when 
i n  t h e s e  areas. 

Working around welding operat ions,  f l a s h  goggles with s ide  
s h i e l d s  must be worn. 

Eknployees who normally wear p resc r ip t ion  glasses  nay obtain 
s a f e t y  spectac les ,  made according t o  t h e i r  p resc r ip t ion  
through t h e  company. 

Face sh ie lds  and chemicals goggles must be worn during 
mixing o r  t r a n s f e r r i n g  of  corrosive mater ia ls ,  

Goggles must be used when us ing a s t a t ionary  o r  por table  
grinder.  

Chemical goggles must be used during any operat ions re- 
qu i r ing  t h e  use of  solvents  o r  cryogenic l iqui-ds,  Additional 
eye and face protec t ion may be req-uired i n  some locat ions  f o r  
s p e c i a l  reasons. 

References Safety standards Sec, 627.4.2 ( 2 ) ,  Safety-Grams 
No. 1 (3), 29 (4), 30 (51,  and 58 (61, 

b. Hard Hats 

Safe ty  hats-caps must be worn by a l l  operat ing personnel around 
machinery, opera t ing areas, and s torage  areas. The only exempted 
areas  a r e  t h e  o f f i c e ,  con t ro l  rooms, and locker  rooms. 

V i s i t o r s ,  o f f i c e  personnel,  and maintenance men are required 
t o  follow t h e  same i n s t r u c t i o n s  as  above. 
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Safety hats-caps a re  excellent  protection against  f a l l i n g  
objects.  

The wearing of hard hats  i s  mandatory a t  a l l  operating 
f a c i l i t i e s .  

Reference Safety Standard Sec. 627.4.1 (7 ) .  

c. Safety Shoes 

Realizing the  importance of sa fe ty  shoes, t h e  company con- 
t r i b u t e s  toward t h e  purchase of sa fe ty  shoes and recommends 
t h e i r  use. In jury records prove t h e  reduction i n  t h e  fre-  
quency and t h e  sever i ty  of foot i n ju r i e s  by personnel wear- 
ing sa fe ty  shoes, Safety shoes a r e  not mandatory, but a r e  
urged and recommended a t  a l l  f a c i l i t i e s .  

Reference Safety-Gram No. 11 (81, 

Respiratory Protection 

Fil ter-type resp i ra to rs  a re  t o  be used when working i n  dusty 
areas  o r  when handling dust-producing materials  such as 
rockwool o r  p e r l i t e .  

Respirators equipped with "rebreathers" i n  which t h e  wearers 
breath  i s  passed over a l k a l i  peroxide t o  replace oxygen and 
remove carbon dioxide, should not be used i n  t r ichlorethylene 
service.  Reaction of t r i ch lore thy lene  with t he  caust ic  formed 
during t h e  regenerating react ion leads  t o  t he  formation of 
dichloracetylene, which i s  highly t ox i c  and explosive. 

Self-contained or  a i r - l ine  breathing apparatus i s  t o  be used 
i n  any a rea  where there  is  a high concentration of solvent 
vapors o r  where t h e  oxygen content of t h e  atmosphere is  below 
18  percent. Life  l i n e s  w i l l  be used except when otherwise 
ins t ructed.  Areas t o  be considered a re ,  i n t e rna l  cleaning of 
storage tanks and vessels ,  and entry  of cold boxes with nitrogen 
atmosphere when using cleaning solvents. 

Reference Safety Standard Sec. 627.3 ( 9 ) .  

e,  Hearing Protection 

Operations Department has been supplying hearing protect ion 
equipment a s  needed o r  requested f o r  a number of years. Wear- 
ing of t h i s  equipment i s  now mandatory la rge ly  where t h e  
occupational noise l e v e l  exceeds 90 decibels as  measured on 
t h e  "A" sca le  of a standard sound l e v e l  meter a t  slow response, 
regardless of octave band, Sound l e v e l  surveys a r e  made a t  
each locat ion and sa fe ty  meetings a r e  held with employees. 



Safety meeting out l ines  include: Reasons fo r  concern, somd 
measurement, exposure l imi ta t ions ,  p a r t s  of the ear and their 
function, and where protection should be worn, &neralEy, 
ea r  plugs a re  sa t i s fac tory ,  but ea r  muffs a re  recornended 
where noise l eve l s  reach 110 decibels. There may be oeeaslons 
whelre t h e  decibel  l e v e l  may exceed 130, f o r  these  e q o s w e s  
both the  e a r  plug and t h e  ea r  muff s h a l l  be pl-ovided and used, 

Reference Safety Standard Sec. 627.4.8 (101, Memo Operations 
Hearing Protection Program, N. Master, Dated 
4/7/71 (11) , Safety Standard See,  625,0,l,2 (121, 

Gloves 

Neopreme o r  su i tab le  p l a s t i c  gloves a r e  t o  be worn eibming 
handling of solvents,  acid,  or  other harmful ehemieals, 

Approved gloves with gauntlets  a r e  t o  be won  dunsing cryogenic 
l i q u i d  t r ans f e r s  o r  handling. 

Approved gloves f o r  e l e c t r i c a l  service  a r e  su~)p l ied ,  These 
a r e  high voltage lineman" gloves and lineman's leather pro- 
tector gloves. 

Gloves a r e  a l so  supplied f o r  normal every day use, 

The Safety DeparLment recommends t h e  guidelines l i s t e d  be 
u t i l i z e d  i n  es tab l i sh ing  t he  controls t o  provide a means of 
checking on t h e  conditions of personnel who are working alone, 
p e r f o r ~ n g  emergency maintenance work o r  daily routine operations, 
Obviously where a "eehck-in" system can be es tabl ished with a 
near-by A i r  Products f a c i l i t y ,  customer personnel, o r  neighbor- 
ing i n d u s d q  guard service ,  such an arrangement s h a l l  be made, 
The hazards inherent i n  t h e  type of work being performed by 
%he indiPi.idual s h a l l  be t h e  c r i t e r i a  used i n  delemining whether 
a "cheek.-.in'bystem i s  required. 

les-Regularly sch ed operations with one man/shifi at 
any f i c i l i t y  handling f l  l e s  must be provided with a posi t ive  
method of '"heck-in" by t h e  operator. The frequency of "check-in" 
may vary with t h e  type of system establ ished but must provide a 
dnimum operator "check-in'bnce every hour. 



January 13, 1972 

1~~1-1 (continued ) 

Oxygen - A "check-in" system fo r  one man/shift operation i s  
required i f  rout ine  operations necess i t a te  operation from 
more than grade elevation o r  i f  cryogenic l i q u i d  loading 
operations a re  performed. The frequency of "check-in" s h a l l  
be a minimum of once every hour. 

Maintenance - lbintenance work on systems containing flammable 
gases w i l l  require t h e  presence of more than one person. 

Maintenance work on energized e l e c t r i c a l  systems with voltages 
up t o  250 vo l t s  w i l l  require  t h e  presence of more than one 
person, Under no circumstances a r e  personnel permitted t o  
work on energized c i r c u i t s  with voltages exceeding 250 vol ts .  
Work on de-energized c i r c u i t s  with voltages of 440 vo l t s  o r  
above w i l l  require  t h e  presence of more than one person. The 
second person need not be an e l e c t r i c a l  technician,  

Acceptable "check-in" systems - The "check-in" system u t i l i z e d  
s h a l l  be a r e l i a b l e  method of determining t h e  responsiveness 
of an individual ,  

The A,D.T. system i s  used a t  many f a c i l i t i e s .  A switch must 
be actuated every hour or  an alarm is  flashed i n  t h e  A.D.T. 
of f ice ,  They i n  tu rn  c a l l  t h e  plant  and i f  the re  i s  no 
mswer they w i l l  i nves t iga te  or  c a l l  f a c i l i t y  management. 

The telephone system, by being ca l led  o r  by ca l l i ng  another 
f a c i l i t y ,  o r  a guard service hourly., 

Reference Kitson, F, K, , Staf f ing  and "check-1n" Systems 
fo r  Operating Plants,  June 25, 1968 (13). 

h. F i r s t  Aid Ins t ruct ions  

Al l  i n ju r i e s ,  no matter how s l i gh t ,  must be reported t o  f a c i l i t y  
management, and s h a l l  be t r e a t e d  immediately. 

A first a id  record must be kept of all in ju r i e s ,  t h e i r  cause, 
m d  the  f i r s t  a i d  treatment. 

F i r s t  a i d  k i t s  a re  not a subs t i t u t e  f o r  dispensary o r  medical 
treatment, It i s  merely t h e  first s tep  i n  preventing a bad 
s i t ua t i on  from becoming worse. 

Know t h e  locat ion of s t re tchers ,  f i r s t  a id  k i t s ,  f i r e  blankets,  
and other  f i r s t  a id  equiument. 

Know t h e  emergency numbers or  where they can be found fo r  
doctor, hosp i ta l ,  and ambulance service. 
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F i r s t  a i d  i s  no s u b s t i t u t e  f o r  proper medical a t t en t ion ,  
I n j u r i e s  of any magnitude must be r e f e r r e d  t o  a competent 
pkysician a f t e r  first a i d  treatment,  

Minor i n j u r i e s :  t r e a t  accordingly a s  l i s t e d  under f i r s t  
a i d  guide o r  r e f e r  t o  t h e  Red Cross F i r s t  Aid ~/ianual, which 
i s  ava i l ab le  i n  a l l  f i r s t  a i d  cabinets .  I f  t h e r e  i s  any 
doubt t o  t h e  seriousness of t h e  in ju ry ,  t h e  pa,tien% should 
be driven t o  t h e  doctor after f i r s t  a i d  t r e a t ~ e n t ,  Make 
nota t ions  with f u l l  p a r t i c u l a r s  on t h e  f i r s t  s i d  record 
sheet ,  

Serious i n j u r i e s :  c a l l  f o r  a doctor and/or ambulance 
immediately. I3e sure  t o  keep t h e  p a t i e n t  warm and ly ing 
down, Attend t o  ser ious  bleeding immediately and give 
a r t i f i c i a l  r e s p i r a t i o n  i f  necessary. Do not move t h e  
in ju red  person unless absolute ly  necessary. Contact 
management a s  soon a s  p rac t i ca l .  

i, Evacuation Routes 

Management of each APCI f a c i l i t y  prepares a plan f o r  
quickly evacuating a l l  areas  i n  an order ly  fashion and i n  
a minimum of time. The plan,  c l e a r l y  iden t i fy ing  a l l  
evacuation routes  and e x i t s ,  i s  posted a t  convenient 
loca t ions  i n  a l l  areas. 

Personnel a r e  t r a i n e d  t o  d i r e c t  an order ly  evacuation 
and t o  secure t h e i r  area  before leaving. 

The evacuation plan i s  reviewed and revised every six 
months o r  l e s s  i f  conditions a r i s e  which warrant changing 
t h e  plan. 

2. References 

( 1 )  APCI, Personal Protec t ion Equipment Maintenance, MGI 
Plant  Operations Manual 1.12, Apr i l  21, 1967 (Doc, #9900010b), 

( 2 )  Smith, H. W., Personnel Protec t ive  Equipment, Eye Protec t ion,  
APCI Safety Standards 627.4.2, October 1962, (Doc, N99000316), 

( 3 )  A P C I ,  Pressure Gauge Fa i lu re ,  Safety Glasses Save Another 
P a i r  of Eyes, A P C I  Safety-Gram No. 1, June 1, 1961, 
(DOC, #99000317), 

(4) Smith, H. We, Safety  Equipment Never Prevents an Accident -- 
It only Prevents an In jury ,  APCI Safety-Gram No, 29, August I, 
1963 (DOC, #99000318). 
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( 5 )  Ba l l ,  W. L., Are Safety Glasses Worth t h e  Cost and E f f o r t ? ,  
APCI Safety-Gram No, 30, August 9, 1963 (DOC. #99000329). 

( 6 )  Schmoyer, W. W., And Then There w a s  Darkness, APCI Safety- 
G r a m  No. 58, March 15,  1967 (Doc. #99000319). 

( 7 )  APCI, Personnel Protec t ive  Equipment, Wearing Apparel, 
Hard Hats, APCI Safety Standards 627.4.1, June 15,  1970 
(DOC, #99000320). 

( 8 )  APCI, Safe ty  Shoes, APCI Safety-Gram No. 11, May 1 4 ,  1962 
(DOC. #99000321) . 

( 9 )  Smith, H. W,, Personnel Protec t ive  Equipment, Respiratory 
Protec t ive  Equipment, APCI Safety Standards 627.3, January 
1964 (Doc. #99000322 ) . 

(10) APCI, Personnel Protec t ive  Equipment, Occupational Noise ' 
Pro tec t ive  Equipment, APCI Safety Standards 627.4.8, , 

September 1969 (DOC. #99000323). 

(11) Idaster, H. H. , Operations Hearing Protec t ion Program, 
Apr i l  7 ,  1971 (Doc. #99000324). 

(12) APCI, I n d u s t r i a l  Safety,  Occupational Noise, APCI Safety 
Standards 625,0.1.2, Apr i l  9 ,  1971, (DOC. #99000325) 

(13) Kitson, F. K., S ta f f ing  and "check-lnq' Systems f o r  Operating 
P l a n t s ,  APCI  Safety Dept. Memo, June 25, 1968 (Doc. #99000326). 



January 10 ,  1912 
IVC2-1 

LIQUID AND GASEOUS OXYGEN SAFETY REVIEW DATA 

I V .  Systems Emergencies 

C.  Protect ion 

2. Buildings and Adjacent Systems Protect ion 

Deluge Sys tems : 

Deluge Systems a r e  used a t  cryogenic l i q u i d  loading f a c i l i t i e s  
where da i ly  t r a n s f e r  operations a r e  conducted on a rout ine  
bas i s .  

A spray nozzle i s  provided a t  each l i qu id  loading eonneetion, 
The adjustment of t h e  nozzle depends on avai lable  C,P,M. 
capacity and pressure of f i r e  water system. The nozzle 
pa t t e rn  is s e t  f o r  f u l l  coverage of t h e  r e a r  of t he  t r a i l e r  
with su f f i c i en t  angle t o  allow f o r  t h e  t r a i l e r  t o  be spotted 
o f f  center  from t h e  loading connection. The system i s  pro- 
vided with an a i r  operated block valve which i s  actuated 
from a t  l e a s t  two remote posi t ions  o r  a manual valve when 
t he  valve can be located i n  a s a f e  operating a rea ,  

References: Safety Standards Sec. 630.2.6 (1 )  

Barr iers  : 

Protect ive  ba r r i e r s  of s ing le  sheet  corrugated s t e e l  a re  
erected around mst s ta t ionary  l i q u i d  oxygen pmps,  (B.J. 
pumps excluded). 

The p ro tec t ive  b a r r i e r s  a r e  i n s t a l l e d  i n  such a manner t h a t  
t h e  operator w i l l  be protected from metal p a r t s ,  l i qu id ,  o r  
a f i r e  i n  t h e  event of a pump f a i l u r e  and f i r e .  

The p ro tec t ive  ba r r i e r s ,  f o r  oxygen gas compression systems, 
vary due t o  t h e  s i z e  and type of compressors, and are fu l ly  
covered i n  t h e  APCI Design Standards. 

References: Stompler, R. D., LOX Pump Safety Barriers, 
February 19, 1971 ( 2 )  

APCI Design Engineering Standards 546.1 ( 3) 
APCI Technical Bul le t in  No. 42 ( 4 )  

F i re  Protection:  

The guides f o r  f i r e  protect ion a r e  based, where poss ible ,  on 
National F i r e  Protection Association Codes, t h e  Insupance 
Car r ie r ,  and The Company Standards. In  a l l  i n s t m c e s  f i r e  
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protection a t  t h e  f a c i l i t i e s  exceed t he  requirements of t he  
insurance carr ier .  

Tne f i r s t  consideration fo r  a f i r e  water system is  t h e  avail-  
a b i l i t y  of water, i t s  source, volume and pressure. 

Hydrant locat ions  are  based on t h e  spec i f ic  exposure i n  t h e  
f a c i l i t y .  Generally, they w i l l  be located a t  l e a s t  a 
minimum of fif'ty fee t  from t h e  exposure. 

Each hydrant has a house and i s  equipped with double doors 
whicn open outwards. The standard equipment fo r  each 
house includes a spanner and hydrant wrench, hose s t r aps ,  
hose f i t t i n g s ,  nozzles, and hoses. 

Normally t h e  f a c i l i t i e s  have a small complement of men, 
with t h i s  i n  mind t he  hose equipment provided i s  designed 
f o r  ease of handling. 

The f a c i l i t i e s  a re  ins t ruc ted  t o  follow the  ru l e  of c a l l i ng  
outside help f i r s t  then combating t h e  f i r e .  I f  help i s  
avai lable  na tura l ly  f i r e  f igh t ing  equipment i s  put i n t o  
service  while one employee phones fo r  assistance.  

Portable f i r e  extinguishers are  located according t o  what 
i s  considered t o  be possible problem areas i n  t h e  f a c i l i t y .  
The two types used a re  t he  Dry Powder and Carbon Dioxide 
extinguishers. Tne inspection of these  a re  on a regular 
schedule by t h e  employees with t h e  duty rota ted t o  keep 
each man acquainted with t h e  locations.  

Monthly safe ty  meetings a re  conducted a t  each f a c i l i t y  
with each employee explaining t he  f i r e  f igh t ing  equipment 
along with personnel safety. 

References : APCI Operations Safety Manual ( 5 ) 
A P C I  Plant Operations Manual, Section 1.13 (b )  
C.G.A. Report by M. H. Hubbs, pp. 175-189, 

O C ~ .  15 and 16,  1963 ( 7 )  
APCI Safety standards 605.1 (8)  
APCI Safety Standards 605.1.3 (9 )  
APCI Safety Standards 610.1.1 (10) 
APCI Safety Standards 625.0.1 (11) 
APCI Safety Standards 626.3.8 (12) 
A P C I  Safety Standards 627.4.7 (13) 
APCI Safety Standards 627.5.1 ( 1 4 )  
A P C I  Safety Standards 630.2.2 (15) 
APCI Safety Standards 630.2.3 (16) 
APCI Safety Standards 630.3.2 (17) 
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d. References : 

(1) Kiston, F. K.,  F i r e  Protec t ion  Equipment, Deluge System, 
Deluge System, LOX Loading F a c i l i t y ,  APCI Safety Standards 
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IV. Systen l h e r ~ e n c i e s  

2. Eazaras P ro t ec t ion  

One of t h e  prime cons ide ra t ions  when lo cat in^ a new f a c i l i t y  i s  
t h e  i ~ m e d i a t e  i ndus t ry  i n  t h e  a rea .  A survey i s  made wi th in  a 
s u b s t a n t i a l  r a d i u s  of t h e  groposed s i t e  t o  e l imina te  t r o u b l e  a r eas  
t h a t  could not  be con t ro l l ed .  There a r e  i n s t ances  wkere undes i rab le  
i n d u s t r y  has l oca t ed  next t o  one 04 APCI f a c i l i t i e s  ar-d rrecautionar:r 
measirres must be undertaken. L i s t ed  below a r e  a few ins t ances  where 
t h i s  has occurred and t h e  a c t i o n  taken  t o  p r o t e c t  equipnent and 
gersonnel .  

The Ilelaware C i ty  f a c i l i t y  had a c h l o r i n e  p l a n t  b u i l t  aa jacent  t o  
it. The f i r s t  t h i n r  t h a t  i s  nom~all;.r done i s  t o  pet  t o  Paow t h e  
hazards involved such a s  noss ib l e  s n i l l s ,  ahnorrial process  vents  
and p o s s i b l e  l i ~ e  rimtu-res. This i s  u sua l ly  done by r, meeting wi th  
t h e  new f a c i l i t y  management and r ece iv ing  a f i rm agreement t o  be 
n o t i f i e d  immediately i n  t h e  event of  an emerrencv. APCI has pur- 
chased 20 masks which i s  a s u f f i c i e n t  number t o  Yrotect  t h e  maxi-urn 
~ e r s o n n e l  i n  t h e  p l an t  a t  any one time. The r a s k s  a r e  f o r  escape 
from t h e  a r e a  znd not  f o r  nrolonged emosure .  Self-contained 
b rea th inp  t p e  casks  were nurchased f o r  nrolonped e m o s u r e  and a r e  
used by o ~ e r a t o r s  t o  secure t h e  f a c i l i t y .  

A l l  nersonnei  a r e  advised on t h e  use of t h e  m s k s  and t h e  hazards 
involved. S s c a ~ e  rou te s  a r e  nosted and an a l t e r a n t e  ?a te  wzs 
i n s t a l l e d  f o r  e n e r ~ e n c i e s .  

n i h e  procedures f o r  emergenc:r shutdo~ms a r e  posted anc t a k e  rz in izm 
t ime . 
The escape t n e   asks a r e  t h e  Thrillson ?louble-Cartridge T i l t e r  S e r i e s  
800C wi th  t h e  #43 c a r t r i d g e .  These a r e  f o r  maintenance t:me 
personnel  and a r e  used f o r  immediate evacuat ion of t h e  a r ea .  

The prolonged exFosure Qme r a s k s  a r e  t 3 e  272-WAG-L wi th  f u l l  
f a c e  a s  panufac twed  bv Acme ? ro t ec t ion  i.:ouinment Co. This type  
i s  e f f e c t i v e  f o r  w! adequate per iod of t ime t o  nermit secur iny  t h e  
equinment i n  a s a f e  and o r d e r l v  manner. 

The Alcoa, Tennessee i n s t a l l a t i o n  ha.d a ch lo r ine  s to rage  tank  
loca t ed  i n  t h e  immediate v i c i n i t y .  The concern apa in  was ~ a i n l y  
t o  supaly s u i t a b l e  pas masks and proper  i n s t r u c t i o n s  t o  t h e  
personnel  l oca t ed  a t  t h e  f a c i l i t y .  This i n s t a l l a t i o n  i s  a one 
Ran opera t ion .  The t p e  nask used here  i s  t h e  Sco t t  Scapak, !lode1 
9000 11-03 with an e x t r a  c:rlinder. This  q ives  t h e  man s u f f i c i e n t  
t ime t o  secure  t h e  f a c i l i t y  i n  an o r d e r l y  manner. The Willson 
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TLGW mask with LG3 cann i s t e r  case i s  ava i l ab le  f o r  maintenance 
personnel which could be on s i t e ,  and they would be expected t o  
evacuate immediately. 

The new Mart insvi l le ,  Test Virgin ia  i n s t a l l a t i o n  had a problem 
with a neighboring f a c i l i t y  venting l a r p e  mounts  of NO2 Eas. 
The neighbor a t  t h e  time was having what i s  considered normal 
s tar t -up  problems and have s ince  remedied these .  The neighbor 
a l so  s t o r e s  phosgene gas a t  t h e  f a c i l i t y .  We have purchased 
s u f f i c i e n t  number of gas nasks and posted emergency procedures. 

Where a f a c i l i t y  is  located  i n  a extreme hazardous a rea ,  such 
a s  i n  a s torage  a rea  containing flammable l i a u i d s ,  we would 
consider i n s t a l l i n g  a system which would provide a c u r t a i n  of 
water between t h e  hazard and the  f a c i l i t y .  This i s  of course 
considered an extreme case. 

I 

The p ro tec t ion  and ~ r e c a u t i o n s  taken a r e  decided upon, a f t e r  
t h e  hazards from neichhoring f a c i l i t i e s  a r e  s tudied .  The 
f a c i l i t i e s  a r e  equipped with proper tyne por tab le  f i r e  ext in-  
guishers.  The l a r g e r  f a c i l i t i e s  have f i r e  water loops and hose 
houses located  s t r a t e g i c a l l y .  
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I V .  Systems Emergencies 

E. Hazards Protection 

The following APL bu l l e t i n s  and repor ts  iden t i fy  and discuss variotls 
problems r e l a t ed  t o  oxygen safety:  

(1 )  Everson, 1'. , Notes fo r  Guidance of Customers Having Air 
Products Ltd. Oxygen Equipment, APL Safety Department 
Information Sheet Xo. 19,  (DOC. #99000422). 

(2 )  Everson, I. , Fi re  Hazards i n  Compressed A i r  and Oxygen Rich 
Environments, ML Safety Department Information Sheet No. 33, 
(DOC. #99000423 ) . 

(3 )  Denison, D. M., An Assessment of t h e  F i re  Risks of t n e  Oxygen 
Environment Experiments, RAF I n s t i t u t e  of  Aviation Medicine, 
Farnborough, Hants , F ' P R C / M ~ ~ O  217, January 1965, (Doc, #99000424 1, 

( 4 )  Denison, D. M., J. Ernsting, and A. W. Cresswell, The F i re  
Risks t o  Man of Oxygen Rich Gas Environments, RAF I n s t i t u t e  
of Aviation Medicine, Farnborough, Hants, F P ~ c / ~ e m o  223, 
~ u l y  1965, (DOC. #99000425). 

( 5 )  Denison, D. M., and W. J. Tonkins, Further Studies Upon t h e  
Human Aspects of F i re  i n  A r t i f i c i a l  G a s  Environments, RAF" 
I n s t i t u t e  of Aviation Medicine, Farnborough, Hants, FPRC/1270 
September 1967 (DOC. #99000426). 

( 6 )  Everson, I., Hazard Level of Hydrocarbon Films i n  Oxygen 
Systems ( ~ m ~ o r t a n t  Data Extracted from a Paper Presented 
by W. L. Ball (APCI) at t h e  AIChE Annual Meeting, Air and 
Ammonia Plant  Symposia, September 25-27, 1961), APL Safety 
Department Information Sheet No. 41, April  8, 1971, 
(DOC. #99000427 ) . 

(7)  Everson, I., Limiting Values of O i l  Contamination of S ta in less  
S t ee l  Surface Exposed t o  Gaseous Oxygen, PPL Safety EepaaPGmenL 
Information Sheet No. 42, April 8, 1971, (Doc. #99000428), 
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V. Accident / Inc iden t  I n v e s t i   ati ion and Penort 

Accidents Involving S ~ i l l s  a n d  Le~&~age 

It has been f'-ir Products '  exnerience t k ~ ~ t  t t~ccidents i n v o l v i n ~  
l i q u i d  oxygen t anke r s  nr,d oyy,yen tube  t r a i l e r s  do not  r e s u l t  
normally i n  a Loss of pro6uct.  "here have been occasions tAen 
the l i a u i d  oxygen t anke r  has been dananed t o  t h e  ex t en t  t h a t  
t r a n s f e r  from t h e  dar?aper? veh ic l e  lras be l i evcd  t o  be necessary.  
If t h e  product cannot be cormletely t r a n s f e r r e d  i n t o  another  
t anke r  it i s  our  p r a c t i c e  t o  add l i q u i d  n i t r o ~ e n  t o  t h e  "heel t t  
of l i q u i d  oqrgen r e n a i r i n n  i n  t h e  d isab led  v e h i c l e  t o  b r i n g  
t h e  resiciual  l i q u i d  t o  a l iquici  a i r  concent ra t ion .  ?he re- 
maining h e e l  of  l i q u i d  a i r  i s  t hen  discharced t o  a s a f e  lo-  
ca t ion .  

The in f r equen t  LOX s n i l l s  ~ r h i c h  have occurred wi th in  I G D  have 
not  r e s u l t e d  i n  a s e r i o u s  problen. The nos t  recent  occurred 
on February 24,  1971, vhen ap-nroxinatel~r 2,5000 ga l lons  o f  
LOX discharged from a 6,000 ga l lon  tank .  The d i r e c t i o n  of  
vaFor d r i f t  and flow was con t ro l l ed  by f i r e  hose s t r e m s  t o  
prevent  t h e  oxygen vapors from d r i f t i n g  toward a r e s i d e n t i a l  
s ec t ion .  Water was not  snrayed on t h e  l i q u i d  oxyren. 
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V, Accident/Incident Inves t igat ions  and Reports 

Accidents involving oxygen equipment and systems which cause i n j u r y  t o  
personnel o r  damage t o  equipment and property a r e  thoroughly inves t i -  
gated t o  determine t h e  cause and t h e  correc t ive  ac t ion  necessary t o  
prevent recurrences,  

A. Reporting Requirements 

Corporate Adnainistrative procedure requires  repor t ing a l l  accidents  
t o  t h e  various managers of departments and d iv i s ions ,  t h e  Corporate 
Pres ident ,  and t h e  Safety Director, The more ser ious  a.ccident i s  
i n i t i a l l y  reported by telephone and followed by t h e  appropriate 
form repor t ing  requirements. The l e s s  ser ious  accidents  a re  re- 
ported by submitting t h e  forms required. Accidents involving 
personnel o r  property of t h i r d  p a r t i e s  (customer, general  publ ic ,  
e t c . )  a r e  reported by telephone t o  t h e  responsible managers including 
t h e  Law Department, 

Forms used t o  repor t  i n j u r i e s  t o  personnel contain i n f o r w i o n  as  
required  by federa l ,  s t a t e  o r  l o c a l  governments, workmen's compensa- 
t i o n ;  and/or by t h e  insurance c a r r i e r ,  Copies of t y p i c a l  f o m s  are 
attached. Eqdpment damage repor t  fonns may be memoranda describing 
t h e  accident  o r  incident .  

