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LNTRODUCT ION

The President , Board of Inspection and Survey (INSURV), Department
of the Navy , in a memorandum to the Chief of Naval Material , indicated a
problem with tile delivery method of shore steam to ships at tile Naval
Stations at Norfolk , Virginia and Mayport , Florida. The rubber tube
(inside wall) of steam hoses deteriorated in service and small particles
of rubber passed through strainers and entered ti’ie ship ’s low pressure
steam sstem. Thus , galley and laundry equipment , heating and hot water
s v s te n is , evaporators , and the main condensate system became contaminated .
INSURV also indicated that this problem has existed for many years.

The Naval Facilities Engineering Command (NAVFAC) requested that
the Civil Engineering Laboratory (CEL) study this problem with suggested
emphasis on:

1 . Causes of steam hose failure

1
• I)etermination of t h e  most s u i t a b le  m a t e r i a l s  for steam hoses

3. Adequac y of the p r e s e n t  procedures used for testing steam
hoses

!4• Procedures for repairing steam hoses

F I E L D  INFORMAT ION ON STEAM HOSE PERFOR N ANCE

Various Naval activities were contacted by NAVFAC , or t h e  Civil
Eng ineering Laboratory, either directly or t h r o u g h t h e  RDT&E Liaison
Officers at the Eng ineering Field Divisions , for information IS~ 11 perfor-
mance of steam hoses. Available service life information obtained is
summarized in Table I ;  field maintenance and operating problems are
summarized in Table 2.

Causes for Failure

Steam hoses deteriorate for many reasons such  as i t ea t  ag ing, chem-
ical attack , abuse , and mechani ral damage .

Heat Aging . Hea t  aging results in either softening or hardening of
rubber prod u c ts used for tite tube , cover , and adhesion layers of steam
l iose~ • In the former oase , t h e  tube loses strength; in t i l e latter , it
c r ack s .  When used f o r  saturated steam sorv  i cc , t h e  tube material

1 
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a b s o rb s  hot water. W h e n  t h e pressure is released , th is w a t e r  I la s h e s
off as s t eam and c a u s e s  t e a r s  to develop in t h e tube surface . Alter
several pressurization-depressurization cycles , bits of t iui t u b e  surface
material are torn away , t hus p r o d u c i n g  t he ‘ ‘ popcoril I ng ‘ ‘ i f  f t - c t  . Steam
ca n pass t h r o u g h [hue  tu l le  m a t e r i a l  to f o r m  blisters filled w ith s t e a m  or
hot  a i r  u n der  the  c o v e r .  Sonic m a n u f a c tu r e r s  p e r f o r a t e  the  cover w i t h
t i n y  h o l e s  t o  reduce  t h e  p o s s i b i l i t y  of t h i s  o c c u r r e n c e .

Clieni Lea I At  t ack .  ‘ lhuc  cover can be a t  tacked by client Lea Is , espec j a i l  \‘
f u e l s  and o i l s , and Nv o z o n e  and o z v g e n .  When  t h e  t e m p e r a t u r e  of t u e
l ove r is increased  d u r i n g  o p e r a t i o n , t h e  r a t e  of d e g r a d a t i o n  i n c r e a se s .

A b u s e .  Use p l u s  abuse  can g r e a t l y s h o r t e n  t he s e rv ice  l i f e  of a
s team hose . K in k in g , t w i s t  I ng , or hang ing hose on a peg fo r  st o r ;u g e  can
cause inc _ i c lu an t e a l  d ;unc , ig e t o  i t , and the  amount  of damage caused s i l l
i nc rease  as t h e  h ose componen t s  a re  a f f e c t e d  by h eat  ag ing . Connec t  ing
a hose to  a h o r i z o n t a l  s team l ine a t  the  shi p causes a sharp  (90 deg ree)
be nd in t h e  hose and subsequen t  ear ls ’  f a i l u r e .

Mechan ica l  Damage. A l  lowing  t h e  hose to l ie  u n p r o t e c t e d  on w h a r f
decks  w h e r e  veh ic  les , e s p e c i al ly  f o r k l i f t  t r u c k s , can run over  i t  also
causes mechan ica l  damage.  “s hr a s i o n  by r u b b i n g  O tt I law sers  or on the  p ier
a lso causes  e a r ly  f a i l u r e .