Be Inves t igat ion of Accidents 

Each accident  involving oxygen and/or oxygen equipment i s  inves t i -  
gated t o  deteMnine cause and cor rec t ive  measures necesszLgr t o  
el iminate o r  minimize t h e  p o s s i b i l i t y  of recurrence. The exbent 
of  t h e  inves t iga t ion  i s  determined by t h e  type equipment involved 
and t h e  ex ten t  of i n j u r y  t o  personnel. The l e v e l  of inves t iga t ion  
f o r  an oxygen gauge f a i l u r e  which caused personnel i n j u r y  w i l l  be 
g r e a t e r  than a gauge f a i l u r e  which does not involve personnel in ju ry ,  
On t h e  o ther  hand, an accident  involving an oxygen compressor o r  
an a i r  separat ion p lan t  i s  extens ively  inves t iga ted  whether personnel 
are in ju red  o r  not because of t h e  economic and t echn ica l  s i @ i f i c m c e  
t o  o ther  Company operat ing areas. 

The inves t iga t ion  of accidents  m y  be made by a competent individual  
o r  by teams of s p e c i a l i s t s ,  includng consul tants ,  using ava i l ab le  
techniques i n  determining t h e  mechanics of r eac t ion  which caused 
t h e  accident. 

Accidents which occur t o  owgen equipment mnufactured,  owned, and/or 
operated by o the r  companies and i n d u s t r i e s  a r e  inves t igated  t o  t h e  
extent  poss ib le  on information obtained through news media, confiden- 
t i a l  correspondence, profess ional  soc ie ty  symposiums, and federal. 
agencies, 
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C,  Records 

Records a r e  maintained on all accidents per ta ining t o  oxygen and/or 
oxygen equipment which occur within our Company and users of equip- 
ment manufactured by our Company, Records of accidents occurring 
t o  other  companies a r e  a l so  maintained. 

For convenience of iden t i f i ca t ion  and record r e t r i eva l ,  categories 
of oxygen equipment f a i l u r e s  have been es tabl ished as  follows: 

A i r  Process Plants  
a )  General 
b) Reboilers 
Oxygen Compressors 
Liquid Oxygen Pumps 
Oxygen Regulators and Related Equipment ( ~ o r c h e s  ) 
Piping and Lines 
Storage Systems 
Gauges and Instrumentation 
Highway and R a i l  Tankers 

a r i e s  of accidents i n  each equipment category a r e  maintained and 
per iodical ly  reviewed: 

ary of Accidents 

The at tached summaries a re  i den t i f i ed  t o  be i n  agreement with t he  
categories es tabl ished i n  paragraph "C". The column headings on 
t h e  summaries ind ica te  t he  date of accident,  locat ion of accident 
by S ta te  o r  Country, equipment owned and operated e i t h e r  by "APCI" 
o r  "other" companies with s imilar  a c t i v i t i e s ,  comwonent and/or 
p lant  s i z e  where applicable,  and a remarks column which b r i e f l y  

a r i ze s  t h e  accident. The summary applicable t o  oxygen regulators 
and r e l a t ed  equipment per ta ines  only t o  equipment manufactured by APCI. 

1, A i r  Process Plants  

a )  General 

Table V D l a  l i s t s  accidents t o  air p lan t s  and i den t i f i e s  the  
component involved where the  react ion occurred. 

Analysis of each accident l e d  t o  recommendations t o  minimize 
o r  el iminate t he  pos s ib i l i t y  of recurrence. 

Review of the  summary indicates  r e t r a in ing  was necessary i n  
t he  case of t h e  IT/D plants. Limitations on t he  oxygen 
content of react ivat ion nitrogen fo r  t h e  75T/D plants ,  plus 
some procedural and instrument design changes e s sen t i a l l y  
eliminated a i r  d r i e r  type of f i r e s .  Establishment of p lant  
washout programs minimized the  pos s ib i l i t y  of expansion 
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engine o i l  absorber reactions.  Analyzing contaminant con- 
cen t ra t ions  i n  process streams and es tab l i sh ing  l i m i t s  of 
contaminant l e v e l s  has improved t h e  operat ing record of 
a ir  plants .  Established preventive maintenance programs 
has f u r t h e r  reduced t h e  p o s s i b i l i t y  of accident  recurrence, 

b )  Reboilers 

Table V D l b  l i s t s  t h e  accidents  occurring t o  air process 
p lan t  r e b o i l e r s  a s  a poup.  The column heading " rebo i l e r  
type" i s  l e t t e r  coded as  follows: 

A. S h e l l  and Tube ( i n t e r n a l  t o  column) Oxygen o r  crude 
oxygen i s  on t h e  s h e l l  s i d e  and nitrogen gas i s  con- 
densed i n  t h e  tubes. 

B. Thermo-syphon Reboiler ( ex te rna l  t o  column) She l l  and 
Tube. Oxygen passes through t h e  tubes from bottom t o  
top  and nitrogen i s  condensed on t h e  s h e l l  s ide ,  

C. Extended Surface ( p l a t e  and   in) Reboilers (external  
t o  column). Oxygen passes upwards i n  i t s  passages and 
nitrogen passes downward through i t s  passages, 

D. Extended Surface ( p l a t e  and   in) Reboilers ( I n t e r n a l  
t o  column). Oxygen passes upwards i n  i t s  passages and 
ni t rogen passes downward through i t s  passages. 

E. Extended Surface ( p l a t e  and   in) Reboilers ( I n t e r n a l  t o  
column). Same a s  "D" but crude oxygen ins tead of oxygen, 

F. Modified Single Column. Small packed exchangers operat ing 
at elevated pressure and at tached t o  a low pressure s ing le  
column f o r  t h e  purpose of condensing ni trogen r e f l u x  streams, 

Early p lan t  r e b o i l e r  f a i l u r e s  l e d  t o  t h e  development of t h e  
hydrocarbon analyzer t o  constant ly  monitor hydrocarbon i n  pro- 
cess streams. A quick spot check t e s t  f o r  acetylene concen- 
t r a t i o n  i n  p lan t  l i q u i d s  a l s o  came i n t o  regular  use, Operating 
changes include disposing of given amounts of p lan t  l i q u i d s  
continuously o r  at regular  i n t e r v a l s  t o  remove contaminants, 
Some design improvements evolved a s  a r e s u l t  of r ebo i l e r  
f a i l u r e s .  

2. Oxygen Compressors 

Table VD2 l i s t s  oxygen compressor react ions  which have oceurred i n  
recent  years. A s e r i e s  of react ions  have occurred during World 
War I1 with water lubr ica ted  oxygen compressors and d r i e r s  due t o  
incompat ib i l i ty  of mater ia ls  used. 
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To minimize t h e  damage from react ion,  i n l e t  suction screens,  
v ib ra t ion  de tec to r s ,  temperature sensors,  and automatic 
inventory dumping valves have been provided. Erection of 
b a r r i e r s ,  and remote operat ion control  a r e  intended t o  pro- 
vide protec t ion f o r  operat ing personnel. S tar tup and shut- 
down on nitrogen i s  rout ine  operat ing pract ice .  

3. Liquid Oxygen Pumps 

Table VD3 l ists  pump accidents  which a r e  i d e n t i f i e d  as p lan t  
o r  t r a i l e r  mounted and cen t r i fuga l  o r  rec iprocat ing pumps. 

Contamination o r  improper mater ia ls  appears t o  be t h e  chief  
cause of rec iprocat ing pump f a i l u r e s .  Centrifugal  pump f a i l u r e s  
a re  r e l a t e d  t o  mechanical f a i l u r e  of bearings and t h e i r  lubr i -  
ca t ion  which cause in ter ference  between pumy, p a r t s  and case. 
Design changes involving opening of pump clearances and 
d i f f e r e n t  mater ia ls  have been made t o  minimize t h e  accident  
recurrence po ten t i a l .  A s t r i c t  preventive maintenance 
schedule w i l l  cause bearings t o  be changed before they can 
become a problem. 

4. Oxygen Regulator Accidents 

Table VD4 l i s ts  regula tor  accidents  which have occurred t o  
APCI manufactured equipment. This c l a s s  of oxygen equipment 
i s  widely used by many people from a l l  walks of l i f e .  Most 
accidents  have been caused by ac t ions  of persons who do not 
f u l l y  understand t h e  hazards associated with t h e  use of oxygen. 

Training i s  thy  key t o  minimizing t h e  p o s s i b i l i t y  of recurrence 
of t h i s  type accident. Improvement i n  operat ing ins t ruc t ions  
and discussions and demonstrations t o  indust ry  and t echn ica l  
schools a r e  e f f o r t s  being made t o  t r a i n  a s  many people a s  
possible.  

5 ,  Piping and Lines 

Table VD5 l ists  accidents  which have occurred i n  oxygen piping 
and l i n e  systems. Most accidents  a r e  associa ted  with persons 
unfamiliar  with t h e  hazards of oxygen. Training becomes t h e  
key t o  minimizing accidents  with t h i s  c l a s s  of equipment. 

6, Storage Systems 

Table V D ~  l is ts  only t h e  major storage system f a i l u r e  accidents  
which a r e  s i g n i f i c a n t l y  important t o  t o t a l  system safety.  



February l t ,  1972 
V-2 (continued) 

7. Gauges and Instrumentation 

Table VD7 l i s t s  accidents  r e l a t e d  t o  gauges and instrumentation 
f a i l u r e .  Those accidents  pe r ta in ing  t o  gauges a r e  associated 
with contamination due t o  t e s t i n g  media o r  handling and storage 
when not i n  use usual ly  introduced by persons not M l y  aware 
of t h e  hazards associa ted  with oxygen service .  Training i s  t h e  
key t o  mininizinp; these  accidents. 

8. Highway and Ra i l  Tankers 

No e n t r i e s  a r e  made i n  Table VD8. Highway and r a i l  tanlcers have 
been damaged i n  accidents ,  however, t h e  damage resu l t ed  not from 
tank f a i l u r e  but r a t h e r  from involvement i n  vehicle o r  t r a i n  
derailment incidents .  



A I R  PROCESS PLANT ACCIDENTS if-2 (cont inued)  
T&he VDla 

Date sf Location of Equip, Owned Plan t  P l  ant 
Size 
P 

Remarks 

10/56 Virg in ia  0 ~ T / D  K,P. Column Column ruptured by overpressur iza t ion  throu* mis- 
operat ion and v i o l a t i o n  of s a f e t y  practices--- 
gagging of  a s a f e t y  y e l i e f  valve, H.P. column 
extens ive ly  damaged, cold box and low pressure.  
Column s l i g h t l y  damaged. No i n j u r i e s .  

12/3/56 W. Vi rg in ia  o 

7/11/57 Cal i forn ia  

7/12/57 Cal i forn ia  

3/6/58 Flor ida  

3/30/58 Texas 

2/9/59 Cal i forn ia  

Tonnage Disposal Energy r e l e a s e  i n  a purge stream from condensers 
Vaporizer occurred i n  vaporizer  c o i l s ,  Believe contaminant 

concentrated i n  c o i l s  under r e s t r i c t e d  flow. 
Ign i t i on  source and contaminant un ident i f ied .  
Localized damage only. No i n j u r i e s  reported. 

75T/D A i r  Drier  F i r e  i n  air  d r i e r  from oxygen enriched r e a c t i v a t i o n  
ni t rogen and hot d r i e r .  F i r e  occurred a f t e r  s t a r t -  
up from a cold shutdown. Damage r e s t r i c t e d  t o  d r i e r  
without burn through, Mo i n j u r i e s .  

I 

75T/D 
0\ 

A i r  Dr ie r  F i r e  i n  No. 2 o i l  separa tor  from oxygen enriched t 

r eac t iva t ion  n i t rogen  and hot  d r i e r .  F i r e  occurred 
a f t e r  s t a r t u p  from a cold  shutdown. Damage re- 
s t r i c t e d  t o  d r i e r  without burn through. No i n j u r i e s .  
Operational procedure changes el iminated t h i s  
p o t e n t i a l  hazard. 

L.P. Column Column ruptured by overpressurizat ion,  ~ i n e  ( s  ) 
from H.P. column bel ieved t o  be p a r t i a l l y  r e s t r i c t e d .  
Damage t o  H.P. column was extensive. One person 
was s l i g h t l y  in jured .  

Tonnage T o t a l  P lan t  Leaking LOX from dra in  l i n e  impinged upon carbon 
s t e e l  a i r  l i n e  which ruptured i n  t rench  conta in ing  
some o i l .  Extensively damaged the  compressor 
bui lding,  including t h e  con t ro l  room of  t h e  p lan t .  
Three (3) persons were k i l l e d .  

75T/D A i r  Dr ie r  A f i r e  occurred i n  t h e  No. 2 o i l  separa tor  when 
process a i r  was introduced i n  a hot (above 4 0 0 ~ ~ )  
separator .  Minor i n t e r n a l  separa tor  damage. 
No i n j u r i e s .  



A I R  PROCESS PLANT ACCIDENTS 

Date of Location of  Equip. Owned Plan t  P lan t  

V-2 (continued) 
Table VDla 

Accident Accident S i ze  Remarks 

4/21/59 England 

1/4/61 Germany 

7/61 England 

8/15/61 Michigan 

1/14/62 Texas 

1/26/62 F lo r ida  

5 / 2 0 / 6 2  England 

5 /26 /63  Delaware 

0 Tonnage Cold Box Explosion i n  a i r  p l an t  cold box ex te rna l  t o  process  
equipment caused extensive p l an t  damage and t h r e e  
( 3 )  f a t a l i t i e s .  The r eac t ion  was determined t o  
be between LOX and o i l  soaked rock wool. Reported 
i n  AIChE Safety i n  A i r  and Ammonia P lan t s ,  Volume 2, 
page 36 (DOC. #99000295 ) , and Volume 5,  page 1 
(Doc. #99000103) . 

Tonnage Tota l  P lan t  LOX l e ak  penet ra ted  t o  smoldering wood f l o o r i n g  
underneath cold box p l a t e s .  Extensive damage t o  
e n t i r e  p l an t  and 15  f a t a l i t i e s  occurred. Reported 
i n  AIChE Safe ty  i n  A i r  and Ammonia P lan t s ,  Volume 4 ,  
page 70 (DOC. #99000294 ) . 

~ T / D  L.P. Column Explosion i n  t o p  6 t r a y s  of  L.P. Column. De ta i l s  
lack ing  but  be l ieve  overpressur iza t ion  involved 
r a t h e r  than reac t ion .  S l igh t  damage t o  co ld  box. I 
No i n j u r i e s  reported. -4 I 

25T/D A i r  l i n e  at F i r e  at d r i e r s  due t o  customer c ros s - t i e  o f  oxygen 
d r i e r s  and n i t rogen  l i n e s .  Unapproved f i e l d  modif icat ions,  

Damage r e s t r i c t e d  t o  piping a t  d r i e r s ,  No i n j u r i e s .  

~ O O T / D  Piping Explosion and f i r e  i n  d ra in  valve and d e f r o s t  header 
on pure oxygen f i l t e r .  Equipment damage s l i g h t .  
One (1)  f a t a l i t y .  

1T/D L.P. Column Column ruptured by overpressurizat ion through m i s -  
operat ion,  Suspected f a u l t y  l i q u i d  l e v e l  gauge 
p e m i t t e d  excessive l i q u i d  l e v e l s  i n  low pressure  
column * 

Tonnage Vaporizes Reaction between o i l  and oxygen i n  LOX d i sposa l  
vaporizer ,  One ( I )  f a t a l i t y  and two (2 )  injuped,  

Tonnage E q a n s  ion F i r e  i n  rec iproca t ing  expander o i l  s epa ra to r  a t  
Engine O i l  start of r eac t iva t ion  cycle,  No equipment damage 
Separator  o r  personnel i n j w i e s ,  



A I R  PROCESS PLANT ACCIDEl'ITS 

Date of Location of Equip. Owned P lan t  P l an t  
Accident AccFdent o r  Operated Sf ze Component 

V-2 (cont inued)  
Table V D l a  

Remarks 

7/12/63 Ohio A 75T/D A i r  Drier  A i r  d r i e r  heated box ruptured from overpressure due 
t o  leaking H.P. d r i e r  valve. S l i g h t  damage confined 
t o  t h e  d r i e r  accessories .  iVo i n j u r i e s .  

9/63 England A 

12/19/63 Canada 0 

9/17/64 England A 

2/3/65 Cal i forn ia  A 

3/4/65 Delaware A 

9/2/65 Pennsylvania A 

12/22/65 Michigan 

1/67 I l l i n o i s  0 

lOOT/D 

Tonnage 

Tonnage 

75T/D 

Tonnage 

Tonnage 

Tonnage 

A i r  Drier  

O i l  Separator  

Argon Plan t  

Expansion 
Engine 

Expans 3. on 
Engine 

Safety valve 
header 

Vaporizer 

Auxil iary 
Column 

Drier  dus t  f i l t e r  involved i n  f i r e  when air  was used 
t o  cool down a hot d r i e r  vessel .  Damage confined 
t o  d r i e r  f i l t e r  and piping. do i n j u r i e s .  

Reaction witn a i r  and o i l  at -265 '~  i n  expansion 
engine oil-knock out pot .  Moderate damage t o  
separa tor  and assoc ia ted  piping. 

I 
Iiydrogen r eac t ion  with oxygen i n  Deoxo u n i t .  Fau l ty  
operation. Damage sus ta ined  t o  v e s s e l  support  l e g s  
and concrete  foundation. No. i n j u r i e s .  

Mechanical f a i l u r e  of engine valve s p r i n g  and h igher  
t i ~ a n  normal oxygen content of process gas reac ted  
wi t11  o i l  accumulation i n  d i  scilarge piping.  Piping 
and valve system extens ive ly  damaged. S l i g h t  a r e a  
damage t o  bui ld ing  and o ther  equipment. Bo i n j u r i e s .  

Reaction i n  expansion engine o i l  absorber  f i l t e r  
c a r r i e d  i n t o  p ip ing  system. Demage was r e s t r i c t e d  
t o  p ip ing  system and f i l t e r  media. do. i n j u r i e s .  

LOX s p i l l e d  from unattended automatic p l a n t  tnrough 
hole  i n  S.V. header af'ter SV functioned, Design e r r o r .  

Solvent renaining i n  vaporizer  a f t e r  be ing  cleaned 
reac ted  wi th  oxygen when vaporizer  p laced  i n  serv ice .  
Trle vaporizer  was extensively damaged. Two ( 2 )  
f a t a l i t i e s  occurred. 

Reaction i n  aux i l i a ry  column. De ta i l s  lack ing .  



Date o f  Location o f  Equip. Owned 
Accident ' Accident 

7/7/67 Delaware A 

9/18/67 Pennsylvania 

10/6/67 Indiana 

1/10/68 Texas 

0 = Other Companies 

A = A i r  Products & Chemicals 

A I R  PROCESS PLANT ACCIDENTS 

Plant  Plant  
S ize  - 

V-2 (cont inued)  
Table VDla 

Remarks 

Tonnage Expansion Reaction occurred i n  o i l  separa tor  f i l t e r .  Damage 
Engine was confined t o  f i l t e r  element within t h e  separa tor  

vesse l .  No i n j u r i e s .  

Tonnage Hydrocarbon Reaction i n  hydrocarbon adsorber area. Reaction 
Adsorber between oxygen and re ta ined  t r i c h l e n e  so lvent  

from previous washout. 

Heat H.P. A i r  l i n e  ruptured a t  heat  exchanger. Erosion 
Exchanger of l i n e  caused by water vapor i n  a i r  c i r c u i t .  I n  
A i r  Header s e rv i ce  17 years.  

Heat Reaction i n  oxygen c i r c u i t  of co i l ed  tube hea t  ex- 
Exchanger change i n  dead end of header where f u e l s  could 

accumulate. Damage was r e s t r i c t e d  t o  one end o f  
oxygen header. No in ju r i e s .  



REBOIUR REACTIONS V-2 (cont inued)  
Table W l b  

Date of Location of Equip, Owned Plan t  
Accident Size 

P 

Reboiler 

A 

Remarks 

1/11/56 Texas 0 Tonnage Reboiler r eac t ion  caused by n i t rous  oxide - ace ty lene  
c r y s t a l s .  Reported i n  AIChE, Safety i n  A i r  and Ammonia 
P lan t s ,  Volume 2, page 31 (DOC. #99000296). 

Tonnage Ethylene and hydrocarbons concentrated i n  t h e  r e b o i l e r  
and reac ted  causing extensive damage t o  a i r  p l a n t  cold 
box, n i t rogen  wash column cold box, and acces so r i e s  i n  
t h e  immediate v i c in i ty .  Personnel i n j u r y  occurred. 

4/18/56 Pennsylvania 

8/ 57 Germany Tonnage 

~ O O T / D  

Reboiler r eac t ion  caused by hydrocarbons from ho t  a i r  
compressor. 

4/24/58 Canada Reboiler react ion.  Acetylene bel ieved t o  b e  involved. 
Fa l l i ng  oxygen i n  tubes.  A s i n g l e  r e b o i l e r  tube  involved. 
Reported i n  AIChE, Safety i n  A i r  and Ammonia P l a n t s ,  
Volume 3,  page 9 (Doc. #99000297). 

1 
F 

D i s t i l l a t i o n  column react ion.  Acetylene i n  column sump 
be l ieved  t o  be cause due t o  acetylene p l an t  l oca t ion .  

1 /59  Phi l ipp ines  

2/26/59 Braz i l  

7/15/59 New Jersey  

D i s t i l l a t i o n  column react ion.  De ta i l s  unknown. 

S l i g h t  r e b o i l e r  reac t ion  poss ib le  due t o  accumulations 
of  hydrocarbons from poor compressor operat ion and no 
p l a n t  washout. Only ind ica t ion  of r eac t ion  was l o s s  of  
pu r i ty .  S l i g h t  bulge i n  r e b o i l e r  s h e l l  at bottom t u b e  
sheet ,  No in ju r i e s .  

8/28/59 South Dakota Rupture of  j o i n t  between high & low pressure  column. In- 
s u f f i c i e n t  d e t a i l  t o  determine cause o f  reac t ion .  



Date of Location of  Equip. Owned 
Accident Accident o r  Operated 

9/30/59 Canada 0 

11/59 Texas 0 

4/20/60 West Vi rg in ia  0 

2 /20 161 Mexico 0 

3/61 England 0 

5 /62 West Vi rg in i a  0 

8/62 Michigan 0 

REBOILER RLUCTIOIIS V-2 (cont inued)  
Table VDlb 
page 2 of  3 

P lan t  Heboiler 
Size Type Remarks 

1 0 0 ~ 1 ~  B Reboiler reac t ion .  Acetylene bel ieved t o  be involves. 
fall in^ oxygen i n  tubes.  Cold box extensively damaged. 
PIo i n j u r i e s .  Reported i n  4-IChE, Safe ty  i n  A i r  and 
llmmonia P lan t s ,  Volume 3, page 9 (DOC. ff99000297 ) . 

;DT/D ? Reboiler  react ion.  De ta i l s  unknown. 

Tonnage C o r  D Reboiler react ion.  Dry b o i l i n g  i n  owgen passages. 
Reported i n  AIChE, Safety i n  A i r  and Ammonia P lan t s ,  
Volume 3, ?ape 12  (DOC. #99000298). 

2.5T/D A Reboiler explosion when contamination r eac t ed  due t o  
H.P. oxygen used t o  unplug lower l i q u i d  l e v e l  l i n e ,  

I 
t-' 

~ T / D  A Reboiler  r eac t ion ,  cause undetermined. t-' I 

Tonnage C o r  D Reboiler react ion.  Dry b o i l i n g  i n  oxygen passages. 

5OOT/D C o r  D Reboiler reac t ion .  Dry b o i l i n g  i n  oxygen Passages. 

11 /62 Peru 0 .75T/D F L.P. Column sump and t r a y  damaged i n  explosion. 
De ta i l s  unknown. 

11/63 Ohio 0 Tonnage C o r  U Reboiler react ion.  D r y  b o i l i n g  i n  oxygen passages. 

2/64 West Vi rg in ia  0 Tonnage C o r  D Reboiler reac t ion .  Dry b o i l i n g  i n  oxygen passages. 

4/2/64 Ca l i fo rn i a  A 75T/D R Reboiler reac t ion .  Hydrocarbon concentrated i n  s i n g l e  
tube  when dry bo i l i ng  occurred, E r r a t i c  @ant opera t ion  
w a s  only ind ica t ion  of reac t ion ,  

7/l9/64 England 0 Tonnage C o r  D Reboiler react ion.  Lletails unknown, 

l0/64 England 0 Tonnage C 0% 1) Reboiler reac t ion ,  Deta i l s  wnknown, 

11/6/64 C a l i f  omi a A 75T/D B Reboiler reac t ion ,  Undeterdned contcrmination concen- 
t r a t e d  i n  s i n g l e  tube when dry b o i l i n g  occusred, Loss 
of p u r i t y  anu H.P, column p r e s s w e ,  and i l lcrease of L.P, 
column pressure  only ind ica t ion  of reac t ion ,  



REBOILER REACTIONS V-2 (cont inued)  
Table VDlb 

Date of  Location of 
Accident Accident 

Equip, Owned 
o r  Operated 

Plant  
Size 

Reboiler 
Remarks 

1/65 Columbia A Condenser r eac t ion  destroyed p l an t ,  Deta i l s  unknown. 

3/29/65 England R Reboiler r eac t ion  i n  a s i n g l e  tube a t  l i q u i d  l e v e l  
submergence l i n e .  Cause undetermined. Loss o f  p u r i t y  
w a s  only ind ica t ion  of react ion.  

2/7/66 Puerto Rico A Reboiler tubes crushed, r e b o i l e r  bulged, l i q u i d  l e v e l  
and oxygen d ra in  ruptured, Cause undetermined. 

11/20/66 Peru F Explosion i n  oxygen subcooler. De ta i l s  unknown. 

? Explosion i n  s i d e  arm column. De ta i l s  unknown. 1/67 I l l i n o i s  Tonnage 

B Reboiler react ion.  Contamination concentrated i n  t u b e  
when dry bo i l i ng  occurred. 

8/5/68 Cal i forn ia  A 75T/D B Reboiler reac t ion .  Contamination concentrated i n  t u b e  & 
when dry bo i l i ng  occurred. D t 

10/5/68 Ca l i fo rn i a  A 75T/D B Reboiler reac t ion .  Contamination concentrated i n  t u b e  
when dry b o i l i n g  occurred. 

12/25/68 ~ a l i f o r n i a  A 75T/D B Reboiler reac t ion .  Contamination concentrated i n  t u b e  
when dry b o i l i n g  occurred, 

3/24/70 Venezuela 0 5T/D A 

6/18/70 Jamaica 0 2.5T/D A 

P lan t  exploded. Deta i l s  unknown. 

Reboiler explosion bel ieved caused by ace ty lene  i n  
reboi le r .  

6/9/71 Pennsylvania 0 Tonnage C o r  D Reboiler reac t ion .  Faulty l i q u i d  l e v e l  gauge which 
ind ica ted  100% submergence in s t ead  of  a c t u a l  85%. Cause 
dry bo i l i ng  i n  t h e  condenser. 

0 - Other Companies 

A - A i r  Products and Chemicals, Inc, 



Date of  Locat ion 
Accident of Accident 

- Indiana 

- I l l i n o i s  

Early ' 50 Eiurope 

Late '50 South Africa 

1950 Europe 

2/27/58 Michigan 

1/15/59 Michigan 

5/59 England 

7/10/59 Louisiana 

1960 I t a l y  

2/9/60 Cal i fornia  

OXYGEN COMPRESSOR ACCIDENTS V-2 (continued) 
Table VD2 
Page 1 of 3 

A react ion within an oxygen compression system i s  usually 
of short  duration although violent .  The damage t o  t h e  
equipment i s  of ten  severe. Usually, any evidence which 
can be useful  i n  determining cause i s  destroyed i n  t h e  
reaction. 

- - - - 

Equip. (Xmed Type of 
o r  Operated Compressor Remarks 

0 Centrifugal Evidence of i n t e r n a l  reac t ion  found during normal maintenance. 

0 Centrifugal Oxygen compressor ro ta t ing  backward without o i l  l ub r i ca t ion  t o  
bearings. Overheating igni ted  hot o i l  vapors. 

0 Reciprocating Four react ions with f i r e  o r ig in  i n  t h i n  top  sec t ion  of 4 th  s tage  
piston. 

0 Centri fugal  Ho de ta i l s .  I 
t-' 
W 
I 

0 Centr ifugal  I n s t a b i l i t i e s  caused by operating too  close t o  second c r i t i c a l  
speed. 

0 Reciprocating No de ta i l s .  

0 Centrifugal Reaction i n  high pressure casing between t h e  l a s t  s tage  wheel 
and balancing piston. Mo i n j u r i e s  reported. Cause undetermined. 

0 Fkciprocating Grease l e f t  on valve springs a f t e r  overhaul reacted with oxygen 
on compressor s tar tup .  

0 Centrifugal Corrosion products caused by water leakage caused f r i c t i o n a l  
heating and ign i t ion  i n  t h e  balance piston area. 

B n t r i  fugal No d e t a i l s ,  

0 Recipsocat ing  Third s tage  owgen compressor f i r e  ruined t h e  cylinder and blew 
of f  one of the  valve covers, No in ju r i e s .  

0 Centxi f i g a l  I n s t a b i l i t i e s  caused by operating too close t o  second c r i t i c a l  
speed. 



OXYGEN COMPRESSOR ACCIDENTS V-2 (continued ) 
Table VD2 

Date of 
Accident 

Late ' 6 0  

Location 
of  Accident 

Equip, Owned Type of 
Remarks 

Luxembourg 0 Reciprocating Bolt  from cooler  a r ea  dropped i n t o  pis ton-cyl indes a r e a  and 
caused f i r e .  

0 Reciprocating No d e t a i l s .  Newspaper repor t  i nd ica t e s  t h r e e  ( 3 ) f a t a l i t i e s .  M i  ch i  gan 

Louisiana 0 Centr i fugal  Reaction bel ieved caused by backflow of  flammable f l u i d s  from 
anothr process.  

Germany 0 Reciprocating Broken p i s ton  rod caused react ion.  

0 Reciprocating Reaction caused by broken pis ton.  France 

Ind ia  Centr i fugal  

Centr i fugal  

No d e t a i l s .  

Poland Reaction occurred s h o r t l y  a f t e r  s t a r tup .  Improper c leaning  
a f t e r  long term s torage  bel ieved t o  be cause. 

Germany I Oxygen compressor r o t a t i n g  backward without o i l  l u b r i c a t i o n  t o  r_ 
bearings. Overheating i g n i t e d  hot o i l  vapors. T 

Centr i fugal  

Reciprocating Scotland Water and corrosion mater ia l  from leak i n  a f t e r  coo le r  appears 
t o  be p a r t  o f  t h e  cause of  t h e  react ion.  Worker s e r i o u s l y  
injured.  

Loui s iana  Centr i fugal  P a r t i c l e  appears t o  have entered compressor i n t ake  and caused 
case t o  impel ler  in te r fe rence .  No i n j u r i e s .  

Maryland A Centr i fugal  High pressure  case r eac t ion  may be assoc ia ted  with major 
e l e c t r i c a l  f a i l u r e  which occurred a t  t h e  same time. 

Holland 

Loui s i ana 

0 Centr i fugal  No d e t a i l s .  

0 Centr i fugal  A f a t a l i t y  occurred when t h e  r e b u i l t  oxygen compressor of  
June 1968 accident  f a i l e d  upon i n i t i a l  s t a r tup .  

A Centri  fuga l  A rout ine  i n t e r n a l  inspec t ion  revealed t h a t  a r e a c t i o n  occurred 
at some previous s t a r t u p  without involving t h e  compressor, A 
l a b y r i n t h  s e a l  w a s  i n s t a l l e d  backward. 

West Vi rg in ia  



Date o f  Location Equip. Owned 
Accident o f  Accident o r  Operated 

12/27/68 Pennsylvania 0 

3/18/69 ohio  A 

4/4/69 I l l i n o i s  o 

4/15/69 Pennsylvania o 

6/69 Germany 0 

12/5/69 Ca l i fo rn i a  A 

1969 Japan 0 

OXYGEN COMPRESSOR ACCIDENTS V-2 (cont inued)  
Table VD2 

Type of 
Remarks 

Centr i fugal  Improper cleaning i n  discharge volu te  believed cause of  f i r e  
i n  discharge of  compressor. 

Centr i fugal  Low pressure case burn through. Mechanical f a i l u r e  i n  t h r u s t  
bearing a rea  caused sha f t  t o  s h i f t .  F i r e  s t a r t e d  i n  fou r th  
s tage  and burned through i n t o  second s tage.  

Centr i fugal  Reaction occurred on s t a r t u p  of  compressor. 

Centr i fugal  Origin of f i r e  appears t o  be i n  t h e  seventh s tage  of  t h e  high 
pressure  case. No i n j u r i e s  reported. Deta i l s  concerning cause 
a r e  lacking. 

Centr i fugal  Dir ty i n t e rcoo le r s  bel ieved t o  be cause. 

Centr i fugal  High and intermediate pressure  case of compressor burned through 
causing one (1) f a t a l i t y  and i n j u r y  t o  e ight  (8)  o thers .  I 

t-' 
wl 

Centri  fuga l  No d e t a i l s .  I 

0 - Other Companies 

A - A i r  Products and Chemicals, Inc. 



LIQUID OXYGEN PUMP ACCIDENTS 

The cause of many LOX pump accidents  has been es$ablfshed 
only with d i f f i c d t y  as most of  t h e  evidence needed t o  
determine cause has been destroyed i n  t he  react ion,  

Date o f  Location of Equip, Owned Type  of "%ri les  of 
Accident Accident Plant  Mounted 

3/19/57 Canada 0 Centrifugal  Plant  

8/13/57, Ohio 0 - T r a i l e r  

1/22/60 Ca l i fo rn ia  A Reciprocating T r a i l e r  

2/11/60 Pennsylvani a A Reciprocating Plant 

12/60 - 

8/28/61 I l l i n o i s  

2/1/62 Pennsylvania 

11/12/62 Pennsylvania 

3/6/63 Pennsylvania 

0 Reciprocating Plant  

0 Centrifugal  T r a i l e r  

V-2 (continued) 
Table W3 

Remarks 

Pmp seized r e s u l t i n g  i n  f i r e ,  

Pump3 exploded during t r a n s f e r  of  LOX. No 
d e t a i l s ,  

F i r e  occurred while pump under t e s t .  Plunger 
rod mater ia l  of quest ionable compatibi l i ty.  
One (1) f a t a l i t y ,  two ( 2 )  in jured,  

Involved only t h e  mechanical f a i l u r e  of  pump 
bar re l .  No combustion reac t ion  involved. I P 

rn 
I 

Pump explosion due t o  peel ing of  chrome 
p l a t i n g  on pump rod and subsequent i g n i t i o n ,  

Tanker f i r e  and explosion believed t o  have 
occurred during t r a n s f e r  of LOX t o  p l a n t  s torage .  
Reported i n  AICNE, Safety i n  A i r  and Ammonia 
Plants ,  Volume 4 ,  page 49 (Doc, #99000299). 

Centrifugal  Plant Hydrocarbon accumulation i n  multi-stage pump, 
Reaction i s  discussed i n  AIChE, Safe ty  i n  A i r  
and Ammonia Plants ,  Volume 5,  page 41 
(DOC. #99000300 1. 

Reciprocating Plant O i l  contaminated interconnecting.  Tubing w a s  a l s o  
pressure underrated. Reaction caused i n j u r y  t o  
t o  th ree  ( 3 )  persons, 

Centrifugal  Plant  O i l  contamination i n  LOX l i n e s  and pump i g n i t e d  
upon s t a r t i n g  a warm pump. One (1) f a t a l i t y  and 
t h r e e  (3 )  injured. Plant  equipment severe ly  
damaged i n  a i r  of react ion.  Reported i n  AIChE, 
Safety i n  A i r  and Ammonia Plants ,  Volume 6, 
page 4 1  (DOC. #99000261~). 



LIQUID OXYGEN PUMP ACCIDENTS 

Date of  Location of Equip. Owned Type of T r a i l e r  o f  
Accident Accident P lan t  Mounted 

10/11/63 Sweden 0 Reciprocating Plant  

10/24/63 Sweden 0 Reciprocating Plant  

12/4/63 Maryland A Reciprocating P lan t  

12/16/63 England A Cent r i fuga l  T r a i l e r  

5/21/66 Ohio o Centr i fugal  P lan t  

5/23/66 Ohio 

3/2/66 England 

10/6/66 Louis i m a  

11/3/66 Germcury 

Centr i fugal  P lan t  

Centr i  fuga l  . T r a i l e r  

Centr i  f'ugal T r a i l e r  

- T r a i l e r  

V-2 (cont inued)  
Table VD3 

Remarks 

Subs t i tu t ion  of pump rod mater ia l  and appl i-  
ca t ion  of chrome p l a t i n g  t o  rod caused pee l ing  of 
p l a t i n g  mater ia l  which reac ted  with oxygen t o  
cause f i r e .  

Subs t i tu t ion  of pump rod mater ia l  and appl i -  
ca t ion  of chrome p l a t i n g  t o  rod caused pee l ing  
of p l a t i n g  mater ia l  which reac ted  with oxygen 
t o  cause f i r e .  

!4echanical f a i l u r e  of  connecting rod due t o  
excessive t i gh ten ing  of pump packing. 

Believe bearing f a i l u r e  caused in t e r f e rence  
between pump impeler and case with subsequent 
ign i t ion .  One (1) person s l i g h t l y  in jured ,  -4 I 

F i r e  i n  LOX pump caused by t h r u s t  bearing f a i l u r e  
a t t r i b u t e d  t o  water i n  l ub r i can t ,  One ( 1 )  person 
injured.  Reported i n  AIChE, Safe ty  i n  A i r  and 
Ammonia P lan t s ,  Volume 9,  page 5 (DOC. #99000301) . 
Believe foreign objec t  entered pump and i n i t i a t e d  
reac t ion ,  Pump w a s  replacement f o r  5/21/66 pump 
accident.  No i n j u r i e s .  Reported i n  AIChE, Sa fe ty  
i n  A i r  and Ammonia P lan t s ,  Volume 9, page 5 
(Doc. #99000301). 

LOX tanker  exploded when submerged LOX pump f a i l e a  
Two ( 2 )  people k i l l e d  and seventeen (17)  i n ju red ,  

LOX pump f i r e  during t r a n s f e r  of product t o  
storage. 

Fire s t a r t e d  during t r a n s f e r  sf LOX from t r a i l e r  
t o  s torage,  



L I Q U I D  OIWGEN P W P  ACCIDENTS V-2 (cont inued)  
Table VD3 

Bate of Location of Equip, Owned Type of" T r a i l e r  sf 
Accident Accident o r  Onerated P lan t  Mounted Remarks 

12/21/66 Flor ida  0 Centr i fugal  T r a i l e r  Believe foreign objec t  entered pump and 
i n i t i a t e d  r eac t  ion, 

10/13/67 ~ e n n s y l v a n i a  0 Reciprocating P lan t  F i r e  i n  pump o r ig ina t ing  i n  a r ea  of i n s u l a t i n g  
s e a l  and s e a l  nut bel ieved caused by t i g h t  
pump packing. 

2/26/68 Louisiana 

3/3/68 England 

12/68 Pennsylvania 

12/68 Pennsylvania 

9/69 Delaware 

10169 Delaware 

12/14/69 Pennsylvania 

Centr i fugal  P lan t  Oxygen f ron  p m  packing entered lower motor 
bearing case where r eac t ion  occurred damaging 
motor. 

Centr i fugal  T r a i l e r  Bearing wear caused in t e r f e rence  between pump 
impeller  and case. 

I 
P 

Centr i fugal  P lan t  Foreign mater ia l  en tered  pump and impacted a I 

impeller.  

Centr i fugal  P lan t  Bearing f a i l u r e  occurred. Pump was stopped 
before damage t o  pump in t e rna l s .  No f i r e  
occurred. 

T r a i l e r  Tanker under t e s t  trllen con t ro l  end caught f i r e ,  
IiTo o ther  d e t a i l s .  

Centr i fugal  P lan t  Poor l ub r i ca t ion  ~ e r m i t t e d  bearing wear which 
eventual ly caused in t e r f e rence  between pump 
impeller  and case and subsequent f i r e .  No 
i n j u r i e s ,  

Centr i  f'ugal T r a i l e r  F i r e  i n  pump r e s t r i c t e d  t o  bearing case. Rearing 
and pump sea.1 f a i l u r e .  No i n j u r i e s .  

Centr i fugal  T r a i l e r  P i r e  i n  pump r e s t r i c t e d  t o  bearing case. Bearing 
and pump s e a l  f a i l u re .  No i n j u r i e s .  

Centr i  fuga l  T i e  Bearing wear caused in t e r f e rence  between pump 
impeller  and case. 



Date of Location of  
Accident Accident 

1/70 England 

5 /70 France 

6/3/70 England 

8/7/70 England 

8/17/70 Pennsylvania 

9/8/70 Puerto Rico 

2/17/71 England 

3/5/71 England 

LIQUID OXYGEIf PUMP ACCIDENTS 

Equip. Owned Type of T r a i l e r  of 
P lan t  'Plounted Remarks 

V-2 (cont inued)  
Table VD3 

A @ n t r i  fuga l  T r a i l e r  Bearing wear caused in t e r f e rence  between pump 
impeller  and case. 

A Centr i fugal  T r a i l e r  Bearing wear caused in t e r f e rence  between pump 
impeller  and case. Two ( 2 )  persons in ju red  
i n  f i r e .  

A Cent r i fuga l  P lan t  Bearing weax caused in t e r f e rence  between pump 
impeller  and case with subsequent i g n i t i o n ,  
No i n j u r i e s .  

Centri  f'ugal P lan t  

Centr i  f'ugal P lan t  

Centr i fugal  P lan t  

Centr i  f'ugal T r a i l e r  

Reciprocating P lan t  

Pa r t s  of  pump i n l e t  f i l t e r  i s  bel ieved t o  have 
entered pum and caused in t e r f e rence  between 
impel ler  and case with subsequent i g n i t i o n .  a 

I 

Cause appears t o  be bearing f a i l u r e  which per- 
mit ted pump p a r t s  i n t e r f e rence  with subsequent 
i gn i t i on .  Bo i n j u r i e s .  

Pump f a i l u r e  caused by sequence of l u b r i c a t i o n  
f a i l u r e ,  bearing f a i lwre ,  rubbing contac t ,  and 
ign i t i on .  No i n j u r i e s  reported. 

Contamination i n  pump under t e s t  be l ieved  t o  be  
cause of react ion.  One (1 )  f a t a l i t y  and two ( 2 )  
in jured ,  

Mechmical f a i l u r e  of i n t e r n d  vump p a s t s  supplied 
t h e  source necessapy t o  ignite t n e  pump m a t e r i d s  
o f  construct ion,  

0 - Other Compaies 

A - A i r  Products and C h e d c a l s ,  Inc,  



OXYGEN REGUEATOR ACCIDEWS 

Date of 
Accident 

Reactions which occur i n  owgen r egu la to r s  usua l ly  r e s u l t  i n  e o ~ l e t e  
des t ruc t ion  of t he  r e g u l a t o ~ ,  The reac t ion  usua l ly  occurs when t h e  
operator  i s  operat ing h i s  supply v d v e s  o r  ad jus t ing  t h e  regula tor  re- 
s d t i n g  i n  i n j u r y ,  usual ly ser ious ,  t o  t h e  operator ,  The exposwe i s  
i n i t i a l l y  t o  therrnal burns by hot metal,  followed by e q o s m e  t o  oxygen 
which supports t h e  combustion vigorously, The t a b l e  l i s t s  the  a rea  of 
t h e  reguia tor  involved and t h e  apparent cause of the  reac t ion ,  

Location of 
Accident 

Texas No d e t a i l s .  

New York No d e t a i l s .  

New York No d e t a i l s ,  

Remarks 

New Jersey  Repairs by others.  

New York No d e t a i l s .  

V-2 (cont inued)  
T&le V B ~  

Indiana H.P. s i d e  react ion.  Repairs by o thers ,  

New Je r sey  H.P. s i d e  reac t ion ,  Cause not determined, Regulator a t tached  t o  tube  t r a i l e r ,  
Moderate damage t o  customer property. 

West Vi rg in ia  H.P. s i d e  reac t ion ,  Cause unknown. 

Ohio L.P. s i d e  react ion.  Cause unknown. 

Pennsylvania Involved i n  f i r e  but not cause of react ion.  Incor rec t  operat ing procedures. 

Arkansas 

Ohio 

H.P. s i d e  react ion.  Source of f u e l  from por tab le  acetylene generator bel ieved t o  be 
contr ibutory.  

Ro d e t a i l s .  Oxygen-acetylene o u t f i t  i n  f i r e .  

Maryland H.P. s i d e  react ion.  Operating procedure bel ieved t o  be cause. 

New Jersey  L.P. s i d e  react ion.  Operating procedure bel ieved t o  be  cause. 





OXYGEK WGULATOR ACCIDENTS - 

Date of Location of 
Accident Accident 

5 169 Maryland 

5 129169 Maryland 

11/69 Michigan 

I-130169 Alabama 

10/17/69 Pennsylvania 

1/8/70 Ilew Jersey  

5 11/70 Ca l i fo rn i a  

5 171 70 Tennessee 

6/23/70 Arkansas 

11/23/70 Virg in ia  

3/5/71 North Carolina 

6/22/71 f4ichigan 

Remarks 

L.P, s i d e  react ion.  No d e t a i l s .  

L.P. s i d e  reac t ion .  No d e t a i l s .  Same r egu la to r  a s  Apr i l  1969. 

H.P. s i d e  react ion.  Origin of r eac t ion  outs ide  of regula tor  i n  cy l inder  valve o r  valve 
passages and involved t h e  regula tor ,  

A s e r i e s  of L.P. s i d e  reac t ions  caused by improper design of f u e l  system fo r  cold 
weather operation. 

A s e r i e s  of  L.P. s i d e  reac t ions  
weather operation. 

1, of f i e 1  system f o r  cold 

H.P. s i d e  reac t ion .  Contamination introduced through l o c a l  repa i r .  

H.P. s i d e  react ion.  Origin of t h i s  reac t ion  i s  t h e  oxygen cyl inder  valve s e a t ,  

H.P. s i d e  react ion.  Cause undetem,ined. 

J e t c u t  machine ex tens ive ly  damaged by back-fire of ow- fue l  mixture caused by 
inco r rec t  t i p s  and damaged sea t ing  surfaces.  

H.P. s i d e  react ion.  Origin of reac t ion  appears t o  be oxygen cyl inder  valve s e a t .  

H.P, s i d e  reac t ion ,  I n s u f f i c i e n t  d e t a i l s ,  however, work a r e  contaminated heavi ly 
with o i l  and grease. 

Poor p r a c t i c e  of changing regula tor  from one product se rv ice  t o  oxygen serv ice  without 
complete disassembly and solvent  wash. 

H.P. s i d e  reac t ion ,  Origin of  reac t ion  i s  ex te rna l  t o  r e e l a t o r .  

J e t c u t  mackiine involveii i n  f i r e  which or ig ina ted  i n  e l e c t r i c a l  system. One t o r c h  
was a l s o  defec t ive ,  



PIPING AND LINE ACCIDENTS 

Date o f  Location 
Accident of Accident 

10/28/58 Cal i fornia  

12/4/58 Cal i fornia  

1/9/60 Connecticut 

8/29/61 Ohio 

7/16/62 Ohio 

7/19/62 Kansas 

4/3/63 Tennessee 

6/12/64 I l l i n o i s  

6/64 mnnesota 

Equip. Owner 

A P C I  

Other 

APCI  

APCI 

Other 

Other 

APCI  

APG I 

Other 

Remarks 

V-2 (continued) 
Table VD5 

Leak i n  t r a n s f e r  hose connection between tanker and storage permitted 
LOX t o  penetrate asphalt paving. Explosion occurred when dr iver  jumped 
from tanker t o  paving seriously in ju r ing  the  dr iver  and helper. 

F i r e  burned through valve and piping system connected t o  s i x  (6 )  high 
pressure tubes, four (4 )  of which became p ro jec t i l e s  upon re lease  of 
res idual  pressure. Evidence of noncompatible materials  i n  t h e  system 
with an igni t ion  source associated with f r i c t i o n ,  veloci ty,  and adiabat ic  
compression when a closed valve was opened, No in ju r i e s ,  but ser ious  
property damage. 

Rubber high pressure hose ruptured and igni ted  during t r a n s f e r  of 
gaseous oxygen from tube t r a i l e r  t o  storage system. Material not 
compatible i n  oxygen service. Driver was seriously injured. 

High pressure s t a i n l e s s  s t e e l  piping igni ted  and burned. O i l  and carbon 
s t e e l  rod were found i n  system. Sabotage suspected. No in ju r i e s .  I 

N 
LJ 
I 

Regulator s t a t i o n  and associated piping feeding oxygen t o  s t e e l  m i l l  
furnace seriously damaged when react ion occurred within a system shut- 
off valve. Compatibility of material  i n  one valve i s  suspected. An 
excess flow valve closed o f f  the  supply of oxygen t o  t h e  fire t o  l i m i t  
t h e  area  of f i r e  involvement. 

Underground dra in  system exploded a f t e r  excess LOX from storage entered 
drain,  D i r t  i n  dra in  and dra in  pipe embrittlement. 

High pressure oxygen l i n e  ruptured due t o  react ion of small amount of  
f i e 1  and incorrect  pressure r a t ing  of pipe material ,  

Hi@ pressure owgen f l ex ib le  t r ans fe r  l i n e  f a i l e d  a t  P i t t ing ,  F ie ld  
r epa i r s  were made iaeorrec t ly ,  

Fai lure  of piping a d  manif"ald system for high pressuse oqgen ,  System 
fabricated o f  bow pressure pipe, laoneompat5ble m a t e r i d ,  m d  valve stem 
lubr ica ted  with hydrocarbon o i l ,  One person ser ious ly  injured,  



PIPING AND LINE: ACCIDFNTS V-2 ( continued)  

Date of Locat ion 
Accident of  Accident 

11/12/64 \Jest Vi rg in ia  

9/26/65 West Vi rg in ia  

Louisiana 

1966 Pennsylvania 

7/12/68 Ohio 

1/21/69 West Vi rg in ia  

4/70 Ohio 

Equip, Owner 

Other 

Other 

Other 

Other 

Other 

Other 

Table VD5 

New carbon s t e e l  shop l i n e  solvent  washed and d r i ed  with o i l  laden shop 
air, Reaction occurred when oxygen flow was stopped a f t e r  f i r s t  u se  
of  l i n e ,  

F i r e  i n  suct ion l i n e  t o  an oxygen compressor occurred when t h e  s u c t i o n  
shutoff  valve chain opera tor  f a i l e d  causing t h e  valve t o  lock p a r t i a l l y  
open. Change of ve loc i ty  of t h e  gas through t h e  valve i s  suspected o f  
being i g n i t i o n  source f o r  t h e  valve mater ial .  One man f a t a l l y  in jured .  

Damaged and cracked in su la t ion  on a l i q u i d  hydrogen piping system per- 
mit ted air  t o  be l i q u e f i e d  aga ins t  t h e  cold pipe surfaces.  Some 
d i s t i l l a t i o n  caused oxygen enrichment of  t h e  l i q u i d  a i r  which accumulated 
i n  t h e  insu la t ion .  It is  bel ieved some hydrogen l eak  i n  t h e  p ip ing  
system reac ted  with t h e  oxygen r i c h  air causing damage t o  t h e  i n s u l a t i o n  
and l i n e .  I g n i t i o n  source i s  unknown. No i n j u r i e s  reported. 

1 
Embrittlement f a i l u r e  of  400' of carbon s t e e l  l i n e  due t o  excessive draw p 
of LOX from s torage  and vaporizer  system. Temperature con t ro l  valve on I 

o u t l e t  s i d e  of vaporizer  d i d  not respond quickly enough. 

Buna "N" s e a t  of b a l l  valve i g n i t e d  during blowout of new l i n e  with 
oxygen. Incor rec t  mater ia l  f o r  t h e  serv ice .  

Reaction i n  high pressure  oxygen manifold and piping system poss ib ly  due 
t o  r e s idua l  f u e l  gas i n  one of cy l inders  being processed. 

Reaction i n  high pressure  oxygen manifold and p ip ing  system poss ib ly  due 
t o  r e s idua l  f u e l  gas i n  one of  cy l inders  being processed. 



Date of  Location of 
Accident Accident 

8/25/64 Cal i fornia  

8/19/66 Flor ida  

11/26/66 Cal i fornia  

5/13/68 Pennsylvania 

2/24/71 Pems ylvani a 

Equip, Owner 
o r  Operator 

APCI 

Other 

APCI 

APCI 

STORAGE SYSTEM ACCIDENTS V-2 (continued) 
Table ~6 

Remarks 

A check valve i n s t a l l e d  i n  t h e  piping of a LOX storage tank l o s t  i t s  
bonnet due t o  improper assembly o r  working loose during flow conditions, 
Thirty-four thousand (34,000) gal lons of LOX s p i l l e d  before correc t ive  
measures could be taken. Water was e f fec t ive ly  used t o  vaporize t h e  
LOX without a react ion occurring. 

Eight hundred thousand (800,000) gallons LOX s p i l l e d  when f l e x  l i n e  
segment of pump suction l i n e  fa i led .  A la rge  area  was af fec ted  by t h e  
s p i l l  including a macadam road. Water e f fec t ive ly  vaporized the  LOX 
without incident.  

A new 190,000 gallon LOX tank developed a leak i n  t h e  inner tank during 
i n i t i a l  f i l l i n g  operations. The leak  developed when t h e  tank was about 
1 3  1 .  Product was t ransfer red  t o  tankers and moved t o  other  s torage 
areas without incident  o r  without t h e  loss  of any s ign i f i can t  amounts 
of  LOX. 

I ru 
A weld jo in t  i n  t h e  LOX f i l l -d ra in  l i n e  of a la rge  storage tank fa i l ed .  u I 
The locat ion  of the  l i n e  i n  t h e  space between t h e  inner and outer  vesse ls  
exposed the  outer  carbon s t e e l  vessels  t o  cold product. When f a i l u r e  
o f  t h e  outer  s h e l l  occurred, approximately 215,000 gallons of LOX s p i l l e d  
i n t o  the  area. Water was used t o  vaporize the  s p i l l e d  product without 
incident.   all, W ,  L. , LOX S p i l l ,  A P C I  Doc. #99000220). 

A 6,000 gallon tank toppled during f i l l i n g  with LOX when a concrete pad 
fa i led .  Surface water seeped through a small crack i n  t h e  pad and eroded 
t h e  ground beneath the  pad. The tank sustained l i g h t  damage as  did t h e  
vehicle against which the  tank came t o  r e s t  a f t e r  toppling. No f i r e  
o r  in ju r i e s ,  
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February 21,  1972 
V-3 

LIQJJID AND GASEOUS OXYGEN SAE'FWY REVIDAT~T DATA 

~ c c i d e n t / I n c i d e n t  Inves t i ca t ion  and Report 

The following i s  a s e r i e s  of APL Safety Bul le t ins  and ApL Safety 
Department Reports r e l a t e d  t o  accidents  involving oxygen: 

( 1 )  APL, F i r e  i n  Owgen Line, APTJ Safety Bul le t in  No. 213, 
Reprinted January 1968 (DOC. H99000382). 

( 2 )  Everson, I., Accident a t  an Oxygen Charging Manifold, APL 
Safety Bul le t in  Ro. 46, (Doc. #99000383). 