I )t l i t _i r ( Nn p ~mc at  s

Si t e  rnian 1 , N a v a l  S h i p  R e s e a r c h  and D e v e l op m e n t  Cente r , a f t e r
r e v i e w i n g  > 1! l. — H — 2 8 5 ~)6 , s t a t e d  t h a t  hose w h i c h  qua l i f i e d  t inde r  t h i s
speci f i c a t i o n  s h o u l d  g ive  sa t  i s t ;u c t o r v  s e r v i c e . He gave  two p o s s i b l e
r ea sons  for earl ‘.‘ fa i  l u r e :

The m a n u f  at - t u r e r  used an in f e r i o r  rubber  compound f o r  t h e  t u b e
of t he h ose f u r n i s h e d  in p l a c e  of t h e  good compound used f o r  t h e  t u b e  of
t h e  hose t e s te d .

2 . T h e  m a n u f a c  t u r e r  got a wa ive r  f r o m  t h e  N a v y  on the  hose f u r —
n i s h i e d .

‘flue Civil [ilg i n e e r i n g  Labo r a t o ry  concu r s  w i t h  t hese  op t I l l r u n s .  Al  so , CEL
l ea rn ed t h ua t because hose w h i c h  m e e t s  Mll, —H —28 ’ ruh is manufactured on
spec lal  order  ( w i t h  subsequent  long dc l  i vory  t i m e s )  , field act ivi t I i ’s
have  p u r e  hui i se d  nonspec  i f i ca t  io n I t o s~ s w h u i ch i  awe same t Lees g i  ~en u nsa t i s —

f a c t o r y  s e r v i c e .

- , _  ‘ - - - - -5  - -~~~~~~~~~~~ — ‘



M A T E R I A I ~S FOR S’l’EAM HOSES

littl ornua t ion Front ihose Manufacturers

in r e v i e w i ng  Mii i tar\’ Specification >11 L—H—28 5~)h it was l u lu in d  t h at
t h e  s pe c i f i c a t i o n  d e t a i l s  t h e  w i r e  r e i n f o r c e m e n t , c o u p l i n g  componen t s ,
and c o n s t r u c t i o n, b u t  f o r  t h e  r e s t  of t h e  h o s e  sp e cif  i t s  o n ly  t h a t

‘r u b b e r  compound s , ci  t h o r  n a t u r a l  or s v n t h i e t  ic or c o m b i n a t i o n s  t h i i ’ r t a u f
used in  t h e  c o n s t r u e  t i on  of t h u e  hose s h a l l  be h e a t — r e s i s t a n t .  In add i  —

t i o n , t h u e  cover  s h a l l  10 r e s i s t a n t  b o t h  to a b r a s i o n  and ozone crack-
ing . , ,

In  o r d e r  to o b t ain  i n f o r n i a t i o n  on the  a v a i l a b i l i ty  of , and mate-
rials used in the manufacture of steam hioses for use wit h s a t u rat e d
steam a t  200 to 251) psi (14. 1—17.6 kg/cut 2), the Visual Search Microfilm
file was rev  i ew t d for possible manufacturers. inquir l o s  we re sent to lh
companies. Two b a s i c  questions were asked:

Does \‘Oui  r c o mp a n r  m a n u t a c t u r e  a hose w hiic hu qua I ii ies tinder NI
3 — 2 5  i°fi ’

2 . l I l A c s  y o u r  eoinp an\’  m a n u f a c  L u r e  a h ose w h i c h  O ce t  s t h e  p e r l o r m a n c e
r e q u i r e m e n ts  of >11 L — h ’I — 2 8 5 9 6  hu t  does not  m e e t  t h e  d es i~~n r t ’qu i  remeilts?

[ j  g lit  r ep  l i e s  wore  r e c e i v e d ; on I r ’ two sore  n f l ~ h r m a t  lye . A c m e —
11am i I t  on > I ;u n t u f . i c  t u r in g  C o r p o r a t i o n . P . O .  Box 362 — T , ‘I r en t o n  , Ne w I c r  51 ’ ’ ,

0 ) 6 0 3 , a nd t iL e s  R u b ; i t . r C o . , ~ a6 S. h l r o a ihs ’ a ’ , ’ , D e n ver , C o l o r a d o  5 1 ) 2 1 7 ,
n ’ u i i u i t ’ ; u c t i i r e  h oses w b i i t ’ h i  q u a l i fy  u n d e r  t h e  i ’C I L t a r r ’  spo t ’ 3  f i c a t i o n .  The
r u u h c , r  m a t e r i al s  j i~~eih lv L b u e s e  i ’ t n I ; l ) i an l e s  t i  f a h r i t -; u t o  t l e r a ’  l o s t ’S i r e
Sp e c i a l  l v  Cornp ou l lded  and a r e  p r op r  L e t a r .

I n  ‘ o r m at  ion O bt  a m e d  [r oe; t h t i ’  I i  ti_ i r at ’ t u r e  and P e r s o n a  I Coninuun i cat  LOll s

‘ l b  ret ’ o t h e r  i n f o r m a L i on s o u r ce s  m d  i l - ; u  te t b ua  t EPD N ( ‘ t  l iv  lone  p r o —
pr  l en s  d h,ene ‘nonomo r ) r ub b e r  , a l s o  c a l l  1’d i1h~’l I i t  by I i’11t ’ p r o p y l e n e  t er  —

po I c m i ’ r ) r u b b e r  is t ic’ 1105 t des i r a b  I o Un r s t 1_ n i P ;  t o soS  used bc I 111_ lu st 1 v
Bu r toil [ 2 s t a te s  t h a t  t t I i  r t i u i g  h i  t h c  uS t  of EP IM ’I  r u b b e r , t h e  l i i  ‘,,) }v ’s t r a t  i’d
a t  e l;’; b o at ’  ‘i i i  ~ a l i t ’ i esp ec  t a n c  v ; A  I over  1 

* 
51)1) h o u r s  ~‘i t  It  s a t  u r ;u  t s d

a L i t ; ; a t  . ) t  I ’  ( 2 u 5 °C )  o r  w i t h  su p e r h i e a t e s h  s t e a m  a t  4 50 °F (2  32
0E)

Ma c It l iii’ lit si ~ ii I 3 ]  St a l o s  t t a t  b’ } 1 DM c l u  s to me r  ~ ,~~~~ ‘ r f o r e ;  Is ’ at  in c o n t  :uc t
w i t h  s a t i i r ; u t i ’ ih s t e I n ;  up  to  2 5 ( 1  p s i  1 1 7 . 6  k g/ c m ~~) .  I n  i t s  b r o c h u r e  on
\t n r d e  I ® , w It  ic  h i i s  an i’ i’D>l r u i b s t ’r , D u P o n t  I ‘+ ]  s t a t e s  t h a t  t h is  m a t e r  Ia I
i n  ro u n d — t n — i l t w - k  i — ’~ bi as  ‘i s )  l i t  i o t  1 ‘ ‘ o ;u r  ( m o r e  t n u n  8 , 000 h o u r s )
ca r t ’ . in g  1 5 1 )  p s i  ( 1 0 . 6  k g / c t n ) ‘ , , i t u r ; i t e d  st e a m  ;it 360 °I” ( 18 2 °C), and

‘e : ’ ; o I i t h I s  ( so re t H i n  2 , 000 i i l A l i r s )  c ; l r r y i n i ~ 2 3 i )  p s i  ( 1 7 . 6  k g/ c a 2 )
s i t ’ i t ’ , t t e c l  s t c l n t  u t  ~a 7 ’ I (2 U 8~ C ) .  On the  o t h e r  h and , l1oke 5]  s t a te s
hat , i i  t h i o u i g ii  it w i l l  n o t  sect  LIII ’  p h tc ’ s i~~al r e q u i r e m e n t s  of t h u e  1 , 11( 1( 1—

i l l ’  i-i t n in . I n s t  I l l  > 1 1 1 — 1 1 — 2 8  > 16 , t t  ca in  h ose wi t h u  a c h i l o r o b t i t  r i  tube w o u l d
Nt ’ I l e t ’ of t b it ’ p o p co r n  i ’ f )  cc t . N one  of t i l e  above  sou r t ’es m e n t  toned
1 n t t ’  nii i t  t i n t  a n ’  rv  i c e  wit  i ch i s  p o t en t  j i l l i i  mo r i  damag l a g  t I t a n  t o n t  i 

n t iou s3
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service . CEL is now evaluating five dii’ferent host’s in actual service.
A preliniinarv evaluation will be available after in-servile use .

EPDM rubber is a l s o  suitable for the cover of a steam hose ex c e p t
where contact with > oils or fuels is possible; neoprene is suitable in
the latter cases.