(3)  Everson, I., Accident Arising from Vented Oxygen Manifolds 
Connected t o  a Common Vent Pipe, APL Safety Bul le t in  No, 75, 
December 11, 1969, (Doc. #gg000384 ) . 

( 4 )  Everson, I., More Accidents on Oxygen Equipment, APL Safety 
Bul le t in  No. 102, February 0 ,  1971, (DOC. #99000385). 

( 5 )  Everson, I., and J. S. Lanba, Burckhardt Oxygen Compressor 
F i r e  a t  SSPC Rognac Plant  3/2/71 ( ~ b s t r a c t e d  from Report 
JSL/NB - 1293 by J. S.  anh ha), APL Safety Bul le t in  IJo. 107, 
Apr i l  1 4 ,  1971, (DOC. #99000386). 

(6) G i l l o t t ,  E., and I. Rverson, Fa i lu re  of Brazed J o i n t s  i n  High 
Pressure Gaseous Oxygen Line at a Cylinder F i l l i n g  Depot, 
APL Safety Bul le t in  No. 114 ,  Ju ly  13, 1971, (Doc. #9?000387). 

( 7 )  Everson, I., and P, Cook, Preliminary Report on Accident a t  
Zelzate Plant  26th February 1969 When an Explosion and F i r e  
Occurred i n  Burckhardt Centrifugal  LOX Pump, Type ~ ~ 1 1 4 ,  No. 
29224, APL Safety Department Report No. 16,  February 28, 1969, 
(DOC. #99000388). 

(8) Croxford, B. J., I. Everson, and R. Xaylor, Henort on Explosion 
of LOX Pump on Tanker 400-11, 7th January, 1970 a t  John SummersP 
S t e e l  Works, Shotton. Puny Type ~ ~ 1 1 4 ,  S e r i a l  No. 79, APL 
Safety  De~ar tment  Report No. 26 ( ~ r e l i m i n a q r  ) , January 1 5 ,  1970, 
(DOC. #99000389 ) . 

( 9 )  Everson, I., Accident a t  T. Turner Ltd., Park Lane, Royton, Oldham, 
Lancs., 11:40 a.m., Saturday, 2nd May 1970, APL Safety Department 
Report No. 30 (pre l iminary) ,  May 5, 1970, (Doc. #39000390), 
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(10)  Everson, I., Inves t iga t ion  of Valve F i r e s  a t  Texas Instruments 
Ltd,,  Bedford, APL Safety Department Report No. 31, Rev. 1, 
February 11, 1971, (1)oc. #99000391). 

(11)  Everson, I., Explosion and F i r e  Due t o  t h e  Cqrostar ~ ~ 1 1 4  LOX 
Pump on an SSPC LOX Tanker, llPL Safety Department Report No. 32, 
J u l y  10,  1970, (Doc, #99000392). 

(12) Everson, I., Inves t iga t ion  of  Cryostar LOX P m  Explosion a t  
Stoke Plant :  7 th  August, 1970, APL Safety Department Report 
No, 34 (pre l iminary) ,  August 24, 1970, (Doc. #99000393). 

(13) Coulson, K. J., B. J. Croxford, and I. Everson, Report on 
Explosion of Cryostar GB.114 Pump No. C.75 on Tanker 400-11 
17 th  February 1961 a t  t h e  Carrington P lan t ,  APL Safe ty  Department 
Report No, 35, March 5 ,  1371, (Doc. #99000394). 

( 1 4 )  BalL1, W, L,, R, R e r r e t t i n i ,  I. Everson, and D. K. G r i f f i t h s ,  
Recommendations Arising from Explosion of  Cryostar ~ B . 1 1 4  P w  
No, C75 a t  Carrington 17 th  February 1961 a s  Reported i n  Safety 
Department Report No. 35, APL Safety Department Report No. 36, 
14areh 10,  1971 (Doc. #99000395). 

( 1 5 )  Boynton, M, C ,  W. ,  G. I, Brown, N. Shepherd, and I. Everson, 
Explosion on Oxy-Fuel Burner Equipment a t  Alcan-Booth Aluminum 
Works, Rogerstone, N e q o r t ,  Pgon. 1 8 t h  May 1971, APL Safe ty  
Department Report No. 37, June 2 ,  1971, (Doc. #99000396). 

(16) Moore, A. A,, Report on Service V i s i t  t o  H. M. S. Eagle, 
APL Reference ~ 0 4 2 5 ,  August 18, 1971, (DOC. #99000302). 

(17)  APL, Experiments wi th  Liquid Oxygen, M L  Safe ty  Bu l l e t in  No. 25, 
Reprinted January 1968 (Doc. #99000419). 

(18)  APL, Lack of Oxygen Kills Two Workmen, APL Safe ty  Bu l l e t in  No. 37, 
Reprinted J a n u a ~ y  1968 (Doc, #99000420 ) . 

(19) Zwawski, J , ,  Report of Inves t iga t ion  I n t o  Burckhardt Centr i fugal  
Pump Explosion and Tanker F i r e  at  Sheepbridge Alloy Castings Ltd. 
Sutton i n  Ashfield,  Not ts , ,  February 5, 1.964 (DOC. #99000421), 
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v- 4 

LIQUID AXD GASEOUS OXYGEN SAFETY REVIEW DATA 

V. ~cc iden t / Inc iden t  Invest igat ion and Report 

The following i s  a s e r i e s  of APCI Documents covering sa fe ty  precautions, 
accidents,  and near misses involving oxygen o r  air separation plants :  

(1) Kitson, F. K., Don" T m  a Cylinder In to  a Rocket, APCI Safety 
G r a m  No. b ~ ,  August 7,  1961 (Doc, #99000001), 

( 2 )  Kitson, F. K., F i re  i n  Oxygen Line, A P C I  Safety Gram No. 5 ,  
October 20, 1961 (DOC. #99000002). 

( 3 )  Kitson, F. K O ,  Liquid Oxygen Loading, A P C I  Safety G r a m  No, 6 ,  
November 17,  1961 (Doc. #99000003) . 

( 4 )  Kitson, F. K., Approved Alloy Steels  i n  Cryogenic Serd-ce,  APCI 
Safety G r a m  No. 10,  Revision 1, October 25, 1963 (Doc. #99000004), 

( 5 )  Schmoyer, W. W., Oxygen Cylinder Fai lure ,  APCI Safety G r a m  No. 13, 
June 1, 1962 (DOC, #99000005), 

( 6 )  Kitson, F. K., I so l a t i on  of Piping Systems, A P C I  Safety G r a m  no* 21, 
October 29, 1962 (DOC. #99000006). 

(7 )  Schmoyer, W. W., Drain Line Explosion, APCI Safety G r a m  No, 24, 
January 17,  1963 (DOC. #99000008 ) . 

(8) Schmoyer, W. W., Snif f  Those Cylinders Before Ref i l l ing ,  A P C I  Safety 
G r a m  No, 31, August 21, 1963 (Doc. #99000010). 

(9 )  Schmoyer, W. W., Vacuum Pump Fai lures ,  APCI Safety G r a m  No. 35, 
October 4 ,  1963 (Doc. #99000011). 

(10) Schmoyer, W. W., Pressure Gauge Fai lures ,  APCI  Safety Gram No, 43, 
May 8, 1964 (DOC, #99000012), 

(11) Schmoyer W. W.,  Human Torches, A P C I  Safety G r a m  No. 50C, Jmuargr 3, 
1966 (DOC. #99000013 ) . 

(12) Schmoyer, W. W., Oxygen Regulators i n  t h e  Welding Industry, A P C I  
Safety G r a m  No. ~ O C ,  November 26, 1967 (Doc. #99000014 ) . 

(13) A P C I ,  Instrumentation -- Establishing Pressure Set t ings  of Safety 
Devices, APCI Design Engineering Standard 537.1, April  21, 1959 
(Doc, #99000023). 

(14) Schmoyer, W. W., Caution--Sniff Testing Cyliders Has I t s  Hazards, 
APCI Safety G r a m  No. 49, March 26, 1965 (DOC. #99000056) 
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(95) Walde, R. A, ,  Flammability and Explosion Hazards -a Halocarbon, 
Molylube 99, Molykote Types Z and X-15, CaBosil M-5 Formica 
L d n a t e  Bonded with a Phenolic Resin, Cutting Oils ,  Hexadecane, 
Hydrocarbon Type Cutting O i l s ,  Known as Type Group 11, Plant  
Wash-Out Studies Cellulube 300, Cellulube 220, APCI lillAR 
87-0-8821, ~ u n e  1963 (DOC. #99OO0073), 

(16) Wa,l.de, H, A,, Flammability and Explosion Hazards -- Plant 
Wash-Out Studies Cellulube 300, DTE 103, Cellulube 200, 
Recent F i r e s  a t  DuPont New Johnsonville Plant, Titanium, 
Titanium Dioxide, Solnus 500, Hydrocarbon O i l ,  Titanium Tetra- 
chloride,  APCI !/Wi 87-0-8822, August 1963 (DOC. #99000074 ). 

(17) Walde, R. A,, Flammability and Explosion Hazards -- Plant Wash- 
Out Study Cellulube 300, M'E 103, Recent F i res  at W o n t  New 
Johnsonville Plant ,  Solnus 50.0, Titanium Tetrachloride,  APCI 

87-0-8822, ~ u g u s t  1363 (DOC, #99000075 ) , 

(18) Walde, R. A , ,  Flammability and Explosion Hazards -- Plant 
Wash-Out Studies Cellulube 300, Cellulube 220, A P C I  1\NR 
87-0-8822, ~ u l y  1963 (DOC. #99000076). , 

(19) APCII, Instrumentation -- PIodification t o  Exist ing Pressure 
Gauges Snubber, APCI Design Engineering Standard 531.10.2, 
December 5, 1961 (DOC. #99000282). 

(20) A P C I  , Safe Handling of Cryogenic Liquids and Associated 
EqujLpment, APCI Plant  Operations Manual Section 1.17, April  23, 
1969 (DOC, #99000283). 
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L U 6 P I C A k T S  A N 0  T H R E A G  COMPOUNDS F O R  O X Y G E N - S Y S T t M S  APCI -SAFETY-GRAM-NO-27 
L U B R I C A N T S -  E S S O  B E A C U N - 3 2 5  A P L I  - 1 A l A - 1 7  1 P  2 / 2 1 / 7 2  
L U B R I C A N T S -  F L U O R O - G L I D E ,  C H E M P L A S T  I N C  A P C I - 6 A l A - 1 4  1 P  2 / 2 1 / 7 2  
L U B R I C A N T S -  F L U O R O L U B E 9  FS-5. HOOKER C H E M I C A L  A P C I - I A l A - 1 1  1 P  2 / 2 1 / 7 2  
L U B H I L A N T S -  F L U O R O L U B E *  FSI HUOKER C H E M I C A L  A P C I - I A l A - 0 7  AP 2 / 2 1 / 7 2  
L U U R I C A k T S -  F O R M B L I N - Y O 4  M O N T E C A T I N I - E D I S O N  A P C I - I A I A - 1 8  1 P  2 / 2 1 / 7 i  
L U B R I C A N T S -  HALOCARBON-6-25-WAX*  H A L O C A R d O N  PRCOUCTS COUP A P C I - I A l A - 0 4  1 P  
L U B R I C A N T S -  HALSCARBON-1 1 - Z 1 E  p HALOCARBON PRODUCTS COUP APC I - I A l A - 0 2  1 P 
L U B R I C A N T S -  WALOCARBiJN-25-SS-GREASE, HALOCARBON PROOUCTS CORP A P C I - I A l A - 0 6  
L U B R I C A N T S -  H A L O C A R B O N - 1 1 - 1 4 E v  HALOCARBON PRODUCTS CORP APC I - I A l A - 0 3  1 P  
L U B R I C A N T S -  K E L - F - 9 0 - G R E A S E 9  M I N N E S O T A  M I N I N G  M A k U F A C T U R I K G  CCb A P C I - I P  
L U B R I C A N T S -  K R Y T O X - 1 4 3 - A Z - O I L  OUPONT A P C I - I A l A -  10 L P  2 / 2 1 / 7 2  
L U B k I C A N T S -  K R Y T O X - 1 4 3 - A C - O I L  DUPDtdT A P C I - I  A  1 A - 0 9  1 P  2 / 2 1 / 7 2  
L U B R I C A N T S -  K R Y T O X - 1 4 3 - & A - O I L  DUPONT A P C I - I  A l A - 0 1  1 P  2 / 2 1 / 7 2  
L U G R I G A N T S -  K R Y T O X - 1 4 3 - A & - O I L  DUPONT A P C I - I  R I A - 0 8  1 P  2 / 2 1 / 7 2  
L U 8 R I C A N T S -  K R Y T O X - 1 4 3 - A D - O I L  DUPONT A P C I - I A 1 A -  15 I P  L / 2 1 / 7 2  
L U B R I C A N T S -  MOLY-LUBE-NO-999 MOLY L U B E  PWOOUCTS G L E N / C O V E / N Y  A P C I - I L I A - 1  
L U B R I C A N T S -  MOLYLUBE-N BEL-HAY CO F A K M I N G O A L E / N J  A P C I - I A l A - 1 2  1 P  2 / 2 1 /  
L U B R I C A N T S -  V U L T A L E F - 3 R  K I N G S L E Y  A N D  K E I T H  L T D / U K  A P C I - I A I A - 1 6  1 P  2 / 21  
M A C H I N E R Y -  F I E L O  T E S T I N G  AND C t N T R I F U G A L  O X Y G t N  COKPRESSORS A P C I - D E S - t N C - S  
M A C H I N E R Y -  F I E L D  T E S T I N G  A N D  R E C I P R O C A T I N G  O X Y G E h  COYPRESSORS APCI -DES-ENG 
h A  I N T E N A N C E  AND I N S P E C T I O N  R E Q U I R E  X E N T S  FC9 B U L K  L l  Q U I D  CUSTOMER I N S T A L L A T  I 
M A I N T E N A N C E  A N U  I N S E P C T I O N  R E Q U I R E M E N T S  FOR CUSTOMER S U L K  GAS S U P P L Y  SYSTEM 
M A I N T E N A N C E  PROGRAM- S Y S T E M  C H t L K  AND I N S P E C T I O i Y  k H E R E  UHY A N D  HOM L E A K S  
N A I N T E N A N C k  PROGKAN- S Y S T E M  CHECK AND I N S P E C T I O N  W H t h E  WHY AND HOW SYSTEM 
M 4 I N T E N A N C E  PROGRAM PRESSURE T t S i I N G  A P C I - I I I C - 1  3 P  9/12/71 
M A I N T E N A N C E  PROGRAM- S Y S T E M  CHECK A N 0  I N S P E C T I O N  WHERE WHY A N D  HCIW I N S U L A T E  
M A I N T E N A N C E  PROGRAM S Y S T E M  C H E C K  A N D  I N S P E C T I O N  k H E R t  WHY A N D  H O k  STRUCTURE 
M A I N T E N A N C E  PROGRAM- S Y S T E M  L H E C K  A N 0  I N S P E C T I O N  h H E R E  WHY AND HUW GENERAL 
M A I h T E N A N C E  PROGRAM S A F E  C L E A N I N G  PROCEDURES FOR F I L T t F  S *  T R h P S p  ANC I N S T R U  
M A I h T E N A N C E  PROGRAM- S Y S T E M  CHECK AlkD I N S P E C T I U k  WHERE WHY AND HOW P R E V t N  
M A I N T E N A N C t  O F  P O R T A B L E  F I R E - E X T I N G U I S H t R S  APCI-PUM-SEC-1.13 5P 3 / 3 0 / 6 7  
MASTER DRAW1 N G  1 2 0 0 - S E R I E S  R E G U L A T I O N S  APC I-DKAW I N G - 0 0 0 - 0 - 4 0 7 0 0 4 E  1 P  3/4 
M A T E R I A L - C O M P A T I B I L I T Y i  C O M P A T I B I L I T Y  C H E C K *  F I R E - C O M P A T I B I L I T Y 9  Q U A L I T Y - C O N  
M A T E R I A L - C U M P A T J B I L I T Y I  C O M P A T I B I L I T Y  CHECK9 F I R E - C O M P A T I B I L I T Y s  C L E A N I N G - P R  
M A T E R I A L - C O M P A T I B I L I T Y I  C O M P P T I B I L I T Y  C H E C K t  F I R E - C O M P A R I B X L I T Y *  Q U A L I T Y - C O N  
M A T E R I  A L - C O M P A T I B I L  1 T L  COMPAT I B I L  I T Y  CHECK 9 STRUCTURAL-MATEHIALS-COMPATI 8 1  L  
M A T E R I A L - C O M P A T I B I L I T Y t  C O M P A T I B I L I T Y  CHECK, F I R t - C C M P A T I l 5 I L I T Y 9  Q U A L I T Y - C O N  
M A T t R I A L - C O M P ~ T I B I L I T Y 9  C O M P A T I B I L I T Y  CHECK. STRUCTURAL-MATERIALS-COMPATfblC 
H A T E K I A L - C O M P A T I B I L I T Y t  C O M P A T I B I L I T Y  LHECKI  F I R E - C O M P A T i 8 E L I T Y I  C L E A N I N G - P R  
M A T E K I A L - C O M P A T I B I L I T Y *  C O M P A T I B I L I T Y  C H E C K 9  STRUCTUhAL-MATERIALS-COMPATIBIL 
M A T t R I A L - C O M P A T l E I L I T Y 9  C O M P A T I B I L I T Y  C H E C K t  STRUCTURAL-MATERIALS-COMPATIB IL  
M A T E R I A L - C O M P A T I B I L i T Y t  C O M P A T l B I L l T Y  C H k C K t  STRUCTURAL-HATERlbLS-COMPATIBfC 
P E i B L S ,  A L L U Y b r  S U L D t K S ,  A N 0  S U R F A L L  T k t A T N E N T S -  B E R Y L L I U M  COPPER A P C I - I A 6  
k E T A C S ,  ALLOYS,  S O L D E R S p  AND SURFACE TREATMENTS-  MUNTZ-METAL 6 0 - 4 0 - T Y P E  CO 
M E T A L L *  A L L U Y S e  SULUERSI AND SURFACE T K t A T H E N T S -  S T A I N L E S S  9 - P E R C E N T  N I C K E L  
H E T A L S I  A L L O Y S ,  S U L D E R S p  AND SURF&CE TKEATHCNTS-  A L P H A  B R k S S - T Y P E  T C L - 1 0 0  O R  
METALS,  A L L O Y S ,  S~JLOEKSI A N D  SURFACE TREATMENTS-  S T A I N L t S S  S T E E L  4 S T H - 4 2 6 9 - 3  
METAL&.  A L L O Y S *  b U L D E R S *  AND S U k F A C t  TREATMENTS-  S H P E R O I O A L - G R 6 P H l T E  I R O N  CG 
M t Y A L S ,  A L t O Y S r  SOLOEKSI AND SURFACE TREATMENTS-  MONEL A S T M - 8 1 6 4  A P C I - I A 6 h  
% t T A L S r  4 b L G Y a p  S O L G t R S s  P N B  SURFACE T K E A T M t Q T 5 -  S I L V E R  A P C I - I b b A - 3 5  I P  
M t T k L S c  A L L O Y S r  S U L 3 k k S t  AND SUQFACt I k t A T M + N T S -  B R d N Z t  A S T P - 8 6 1  OR 562 A 
M k T A L 5 9  A L L O Y S r  S O L O ~ R S I  %NO S U R F a C t  1 H k l T M E N T S -  S T A I N L k S S  S T t t L  A b T M - A 3 5 1 - C  
H l r T k L S e  A L L 3 Y S r  S O L D E R S r  AND S U i l F A C t  T g t A T H E Q T S -  NdVUIgOX S T A I l q L t S S  S T E E L  A L  





9 9 0 3 G  5 6 ~ 0  
9 9 0 0 0 5 7 5 0  
9 9 G O G 5 5 7 0  
9 9 0 0 0 5 6 6 0  
9 9 0 0 C 5  7 r 0  
99000 5 7 2 0  
9 9 0 0 0 5 6 5 0  
99006>600 
9 9 0 0 0 5 5 4 0  
9 9 0 0 C 5 6 3 0  
99006 5 7 0 0  
9 9 0 0 0 5 6 4 0  
990005610 
9 9 0 0 0 5 7 J O  
9 9 0 0 0 5 7 1 0  
9 9 0 0 0 5 a 9 0  
9 9 0 i l G 5 5 5 0  
9 9 0 0 0 5 3 6 0  
9 9 0 0 0 2 3 1 0  
9 9 0 0 6 3 2 4 0  MASTER 9H.H. 
9 9 0 0 0 3 ~ 0 G  
9 9 0 0 0 1 2 0 0  BROPHY vM. 
9 9 0 0 0 1 1 1 5  O f N A N r t -  
990002600 l3ALLqLU.L. 
9 9 0 0 C 2 4 3 G  
9 9 0 0 0 0 ~  3 2  SCHMUYkRq We W. 
9 9 0 0 0 2 7 3 0  MASTERvHeH.  
990003120 c 0 E k  ICK,L.G* LATSHAW,D.R. 
99000 b000 L A P I N q A e  F 0 S T E R . k - H e  
9 9 0 0 0 5 9 9 0  L A P I N 9  A. FOSTER1R.H. 
9 9 0 0 0 3 0 6 0  t u E 8 I C K v L . G .  LATSHAW,DaR. 
9 9 0 0 0 3 0 * 0  ELERILK,L.G. LATSHAbdr0.R. 
9 9 0 0 0 2 6 4 0  M A S T E K t H e H .  
9 9 0 0 0 2 3 4 0  
990000 1 4 U  S C H H O Y t R v  W.d. 
9 9 0 0 0 2 1 7 0  LATSHAWIU.~. 
9 9 0 0 0 3 1 3 3  EOEkICK,L.G* LATSHAWID.K* 
9 9 0 0 0 2 6 7 0  STOMPLERq R.0. 
99000 1 0 4 0  
9 9 0 0 G 3 Z B O  
9 9 0 0 0 3 1 6 0  S N I  T H  qH. W e  

9 9 0 0 0  3 ~ 0 6 1  
9 9 0 0 C 3 2 3 0  
9900i233;O 
9 9 0 0 0 3 L L O  S M I  TH9HeLI.a 
9 9 0 0 6 3 3 4 0  
$ 9 0 5 0  L48G t3nrJPHY ,H. 
9 9 0 0 0 1 i 8 0  H i M A E L B L R G E A r t e  
9 9 0 0 0 0 3 0 ~  
9 9 0 0 0 0 3  L C  
9 9 0 F F O j L d  
9 9 0 0 G 0 3 3 U  
9 9 0 3 0 0 3 5 0  
Y 9 O U U l d 3 0  

+APC I 
+APC I 
+ A P C I  
+APC I 
+APC I 
+APC I 
+A PC 1 
+APC I 
+APC I 
+APC I 
+&PC I 
+ A P C I  
+APC I 
+APC I 
+ A P C I  
+ A P C I  
+APC I 
+ A P C I  
+&PC[  
+APC 1 
+APC I 
+APC I 
+ A P C I  
+ A P C I  
+ A P C I  
+ A P C I  
+ A P L I  
+APC I 
+A PC I 
+APZ I 
+APC I 
+APC I 
+APC I 
+ A P L  I 
+ A P C I  
+/%PC I 
+APL I 
+ A P L  I 
+ A P C I  
+APC I 
+APC I 
+ A P L I  
+APC 1 
+&PC i 
+APC 1 
+ A P C I  
+APC I 
+APG I 
+APC I 

I 
+APC I 
o n P C  i 
+&PC I 
+APL I 

O P E K A T I U K A L - H A L A R O S -  3 X Y G E N - T R A N S F L U  ROAD R A I L R O A D  BARGE AND P t P E L I h E - I R A  
O P E R A T I O N A L - H A Z A R D S -  F I K E S  AND k X P L O S I O N S  A P C f - I I G - 1  b P  1 1 / 1 / 7 1  
OPEKAT I O N A L - H A L  AROS- OXYGEN-TRANSFER P R O D U L T I U l q r  STORAGE TO SYSTEN,  STOREGE 
O P E R A T I O N A L - H A Z A R D S -  OXYGEN-TRANSFER M A L F U N C T I O N  A h 0  F A I L U R E S  APC I I N C I D E N T S  
O P L K A T I O N A L - H A Z A R D S -  OXYGEN-TRANSFER M A L F J N C T I O N S  A N 0  F A I L U R E S  I N S U L A T I O N  S 
O P E R A T I O N A L - H A Z A R D S -  OXYGEN-TRANSFER M A L F U N C T I O N S  AND F A I L U R E S  V A L V E S  APC 
O P E R A T I O N A L - H A Z A R D S -  OXYGEN-TRANSFER M A L F U N C T I O N S  AND F A I L U R t  I k C I D E N T S  M H I C  
O P t R A T f O N A L - H A Z A R D S -  OXYGEN-TRANSFER P I P E L l h E - T R A N S P U R T A T I O N  P I P E L I N E  TRANS 
O P E R A T I O N A L - H A Z A R D S -  S P I L L S  A N D  L E A K A G E  D t T t C T l O N -  Q U A N T I T Y  AND R t S P O N S E  T t  
O P E R A T I O N A L - H A Z A R D S -  O X Y G t N - T h A N S F  EK ROAD K A I L d G A D  BARGE A N 0  P I P E L I N t - T R A  
O P E R A T  I O N A L - H A Z A R D S -  LIXYGEN T R A h S F E P  E C U I  P M f N T  M A L F U h C T I O N S  ANO F A I L U R E S  L 
O P E R A T I O N A L - H A Z A R D S -  OXYGEN-TRANSFER ROAD R A I L R O A D  BARGE AND P I P E L I N E  TRA 
O P E R A T I O N A L - H A Z A R D S -  OXYGEN-TRANSFER P I P E L I N E - T R A N S P O R T A T I O N  P I P E L I N E  TRANS 
O P k R A T I l J N P L - H A Z A R D S -  d X Y G E N - T k A h l S F t ?  M A L F U N C T I O N S  A N 0  F A I L U R E S  G E I S E R I N G ,  E X  
O P E R A T I O N A L - H A Z A R O S -  OXYGEN-TKANSFEK E Q U I  PNENT M A L F U N C T  I O N S  AND F A 1  L U R E S  G 
O P E R A T I O N A L - H A Z A R D S -  GXYGEN-TRANSFER S Y S T t M S  SYSTEMS- 4 P L  OXYGEN-TRAhSFER M 
O P E R A T I U N A L - H A Z A R D S -  C O N T A M I N A N T S  A C U U M U L A T I O N  A P C I - 1 s t - 1  1 P  7 / 2 1 / 7 1  
O P E R A T I O N A L - H A L A R O S -  O X Y G E N - T R A N S F t K  PROOUCTION TO STORAGE, STORAGE TO S Y S T  
O P E R A T I O N S  OEPARTHENT P R E V E N T I V E  M A 1  N T E N A N C t  ' t P U R T  FEED-BALK-CARD F O R M - 3 6 1  
O P E R A T I O N S  H E A R I N G  P K O T L C T I O N  PROGRAH A P C I - M E M O - 7 1  0 4 / 7 / 7 1  L P  P L U S  1 P  
O P C K A T I J N S  S A F E T Y  #An lUAL A P C I - . S A F t T Y  3 A h U A L - 2 0 P 6 4  B 8 P  1964 ( O U T  CF P R  
OXYGEN C O M P A T A B l L  XTY T E S T S -  M 3 L Y L U B E - K O l E - A 4  AND MOLYLUBE-N A P C I - h + D - N O T E  
J X Y G E h  L O M P P T I B I L I T Y  T E S T S  FOR V A R I O U S  M A T E R I A L S -  ABMA THREAD L U B R I C A N T  AND 
OXYGEN CUMPRkSSOR F I R E  APC I - S A F E  TY-Gt iAN-NO-03 2 P  7/7/61 
OXYGEN CONTROL-PANEL A P C I - D E S - E N 6 - S T D - 5 3 4 . 1  f T O  BE P U B L I S H F O I  
OXYGEN C Y L I N O E K  F A I L U g E  APCI -SAFETY-GKAM-NO-13 2 P  6 / 1 / 6 2  
OXYGEN FLUk- f4ETER R I N G  S k A L - F L U I D  APCI -MEMO-70 0 2 / 2 7 / 7 0  1 P  
OXYGEN C O M P A T A B I L I T Y  W I T H  T k D - P A R T  EPOXY-COMPdUNI) ( 7 3 4 3 - R E S I N -  7 1 3 9 - C A T A L  
O X Y b t N  D I F F U S I O N  I N  T H t  A T M O S P H t R E  FROM L l O U I O  O X Y G E h  POOLS CGA A I R - S  
OXYGEIv i31FFclSI1Jh'  I N  T h E  A T H O S P H E k E  FROM L I U U I D  OXYGEN POOLS ADVANCES I 
OXYGEN I N D E X  R R T I N G  S I L  ICONE-O-RING ( 1 / 8 - I N C H  OEA l A P C I - I W O - N U - X D - 0 1 2 8  
OXYGEN I N D t X  R A T I N G  V I T O N - U - R I N G  S A T E R I A L -  V I T O N - E - 6 0  [ G R E E N )  V I T O N - A  ( 8  
OXYGEN P I P t - L I N E  F A I L U R t  A P C I - M E M J - 6 7  1 2 / 2 9 / 6 7  1 P  
OXYGEN PUMP F I L T E R  A S S E M B L Y  A P L I - D R A W I N G - 5 8 5 2 1 C  R E V - 8  1 2 / 1 8 / 5 7  
OXYGEN R E G U L A T u R S  I N  T H t  W E L U I N G  I I v D b S T R Y  APCI -SAFETY-GRAM-NO-60C 5 P  11/ 
OXYGEN S A F E T Y  R k V I E k  C H E C K - L I S T  APCI -MEIVU-71 0 5 / 4 / 7 1  3 P  
O X Y - T i  T t  THREAO COMPOUND A P C I  l k 0 - N O - X U - 0 1 3 4  A P C I - A N A L - R E P - 7 1 - 3 3 6  1 P  1 
P A U L *  C A K T t R ,  A N 0  COSMODYhE LOX-PUMP S k F E T Y  BPCI -MEMO-72 1 / 0 1 / 2 6 / 7 1  2" 
P E R S O h A L  P R O T E C T I O N - E Q U I P M E N T  M A I N T E h A N C E  APCI -POM-1.12  7 P  4 / 2 1 / 6 7  
P E R S O N N E L - P K O T E C T I V t  S H I E L U S  FOR OXYGEN SYSTEMS A P C L - T B - 4 2  3 P  9 / 3 0 / 7 1  
PERSLNNFL-PROTECTIVE-EQU I P M E N T -  E Y E  P R O T E L T I U h  B P C I - S A F E T Y - S T D - 6 2 7 . 4 . 2  5 
PERSONNEL-PROTECTIVE-EQU I P M E N T -  *t AX I N G  A P P A K t L  HARU H A T S  A P C I - S A F E T Y - S T  
PCRSONNEL-PROTECTIVE-EQUIPMENT-  X C U P A T I O N A L  N O I S  F P R O T E C T I V  
P ~ ~ S O N N E C - P ~ O T E C T I V E - L , G U I P M E N T  A L U M I N I L E D  H E A T  P R L T E C T I V E  C L O T H I N G  A P C I - S  
PkKSONNEL-PROTECTIVE-EUcJiPMENT- K t S P I R A T O R V  P R C T E C T I V E  E O U I P M t N T  A P C I - S A  
PERSGNMEL-PROTECTIVE-EQUIPMENT T U N N A L t  A I k - S E P A R A T I O N  P L A N T  A P C I - S A I - E I Y - S  
P I P E  B U R N l N b  T E S T S  A P C I - R + O - h d T t B 0 0 A - b i I  P L b - 9  4P 4/17/61 
P I P I N 6 -  A P P R O V k D  P I P k  T H R E A O  S E A L A N T S  APCI-LES-ENG-STD-570.5 .1  L P  L 1 / L L /  
P I P I N G -  D R Y  OXYGEN S E R V I C E  - 2 O F  T U  l O O F  I 5 U - P S I G - M A X  CARBON-STEEL APC 
P I P I h G -  DRY OXYGEN S E R V I C t  -dOF 10 L O 0 6  2 7 5 - P S I Z - M A X  CARBON-STEEL APC 
P I P I N G -  D R Y  OXYLEh bEkY1C.t  -ZOF TO LOOP 5 0 0 - P S I G - M A X - O U G  CARHON-STFEC 
P I P I & G -  O P Y  UXVGCf4 S E P V l C t  -20t  T J  LOOF 7 2 0 - P S I & - H A X  C A R B O N - I T E t L  APC 
P I P I P + & -  EX1  t h G E D  BONNFT VPLVF C03E A P C I - O t S - E N G - S T D - S 7 9 a 4  3 P  4/63 
P I P I h L -  1NTkOOUCT IOM HANO V k L V t - C U O E  APL f - f ~ E S - T h G - > T 0 - 5 7 9 ~ 3  1 2 P  1 / 6 3  