It m u s t  be stated th u at , alth oug h a specific t \ ’pe  of r u b b e r  i s
nieflt toned as b e i n g  used in t h e fabrication of a hose , th is rubber is
compounded  ( i .e ., blended) with vulcanizing agents , accelerators ,
activators , antioxidants , fillers , pi gments , and softeners whic h affect

hue mec hanical and physical propert it’s of t h e  end p r o d u c t .  R e s e a r c h  b y
i n d us t r y  c o n t i n u e s  f o r  more  s t e a m — r e s i s t a n t  e la s tor iu e r i c  m a t e r i a l s .
A l so , available materials which > are  not  g e n e r a l l> ’  used f o r  steanu hoses
nave  been i n v e s t ig a t e d  f o r  t h i s  use , h u t  none was s u p e r i o r  to t h e  bes t
r u b b er  h oses a v a i l a b l e .  For examp le , two l e n g t h s  of p o l vt e t r a f lu o r o -
e t h y l e n e  ( ‘I ’ o f  ion ) h o s e  w er e  e v a l u a t e d  by a h ose p r o d u cer  a t  San
D i e g o ; t h e  hu os e  f a i  ted because i t  could not s t and  t h e  necessa ry
t ’ l ex i n g. *

T a t i - , i t  f o l l ow s  L h u a t  an> ’ spec i f  i c a ti on  f o r  s team h ose ;;‘tis t he
l i i  sed on per  t o r m a n c  e r~u t her  t h a n  on n a  t o  r ial s . SIte rm an  [ I I suggi ’ st s
t h u ~~t t e n s  t i e  s t r e n g t h >  and u l t  i n i a t o  e ’longat iOi l  b e f o r e  and a f t e r  t b u t ’ at  i’;l;;;

t e s t  s h o u l d  be s p e c i f i e d . A l s o , t h e  a d h e s i v e  st r e n  t h i  of  v a r i o u s  p 1 ~ s S  —

t ;‘ no to  b r a i d , b e t we e n  b r a i d s , and b r aid  to  cover  — shot_ i id i c  spec it i

( LI , c on c u r s  w i t  h i t h i e s e  t i g c e s t  i 1_ Ins.

R ep a i r

l a i n  I e 2 g i v e s  ns n iles of  hose a i l i tr e  and r e p a i r  t cc hu n iqules used in
t h it _ i f Ic I d  . R u b b e r  h oses a r e  repa  i red by cu t  t tog  ou t  t i e  n , h n t e  r i o r , u  teil
sec t i o n  and ins n . al  I i t ig  c o u p l i n g s .

St am less  stt ’e h — I m e d  and f i b e r g l a s s  b r a  i l l — I  t i led  ,-, t  t i n ; h oses b i a y s ’
ci ii used by p o n y  N a y ’,’ a c t i v i t i es  w i t  ii  soni c di ’ c r t ’ i ’ of ’ s u i c c ess.  ‘Fl u e

m i i i u i f ; u c t u i r e r  of t h e  a L a  i I l I e S s  s t i e 1  1 t f l t _ id l u t i s t ’  s t a t e s  t h a t  t l u i s  l i o a i ’ i-an
n o t  he f i e l d — r e p a i r e d , b u t  i t  can he f a c t o r v — r e h a i r e n , h  t~ . I’ ,co non,ii’
c o n s i dn , ’ r , i t  ions  I t t  11 l a y n ’  t o  be d e t e r m i n e d  N> - L i i i ’  u ss r

S(’ goi;S’I ’El) ~~~~~~~~~~ I O N  I 150ChDk ’R h : s  ‘Ii ,) OB ’l ’AIN N A N I N 1 ’M
S E R V  I ( : 1 ’  i s i .  F ROM S [ [ ‘sN  IIO SE S

1 • “ I i  i n  tai l> o 
~

‘ u ’ ’ u I h u g  r rn , - s u i  re and t e m p o  i— a t  l i r e  t a t l i e  iii i n  i ‘ t i m
r n ’q u i  red  f a r ’  .‘ i s h n ’ i i t i , i t  servic e .

l i i i ’  ~s ’ s s i bi  l i t  c’ t n t ’ - i i  I ‘ ‘ni ’ r > i l n b e r  i o n s ’ fo r ‘ -; t c , ’i n; ‘,s’ ,i s

e, ’ t i s i ’ I ’ ’rn , ’d , h u t  i t ’ A r d  ill’; t i n  a uaI ’u i f lcturt ’ r of si  lj c o ~~n ’
r u u i n b n t ’ r  ‘ ;a ~n ’a f o r  a u i t  n o t  t V )  ap p l i c a t  i o n s , i t  is’i n u l d  n o t  be