SLHt4UYiKqW.d. + A P C I  
+ A P C I  
+Ar'C I 
+ A P L  I 
+ A P C I  
+ A P C I  
+APC I 
+ & P C 1  
+APC I 
t A P C I  

MASTER*H.H. 4 A P C I  
MASSLERvE.  + A P C I  

ENT,M.L. + k P C I  
+APC I 

H l M M t L B E R G E R v F .  + & P C 1  
I - M t M O  2 H I M # E L B E R ~ E R I F ~  +APC I 

SCHMOY ER, W.W. +APE I 
WALOEqn.A. + A P C I  

t3kLLwW.L. + A P C I  
+&PC I 
+ A P C I  
+ A P C I  
+APC I 
+APC I 

ENTpb4.L. + A P C I  
KITSOt4,F.K. + A ? t I  

+ A P L  1 
S L H M U Y E R V W ~ W .  + A P C I  

SM1THqH.M. + A P C I  
+APC I 
+ W k L I  

SW1THrH.k. + A P C I  
5HITHvk .W.  + A P L I  

+ A P C I  
+&PC I 
+APC I 
+&PC 1 

OWOPHY IN. + A P L  I 
MOYSANISIK. + A P C I  

+APC I 
K E t i A T V E *  + A P C I  
K E H A T e E .  + & P C 1  

FUSTER,K,H. + A P C I  
F b S T i k ? , ~ . n .  t & P C i  
FUSTtR,t :eH, + A P C l  
F O S T E K * K e H e  + A P C I  

K k t 4 A T o t .  +APC I 
K ~ H A T  ,ir + & P C 1  
K t H A T s t ,  + A P C I  
K t M k T  B E *  + A P C I  

FtJSTERvP,H, + A P C I  
KcHnl  +t, FOSTER,K,A, a k P t 1  

+APC I 
+APC I 

P h t S S U R t  GAUGE F A I L U K E S  A P C I - S A F E T Y - G 3 A M - h 3 - 4 3  2 P  5/b/64 
P K E S ~ L I R ~ - L A U ~ E  F A I L U R E  S k F t T Y  L L A S S t S  S A V E  A h O T H E K  P A I R  OF E Y E S  A P C I - S 4 F E  
P H t S S U R t - V E S b E L S -  GASEDUS OXYGEN S T U K A C E  CYLLNOER APCI-OES-LNG-STO-515.1 .3  
PR t S S U R k - V k S S E L S -  H E A D - D E i  I G N  APC I -DES-EMG-STO-5 10.3 1 3 P  8 / 6 2  
P K t S S U R E - V E S S t L 5 -  M A T E R I A L S  O F  L O N S T R U C T I U N  APCI-DES-ERG-STD-5lG.l.4 4 P  
PRESSURE-VESSELS-  S H E L L - D E S I G N  APCI -DES-ENG-$10-510.2  4 P  2 / 6 5  
PRESSURE-VESSELS-  V t S 5 E L - D E S I G N - B A S I S  AND G E N E R A L  STANDARDS A P C I - D E S - t N G - 5  
P R t S S U R t - V t S S E L S -  V A P O R I Z E R  AND C R Y O G E N I C  L I Q U I D  O I S P O S A L  A P C I - D E S - E N G - S T 0  
P K O L E D U K t  T U  E S T A B L I S H  ACCEPTANCE O F  F I B E K I Z E D  M I N E R A L  WOOL I N S U L A T I O N  AP 
PRODUCT T E S T  P R O C t O U R E S  1 2 0 0 - S E R I E S  R t G U L C T O R S  A P C I - T E S T - P R O C E O U K t  4 P  I /  
PROGUCT VAPOR HAZAROS-  S A F E T Y  I N F O K M A T I U N  R t L A T i  VE TG L I Q U I D - V A P U R - C L O U D S  
P R O D U C T I O N  OF ROCK HOUL B E T H L E H E H - S T E E L - C S  A P C I - M E M O - 5 9  l l / l L / 5 9  2 P  
P U T T I - R O P E  A N A L Y S I S  FOR O I L  CONTENT AND F L A H H A b I L I T Y  TEMPERATURE A P C I - Y E  
U U A L I  TY CONTROL PROGRAM A P L I - D I S T - O P E R - M A N - 6 . 3  6 P  7 / 6 5  1 /69 4 / 6 8  P L U  
Q U A L I T Y  CONTRUL OF ROCK HOOL A P C I  -MtMO 2 H I M M k L 8 E R G E H  ,F, APC I Q U A L I T Y  
Q U A L l T Y  CONTRUL OF ROCK HOOL A P C I - M E M O - 5 9  1 1 / 6 / 5 9  L P  
R E G U L A T O R  THREAD S E A L A N T  M O L Y L U B t - N  A P C I - R E M O - 6 3  1 0 / 4 / 6 3  1 P  
R L L A T I O N S H I P  OF T H t  C H E M I L A L  STRUCTURE O F  C U T T I N G  G I L S  T O  T H t l R  OXYGEN-COMPA 
REPORT O F  O X Y G t N  PUMP i X P L O S I O h  A I R C O - B U T L E R  APCI -k lEMO-63 1 0 / 2 1 / 6 3  i? P L  
R E Q U I R E M E N T S  FOP I P D  S P E C I F I t D  P A I R T  S Y S T E M 5  -PCI-QUAL-CONT-LAYOUT-1LOF 
h E Q U I R E M E h T S  F O R  VENDOR C L A S S - 8  C L E A N I N b  APCI-UUAL-CONT-LAYOUT-114F 2P 7 
R k Q U I R E M E N T S  FOR V t N O O R  C L A S S - A A A  C L E A N I h G  APCI-QUAL-CONT-LAYUUT-117F 3 P  
R t i U I R E M k h T S  FOR VENDOR C L A S S - A A  C L E A N I N b  APCI-QUAL-CORT-LAYOUT-116F 2 P  
K E Q U I R E M E N T S  FOR VENDOR C L A S S - A  C L E A N I N G  APCI-QUAL-CONT-LAYOUT-115F 2 P  7 
K E V I S I O N S  TO 1GO G U A L I T Y  ASSURANCE PROGRAR COST-PROCEDURES DIST-OPER-MAN-V 
RUPTURE D I S C S  MANUFACTURED L O X  T A N h E R S  B Y  AMETEK APCI -MEMO-71 0 6 / 2 2 / 7 1  
SAFE HANOLING OF CRYOGENIC L lau Ios  AND A S S O C I A T ~ O  EQUIPMENT APCI-PON-SEC- 
S A F E  H A N D L I N G  OF  REGULATORS A N D  TORLHES A P C I - P A P E R  1 7 P  P L U S  2 P  A T T A C H M t  
S A F E T Y  E Q U I P M L N T  N E V E R  P R E V E N T S  A N  A C C I D E N T -  I T  O N L Y  P R E V E N T S  AN I N J U R Y  
SAFEI 'Y  CONTROL PROCEOURES- EMERGENCY PRSCEOUKES APCI -SAFETY-STD-626.3 .8  
S A F E T Y  CONTROL PROCEOURkS-PURGING M t T H O D S  APCI -SAFETY-STO-626.4 .1  7 P  l/ 
S A F t T Y  CONTROL PROCEDURES- A I R - S E P A R A T I O N - P L A N T  S A F E T Y  WORK P E R M I T S  AFC 
S A F E T Y  CONTROL PROCtDURES-  T A G  OUT P R O C E O U R t  APC I - S A F  ETY-STD-626.3.3 2 P  
S A F k T Y  CONTKOL PKOCEOURE- S A F E T Y  w U R K - P E R M I T  P P C I - P O # - S t C - 1 - 0 4  3 P  P L U S  
S A F E T Y  CONTROL PROCEOUKE- T A G  OUT APCI -POY-SEC-1 .03  2 P  P L U S  E X H I B I  I - A  
S A F E T Y  R E L I E F  V A L V E S  L O C A T I O N  ANu P I P I N G - D E S I G t d  C O N S I D t R A T I O N S  A P C I  P l P l N  
S A F E T Y  REPORTS A N D  FORMS A P C I - P 3 M - S t C - 5 . 1 8  6P P L U S  E X H I B I T S  ABCDEFGH 3 /  
S A F L T Y  T E S T S  UNDER W O - d l - 0 0 9 5  H Y L O M A R - U N I V E R S A L - J U I N T I & G  CQMPOUND 5 8 - 3 2  AND 
S A F E T Y - V a L V E - S E n T  OXUMAT F L A q M A B I L I T Y  I h  LOO-PEhCENT G A S t O U S  OXYGEN A P C I  
S A F E T Y - V A L V E s  ANU R U P T U R E - D I S C S  CPCI -PUM-SfC-b ,O2 1 9 P  I N C L U D I N G  E X H I B I T S  
~ A F L T Y v  H b Z A R D S q  A h D  t X P L O S I G N  T E S T I N G -  U C O h - T Y P k  L U B R I C A l 4 T S q  S T t E L - P I P E S  
S A F E T Y 9  H A Z A h D S q  A k O  E X P L L J S I O N  T E L T I N G -  S T A N D A k D  PRESSURE BOMdS AND S P A R K - I G  
S A F E T Y *  H A L B K D S ,  A h 0  E X P L O S I O N  T E S T I N G -  HOUOHY FUAr4 I N S U L A T I O N I  AND H A V k L  G L  
SAFETY,  ~ALAKDSI ~ N D  E A P L u s i u l 4  T E S T L M ~ - -  iGhlTIUN T E S T - A P P A k A T U S *  F L O K U U E - G h t  
S A F E T Y *  H A Z A H D S r  AND t X P L d S I O &  T t b T I N b -  P O L Y E S T E R  r? t S  I N  I M P R E G & A T E O  F l  BERGL 
S A f - t T V o  h A 1 A R O S s  AiUD E X P L C I S I O k  T t S T i h G -  TALCUM-POWDER AS B L U B R I C B N T v  T A K S E T  
S B F k i Y ,  t - f A b A a D > ~  b & D  E X P b C i S I U N  T k S T I h l G -  C S L  \ 7 A i 3 8 t & - D l S l t L b L O E  A C I O U I P P . 3  PUMP- 
SAFETY,  H O L ~ ~ C ~ .  AND EXPLOSION T E S T I ~ G -  PINE AND HOPLE WOOD, A C T I V A T E D  c.Anao 
S A F t T Y p  H A Z A h D S ,  A N 0  FzXF.1-OSIJh T E b T I h G -  S I C I L I  k - L I L S  O O ~ - C O R ! ~ I R Z - R F - ~ - G ~ O ~ ~  
S A C t T Y s  M ~ L P ~ D S I  A N D  C X p C u S I O h  T t X T I N L -  S P A k K - I G h I T I O h s  STANOAFD BUN8 TCSTI  
S 3 F E T Y s  H A Z J k D S e  &NO F X P L O S I G h  T L \ T I N L -  E P 3 h - t i - b O p  P O L Y C E L - 4 4 D k r  AhG S T Y Y O b r I  
S A k k l Y ,  H A Z d k i i S ,  &,40 t X P L ~ S 1 i i h  Tc; ,T i i iu -  S I A I U D A ~ J  I G I V I T I I J I U  T E S T  ~ L T H O G I  A P L  P 
S t A L a d T S  A h 0  T H k E A D I N b  COt-lPoUNDS- d X O M a T  f P (  I - l  4 2 A - l O  I P  Z / Z L / 7 2  
S t A L A N I  b a N D  T H R E A D I N G  COMPOUhOS- P i d L Y L U d t - N  b E L - k  AV CO F A R M I N G C A L t / N J  4 





P~GRAMIJIW. 
E V E R S O N v i .  
EVERSONII. 

D A V I  ES IG. 
PtGRAf4qJ.w. 
PFGRAM, J.W. 

t V E R S O N v 1 ,  COOKIP. 
PEGRAM,J.d. 
PEbRAMqJ.t4. 
C H A N B t R S ~ J .  

G R A Y v G ~  
GRAY IG* 
GRAY oG* 

~ h A i 4 l l E R S  , J r  
C H A M B E R S r J *  

E V t K S b h r  1- G R I F F I  f B j r O I K I  
F t G A A X p  J e k .  

Z b K A k 5 M l  r J .  
~ t ; d x F i ~ B C ) ~ t r , J ,  EVCRS3hpI e 
J. ~VLKSCNII. N A Y L O R o ~ .  

M U U H E p A r  A, 

+ A P L  
t A P L  
+ A P L  
+ A P L  
+ A P L  
+ A P L  
+AP L 
+ A P L  
+ A P L  
+ A P L  
+ k P L  
+ A P L  
+ A P L  
t A P L  
+ A P L  
+ A P L  
+ A P L  
+AP L 
+ A P L  
+ A P L  
+ A P L  
+ A P L  
+ P P L  
+A P L  
+ A P L  
+ A P L  
+ A P L  
4 A P L  
+ A P L  
+ A P L  
+ A P L  
+ A P L  
+ A P L  
+ A P L  
+ A P L  
+ A P L  
4 A P L  
+ A P L  
+ A P L  
+AP L 
+ A P L  
+ A P L  
+ A P L  
+ b p i  
+ b P L  
+ A P L  
+AF C 
+ A P L  
+ L i p 1  
+ A P L  
+4Pl 
i A P L  
+A P L  
+ A P L  

A L O C L E h t - 1 0 0  ANU A P P L I E D  C H E M I C A L S - 5 . 5 7  1 P  2 / 5 / 7 6  
B R A 2  ED COKE t X T E N D t D  SURFACE H E A T - t  XCHANGERS APL-ENGH- SPEC-E. OL 9 P  6 / 2 8 / 7  
BUHCKHARDT G X Y L E N  COMPRkSSUR F I R E  A T  S S P C  RUGNAC P L A N T  3 / 2 / 7 1  A P L - S A F E T Y -  
C E N T k I F U G A L  C K Y O G t N I C  PUMPS APL-ENGP-SPEC-GI 0 3  1 4 P  4 / 1 / 7 1  
L E N T K I F U G A L  O X Y b E N  LOMPRESSOR M A N J A L  H A T T  I N G t N  P L A N T  1 5 P  A P P t N D I X  I I 1  I 1  
C O N S T R U C T I O N  S P E C I F I C A T I O N  F O R  P I P I N G  E R E C T I O N ,  T E S T I N G  AND C L E h N I N G  APL-E 
C O N S T R U C T I O N  S P E C I F I C A T I O N  F O R  P I P I N G  E R E C T I U N ,  T E S T I N G  A N 0  C L E A N I N G  A P L -  
C R Y O G E N I C  L I Q U I D  H C S E - C O U P L I N G S  FOR U S E  I N  THF U.K APL-ENGR-STD-LS. 0 8  6 P  
D E G R E A S I N G  A C C E P T A N C t  T E S T >  F O n  Z X Y G E N  S E R V I C E  CdMPRESSCRS APL-ENGR-SPEC-K 
D E S I G N  A N D  S A F E T Y  SATNDARDS FOR C A R B O N - S T E t L  GASEOUS OXYGEN T R A & S M I S S I O N - L  
t X P k k D E D  P E R L I  T E  APL-EMGR-SPEC-N. 01 3 P  1/2/70 
E X P t R I M E N T S  k I T H  L I Q U I D  O X Y G t N  k P L - S A F k T Y - B U L L - 0 2 5  1 P  R E P R I N T E D  1 / 6 8  
E X P L U S I O h  khO F I R E  DUE T O  T H t  C R Y O S T A R - G B 1 1 4  LOX-PUMP ON AN SSPC LOX-TANKER 
E X P L O S I O N  LJN U X Y - F U t L - B U R f u t R  E Q U I P M E N T  AT ALLAk-BOLITH A L U M I N I U H  k O R K S  ROGER 
F n I L U R t  UF B R A Z E D  J O I N T S  I N  HIGH-PRCSSURE GASEOUS O X Y G E N - L I N E  A T  4 C Y L I N D E R  
F I K E  H A Z A R O  WHEN VAPOUR C L E A N I N G  W I T H  T R I C H L O R C I E T H Y L E N E  T I  A P L - S A F t T  
F I U t  I N  O X Y G E N - L I N E  A P L - S A F E T Y - B U L L - 0 2 8  1 P  1/68 
F I R E  H A Z A R D S  I N  COHPRESSED-AIR AND OXYGEN R I C H  E N V I R O N M E N T S  A P L - S A F E T Y - 0  
F . L t X I B L t  H O S E S  FOR CI-IARGING AND D I S C H A R G I N G  M A N I F O L D S  OXYGEN S E R V I C E  APL 
6 E b E U A L  PROCEDURE FOR O E C O N T A M I  N A T l  ON OF S T A T I C -  TANK A h 0  R O A D - V t H I L L E - A S S E  MBL 
H A Z A R D  L E V E L  O F  HYDROCARBON F I L M S  I N  OXYGEN SYSTEMS A P L - S A F E T Y - D E P T - I N F O -  
I N S U L A T I O N -  PREFORMED C E L L U L A R  G L A S S  S E C T I O N  FOR P I P E L I N E S  APL-ENGR-SPEC-N 
I N V E S T I G A T I O N  O F  L R Y O S T A R  LOX-PUHP E X P L O S I O N  A T  S T O K E  P L A N T  8 / 7 / 7 0  APL-SA 
I N V E S T I G A T I O N  O F  V A L V E  F I R t S  A1 T E X A S  I N S T R U M E N T S  LTD-BEDFORD APL-SAFETY-  
L A C K  OF OXYGEN K I L L S  T n O  WORKMEN A P L - S A F t T Y - a U L L - 0 3 7  1 P  R E P R I N T E D  1/68 
L I H I T I N G  V A L U E S  O F  G I L - C O N T A M I N A T I J N  O F  S T 4 1 N L t S S - S T E E L  SURFACES t X P O S E O  TO 
L O X  I N S T A L L A T I O h  A T  LUSTUMER S I T k S  APL- IGD-ENGU-MAN-40-01  7 P  7 / 1 9 / 7 1  
M A N U F A C T U R I N G  O U A L l T Y  P R O C t D U R E  FOR D E G k E A S I t V G  UF P I P E W O R K  A P L - Q C P - 0 1 1  P E V  
M A N U F A C T U H l N b  Q U A L I T Y  P R O C t D U H E  FOR I N T E R N A L  C L E A N I N G  OF A L U M I N U M  f A N K E R S  A N  
N A N U F A C T U R I N G  Q U A L I T Y  P R O C t O U R t  FUR I h T E P N A L  C L E A N I N G  OF 9 %  N I C K E L  AND H I - P R  
M I N t R a L  k O O L  APL-ENGR-SPEC-N.02 3 P  1 / 2 / 7 0  
MORE A C C I D E N T S  ON O X Y G E N  t D U I  PMENT A P L - S A F E T Y - H U L L -  1 0 2  1 P  2 / 8 /  7 1  
N O T t S  FOK G U I D A N C E  O F  CUSTOMERS H A V I N G  A I F  PROUUCTS L T D  OXYGEN E Q U I P M t k  
O V k f i H A U L  P R U C t O U R E  A P L - C - 1 5 5 / 9 . 5  3 3 P  1 9 7 1  
OXYGEN P I P E L I N k S  APL-ENGH-STD-LS. 3 0 / 1  8 P  7 /  1 / 7 0  
P I P I N G  S E L E C T I O N  SHEET-CARBON S T E E L - n A F M  OXYGEN S E R V I C E  2 7 5 P S I G  ( C S 6 2 - 7 )  
P I P I N G  S E L E C T I O N  SHEET-CARbUN S T E t L - M A R M  OXYGEN S E R V I C E  7 2 0 P S I G  ( C S I l 7 . 2 )  
P I P I R G  S E L E C T I O N  S H t k T - C A R B O N  S T E E L - k A k M  OXYGEN S E R V I C E  1 5 O P S I G  (CS0.1.5) 
P I P I N G  S C L E C T I U N  SHEET-CARBON STEEL-WARM O X Y G t N  S E R V I C E  5 0 0 P S I G  (CSO5.0) 
P U t L I M l N n R Y  R E P O k T  Ci4 A L C I D E N T  A T  Z E L Z A T t  P L A N T  2 / 2 6 / 6 9  %HE& A N  t X P L U S I O N  A 
PRESSURE R E G U L A T I N G - V A L V E S  FOR O X Y b E N  S E R V I C E  APL-EhGR-SPEC-J .15  3 P  6 /18/  
P K t S S U R k - G A U b E -  O X Y G k N  S E K V I C E  APL-ENGR-SPEC-J.07 3 P  6 / 1 8 / 6 9  
P R t l C t D U R E  FOR C Y L I N G E R  F I L L I N G  A h D  d U 4 L I T Y  CONTROL I JTANDARO P U R I T Y  G A S E S  
PROCLUURC FCtA F i L b i N b  C & Y U G t N I L  f d N K t P S  BY PUMP AT B R A L h N t L L  A P L - I G D - t N G k -  
P K C C E U U R t  Fb6 F i L L l N b  L R Y U G E h I C  T P N K f R  BY PUMP AT C P R R f N G T O N  APL- IGD-ENGK-  
P R O C t U U K k  FfJk F l L L i N G  C K Y O G F h I C  T A N K t R S  BY PUMP A T  STQKE-GN-TRENT A P L - I G O -  
P R i X L U U F L '  F O K  T H t  i f u S T A L i A T X O f Y  l iF Lh C a Y d G E i L I c  T A W  4PL-160- tNGh-NATu-40-OA 
P u h G t  PROCEDUhE FOK C R Y U G E N I G  L l U J l D  C J ~ T P I ~ E K  APL- IGO-ENGR-MAN-52-02  7 P  
R L C O M H E Y O A T I U ~ U S  A R I S I I U b  F K O Y  E X P L l I S 1  OM uf- LRYOSTAR-LB.114-PUMP-NO-C. 7 5  AT CAR 
R E L I E F  V t . L V C S ,  w&RN 645 S t k V I C f  - 2 0 F  TO 1 0 O F  A P L - L N G % - S P L L - J . 1 8  4P b / l  
REPORT 01- THk 1 N V E S l l G A T I C l n '  I Q T r J  8 i i R t K H A R D I  C ~ S T K L ~ U C A L  PLWP t X P L O S I O I \ !  AND T A  
htPOPi l  ON E X P L D S I G I d  U F  CRYOlTAR-b i ) ,  l l+-PU4P--\ ;J-C.75 ',h T A N K E R - 4 0 0 - L I  2 / i f / 7 1  
REPORT ON k X O L r i b l O N  OF LUX-PUMP i iN  T A N K ~ K - + O ~ - I L  1/7/73 & T  JUH&/SUt.l%EKS 3 T t  
REPORT O h  L E W V I C E  V I S T T  I G  H , M * S . - t b b L t  A P L - X O 4 2 5  5P PLUS A P P t N O l X  A A t 4 0  



c b M U K t  .G. +ark S H E L L  AND T U B t - T Y P E - C O O k t R S  F U R  O X Y G t h  S E K V I C F  A P h - F h G R - S P E L - 5 - 0 5  1 3 P  6 /  1 
tLNUREIGI + A P L  S H k L L  A N 0  TUBE-TYPE-COOLERI OTHER T q A t d  F b P  O X Y G t N  S E R V I C E  ( A P L - P L A N T S )  A P L  

6 i L L O T T . t .  + A P L  5 0 L V t N T  W h S H I N b  U F  P I P I N G  S Y S T E M S  A P L - I G O - t h G R - M A N - 5 6 - U b  4 P  7 / 3 / 7 1  
FcGRAM?J.J, + A P L  S P t G I F f G A T t Q N  FOR OXYGEN S E R V l C k  V t S S t L  E A B h l C A T 6 0 N  h P L - t N G R - S P E C - C S 0 3  TP 
PEGKAWsJ.W. + A P L  S P E C I F I C A T I O N  FCJR OXYGEN S t P V I L E  P K E S S U R E - V t S S c L  F A B < I C A T i O N  APL-ENGR-SPEC 
PEGKAHIJ.k. + A P L  T R A N S F E S  HUSE FOR CRYOGENIC L I Q U I D S  APL-ENGR-SPEC-L .11  3 P  7 / 7 / 6 9  
PEGRAM, J-W. a A P L  U N S I M T E R E D  P. T.F.E, T A P E  APL-FNGR-SPEC-L, 14 2 P  7 / 8 / 6 9  
PtGR4MrJ.W. + A P L  V A L V t S - O X Y G E N  S k R V P C E - N I N I Y U M  D E L O N T A M I N & T I O M  Ah0 TEST R E Q U I R E M F N T S  APL-ENG 
COHLES9S.kd. +ARMOUR A L K I C U L T U R A L  C H t M I C A L  L O  OXYGEN F I R k S  A I C H E - C t P - T E C H - N A N U A L  S A F t T Y  I N  

+ A S T k  STANDARD P I C T O R I A L  S U R F A C t  P&EPARATILIM STANDARDS FOR P A I N T I N G  S T t E L  S U F F A C  
h H i T E , t , L ,  ~ a R D ~ , j , 3 ,  + S A T T E L L i  # i H U R i A L  i N S T i T U T E  i C N i i I O N  O F  H i i A L S  i N  D X Y L E N  D H i C - R E P O R T - 2 2 4  3 5 P  

BuYO,w.K, MILLER*P,D, + B A T T E L L E  M E M O R I A L  I N S T I T U T E  K k A C T I V I T Y  OF M E T A L S  W I T H  L I Q U I D  AND GASEOUS OXYG 
+ B R I T I S H  C R Y O G E N I C S  C O U N C I L  S A F E T Y  P I N E L  C A Y O G E N I C S  S A F E T Y  MANUAL P L Z L  1 9 7 0  
+ C A N A D I A N  STANOARUS ASSOC COMPRESSED G A S  C Y L  l N D E R  V A L V E  O U T L E T  4 N D  I N L t T  CONNEC 
+COMPRESSEO G A S  ASSOC A S S E N B L Y  U F  I N D U S T R I A L  P R A C T I C E S  U S E D  FOR GASEOUS OXYGEN 
+ C O M P R t S S E D  GAS A S S O L  COMPRESSED GAS C Y L I N D E k  V A L V t  O U T L E T  AND I M L E T  C O N N E C T I O h  
+ C O M P R t S S E D  GAS ASSOC E Q U I P M E N T  C L E A N t 0  FOR O X Y G t h  S E F V I C t  CGA-PAMPHLET-G-4.1 
i C O M P R k S S E b  GAS ASSOC I N S U L A T t O  TANK-TRUCK S P t C I F I C A T I O N  C L A - 3 4 1  FOR C O L D  L I Q U E  
+ C O M P R t S S E D  GAS ASSOC S A F E  H A N D L I N G  OF C O M P R t S h t D  GASES CGA-PAMPHLET-P-1  1 0 P  
+COMPRkSSED G A S  ASSOC S A F t T Y  & € L I E F  D E V l C t  STANOAROS PART-1-  C Y L I N D E R S  FOR CUM 
+ C O M P R t S S € D  GAS ASSOC S A F E T Y  R E L I t C  D E V I C E  STANOAROS P i - 3  COMPRESSED-GAS S T 0  

hISSLER,K,H. +DkMAG K A - 2 7 - I V / K A - 4 - I V  OXYGEN COMPRESSGR V I T O N - A  ( B L A C K )  V I T O N - E 6 0  ( G R E E N )  OE 
nR 1GHT.G.T. + D O M I N I O N  F O U N D R I  t 3  AND S T E E L  L T O  OXYGEN P L A N T  VAPOR I Z F R  E X P L O S I O N  A I C H E - C E P -  

AHdtRTI&,W.J.  PALMtR9A.J .  +ESSO A P P L I C A T I O N  O F  F R A C i U R t - M E C H A N I C S  T O  S A F t - L I F E  D E S I G N  I N  C R Y O G E N I C  PQESSURE 
THIELSCH,H. + G k I N N E L L  C O  D E F E C T S  AND F 4 I L U R E S  I N  P R E S S U R t - V E S S E L S  AND P I P I N G  R E I N H O L D  P U B L I S  

MATHEhS9K.D. 0WENsG.G. + l f i P t H I A L  C H E M I C A L  I N D U S T R I E S  L T D  S A F E T Y  A S P E C T S  OF R E C U N S I R U C T E D  I C I  T O N N A G t  OXY 
REYh3LOSrP.h .  + 1 M P F H I 4 L  C H E M I C A L  I N O U S T R I E S  S A F E T Y  I N  A I R  AND A N H O N I A  P L A N T S  AICHE-CEP-TECH-  

+ I  h T E R h A T I O N A L  C O N F E k t N C E  O F  B U I L U l N G  O F F I C I A L S  UNIr-ORM B U I L D 1  NG CODE V O L - 1  
E R O ~ G A N I F .  RUBEKT5,R. + L E H I G h  O N I V  L O M P A R A T I V E  STUDY O F  C R A C K - P R O P A G A T I O N  I N  P L A T E S  UNDER E X T E N S I C I N  A 
RO8LhTS.R. E K d U G A N q F .  + L t H I G H  U N I V  E F F E C T  O F  N E A h  S T R E S S  Oh F A T I G U E  CRACK-PRUPAGAKION I N  P L A T E S  UNDE 

URI,J.C. A P C I  R0BERTS.K. + L E H I G H  U N I V  F A T I G U E  C k A C K  GROWTH-RATES A N D  F R A C T U R E  TOUGHNESS STUGY O F  U E L O E D  A 
l l U F F A L A 9  S.H. P I tMMEIArG.  + L I N D E  ACCIOEiGT A N 0  F I g E  I N  OXYGEN G E N t R C T I N G  P L A N T  A T  GREAT-LAKES-STEEL-CORP E C  

LANG,A. + L I N D t  A I K - F R A L T I C N A T I O N  P L A N T  E X P L O S I O N  AICHE-CEP-TECH-MANUAL S A F E T Y  I N  A I R  A 
+ M A N U F A C T U R I N G  C H E M l S T S  ASSOC I & C  L I Q U I D - U X Y G t N  E X P L O S I O N  MCA-CASE-HISTORY-NO-8  

PECKHAM,H.M. HAUSER,R.L. + M A n T I N  CO C O M P A T I  B I L I T Y  O F  M A T E R I A L S  d I T H  L I O U I D  U X Y G k N  Y t T H Y L - C H L O R I D E ,  M E T H Y L E  
+ H a R Y L A h D  C A S U A L T Y  CU A P C I  F I E L O  I N S P E C T I O N  CONTRACT U I T H  M A R Y L A N D  C A S U A L T Y  CO 
+ M E R K B L A T T t R  GEKMAh PRESSURE V t S S E L  CODE-AD M E R K B L A T T t K  ( E N G L I S H -  T R A N S L A T I  ON 1 
+NASa-WOUSTON N O N M E T A L L I C  MATER1hL.S D E S I G N  G U I D E L I N E S  A N 0  T E S T  DATA-HAND8OOK MSC 

K E Y  9C.F. K1EHL.W.A. + N A S A - H U N T S V I L L E  C O M P A T I B I L i T Y  O F  M A T k R 1  A L S  W I T h  L I Q U I D  OXYGEN MTP-P+VE-M-63-14  
K tY9C.F .  RIEHLIU.A. + N A S A - H U N T S V I L L E  C O M P A T I B I L I T Y  CIF M A T E H I A L S  W I T H  L I Q U I D  OXYGEN N A S A - T M X - 9 8 5  7 Z P  

KEY,C.F, + h k S A - H U N T S V I L L E  C O M P A T I B I L I T Y  O F  M A T E R I A L S  H I T H  L I Q U I D  O X Y G E h  111 N A S A - T M X - 5 3 5 3  
KEYpC.F. + N A S A - H U N T S V I L L E  C O M P A T I B I L I T Y  U F  M A T E R I A L S  W I T H  L I Q U I b  O X Y b t k  I V  N A S A - T M X - 5 3 7 7 3  
KEYtC,Fe + N A S A - H U N T S V I L L E  C O M P A T I b I L l T Y  O F  M A T E R I A L 5  h I T H  L I Q U I O  CXYGEN N A S A - T H X - 5 3 0 5 2  3 

G A Y L t r J . d .  + N A L & - K E N N t D Y  F I R t  I N C I O E N T  I N  A N  O X Y L E N  C L U U D  F I k E  JOURNAL P P 7 6 - 8  AND d l  4 P  
BKYAN,C.J. +NASA-KE&&kUY M A T E H I A L S  C O H P A T I B I L I T Y  F U K  GASEOUS O X Y G E h  S Y S T E H S  Y A 8 - 3 2 6 8 - 6 9  9 

+ N A T I C N A L  BOARD OF B U I L t R  AND P R t S S U R t  V E S S E L  I N S P E C T O R S  N A T I Q N A L  BOARD I N S P  
P I N N E Y  ,G.G, +NAT I O h A L  C Y L I N O E F  GAS CD O X Y G k k  T R A I L E R  F I R E  AICHE-CEP-TECH-MANUAL S A F E T Y  1 

+ N A T I O N A L  F I R i  P R k V E N T I O N  ASSOC STAND4P.O FUC T H E  I N S T A L L A T I U N  AND O P E R A T I O N  O F  
+ N A T I O N A L  I - I R E  P R U T k C T I U N  ASSUC I N S T A L L A T I O N  O F  B U L K  O X Y G t h  S Y S T E h S  A T  COYSUM 
+NAT I a N A L  F I  RC PHOTFCT I O N  ASSOC l N S T A L L 4 T  I O I J  O F  8 U L k  OXYGEN S Y S T E M S  A T  CONSUM 
+ O F F I C E  L F  P I P E L l N t  S A F E T Y  T R A N S P O H T A T I U N  OF bATUr.AL AND OTHFR b b S  B Y  P I P E L I A E  
+ O F F I C E  O F  P I P t L I N t  S A F t T Y  T R A N b P O K T A I I O N  SF N A T U R A L  AND O T H t R  GAS 8 Y  P I P E L I k E  
+ U F b I C E  U F  P I P t L I h E  S A F E T Y  TRAhSPGRTAT I u N  Ot N A T U K A L  A h O  OTHER GAS B Y  P I P E L  I N €  
+ J F F I C t  CIF P I P t L I ; \ c t  S A f . € T Y  M I N I M U M  6 t l ) E R A L  SAFtTY-STAIUbARDS FUR G 4 S  P I P E L I N E S  CG 
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SWECT SECTION 

9 9 0 0 0 1 1 1 0  TS F O h  VAAIOU:, M A T E R I A L S -  GBMA T H h t A b  L u B ~ ~ C B N T  A h D  S t A L A N T *  A k D E r u L - L - 5 3 0  R U S T - P V r V E N T i V E  L t H I b H  C H E M I C A L  C 
9 9 0 0 0 3 0 0 0  A P L  A L L ~ P T A N C E  T E S T  FOR CLASS- i3  C L E A N L i N E 5 S  A P L - E N G R - S k E C - A - 0 1  2 P  5,'12,'59 
99000 3 0 2 0  PEbRAMqJ.d .  A P L  ACCtPTANCF: T E S T  FOR CLASS-AA C L E A & L I I J E S S  (CIXYGEN-CLEAN) APL-ENLP-SPEC-A.03 4 P  
99000 3 6  1 0  PEGRAt4,J.M. A P L  A C C E P T A N C t  T t S T S  FOR C L A S S - A  L L E A N I N G  APL-ENGR-SPEL-A.02  3P 5 / 1 2 / 6 9  
9 9 0 0 0 3 6 ~ 0  t.,nAN, J. U. A P L  D t b K E A S  I N G  A C C E P T A N C t  T E S T S  FOR U X Y G k N  S t K V I C t  COMPRESSORS APL-CNGR-SPt  C-K,O2 3 P  6 / 2 3 / 6 9  
990000626 T I N G -  P I N E  A&D M A P L E  ~OCJDI  ACT I V A T E G  C d k B O N  A P C I - M A R - 8 7 - 0 - 8 8 2  1 1 P  10/61 
9 9 0 0 0 5 > > 0  UNAL-HAZARDS-  C O N T A M I N A N T S  ACUUNULAT I O N  A P C I - I  I € - 1  1 P  7 / 2 1 / 7 1  
9 9 0 0 0 + 6 7 0  P L A S T I C S .  t L A S T O M k R S ,  A N 0  A D H E S I V E S -  K k E N t - B I N D E h  A P C I - I A 4 A - 0 2  1 P  2 / 2 1 / 7 2  
9 9 0 0 G 4 6 8 0  PLASTIL~.  tLA,TONERS 9 AND A l N t S I V t  S- K E L - F - 8 1  A P C I - 1 A 4 A - 0 3  1 P  Z / L 1 / 7 i  
9 9 0 0 0 r 7 0 0  P L A S T I C S ,  ELASTOMERS AND ADHCS I V L S -  N E O P k t b E  A P C I - I A 4 A - 0 5  1 P  2 / 2 1 / 7 2  
9 9 0 0 0 4 6 5 0  ? L A S T I L S ,  k L A S T O M t R S 1  AND A D H E S I V E S -  N Y L O N  A P C I - I A 4 A - 0 4  1 P  2 / 2 1 / 7 2  
4 9 0 0 0 4 7 2 3  P L A S T I C S *  ELASTOMERS I AND A O h E S I V E S -  N Y L O N - 6 6  I L I  L T 3 / U K  A P C I - l P 4 A - 0 7  1 P  2 / 2 1 / 7 2  
9 9 0 0 0 4 6 6 0  P L A S T I C S *  t L A S T O M E R S *  AND AOHES I V E S -  K T V - 6 0 s  S  I L I C O N E - R U B B t R  COMPOUND 3 I T H  S S - 4 0 0 4 - S I L I C O N E - P K I  WEK GE THERMOL 
4 9 0 0 0 4 7 1 0  P L A S T I C S ,  ELASTOMERS. AND A D H E S I V E S -  V I T O R - A  DUPONT A P C 1 - I A 4 A - 0 6  1 P  2 / 2 1 / 7 2  
9 9 0 0 0 > 8 0 0    HAL C L h 5 I U t R A T l U N S  O t  T H E  A G I k G  SYSTEM A P L 1 - ( 1 1 4 5 - 1  1 P  8 / 2 2 / 7 1  
9 9 0 0 0 2 9 5 0  L ~ L  I N D b S T R I  t >  S A F E T Y  I k  A I R  A N U  A H H O N I  h P L A N T S  AICHE-CEP-T t C H - I A i U U A L  S A F E I Y  I N  A I R  AND A e M O N I A  P L A N T S  
9 9 0 0 0 0 9 5 0  , \ I P c C T I O N  F b R  E C U I P H t N T  I t d  &IF? P L A N T S  A N 0  I N  UXYGEN S E F V I C t  A P C I - P O M - S t C - 1 . 0 8  7P P L U S  3 P  ATTACHMENTS 4/4/  
9 9 0 0 C L 6 1 U  T  OF U X Y b t N  PUMP E X P L O S I O N  A T R C L - b U T L E H  APCI -MEMO-63 L O / L l / b 3  1 P  P L U S  6 P  ATTACHMENTS 
99000294i)_ LANC.A. L I N D t  A I k - F R A C T I G N A T I O N  P L A N T  E X P L O S I O d  AICHE-CEP-TECH-MANUAL S A F E T Y  I N  A I R  AND AMMO 
9 9 0 0 0 0 7 7 0  L L E A h I H C  R F Q U l k t M E N T S  F O k  A I L - P L A N T  E Q U I P M t N T  APCI-OUAL-CONT-LAYJUT-1GlF 2 P  P L U S  5 P  OF ATTCHMTS 7 / 1 / 7 1  
9 9 0 0 0 2 8 9 0  d P t R A T I N G  I l q S T R U L T I O N S  FOR A I R - P K O D U L T S  R E O I - 6 t T  k E L D l N G  AND C U T T I N G  O U T F I T S  A P C I - B k O C H U R E  L L P  9 / 2 5 / 6 4  
9 9 0 0 0 0 4 2 0  4 P C 1  P L A h T - S I T E  C k I T E K I A -  A I R - S E P A R A T I b N  APC1-SAFETY-STO-605.1  Y P  11/10/60 
9 9 0 0 0 0 3 8 0  A P C l  USE OF P E R L I T E  I N  A I R - S E P A R A T I O N  L O L D - B O X E S  APC I - T B - 3 9  1 P  6 / 1 4 / 7 1  
9 9 0 0 0 3 0 7 0  W.L. A P C I  M I N U T E S  JF C 6 A  A I R - S E P A R A T I O N  E Q U I P M t N T  C O M M I T T t E  H E L D  A T  F T / L A U C € H O A L E  F L t J R l D A  5 / 1 1 - 1 2 / 7 1  L S O  
9 9 0 0 0 3 3 4 ~  U T E C T I V ~ - ~ Q U I P M E M T  TONNAGE A f k - S E P A i 3 ~ T 1 0 h  P L A N T  A P C I - L A F L T Y - S T D - 6 2 7 . 5 . 1  4 P  6 / 1 5 / 7 0  
9 9 0 G u L b i A  A I h L O  D E S C R I P T I O h  OF At* A I R - S E P A R A T I O N  P L A N T  E X P L O S I O N  AICHE-CEP-TECH-MAQUAL S A F t T Y  I h  A I R  AND A H H O N I  
9 9 0 0 0 0 4 5 0  JnLL,W.L. A P C I  C R I T E R I A 9  A I R - S k P A R A T I O N  P L A N T - L A P O U T  APCI -SAFETY-STD-605.1 .3  o P  1 /6 /61  
9 9 0 0 0 C I 5 ~ 0  L L  r k. L. A P L I  C H E C K - L I S T -  A I R - S E P A R A T I O N  P L A N T - S I T E  A P L I - S A F E T Y - >  TD-610,1,L 5 P  1 1 / 2 6 / 6 0  
9 9 0 0 0 0 - + 7 0  A P C I  P L A k T  L O M P U h E N T S -  A I R - S E F A h A T I O N  P L A N T *  C R Y O G E N I C - L I Q U I D ,  AND D I S P O S A L  L P L I - S A t E T Y - S T G - 6 0 7 . 1 . 2 0  3 P  
990000*+60 A P C I  P L A N T  COMPONENTS- A I H - S E P A R A T I O Y  P L A N T *  P I P I N G v  V A L V E S  A N D  S A F E T Y - R E L I E F  D E V I C E S  A D L I - S A F E T Y - S T D - 6 0  
9 9 0 0 0 0 9  7 0  t4ASTEK.H.H. A P L I  A I R - S E P A k A T I O N - P L A N T  C O N T A M I N A T I U N -  n I S T J d Y ,  S A M P L I N G I  AND A N A L Y S I S  A P C I  P L A N T  
9 9 0 0 0 L O Y b  k F i T Y  L O ~ T R O L  PROCEDURES- A I R - S C P A R A T I O N - P L A N T  s A F € T Y  WORK P E R M I T S  A P C I - S A F t T Y - S T D - 6 2 4 . 3 . 5  3 P  6/19/61 
9 9 0 0 0 0 4 4 0  A P C I  P L A N T  COMPUNENTS- A I R - S E P A R A T I G N ,  U X Y b E N p  COMPhESSUR APCI -SAFETY-520-607 .1 .L .3  6 P  1 2 / 6 2  
9 9 0 0 0 3 Y b c  - f -UEL-BUkRER t O U I P M E h T  AT ALCAN-BOOTH A L U M I N I U M  &ORKS ROGERSTONE/NtWPC!RT 5 / 1 8 / 7 1  A P L - S A F E T Y - O t P T - R E P - 3 7  
9 9 0 0 0 1 0 7 0  TLII\IATIUN T t 5 T 5  OF O I L  FROM A L I Q U I  PPA P U f l P - S U C T I O N  F l L T t K  OEI-ROST AND OF M E T H Y L E N E - L H L u K I D E  A P L I - r l t i v . 0 - 6 1  1 2 /  
0 9 0 0 0 0 6 + 0  T I N b -  C S L  L A K E U N - O l j U L t I 3 C  A L I U U I P P A  PUMP-SUCTION-tILTth-DtFROST C Y L - S E A L  S t A L I N b  LOHPOUND A P C I - M A R - 8 7 - 0 - 8 8 2  
9 9 0 0 6 3 3 7 0  ON CW R t V I  2 1  ON UF MAXIMUM A L L O W A B L E  O P E R A T I N G  P R t S S U R t  F t O E K A L  6 k b I  S T t K  V O L - 3 6  N O - 1 7 6  9 /  1 0 / 7 1  
9 9 0 0 0 0 0 ~ ~  IT5UNgk.K.  A P C l  B P P R U V E U  A L L O Y  S T L E L S  I N  C R Y O G k N I C  S E H V I C t  APCI-SAFtTY-GRAK-do-1C-REV-1 1 P  1 0 / 2 5 / 6 3  
9 9 0 0 0 2 1 6 0  S STUDY Ot n E L O E O  A L U M I H U M  A L L O Y - 5 0 8 3  ASME W I h T E R  A N N U A L - M E t T I N G  N E d / Y U & K  8 P  l 1 / ~ 9 / 7 0 - 1 2 / 3 / 7 0  
9 9 0 0 0 1 5 4 0  R A C T t h I  S T f L >  U F  H k T A L S  A N D  A L L O Y S  AKS JOURNAL P 9 1 7 - 2 3  7 P  7 / 6 1  
99000'1190 A P C I  H E T A L S .  A L L O Y S q  S O L D E R S *  A N 3  L U K F A C E  TRCATMENTS-  CARBON S T E E L -  &Oh'-OXYGLN S t K V I C E  W I T H  P C S S  
Y 9 0 0 C 5 L 3 3  A P C I  M E T A L S *  A L L C Y S *  S U L D k R S *  AND S U R F A C E  T K E A T H E N T S -  M U k T L - M E T A L  b O - 4 0 - T Y P E  C O M P O S I T I O N  C U - 5  
9 9 0 0 C 5 1 0 0  4 P C I  MizTALS,  ALLOYS,  S C L D E R S r  A h 9  S U H t A i k  T R k A T M E N T S -  S T A I U L t S S  S T E E L  A S T H - A 3 5 l - G R - C F 8  A P C I - 1 6  
9 9 0 J 0 5 2 4 0  A P C I  M E T A L S *  O L L G Y S *  6 U L D t R S *  AN0 3UFFAC.E T h t A T M E k T S -  A L P H A  ~ H A S S - T Y P t  T C L - 1 0 0  OR D T b - 5 0 1 9  TUNGU 
9 9 0 3 0 5 - 0 0  A P C I  M t T A L b  9 ALLOYS,  S U L O t R > t  A h U  L U H F A L t  T R k A T M t N T S -  S H P E R O I  & A L - G K A P k I  It I R O k  C U N T I N € & T A L - S T A h D  
9 9 0 L 0 5 1 4 ~  A P G I  M t T A L S 9  A L L O Y S *  S G L O t R S r  AMD 5UAFAL.E T K k A T M t N T S -  B K A S I - S H E E T  OR P L A T k  A S T M - 8 3 6  A P C I - I A 6 A  
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9 9 0 0 0 4 9 4 0  F A C t  T R E A T M E k T S -  ALUMINUM,  A S T M - 8 - 2 1 0 - 3 0 0 3  A P C I - I A 6 A - 0 8  2 P  2 / 2 1 / 7 2  
990001400 Oq U L O N - H B 1 7 0 ,  U C O N - H B O ~ O I  AURALtJbE-FSr  F L U O R O L U B f - F S 5 r  K k L - F - L F 3 ,  V E R S I L U B E - F - 5 0 ,  S F 8 1 ( 4 0 ) - S I L I C O N E w  PYDRAUL- 
9 9 0 0 0 2 4 9 0  MASTER9ti.H. A P C I  AUTO L O A D  S Y S T E M S  A P C I - M E M O - 7 1  0 5 / 4 / 7 1  2 P  P L U S  3 P  ATTACHMENTS 
9 9 0 0 0 1 1 4 0  I T - F I L M  THREAD COMPOUND* A U T U I G N I T I ~ J ~  T E S T  A P C I - A N A L - R E P - 6 1 - 6 8 3  A P C I - I W O - N O - 8 0 - 0 0 6 8  1 P  9/18/61 
9 9 0 0 0 2 4 8 0  MASTER,H.He A P C I  L A T H R O P  AUTO-LOAD S Y S T E M  A P C I - M E M O - 7 1  0 3 / 2 2 / 7 1  2 P  P L U S  3 P  ATTACHMENTS 

9 9 0 0 0 4 9 9 0  R F A C E  TREATMENTS- A L U M l N U H  8 3 6 1 - W P 6 0 6 1 - T 6  A P C I - I A 6 A - 1 3  2 P  2/21/72 
990005600 S P O R T A T I O N  ROAD' R A I L R O A D t  BARGE A N D  P I  P E L  I N E  TRANSPORTAT I O k  V I B R A T I O N  A N 0  C O N T R O L L E D  S L O S H 1  NG A P C I - I  I F Z E  
9 9 0 0 0 5 6 5 0  S P O R T A T I O N  R O A D ?  R A I L R O A D q  BARGE A N D  P I P E L I N E  T R A N S P O R T A T I O N  V E H I C L E  A C C I D E N T  PROCEDURES A P C I - I I F 2 D - 1  1 P  
9 9 0 0 0 5 6 4 0  S P O R T A T I O k  ROAD* R A I L R O A D ,  BARGE A N D  P I  P E L  I N €  T R A N S P O R T A T I U N  O X Y G E N - D I  S P E R S A L  FROM V E N T S  AND L I N E S  A P C I - I  
9 9 0 0 0 4 4  50 A P C i  L U B R I L A Y T S -  ESSO BEACON-325 A P C I - I A l A - 1 7  1 P  2 / 2 1 / 7 2  
9 9 0 0 0 4 5 1 0  U I N G  COMPOUNDS- M O L Y L U d E - N  BEL-RAY CO F A R M I N G O A L E / N J  A P C I - I A Z A - 0 5  L P  2 / 2 1 / 7 2  
9 9 0 0 0 4 4 0 0  L I  L U B R I C A N T S -  N O L Y L U B E - N  BEL-RAY CO F A R H I N G D A L t / N J  A P C I - I A l A - 1 2  1 P  2 / 2 1 / 7 2  
9 9 0 0 0 4 8 3 0  t N T S -  > t A L F A S - M R S T I C - 3 1 - 9 7  B E k J A M I N  F O S T t R  CO A P C I - I A 6 4 - 0 2  1 P  2 / 2 1 / 7 2  
9 9 0 0 0 5 1 1 0  SI AND S U R F A C E  TREATMENTS-  B E R Y L L I U C  COPPER A P C I - I A 6 A - 2 5  2 P  2/21/72 
9 9 0 0 0 L 4 7 0  1 P R O D U C T I O N  Ot- RGCK WOOL BETHLEHEM-STEEL-CO A P L I - M E M O - 5 9  1 1 / 1 2 / 5 9  2 P  
9 9 0 0 0 3 5 8 0  C R Y O G E N l C  T R A N S F E R - L I N E S  B I B L I O G R A P H Y  A P C I - R E P O R T  P 8 6  2 / 2 8 / 6 4  
9 9 0 0 0 L l Z O  C T J O N  CODE- A M A N U A L  FOR B O I L E R  AND PRESSURE V E S S E L  I N S P E C T O R S  1 5 0 P  1 9 6 8  
9 9 0 0 0 0 6 1 0  - S P A R K - I G N I T I O N e  S T A N D A R D  BOMB TEST, L E D - P L A T E - 2 5 1 ,  P I P E - D O P E  A P G I - M A R - 8 7 - 0 - 8 8 2 0  1P 9 / 6 1  
990000600 T E S T I N G -  STANDARO PRESSURE BOMBS A N D  S P A R K - I G N I T I O N S  DOW-CORNING F L U O R I N A T E D  S I L I L J N - O I L S *  S H E L L  POLYURETHANE 
9 9 0 0 0 0 3  5 0  APC I P I P I N G -  E X T E N D E D  BONhET V A L V E  CODE APCI -DES-ENG-STD-579.4  3 P  4/63 
9 9 0 0 0 0 7 8 0  C L E A N I N G  R E Q U I R E M E N T S  FOR BOURDON-TUBE T Y P E  GAUGES U S E D  FOR OXYGEN S E R V I C E  APCI-QUAL-CONT-LAYOUT-1OZF 3 P  
9 9 0 0 0 4 1 3 0  u G i & I C  T A N K E R S  BY PUMP A T  B R A C K N E L L  APL- IGO-ENGR-MAN-50-02  3 P  5 / 2 7 / 7 1  
9 9 0 0 0 0 5 8 0  EFLUN-HOSES*  SUPPORTED BY B R A I D E D  S T A I N L E S S - S T E E L - H O U S W  A N 0  RUt3BEP-HOSES P L A S I T E - N O - 7 1 2 2 H  A P C I - M A R - 8 7 - 0  
9 9 0 0 0 5 1 0 0  E TREATMENTS-  FREE-WACHING BRASS A P C I - I A 6 A - 2 4  2 P  2 / 2 1 / 7 2  
9 9 0 0 0 1 5 1 0  AIN-AND-THREPDED-ENDS-  R E D  B R A S S - P I P E  APCI -DES-ENG-STO-572.1  5 P  5 / 6 2  
9 9 0 0 0 5 1 4 0  S, AN& S U A F A C E  T R E A T M E N T S -  BRASS-SHEET OR P L A T E  A S T M - 8 3 6  A P C X - I A 6 A - 2 8  2 P  2 / 2 1 / 7 2  
9 9 0 0 0 5 L 4 0  S U h F A C E  TPEATWENTS-  A L P H A  BRASS-TYPE T C L - 1 0 0  OR D T i 3 5 0 1 9  TUNGUM CO L T O / U K  C O W P O S I T I O N -  COPPER-86-PERCENT 
9 9 0 0 0 0 8 7 0  A P C I  B R A Z E D  A L U M I N U M  HEAT-EXCHANGER C L t A N I N G  R E Q U I R E M E N T S  APCI-OUAL-CONT-LAYUUT-119F 
9 9 0 0 0 3 6 8 0  PEGRAI4,J.k. A P L  B R A Z E D  CURE E X T E N D E D  S U R F A C E  HEAT-EXCHANGERS APL-ENGR-SPEC-E.02 9 P  6 / 2 8 / 7 0  
9 9 0 0 0 3 8 7 0  VERSONqI .  A P L  F A I L U R E  OF B R A Z E D  J O I N T S  I N  H I G H - P R E S S U R E  GASEOUS O X Y G E N - L I N t  AT A C Y L I N D E R  F I L L I N G  D E P O T  A 
9 9 0 0 0 2 1 1 O  STANDARD FOR h t L D I N G  AND B R A L I N G  PRUCEOURESI k E L D E R S t  BRAZERS,  A N D  W E L D I N G  AND B R A Z l N G  OPERATORS A S P €  
9 9 0 0 0 9 1 3 0  SI AN3 SURFACE TREPTMENTS-  BRONZE A S I M - 8 6 1  OR 802 A P L 1 - I A 6 A - 2 7  Z P  2 / 2 1 / 7 2  I 