~u i i t  a ) >  I n ’ t ‘c t l i i  s ui ’s’

4
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Reduce pressur i’ in the hose sl,owl y wh en t t ’r i ’ i i n a t ing sl ’rv j e t ’  to
prevent f lashiing off of hot  wa t e r  condensed in t h e pores tO tile tulle ,
t bus g r e a t  l v  l e s sen ing  t h e  p o s s ib i l i t y  of p op co r ni  ng . See A p p e n d i x  A
for one s u gge s t e d  sn s t em  to ac’compl  i sl i  t h is .  Long B each >  and San I) i n , ’~o
N a v a l  S t a t  ions report th ia t a t  ter m ination of service , v a lv e~ a rc c l o s e d
i t  t h i n ,’ s h i p end of t h e  h iose and a t  the  p i e r .  T h e  hiose is dls ’in nn i ’t t ed
f ro t ; ;  t h e  ship, after w h i c h  t h e  s h i p — i _ n d  v a lve  of t h e  hose i s  opened
si  i ‘gu t 1\ ’  LI) 11 Iced o f f  t h e  s teani  p r e s s u i r e  . Ever> effort possi hie shi oui Id
be made to  keep t h e  d i s c o n n e c t e d  h ost ’ f ron i  f a  I I i  ng m t o  t hue  w ;u t  er  or
1 ron b u t t  in g  t h u e  p i e r .

3. A v o i d  t w i s t i n g  t h e  hose .  R o u t e  i t  so i t  f l e x e s  i n  a s i n g l e
p 1 an t ’

4 .  U se  (‘ i t  Lings wh ere s bu a r p  bends are required . ‘I’hie m i i l i m u m
b e n d i n g  r a d i u s  I i n s i d e )  s h o u l d  he no t  less t h a n  t on  t i m e s  t he o u t s i d e
d i a n l c t e r  of t h e  h ose. \~hierc t h e  i n t a k e  f i t t i n g  i s  f l u s h u  v i  L I t  t I n ’  a i d e
of t ic s h i p * 

a l i t  t i n g  sh> ou Id ho avai  l a b  I e so t ia t t lie St > ‘ : u ; n  h os t ’  can hn e
cot_ moe  ted in ,i downward d t r e e  L i o n .  F i g u r e  1 shi ows  a ° ‘ ) — d i ’  r ec  h ose bend
at  a In n r i zon t ~i 1 i n t a k e  w h e r e  ear  lv  t a i l  t u r n ,’ oi ’ cu u r r e d  ( s i t ’ A p p e n d i x  B)

‘ . Whuc ’re  t h e  hose n u u s t  be l a i d  ac ross  a w h i a r f  deck , p l a c e  p l a n k s
on a n t i >  ‘~ i I es  ct  i t  in a r e a s  w h e r e  h e avy  v e h i c l e s  su c h  as f o r k l  i f t

ru c ’ ‘, c ross  over i t .

f ‘cc s t  or in g  a h ose , d rai  11 i t  and wipe  o f f  t h i s ’ c o v e r .  Hang
i t  r a d i u s  ( see  i t e m  5 a b o v e )  i~’;> l l  b r a c k e t  or h a ” ,’ i t  on a f l u t

O r e  i t  in a cool  , d r >  p L a c e .

~,se st  ra j i l t _ i r s  and irma i n t a  in  t h o m  p r o p e r  1> ’

I I ’ S  I i  (NS

I t  is  co ils ’ l uded  t h i n t

Ru bber  n t  e a r  h ose t h a t  mo e Li-i t he  r e qu  i remeui t s of >1 1 L— l h _ 2 8 5 b 6
l~’ t t ,  c a r e f u l  use can h i , i v e  a s e r v ice  l i f e  of up to I y e a r .

2 . U se of good ‘ ‘ h i o u i s o k e € ’p  l a g ’ ‘ p r o c e d u r e s  to  ;uvo Id p ie s ’ h a i l  ion  I
d , i n i , > , ; s ’ t o  t h e  b o n e  and t o  t n s u u r e  propi ; r s t o r ; u ’g & ’  of hose it’ l l  1 in i ’r s ’asn , ’
i t s  s & ’r v l c s ’  l i f e .