9 9 0 0 0 3 4 4 0  I L J I N G  O F F I C I A L S  U N I F O R M  B U I L D I N G  COOE V O L - 1  1970 
9 9 0 0 0 9 8 8 0  T E N - E M t R G E N C I E S  P R O T E C T I O N  B U I L D I N G S  AND A D J A C E N T  S Y S T E M S  P R C t T t C T I O N  A P C I - I V C 2 - 1  4 P  1 / 1 0 / 7 2  
9 9 0 0 0 1 9 2 0  h E Q U l R t M E N T S  FOR CUSTOMER B U L K  GAS S U P P L Y  S Y S T t M  PPCI-DIST-OPER-WAN-V-I-SEC-4.1.3 2 P  6 / 7 1  
9 9 0 0 0 1 9 3 5  N S P E C T I O N  R E O U I k E M k N T S  FUR B U L K  L I O U I O  CUSTOMER I k S T A L L A T I D N S  APCI-DIST-UPER-t4Ah-V-1-SEC-4.2.3 1 P  5 / 6 9  
9 9 0 0 0 1 9 Q O  ON A S s O C  I N S T A L L h T l C i N  OF B U L K  OXYGEN S Y S T E M S  AT CONSUMEk S I T t S - 1 9 6 5  N F P A - N O - 5 6 6  1 0 P  1 9 6 5  
9 9 0 0 0 1 9 1 0  U& ASSOC I k S T A L L A T I O N  O F  B U L K  OXYGEN SYSTEMS AT CONSUMER S I T E S  PRUPOSEO AMtNDMENTS P A R T  I t  AMENDMENTS 
9 9 0 0 0 1 5 9 0  Y Y t R S w  P L t L Y S U L F I D E - S t A L E R ,  BUkA-NI NEOPKENEe EPOXY-ADHESIVEI  P H E N U L I L - M O L b E C ,  MELAMINE-MOLDED9 POLYESTER-GLASS 
9 9 0 0 0 3 8 8 0  O S i  ON AND F l R E  OCCURRED I N  BURCKHAPDT L E N T R I F U G A L  L O X - P U M P - T Y P E - 6 6 1 1 4 - N U - 2 9 2 2 4  4 P L - S A F E T Y - D E P T - R E P - 1 6  6 P  2 
9 9 0 0 0 4 L l O  J F  THE I N V t S T I G A T I O t 4  I N T U  BURCKHAKUT L F N T R I F U L A L  PUMP E X P L O S I O N  AND T A N K E H  F I R E  AT S H E E P B R l D G t  A L L O Y  C A S T I N  
9 9 0 0 0 3 8 6 0  t R b U ~ U p l .  L A N B A I J ~ S .  A P L  bUi3CKHAi lOT U X Y L E N  COMPRESSOR i - IRE A T  SbPC IICIGNAL P L a N T  3 / 2 / 7 1  &PC-SAFETY-BULL-1  
?qC!QQ595Q O&LYsJI & P C $  BGRNLMb O c  M E T A L S  1 %  UXYGtN 9 T N U S P X E R E S  C B O  TO 1 0 0 - P t H t E N T !  APC ! - f f i - f 9 6  C 4 P  
9 9 0 0 0 1 8 6 0  K E H A T v t p  A P G I  U U R N i k b  b F  S T t t L  P I P E S  I N  & FLtJ&KhJG U X Y L E N  S T R f h M  A P C I - X E H U - 6 1  0 4 / 1 7 / 6 L  3 P  P L  
9 9 0 0 0 1 4 8 0  6HOPHYeMs k P C I  P I P E  B U k h I N G  T t S T S  A P C I - E 4 V - N O T E B O d K - 1 L I  P 2 6 - 9  4 P  4 / 1 7 / 6 1  
9 9 0 0 0 2 7 9 0  A P C l  N t A R - k l  S S  A L C I  O E N l -  blIRNS/HAWBUk A P L I - M k M O - 7 h  0 2 / 8 / 7 1  i P  
9 9 0 0 0 L c i 9 0  ~ O K l t . i b T t b ) - S I L 0 X A E t t r  8-5-539 U U T Y L - K d B d t 4 p  I R f i & - U X I D t S q  T A L C *  A S B t S T O S q  A L U M I P I U M - C H I P S *  STEkL-W0Di.p MAGNESIUM-CH 
9 9 0 0 0 2 8 6 0  n P L i  B Y R O N - J A C K S d N  Z X Y G t *  PUMP k A S H O U T  PROCEDURt  FOR k N 4 L Y T I C h L  P U P P O S F S  A P C I - P O M - S t  

9 9 0 5 0 0 7 3 0  O b Y k 0 7 I - T Y P E S - L  AND G-15, C D 6 i ~ S i b - M - 5  F O R M I C A - b 4 M i N A T E  6 J Q D E O  ~ l t t l  A P Y t N L L l C  R E S I N ,  C U T T I & ~ - U P L S I  HEXAUEGAh 
W 9 0 0 0 f  a 9 0  822 ,  SUPER1 LR-GRBPhITE-GUS CALQUQkTL-S iJO1UM S I L  I LATE, 3 N - D C L 2 5 2 - M n P K t P - ? U T T Y I  3 u * A b L t - M P Q U F A C T U < I  hG COf iPAhY - 6 4  
9 9 0 C O S 6 ~ 0  4NO Y d P L t  n O 0 0 e  ALI I V A T b C  C A R b O h  APG I - M A R - d 7 - 0 - 8 8 2 t  1 P  1 0 / 6 2  
9 9 0 0 0 1 7 3 0  O 1036 3 6 0 0 - ? S i t - M A X - O n 6  CahBOh S T E E L  APLf - C t S - L N G - S T 5 - 5 7 8 t c 1 0 0 6  3 P  6/62 





9 9 0 0 0 5 ~ 5 0  M P A T I B I L I T Y ,  C O M P A T I B I L I T Y  C H E C K *  STRUCTURAL-MATERIALS-COnPAI IB iL ITY  F A B R I C A T I O N  AND W E L D I N G  A P C I - 1 5 2 0 - 1  2 P  
9 9 0 3 0 4 4 2 0  L U B R I C A N T S -  F L U O R O - L L I C E v  C H E H P L A S T  I N C  A P C I - I A l A - 1 4  1 P  2 / 2 1 / 7 2  
9 9 0 0 0 4 5 8 0  OUNDS- SOD1 U M - S I L I C A T  E AND C H I N A - C L A Y - P A S T E  A P C I -  I A 2 A - 1 2  I P  2/21 /72 
9 9 0 0 G 1 8 9 0  BOt4-GREASE r H Y D R A U L  I C - O I L  r C H L O R I  MTED-BIPHENYL-AROCLUR-1254. GRAPH1 T E - C H L O R - B I P H E N Y L  I V I N Y  L - C H L O R I J E v  C I  S - 0 1  C 
9 9 0 0 0 5 L 7 0  L A L S q  S O L V t N T S r  AND M I S C -  CHLORCFOKM A P C I - i A 7 A - 0 3  1 P  2 / 2 1 / 7 2  
9 9 0 0 0 1 5 b 0  ENE- C A R B b N - T E T R A C H L O R I O E -  CHLCRGFORN APCI-PROJECT-NU-87-8-8021 APCI-MEMO-62 0 1 / 3 / 6 2  5 P  
9 9 0 0 0 1 d Y O  U H l O E q  M E T H Y L E N E - C H L O R I D E 9  CHLOROFORM9 E T H Y L - C H L O R I D E q  D I C H L O R U E T H A N t 9  D I C H L O R O t T H A N t 9  T R I C H L O R D E T H A N E  POLYMEF 
9 9 0 0 0 1 8 9 0  CJTITE-CEsAMIC-INSdLATION* LHROMATE-DYED-GL&S& C L O T h r  3M-SAFETY-WALK-TYPE-B-H-0070~ k A L K - S Y N T H E T I C - C O R K ,  Y A S K I  
9 9 0 0 0 1 8 9 0  - 8 I P H E N Y L r  V I N Y L - C H L O R I D E ,  C I S - D I C H L O R O E T H Y L E N E ~  T R A N S - O I C H L O R O E T H Y L t N E r  V I N Y L I D E N A - C i i L C R I D E r  T R I C H L O R O E T H Y L E N  
9 9 0 0 0 0 . 2  50 A P C I  C I V I L - S T R U C T U R A L -  P E R S O N N E L  P R O T E C T I V t  S H I E L D S  AND OXYGEN-SYSTEMS APCI-DES-ENG-ST 
9 9 0 0 0 0 8 4 0  I P t Q U I  R E M t N T S  t- OR VENDOR CLASS-A C L E A N I N G  APCI -QUAL-CONT-LAYOUT-  1 1 5 F  2 P  7 / 1 / 7 1  
990003610 A P L  ACCEPTANCE T t S T S  FOR C L A S S - A  C L E A N I N G  APL-ENGR-SPEC-A.02 3 P  5 / 1 2 / 6 9  
9 9 0 0 0 0 d 0 0  & P C 1  C L A S S - A  C L E A N L I N E S S  R E Q U I R E M E N T S  APCI-QUAL-CONT-LAYOUT-1OSF 3 P  7 / 1 / 7 1  
9 9 0 0 0 0 8 > 0  1 R E Q J I R t M i h T S  F U R  VENDOR CLASS-AA C L E A N I N G  APCI-QUAL-CONT-LAYOUT-116F 2 P  7 / 1 / 7 1  
9 9 0 0 0 3 6 2 0  A P L  A C C E P T 4 N C t  T E S T  FOR C L A S S - A A  C L E A N L I N E S S  (OXYGEN-CLEAN)  APL-ENGR-SPEC-A.03 4 P  4/1/71 
9 9 0 0 0 0 8 1 0  A P C I  CLASS-AA C L E A N L I N E S S  & E Q U I R E M E N T S  APCI-QUAL-CONT-LAYOUT-106F 3 P  7 / 1 / 7 1  
9 9 0 0 0 0 8 6 0  I R t O U l R E M t N T S  FOR VENOOR C L A S S - A A A  C L E A N I N G  APCI-QUAL-CONT-LAYOJT-117F 3 P  7 / 1 / 7 1  
9 9 0 0 0 O d 2 0  A P C I  C L A S S - A A A  C L E A N L I N E S S  R E Q U I R E M E N T S  APCI-QUAL-CONT-LAYOUT-107F 3 P  7 / 1 / 7 1  
9 9 0 0 0 0 d  JO I P c P d I R E M t N T S  F U R  V t N O O R  C L A S S - 0  C L E A N 1  N L  APCI -QUAL-CONT-LAYOUT-  1 1 4 F  2 P  7/  1 /71 
9 9 0 0 0 3 0 0 0  A P L  A C C E P T A N C k  T E b T  FOR C L A S S - B  C L E A N L I N E S S  APL-ENGR-SPEC-A-01  2 P  5 / 1 2 / 6 9  
9 9 0 G O C 7 9 0  A P C I  C L A S S - 8  C L E A N L  I N E S S  R t O U I R  EMENTS APC I - Q U A L - C O N T - L A Y O U T - l O 4 F  1 P  7 / 1 / 7 1  
9 9 0 0 0 1 9 8 0  SELJ G A S  ASSOC E Q U I  PMENT C L E A N E D  FUR O X Y G t N  S E R V I C k  CGA-PAMPHLET-6-4 .1  2 1 P  3 / 5 9  
9 9 0 0 0 0 5 4 0  MITHpkt .  A P C l  S O L V E N T  AND C L E A N E R S -  D E V I A T I O N S  C L t A N I N G  FOR OXYGEN S E R V I C E  APCI-SAFETY-STD-629.0.10 1 P  6/ 
990001010 A P C I  C L E A N I N G  APC1-CONSTR-SPEC-230.15  ON P 8  1 P  9/16/69 
9 9 0 0 0 0 3 9 0  R r H e d .  A P C I  S T G R A G t  T A N K  C L E A N I N G  A P C I - M E M O - 6 3  0 1 / 2 4 / b 3  1 P  
9 9 0 0 0 2 2 2 3  OR-CLASS-AA AND C L A S S - A A A  C L E A N I N G  A P C I - N E H O - 7 1  0 7 / 2 2 / 7 1  1 P  
9 9 0 0 0 0 8 3 0  SEMENTS FOR VENOOR C L A S S - 8  C L E A N I N G  APCl-PUAL-CONT-LAYOUT-114I- 2 P  7 / 1 / 7 1  
9 9 0 0 0 0 8 4 0  R E M E h T S  F b R  VENOOR CLASS-A C L E A N I N G  APCI-UUAL-CONT-LAYOUT-115F 2 P  7 / 1 / 7 1  
9 9 0 0 0 0 8 6 0  MENTS F O R  VENDOR C L A S S - A A A  C L E A N I N G  APCI-PUAL-CONT-LAYOUT-117F 3 P  7 / 1 / 7 1  
9 9 0 0 0 0 8 5 0  E M t N T S  FGR VENDOR C L A S S - & A  C L E A N l N G  APCI-UUAL-CUNT-LAYOUT-116F 2P 7 / 1 / 7 1  
9 9 0 0 0 3 6 1 0  C E P T A N C E  T E S T S  FOR CLASS-A C L t A N I N G  APL-ENGR-SPEC-A.02 3 P  5 / 1 2 / 6 9  
9 9 0 0 0 3 6 5 0  P I N G  ERECTION,  T E S T I N G  AND C L E A N I N G  APL-ENGR-SPEC-k.02 9 P  P L U S  A P P E N D I X  I 1 1  111 4 / 1 9 / 7 1  
9 9 0 0 0 3 9 7 0  I & G  E R E C T I O N I  T E S T I N G  AND L L E A N I N G  APL-ENGR-SPEC-Me02 8 P  A P P E N D I X  I I1  I 1  I 3 P  4 / 1 9 / 7 1  
990001020 N S T E E L  P I P E  AND F I T T I N G S ,  C L E A N I N G  A L U M I N U M - P I  P E  F I T T I N G S  P A R T S  A N D  FABR I C A T I U N S  9 C L E A N I N G  S T A I N L E S S - S T E E L  
9 9 0 0 0 0 9 5 0  A P C I  C L E A N I N G  AND I N S P E C T I O N  FOR E P U l P H E N T  I N  A I R  P L A N T S  k N D  I N  OXYGEN S E R V I C E  A P C I - P O  
9 9 0 0 0 0 5 0 0  A P C l  C L E A N I N G  AND I N S P E C T I O N -  M A T E K I A L S  A N D  OXYGEN S t R V I C E  A P C I - S A F t T Y - S T D - 6 0 8 . 1  7 P  
9 9 0 0 0 3 3 5 0  G E N E R A L  S P E C I F I C A T I O N  FOR C L E A N I N G  FOR O X Y G k N  S E R V I C E  A P C I - 5 5 0 - 5 0 - Z 7 A  5 P  1 2 / 1 0 / 5 9  
9 9 0 0 0 0 5 4 0  T A h 0  CLEANERS-  D E V I A T I O N S  C L E A N I N G  F O R  G X Y G t N  S E R V I C E  APCI -SAFETY-STO-629.0 .  LO 1 P  6/ 19/61 
9 9 0 0 0 0 9 4 0  K I T S O N t F S K .  A P C l  C L E A N I N G  FOR OXYGEN S t R V I C E  APC1-MEMO-63 0 8 / 5 / 6 3  2 P  P L U S  9 P  A T T A C H M E N T S  
9 9 0 0 0 0 9 0 0  0 A S S L E R v t . J .  A P C I  C L E A N I N G  FOR OXYGEN S € R V 1 L E  1 7 P  1/60 
990000900 H4TLEYpA.L .  A P C I  C L E A N I N G  L O X  STORAGE TANK-NU-6  S A & T O / S U S A N A  A P C I - M E M O - 6 4  03/11/64 1 P  P L U S  1 P  A 
9 9 0 0 0 4 0 1 0  I T Y  PROCEDURE F U R  I N T E R N A L  C L E A N I N G  OF A L U M I N U M  T A N K E R S  A N D  S T A T I C - T A N K S  I-Oh O X Y G t N  S t R V l C t  A P L - P C P - 9 1 2  K 
59000 1 0 2 0  A P C I  C L E A N I N G  OF CAPBGN S T E E L  P I P E  AND F I T T I N L S r  C L E A t u I N G  a L U M I N U P e P I P E  F I T T I N G S  P A R T S  
990004020 I T V  PROCEDGRE F 0 8  I h T E R N I L  C i E A N l N G  GF 3% h $ C # E i  AND H i - P R O O F  S T A i N i E S S  S i A T i C - T 2 N C 5  F J R  G X Y G r t y  S i R Y i i t  &P 
9 9 0 0 0 0 9 3 0  P E N N S A L T  CBRP G L t A N I N G  OF L I O U I E F I E D - G A S  P R O C t S S I N G  E Q U I P H t h T  PkNNSALT-TECHNICAL-BULLETIN 6 P  
9 9 0 0 0 0 4 b O  UG- V A I V t  PPULUREREMT AND L L E A N I N G  PROCtDUC E AQC 1 - D E S - E N G - S T 0 - 5 7 9 A  3 P  8 /  12/60 
990005820 P 4 1 N T E N A N C E  PROGRbN S A F E  C L E A N I N G  PROCEDURES FOR F I L T E R S i  T R A P S *  A N D  I N S T P Y H E N T L  A P L I - I I I B - I  2 P  1 1 / 1 / 7 !  
9 9 0 6 0 0 3 7 3  t i 2  A L U M I N U M  HEAT-EXLHANGEK CLEArSING K E Q U I R k M E N T S  APCI-OUAL-COMT-L9YOUT-1LVF 2 P  7 / 1 / 7 1  
9 9 0 0 0 0 7 8 0  A P C i  L L E A k I N G  R L O U I R E N E N T S  FUR R O U R O U N - T U B t  TYPE G A U b E S  U a t b  FOR OXYGEN S k R V I C E  A P C I - Q  
9 9 0 0 0 0 7  7 0  A P L I  G L E A N I N G  R E Q U I R E N E N T S  F O R  A i R - P L A M T  t Q U I P M E h T  A P L I - O U A L - C U h T - L A Y G U T - 1 0 1 F  L P  P L U S  
9 4 0 0 0 1 O r 0  S P A R T &  A M 0  FkbR E C A i  iSNS 1 L L t A k I N b  s f h l k L E S S - S T t t l  AND C O P P E R - P I P E  FITIIhbS Pkr  T S  4MD F A B R l L A T I U h S  u E S C R I P T  
9 9 0 0 L b O S ~  C f i K t  H A L A R O  wHtN UAPUUR L L E A k I h G  aETH T R I C H L O R O k T h Y L E N E  4 T . C . t  .) A P L - > d F E T Y - D t P T -  i&Fi i -SHtCT-38  2P 2 / 1 0  
9 9 0 0 0 2 8 > 0  ~LHKIA.J .  A P L I  L i b !  UF C L t A N I N G - A G t b T S *  A S S O C I A T E 0  EQUIPMEtsT A&O S U P P L I t 5  APPROVED F U K  U S E  I N  A P C I  MANUF 
9 9 0 0 3 1 0 L O  A B h i C A Y I O N S  O E S C R l P T t C l N  UF C b t b E t X R G - Y t D I U M S p  I h l S P E C T I C i N  O F  DECUNTAMIP4dTFO LUI -+P( IRL- -NT~~ PND P I C K L l h G  OF L P K B O N -  



9 9 0 0 0 5 3 1 0  CHECK, F I R t - L O M P A T I B I L I T Y D  CLEAklNG-PROCtDURES-APCI W P G I - I B l C - O H  1 4 P  2 / 2 1 / 7 2  
9 9 0 0 0 5 3 2 0  L H E i K *  F I R E - C O H P A T I B I L I T Y I  L L E A N I N G - P R O C E D U R E S - A P L  A P L I - I B l C - 0 2  i P  2 / 2 1 / 7 2  
F 9 0 0 0 3 6 0 0  C L E P T A N C E  T E S T  FOR C L A S S - 8  C L E A N L I N E S S  APL-ENGR-SPEC-A-01  2 P  5 / 1 2 / 6 9  
9 9 0 0 0 3 6 2 0  C E P T A N C E  T k S T  F O R  CLASS-AA C L F A F d L i N E S S  ! O X Y G E N - C L E A k )  k P t - E N G R - S P E C - h a 0 3  4P 4 / 1 / 7 1  
9 9 0 0 G 5 4 5 0  D I S P O S A L  OF V € N T E O  GASES C L E A H L I N E S S  U F  0 1 S P O S A L  S Y S T E M  A P C I - I I 8 1 - 1  2 P  2 / 1 2 / 7 2  
9 9 0 0 0 5 4 7 0  D I S P O S A L  U F  V E N T E D  GASES C L E A N L I N E S S  OF CXVGEN P I P I N G  A P C I - 1 1 8 1 - 2  1 P  2 / 1 9 / 7 L  
9 9 0 0 0 0 8  10 A P C I  L L A S S - A A  C L E A N L I N E S S  R E Q U I R E K E N T S  APCI-QUAL-COr4T-LAYOUT-106F 3 P  7 / 1 / 7 1  
9 9 0 0 0 0 7 9 0  A P C I  C L A S S - 8  C L t A N L i N E S S  R E Q U I K E H E N T S  APCI-QUAL-CONT-LAYOUT-104F 1 P  7 / 1 / 7 1  
9 9 0 0 0 0 8 0 0  A P C I  CLASS-A C L E A N L I N E S S  R E Q U I K E H E N T S  APCI-QUAL-COhT-LAYOUT-105k 3 P  7 / 1 / 7 1  
9 9 0 0 0 0 B L O  A P C I  C L A S S - A A A  C L E A N L I N t S S  R k Q U I K E M t N T S  APCI-QUAL-CONT-LAYOUT-1071- 3 P  7 / 1 / 7 1  
9 9 0 0 0 2 2 1 0  I i v S B C L T I O N .  REGkROXNG A P i l  C L E A N L I N E S S  R t Q U i K t R E N i S  A P C i - M E M O - 7 1  0 7 / 2 2 / 7 1  Z P  
9 9 0 0 0 3 3 3 0  L U M I N I L E D  H E A T  P R O T E C T I g E  C L U T b l I N G  A P C I - S A F E T Y - S T D - 6 2 7 . 4 . 7  2 P  5 / 6 8  
99000ld90 N V I L L E - 7 6  G A S K E T  M A T k R I A L ,  C L O T H - A S B E S T U S q  GLASS-COTTON-ALUMINIZED-NIL-C-8240, C O C O T L T E - C E R A M I C - I h S U L A T I O N *  C H  
9 9 0 0 G l d 9 0  A T I O N q  LHROMATE-DYED-GLASS C L O T H *  3M-SAFETY-WALK-TYPE-B-M-0070s WALK-SYNTHETIC-CCRK,  M A S K I N G - T A P E *  SHERLOCK-LE 
9 9 0 0 0 2 5 2 0  F I R E  I k C I D E h T  I N  A N  O X Y G E k  CLOUD F I R E  J O U R N A L  P P 7 6 - 8  AND 8 1  4 P  1/71 
9 9 0 0 0 1 5 0 0  A P C I  P L A S I T E  P R O T E C T l V E  C O A T I N G  A P C I - M E M O - 6 0  06/9/60 2 P  
990001390 TON-ALUMINIZED-MIL-C-$240. C O C O T I T E - C E R A H I C - I N S U L A T I C N ~  LHKOMATE-DYED-GLASS C L O T H *  3M-SAFETY-uALK-TYPE-B-M-007 
9 9 0 0 0 2 0 4 0  A P L I  COLiEO V t S S E L  R E P A I R S  A P C I - P O M - S E C - 6 - 0 9  4 P  1 1 / 2 9 / o 8  FOR ATTCHMTS SEE 2 0 5  L O 6  
9 9 0 0 0 2 2 8 0  A P C I  CODEU V t S S E L  R t P A I R S  APLI -POM-SEC-6 .09  4 P  1 5 P  O F  ATTCHMTS 11/29/68 
9 9 0 0 0 1 9 5 0  b P E C I F l C A T I O N  C G A - 3 4 1  FOR C O L D  L I Q U E F I E D - G A S E S  CGA-PAMPHLtT-341-TENTATIVE-STANDAHOS 1 3 P  1 9 7 0  
9 9 0 0 0 1 8 5 0  F0STERqA.H. A P C I  COLO T E S T  OF 1 / 2 - I N C H  S A F E T Y  V A L V E  W I T H  CARBON S T E E L  S P R I N G  A P C I - i W O - N O - 1 0 - 7 0 7 1  
9 9 0 0 0 2 2 7 0  A P C I  COLO-BOX L E A K S  PPCI-PON-S€C-1.14 5 P  1 0 / 3 0 / 0 8  
990000450 A P C I  P L A N T  COMPONENTS- COLD-BOXES A P C I - S A k E T Y - S T D - 6 0 7 . 1 . 5  7 P  1/63 
9 9 0 0 0 0 3 8 0  P E R L I T E  I N  A I R - S E P A R A T I O N  C O L D - B O X t S  APC I - T B - 3 9  L P  6/14/71 
9 9 0 0 0 0 3 9 0  I N S U L A T I O h  AND P A I N T I N G -  COLD-BOXES THERMAL T A N K S  P E R L I T E  APCI -DES-ENG-STD-581.1  4 P  5 / 2 6 / 6 1  
9 9 0 0 0 0 4 1 0  I N S U L A T I O N  AND P A I N T I N G -  COLD-BOXES, T H f R f l C L  T A N K S  q G L A S S  HOOL A P C I - D E S - E N 6 - S T D - 5 8 1 . 3  1 P  1 0 / 2 4 / 6 0  
9 9 0 0 0 1 8 0 0  A P C I  P I P I k G - S S 3 6 -  COLD-BOX-SERVICE l O O F  AND BELOW 3600-PSIG-MAX-GWG S T A I N L E S S  S T E E L - P I P E  A P C I - D E S  
9 9 0 0 0 1 7 7 0  A P C I  P I P I N G - S S l Z -  C O L D - B O X - S E R V I C t  1 3 0 F  AND BELOW 1 2 3 5 - P S  1 G - M A X - 0 ~ 6  S T A I N L E S S  S T E E L - P I  P E  APCI -OES 
9 9 0 0 0 1 S 1 0  A P C I  P I  P INb-SS7.L-  C O L l I - B O X - S E R V I L E  1 O O F  A N 0  BELOW 7 2 0 - P S I G - M A X - U H G  S T A I h L E S S  S T E E L - P  I P E  APCI -OES-  
9 9 0 C l C 1 7 5 0  A P C I  P I P I N G - S S 2 . 7 -  C O L D - B O X - S t R V I C E  l O O F  AND B E L O H  2 7 5 - P S I G - M A X - U k G  S T A I N L E S S  S T E E L - P I P E  A P C I - D E S -  
9 9 0 0 0 1  7 6 0  A P C I  P I P I N G - S S o -  C O L D - B O X - S E R V i C t  l O O F  A N D  BELOW 6 1 5 - P S I G - M A X - J U G  S T A I N L E S S  S T E E L - P I P E  A P C I - D E S -  
9 9 0 0 0 1 7 9 0  A P C I  P I P I N G - S S 3 0 -  COLD-BOX-SERVICE l O O F  AND BELOW 3 0 0 0 - P S I G - M A X - 0 h G  S T A I h L E S S  S T E E L - P I P E  A P C I - O E S  
99000 1 6 2 0  A P C I  P I P I N G - C T Z -  CGLD-BOX-SERVICE l O O F  A N D  BELOW 2 0 0 - P S I G - M A X - J U G  COPPER-TUBE APCI -DES-EhG-STG-  
9 9 0 0 0 1 5  70 A P C I  P I  PING-AA1.S- C O L D - B O X - S E R V I L E  l O O F  AND BELOW 150-PSIG-MAX-OWG A L U M I N U M  A P L  I -OES-ENG-STD-571.  
9 9 0 0 0 1 6 3 0  A P C I  P I P I N G - C T 4 -  COLD-BOX-SERVICE LOOF AND BELOW 4 0 0 - P S I b - M A X - 0 k G  L O P P E R - T U B E  APCI -DES-ENG-STD-  
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A P C I - I A l A - 1 L  1 P  2 / 2 1 / 7 2  
A P C I - I A l A - 1 3  L P  L / 2 L / 7 2  
A P C I - I A l k - 1 4  1 P  2 / 2 1 / 7 2  
A P C I - I A l A - 1 5  1 P  L / ~ 1 / 7 i  
A P C 1 - I A l k - 1 6  1 P  2 / 2 1 / 7 2  
A P L I - I A L A - 1 7  L P  L / Z 1 /  7 2  
A P L I - I A l A - 1 8  1 P  2 / 2 1 / 7 2  
APLI-IALA-01 IP 2 / 2 1 / 7 2  
A P L I - I M L A - 0 2  2 P  2 / 2 1 / 7 2  
A P C I - i Q 2 A - d 3  1 P  L / L 1 / 7 L  
d P C I - I A L P - O r  1 P  2 / 2 1 / 7 2  
4 P C I - I A L A - 0 5  1 P  2/21! 7 2  
4PC I - I A Z U - O o  L P  2 / 2 1 / 7 2  
& P C I - I A 2 A - O r  L P  2 / 2 1 / 7 2  
A P C I - I A L P - 0 8  i P  ~ / 2 1 / 7 2  
A P L I - I A L A - 0 9  2 P  2 / L 1 / 7 2  
&PC 1 - I A L A - L O  1 P  2 / 2 1 / 7 2  
A P C I - I A Z A - 1 1  2 P  2 / 2 1 / 7 2  
A P C I - I A 2 A - 1 L  1 P  2 / 2 1 / 7 2  
A P C I - I A 3 A - 0 1  1 P  2 / 2 1 / 7 2  
A P L I - I A S A - 0 2  1 P  2 / 2 1 / 7 2  
R P C I - I A 3 A - 0 5  L P  2 / 2 1 / 7 2  
A P C I - I A 3 A - 0 4  1P 2 / 2 1 / 7 2  
A P C I - I A 3 A - 0 5  1 P  2 / 2 L /  7 2  
APC I - I k 3 A - 0 6  1 P  L / 2 1 /  7 2  