3 . , \ y n n  i dance  of s l u ; i  rp  bends w h e r e  t u e  h ose i s  ( ‘ounce t ed to  t he
s i u  I p and p r o t e c t  ion f r o n u  a h ,r , i s  ion w i l l  i n c r e a s e  h ose life.

-5 . S I  ow r e l e a s e  o f ’ a t  c ;u m p r e s  re ;u t t o  rut i n a t  ion of s e r v i c e  vi 11
m i  rease t u e  L i f e  of ’ a s t  eani b iose

S
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REC OMNEND A ’F I O N S

I t  is r i ’ s ’ ommi’ndt’d t h a t  inst rue t ions on p r i b  edu res  and r e spons  i—
b i i i  t los f o r  t h e  lis t’  and c a r e  of  st  cam hoses  and s ra I n e r s  he i ssued  N >’
t hue  N a v a l  Se ;u Sv s t  ems Command f o r  sh i p b o a r d  pe r sonne l and h> N A VI - ’AC f o r
1)1111 I i  c works  p e r so nn i ’ 1

2 . W h u e n  ~‘ar Iv f a i l u r e s  of spec I f i c a  t ion  h oses s n c s ’u r  , t h i n , ’  u se r
I i s - I d  at’ t iv i t > ’ ) s h o u l d  no t  i t  v t h e  supp  I c i n g  ;igens ’v .

i’l l’ [RE PLANS

Tn i t m u  l v , f i v e  d i  f f i ’r e n t  t y p e s  s> f ’ i-i t cam h ose we r~ ’ s lbt a m e d  in 2 ’ S —
l s n t n  t l e n g t h s .  These a r t _ ’:

1. Hoses w l u i t _ h >  m ee t  >11 L — H — 2 8  ~96

2 . C l a s s  l~r ;i i d — l i  ned r u b h i e  r hi n s i ’  ( t I >  is v i a  f o u n d  t o  be id c u l t  i c ;u l
to  t h e  sp ei ’ i t ’ i e ; u t i i n m i  h i o~~e s n h l t a i n e d  t’or  L I d s s t u d> ’ )

3. S t a  i n l c s s  s t e e l — I  m e d  1 — 1 / 2 —  i n c h  r u b b e r  I u s n s ~ ( [b h N ’ l — b u t v l  r u b b e r
t u b i_ i )

St  u n  l e s s  s t s ’ 1_ ’ l — l  h u e d  2— m i i i  r- u i h ber  ho se  ( [ P D M — b t i t v l  r u b b e r
t u b e ) 2 each

5 . R u h i b e  r b oss ’ s i  t h u  c l i  I o r o b t i  L v  I r u b b t _ ’  r t ( ih l n,’

l. ;i t ~ r , two I c n g t h u s  o f  a new s t  s u m  b i i n s n , ’ v i  t h u , a c c o r d  ing  t i n t b > e m a n t i —
f a t ’ , a c er , an i m p r i nc ’cd t u b e  m a t e r  i t u l , were  t t i r n i s h ed ts  CEL . 0111’ of

liS’e hu i nsi ’s a I s o  was  t ’ i t  L t d  a’ i t b >  , u  ‘i t a b i l l L a s  s t e e l  l i n e r .  Th tc  m a n u f t u c —
t u u r t ’ r  s t a t _ i ’s t h u , i t  b ’ d u  of  t h i e s s ’ h u i n s e s  s l u o t _ u l d  h ay s ’  equa l s e r v i c e  I b y e s .

L i t  Ii t h e  c snnn pc rat i on  of t h i n , ’ P u h n l I i ’ L o c k s  l ) ep ;u r t m e n t , N a v a l  Cinn stru c—
j s n fl hin t La I i n i l  ( i  i t  ~~ r • 

h > sn r t h I n t _ a i ms ’ , C a l  i f o r n  in  , t l>e so lu in s i ’ a art’ he i ng
ova I t in  t ed  u n t l s ’r ; u i ’ tu;i 1 S s ’ I ’ \ ’  i c i ’ t ’ond it i o n s  i n  s u p p ly  i n g  s t e a m  t o  t h e
I ’SS N i > i i h i i N  S ) h ’ N D .  ‘i~n p n ’ nd i : ’ :  B contains i n i t i a l  rs ’s u l t s  o f ’ t h e  field
s ’y , i  l i i , i t  j ot_ i m I  thu n , ’ “ i t t _ a i m  iumn s i ’s b e i n g  t s ’s t e d  . R e s t _ i l L s  ‘ u r n , ’ i ’xpi ’ s ’t e d
by t h > ~’ ‘ ‘n ih  t n t  I i U 7