9 Y T j d C i L i J  L L E & N L I N ~ S ~  H t C U I A E f i E t d T S  
9 9 0 0 ~ 2 4 1 0  X Y d h  L C M P R ~ S S U R  S U C T I U N  
9 9 0 0 4 3 4 0 0  UOY P R b J t C T  0 0 - 1 - ~ 4 9 5 . 0 7  
9 9 0 0 u 2 6 7 0  C u S h O O Y h E  LUX-PUMP S A F E T Y  
9 9 0 0 3 L 6 d O  0. A P C I  LUX-PUMP S A F E l Y  
9 9 0 0 0 3 4 6 0  1 O b  t U k  J G B - N O - 0 0 - 2 - 2 7 7 5  
9 9 0 0 0 2 7 0 ~ 3  L F  n E G U L A T U R 5  A N 0  T O R L H t h  
9 9 0 0 0 L 5 i 0  V t  TO L I Q U I G - k A P G K - C L O U O S  
F 9 0 0 0 l O r u  I O k - E Q U I P M t N i  M A I h T E N A N C E  
9 9 0 0 0 2 0 L O  C h I S C L  P k O C E D U K k -  T A G  OUT 
9 9 0 0 0 2 0 2 0  E O U R t -  S A F E T Y  k O H & - P E h H I T  
9 9 0 0 0 0 9 9 0  1 S O L V E k T  kASHOUT-GENERAL 
9 9 0 0 0 2 8 6 0  FUFi A N A L Y T I C A L  F U k P O S E S  
9 9 0 0 0 0 9 > 0  N T S  k h U  I V  U X Y G t N  S E R V I C t  
9 9 0 0 0 3 3 1 5  k T A B L E  F I R r - E X T I h G b I S H k R . 5  
9 9 0 0 0 Z L  7 0  A P C I  COLD-BOX L E A K S  
9 9 0 0 0 2 8 3 0  A h 0  A S S U C I A T t U  E Q U I P M E N T  
9 9 0 J O L 3 8 0  A C I T Y  3 R  L n K Z t H l  GENEKAL 
9 9 0 0 0 0 4 8 C  L V t  h1 WASHCUT-F K E Q 3  E N C I  ES 
9 9 0 0 0 2 5 3 0  I l k U U S T R I A L  S A F t T Y  P O L I C Y  
9 9 0 0 0 2 3 J U  S A F E T Y  R e P G R T S  AND FORM3 
9 9 0 0 G L 5 5 0  4 P C I  a C C 1 D E N T  R t P U R T I N b  
9 9 0 0 0 2 3 0 u  - V A L V k S  ahu R U P T U R E - D I S C S  
9 9 0 0 6 2 2 4 0  GN P R E V E N T 1  VE N A I  PiTENANCE 
9 9 0 0 0 L 0 4 0  P C 1  CUDEO V t S S t i  R E P A I R S  
9 9 0 0 G 2 L 8 0  P C 1  L G O E D  V k S S E L  K E P A I S S  
9 9 0 0 0 ~ 5 5 0  T t i  MARYLANO C A S U A L T Y  CO 
9 9 0 0 0 1 6 5 0  Ihb A P C I - i h 0 - l k 0 - 1 0 - 7 0 7 1  
9 9 0 0 0 1 8 8 0  Ih A N  0 X Y b E N - A T N O S P H E k E  
9 9 0 0 C . 2 7 4 0  SURE-GAGES S A F E T Y  O E V I C t S  
9 9 0 0 0 1 0 9 0  OF S T A h D A R D  X G N I T I i J N  T E S T  
9 9 0 6 0 1 3 6 0  1 E T k A C H L C R I O E -  C H L O R J F O i i M  
9 9 0 0 0 0 7 7 0  S FG4 A I R - P L A N T  E Q U I P M t N T  
9 9 0 0 0 0 7 8 0  S dSEti FOR U X Y G E k  S E R V I L E  
9 9 0 0 0 1 3 ~ 0  u H I N E R A L  d C O L  I k S U L A T I U N  
9 9 0 0 0 2 8 5 0  N A k U F A C T U K I k G  F A C I L I T i E S  
9 9 0 0 0 0 7 9 0  C L E A N L I N E S S  R t Q U I  REMENT5 
9 9 0 0 0 L 0 7 0  P N t U M A T l C  T E S T I N G - b E N E R A L  
9 9 0 0 0 0 8 0 0  C L k A N L I k E S b  R E 6 i U i R i M c i v f S  
9 9 0 0 0 0 8 1 0  i L E h h L I  N t S S  R E O U I R E M C N T S  
9 9 0 0 0 0 8 ~ 0  C L t A N L I N E S S  R E C U X R E M ~ N T S  
9 9 0 0 0 0 8 4 0  R V t N O O R  C L A S S - b  C L E A N I h G  
9 9 0 0 C 0 0 u 0  >< VkNDUR CLASS-C C L E A N I k L  
9 9 0 0 5 0 8 > 0  LtNuON CLASS-AQ C L E A N  I?& 
9 9 0 C u  2d6G L J U L ~ T B T I C  T t  S T i h G - b t k t R l L  
9 9 0 U C O B u 0  V C W i l  CLMSS-AAA C L E A N I f v b  
9 9 0 0 0 6 6  t0 G t n  L C E A P i I N L  Q?kUltXtME4'475 
9 9 0 u C 0 8 u U  3 P t C I F l t O  P A I N T  > Y s T E f i S  
9 9 0 0 C L r 9 0  P I  T T ~ t 3 b H b I - 1  Ct iEPCiLAL LO 
9 9 0 4 0 1 3 7 0  MG- K T * - 6 0 - N P - 1 3 4 3 7 2 - 8 2 5 5  
9 9 0 0 0 1 2 2 d  k l T h  H I G H - P V E S S I J S t  O X Y u C h  
9 9 0 0 0 1 4 d u  4 P L i  P i P t  d O k n 1 r b b  T t S f S  
9 9 0 b d I Z O J  B E - h U T t - A h  P i x 0  MOLYLUHc-N 
9 9 J O u  L 2 3 3  UITh H I G H - F F k j a U n f  i X V u E k  

APC I - & E R G - 7 1  0 7 / 2 2 / 7 1  Z P  
A P C I - H E M O - 7 1  0 7 / 1 6 / 7 L  Z P  
A F C I - W H O - 7 1  12/10/71 1 P  
APC I - M E K 3 - 7 1  1 / 0 1 / 2 6 / 7 1  Z P  
APC I - M t M G - 7 1  L /  19/71 1 P  
APLI-NO-71-2775-16.10-1A 2 P  9 / 1 6 / 7 1  
A P Z I - P A P E R  1 7 P  P L U S  LP A T T A C H N t N T S  7 / 6 5  
A P C i - P A P E R  7 P  1 9 7 1  
APC I - P O l 4 - ~ . 1 2  7 P  4 / 2 1 / 6 7  
A P C I - P D M - S t C - 1 . 0 3  2P P L U S  E X H I B I  T-k 1 P  2 / 1 5 / 6 7  
APCI-POH-SEC-1.04 3 P  P L U S  E X H I B I T - A  1 P  2 / 1 6 / 6 7  
APC I -PZd-SEC-1 .05  1 2 P  2 / 2 0 / 6 7  
APC 1-POM-SEC-1.07 5 P  7 / 7 / 7 0  
APCI-PCM-SkC-1.08 7 P  P L U S  3 P  ATTACHPlEt iTS 4 / 4 / 6 7  
APC I-POfl -SEC-1.13 5 P  3 / 3 0 / 6 7  
APC I -PO#-SEC-1 .14  5 P  1 0 / 3 0 / 6 8  
AYCI-POM-SEC-1.17 8 P  4 / 2 3 / 6 9  
APCI-PUW-SEC-2. GZ 7P P L U S  t - X H l d I f S  ARCOkFG 6 / 2 9 / 6 3  
APC I-POM-SEC-5.07 3 P  7 /  1 5 / 7 0  
APCI-POIJ-SEC-5.16 7 P  1 0 / 3 0 / & 8  
A P C I - P U M - > E C - > . ~ ~  o P  P L U S  E X H I B I T 5  4 B L O E F G H  3 / 3 / 7 0  
APCI -PuH-SEC-5 .21  4 P  P L U S  A P P E N D I X - A  E X H I B I T - A  5 / 8 / 6 8  
A P C I - P i M - S E C - 6 . 0 2  1 Y P  I N C L U U l N G  E X H l 6 I T S  ABCOE 1 2 / 8 / 6 4  
APCI-PO#-SEC-6. U5 5 P  10/ 3 0 / 0 8  
APLI -POM-SEC-6 .09  4 P  1 1 / 2 9 / 6 6  FOR ATTCHMTS S t €  2 0 5  206 2 0 7  
APC~-PL!~I-SEC-~.OY 4 P  1 5 P  OF A T T C H N T S  1 1 / 2 9 / 6 8  
APtl-POM-SEC-6.09-ATTCHMT- 1 2 P  8 / 2 7 / 6 9  
APL1-PRGJtCT-N0-00-5-3240-5i. 1.2.50 APL I - T M - 0 7 9  3 P  4 / 2 7 / 6 5  
APCI-PRCJECT-h0-03-7-3480-51.00 A P C I - T M - 1 1 4  3 P  6 / 2 4 / 0 8  
APCI-PROJECT-NO-67-0-8820 A P C  I - N E P U - 6 1  0 4 / 2 8 / 6 1  5 P  
APCI-PRGJECT-NU-87-0-8820/1 8 P  1 1 / 1 7 / 6 1  
APCI-PROJECT-NO-87-6-8821 APC I - M E 9 0 - 6 L  0 1 / 3 / 6 2  5 P  
APC I -GUAL-CONT-LAYOUT-LOAF L P  P L U S  S P  >F ATTCHMTJ 7 / 1 / 7 1  
APCI-UUAL-CUNT-LAYI;UT-~O~F 3 P  7 / 1 / 7 1  
APC I-CIUAL-CbNT-LPYiIUT-103L ZP 7 / 1 / 7 L  
APCI-QUAL-CONT-LUYOUT-103F 1 1 P  R E V  1 2 / 1 4 / 0 5  
APC I-QUAL-CUNT-LAYiIUT-lO4F l P  7 / 1 / 7 1  
APC I - O U A L - C O N T - L A Y O U T - 1 0 5 A  5 P  7 / 1 / 7 1  
A P C I - Q U A L - C ~ N T - L A Y I I ~ ~ T - ~ G ~ F  3 P  7 / 1 / 7 ~  
&PC I-QU4L-CCNT-i AYIIUT- L O b F  3 P  7 / 1 / 7 1  
APC I - O U A L - C O N T - L A Y U U T - 1 0 7 F  3 P  7 / 1 / 7 1  
k P C  I - Q U A L - C O N T - L A Y O U T - 1 1 4 F  2 P  7 / 1 / 7 1  
APi I-QUAL-CLIIJT-LAYOUT-i15F 2 P  7 / 1 / 7 1  
APCi-UuAL-CONi-CAfUUT-~i6F 2 P  5 / 1 / 7 1  
APCL-4UAL-CONT-LAYJUT-117R LP ? / 1 / 7 L  
PPCI-OUAL-CGNT-LLY3CiT-117F 3 P  7 / 1 / 7 1  
k V C  I - C O A L - C U k T - L A V 3 L i T - I  L'iF 2 Y  7 / 1 / 7 1  
!<PC:-QVAL-CUNT-LPYUUT-12OF 3P 7 /  1 /71  
d P C 1 - R I D - h O i f u O O K - 1 1 1  P 1 2 9 - 3 2  4 P  7 / 6 2  
A P L I - K + D - & U T E S d 0 X - L 1 1  P 1 u 9  1 P  1 / b 3  
A P C I - R + G - h O T F b U d K - b L b  Pi52 LP 1 / 6 3  
&\Pt l-K+ U-NOTC6UUK- l  l1 P 2 6 - 9  4 P  4 /  17/61 
APCI-k+U- l~UTEBclLfK-130 P i & -  7 i P  2/ 11/63 
A P C I - 2 + D - h U T E S U U K - 1 3 0  P 3  1 P  b / b 3  







9 9 0 0 i I r k  70 L I  K L ~  CF A LRYLJGENLC T A M  
9 9 0 U b 4 L ~ J  !Jot S L L I J Y  C A a T l h b j  LTCJ 
9 9 0 0 ~ 2 4 5 0  d L I E S  F b n  3 X Y G E h  S E R V i L k .  
4 9 0 0 ~ - r 0 0 0  bP O t b > < F r A S I  ML- Ot- P I P E a v 4 K .  
9 9 0 3 ~ 4 0 1 ~  T i h K S  T O h  u X Y t E f ' t  S E P V I C t  
9 9 0 0 0 4 5 2 J  T A & K S  F GR O X Y G k h  S E k V I C E  
9 9 0 3 6 + 1 9 0  M E 4 T S  k l i r i  L I Q d I O  O X Y C L h  
9 9 0 u 0 3 d i 0  UPL F KNt i t %  O A Y G k t d - L I N E  
9 9 0 0 ~ 4 ~ 0 3  b X Y i c N  K I L L S  T r U  k O R K H t N  
9 9 0 0 0 3 8 j G  CXYbEIIJ C k B R G I M t  I 4 A N I F O L o  
9 9 0 0 0 3 6 4 0  3 i b  A COs i fUk  b t N T  P I P E  
9 9 0 d 0 3 8 5 0  c N T S  utv u X Y G t N  E W U I P M E h T  
9 9 0 0 G 3 8 6 0  SPC H G b N A L  P L A N T  3 / 2 / 7 1  
9 9 0 0 0 3 8 7 3  4 C Y L I N U E k  F I L L I h G  O E P L I  
9 9 0 0 0 L 0 5 0  l C t l ~ O R O t l t i Y L E & t  (i.C.E*) 
9 9 0 U 0 4 2 7 0  F  I L H S  1 ? ~  U X Y b t h  S Y a T E N S  
9 9 0 0 3 4 2 8 0  P u S t D  T U  GASLUUS U X Y b t f U  
9 9 0 0 0 4 2 1 U  T S  L T D  SXYGEN t 4 U I P M t N T  
9 9 0 0 0 4 2 3 0  UXYGEN R I C H  t h V I R U N M E N T S  
9 9 O O G j d 8 0  -PUMP-TYPt-GY114-hU-29224 
9 9 0 0 0 3 8 9 0  P-TYPE-GB114-bERIAL-NO-79 
9 9 0 0 0 J 9 0 J  Y b A S T t R  1 1 9 4 d  AM 5 / 2 / 7 d  
9 9 0 0 3 3 9 L 3  I b S T h U M E k T S  LTO-BEDFOHO 
9 9 0 0 G 3 9 r J  MP ON A N  SSPC L C X - T A N K E k  
9 9 0 0 C 3 9 3 0  n A T  STUKE P L A h T  8 / 7 / 7 0  
9 9 0 0 0 3 9 4 0  * T  T h E  C A R n I N S T O N  P L A N T  
9 9 0 0 0 3 9 5 0  b I k  S A F E T Y  U E P T - R k P - 3 5  
9 9 0 0 C 1 3 9 e O  b t h S T O N t / N t w P O R T  5 / l d / I l  
9 9 0 0 0 3 0 L O  ~t V I S I T  TO H,M.S.-tAGLt 
9 9 0 0 0 1 5 4 0  T I L S  OF M E T A L S  AND A L L O Y S  
9 9 0 0 0 ~ 3 6 0  L t T  A k O  I & L t T  C G k N t i T I t i h S  
9 9 0 0 G z ~ 0 0  S U h t  V E S S E L S  L I V I S I O N - 1  
9 9 0 5 0 2 1 1 0  G A ~ O  B R A Z I N G  b P t R A T U R S  
9 9 0 0 0 L 1 4 0  J< t X T E & S I O h  A&D B k N U I N b  
9 9 0 0 0 ~ 1 6 0  E L u t G  A L U M I N U M  A L L U Y - 5 0 8 3  
9 9 0 0 b 3 3 4 0  P A I I N T ~ N G  S T E E L  S U ~ F A L E S  
9 9 0 0 0 0 0 0 6  L I Q U I D  G A Y b E N  POOLS 
9 9 0 0 0 3 3 L G  h. A P C I  F I R E  P R O T t L T l O N  
9 9 0 3 C L F 5 G  t O R  COLO L I Q U E F I E D - G A S E S  
9 9 0 0 0 1 9 6 0  L t l h E O  F U R  t X Y G t h  S t R V I L t  
9 9 0 0 0 2 7 1 0  L I N b  OF C O Y P f l E S S F U  G n S t S  
9 9 0 0 0 1 ' 3 6 0  t R S  FGR L O N P h E S S E D  GASi.5 
9 9 0 0 0 3 1 > 0  J - b A S  S T 3 R A b E - C O N T A I N t R S  
9 9 t O C L 3 5 0  L E T  A h 0  I k L t T  CL~NNECTIOI\ IS 
9 9 0 5 0 3 4 5 0  I o i l T l U f i  CGA-DOCKET 7 0 - 1 1  
9 9 0 0 ~ 3 0 3 3  { u T k A C T - A F 3 3 ( 6 1 6 ) 6 7 3 0  1 4 P  
9 9 0 0 0 1 3 9 0  I T K I T E - S U L U T I U t 4  I N H l O I T d h  
9 9 G O C ~ o 9 0  L  PUMPS FUR L I Q U l C - O X Y G L h  
9 9 0 0 0 2 3 7 0  L E T  A h C  I N L t T  CUNNECT I O N S  
9 9 0 0 0 5 0 5 0  6 L A L K )  V I T U M - t 6 3  ( u P t E f 3 )  
9 9 0 0 G 1 5 2 O  b 4 S t U U S  OXYGEN A 0 2 9 7 1 2 4  
9 9 0 0 b 1 5 3 0  I T I L &  OF M t T A L S  I h  G X Y G t N  
9 9 0 0 b L l ' ~ O  c Y  3 G E f l I C  P G ~ S S L J R E - V ~ S S E L >  
9 9 0 0 b j ~ s 0  A N D A I ~ u S  Y 1  SC AWI-NDqtNTS 

6 P L - I L D - E h G n - & A N - 6 0 - 0 1  b P  5 / 1 3 / 7 1  
A P L - k E i d C - & r  0 2 / 5 / 0 4  1 6 P  
A P L - ~ L P - Q ~ G  P t Y . L  26' 
A P L - P C P - 2 1 1  h t Y e O  L P  
M P L - Q c P - k 1 2  dEV.0 1 P  
APL-QCP-b l .3  R E V - C  1 P  
b P L - S A F t T V - B U L L - 0 2 5  1 P  R E P R I N T  tCJ 1 / 6 8  
A P L - S h F t T Y - d U L L - 0 2 8  1 P  1 / 6 8  
APL-SAFt TY-BULL-037 1 P  R E P k  l k T t D  1 / 6 8  
A P L - S A F E  T Y - ~ ~ U L L - O ~ U  2 P  
A P L - S A F t i Y - U L J L L - 0 7 5  5 P  lL/il/69 
A P L - S a F t i I Y - B U L L - 1 4 2  1 P  2 / 8 / 7 1  
A P L - S A F E i ' f - 8 U L L - 1 0 7  3 P  4/ 14/ 7 1  
A P L - S A F E I ' f - B U L L - 1 1 4  3 P  7 /  1 3 / 7 1  
APL-SAFETY-DkPT-INFU-SWt E T - 3 8  L P  2 / 1 0 /  7 1  
A P L - S A F  E T Y - u E P T - I  NFO-SHt ET-41 2 P  4/ 8 / 7 1  
APL-SAFETY-DEPT- lhFO-SHtFT-42  1 P  4 / 8 / 7 1  
APL-SAFLTY-DEPT-INFU-SHEET-19 YP 
APL-S4FCTY-bEPT-LNFO-5HEET-33 6 P  
P P L - S A F E T Y - U E P T - R E P - 1 6  6 P  2 / L d / 0 9  
A P L - S A F E T Y - U E P T - K E P - 2 b  6 P  1 / 1 5 / 7 C  
A P L - S A F E T Y - D E P T - R L P - 3 0  ( P R k L I d I N A R Y )  2 P  5 / 5 / 7 0  
A P L - S A b t T Y - U E P T - R E U - 3 1  5 P  R E V - 1  2 / 1 1 / 7 1  
A P L - S 4 F  E T Y - O E P T - R t P - 3 2  SP 7 /  LO/ 7 0  
A P L - S A F f T Y - D E P T - R E P - 3 4  1 4 P  8 / 2 4 / 7 0  
A P L - S A f  E T Y - C E P T - k k P - 3 5  7 P  P L b S  A P P E k 0 1  X I THR!>UGH V I  1 9 P  3 / 5 / 7 1  
A P L - S A F E T Y - D E P I - R k P - 3 6  6 P  3/ LO/ 7 1  
b P L - S A F E T Y - O F P T - R E P - 3 7  7 P  b / L /  7 1  
A P L - X 0 4 2 3  5 P  P L U S  A P P E N D I X  A AND B B / l b / 7 1  P L U S  M I H U T t S  OF M E E T I k 6  H E L D  tiU B 
h R S  JOURNAL P 9 1 7 - 2 3  7P 7 / 0 1  
ASA-657.1 5 7 P  1 9 6 5  
A S W t  O O i L F R  AND PRESSURE. V t S S t L   out 5 t C T I U N  V I l I  3 6 1 P  1 9 7 1  
A S H t  B O I L E R  A k D  P g t S S U R t  V E S l t L  LUOE S t C T I U h  1 X  8 B P  1 9 7 1  
ASML k i N T t h  A N h U A L  N E t T l N C  P I T T S 8 U K b H  l L / 1 2 - 1 7 / 6 6  TRANS d S M t  SEH-G-J BAS 
U S Y E  - I N T E R  A k N U A L - B i c T  I N G  t q t & / Y l ~ R K  8 F  1 1 / ~ 9 / 7 0 - 1 2 / 3 /  7 i I  
A L T V - J ~ L O L I - 6 7  L P  1 9 6 7  
CGA A I P - S E P A R A T I U N  P L a & T  SAFE-TY S Y M P O S I U Y  P 1 2 - 2 3  1 L P  4 / 2 5 / 6 9  
CGU A I R - S t P A R A T I d N  P L A k T  S A F r T Y  S Y M P G S l U Y  P P 1 7 5 - 1 8 4  LOP 1 0 / 6 3  
C G A - P A M P H L E T - 3 4 1 - T F N T A T I V I - - 5 T A h C A i C S  L 3 o  1 9 7 3  
CGA-PAMPHLET-G-4.1 2 1 P  3 / 2 9  
L G A - P h H P H L t  T - P - 1  1 0 P  1 9 6 3  
C G A - P i M P H L t T - S - 1 . 1  2 0 P  1 9 0 9  
C l u - P A N P H L k T - 5 - 1 . 3  L 1 P  19b6 
C t A - P A M P H L E T - V - 1  5 7 P  1 9 0 5  
C G A - T h l h i t  D h A F T  L 3 P  . 3 / L f / 7 2  
C K Y O G t N I L  t N G I k t t S I 4 G  L U N F E R E N C t  AYM/A i iBOK 8 / 1 5 - 1 7 / 0 1  
L k k 3 G t N I C  E N G l & E k K I N G  C O N t t h E t \ C t  P f i O C r L J I N b S  1 9 5 8  A 3 V P k C E S  1'4 C P Y C G E N I C  Eh 
C h Y C G E & I C >  V-LO P P 2 4 1 - 2 4 b  OP 6 / 7 0  
L J n - B 9 b  5 7 P  1 9 6 3  
O E M A G - L t T T f i k  TO A P C I  1 P  8 / 1 1 / 7 1  
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