,\ ( ‘[Ni i~~) ‘ l i i i  M I N i ’

‘Flit’ ;uut h t n r w i  s h i e s  t a t b i a n k  M r .  R o b er t  S. C h i ap  1cr , >I i ’c h i a n  I cii i
S’ ,’ n t i ’~~s D i v i s i o n , C [h , t n c  h i s  d e s i g n  m l  a l o w  p r t ’ssu r e  r e l e a s i ’  sn ’ st e m
f i r  s t e i n  hos t ’ s .

Li
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‘I ’ablc I ,  l ucId Servict ’ I itt’ of ’ Ste am I In ss ’s

in n  25 - t i  ts ’ i i gt tm , 2 i nn  ‘ l i m i t , uu us’oup ls’~l hiI sL ’ , i

1977 Wc ig lii
I nu n,’ > i , n i s ’ r i , n t  ( l i ver M a ut’i’ i at  Ss’r’\’in,n,’ i , m i i ’  I , n ’ ,i i , n ~ a u m s n nn

0>1

C l i l i n r s n l n u t v t  7 1 j ~~~~ i 58~
’ 4 1u ,2 1’ \ i , r t t , I k ,  > a ,

48 ,l,n ~ ‘. 0K ”

I ,i nt  t s ’ akt’ ,I

( I i l t n r n n i n u i s Ni ’ mn ~nn s i n s ’ 3 —  i n  n i i n m i u i l i ’ .  \ i , r ih  t ’, ta n mi , I n I l

R u m n , ’l H — i i i  n u i m i n u l i s  3 I i  4 5 i i  i ’ , ’ m n s ,is ’ , n l , m I a

I - I ’ I ) M I i ’ i ) M  3 i i m n m n l u s  \ i , m \  fn m n r n , I’ Ia

St ,m i n m l s ’~s S i t s 1  u ’ i ’ i ) ,\1 I i ’ I ) , ’ti 2 >t s’ n,’L’ , — 2 hi 4  (5 ii I ’ n . r i s n iuu t l u , \ , u I
6 n u m n i m u  I i ’.

“ i , m m n n l s ’s’, ‘~~ 5 5 - ; . I’ .l’ i) .’sI I ’ . i ’I ) , \ l  4 i i i snn t i l i ’. 2114 n ’ S m m  , n n i s , i r , t , u t I nt ,

S i _ m n n i l s ’’,’. Si t ’S , i ’ i ’ i ) ,\i I :u ’D, \r 4 — in i i m i n n i i h ’ , 2 ’’4 nO U 5 , n r l , , t k , n,

“ i t , n m i n l s - ’, ’, S m ’ s’ ( , I I ’ i ) .’.l I ’ i ’ i ) ,’, l ii i i m n , n i l i ’ , 2~t 4  n~~ u n  I ong I t e a s h  I m I n I

Si’, immnl s ”  S’, i n , s’ l , I i ’ I ) \ l  I’ I ’ I ) ,>S u n n imn in - mu l i s  2U -i i n S  U ‘s n n l n n ,, I i i ’ . ,

Sn , n m n i l s ’ ’.’. 5,0- i ;  I i ’ i ) ,’I I i’I ) ,’,l ‘ I  ‘‘ea r 294 ( O l n  ~~~~ ( n o n ’ I I L i

R n n i n t , s ’r ” i ( ‘ n , n j n m  s u m  I R i n i , t n s ’r ~ I, n ’ i , n n u u l m s  i S  1 4 3 8  I’ nnri I I u s ’nt ’i nn, ’ , ( a l i t ,
m I ’ r , , ç n i  , u i r s  I

I t m n u , u n s ’ n j  Rum mier ’1 3 i i n n n n t m t u s  I ,‘i
1 4 3 5 Pea rl I l s u r I , , n r , t i , m m i  I n n

R i n I n i ’ c r~ R n n t n t , e r ” n~ n i m , n i i i t i s  5 7 ’ 4,i 5 St u n , Ran, , I’ , I ,

R n n t n l n e r ’t R u m i n i n s ’ n ” 1 n, n n i , m m n m t n s  I 4 1  5, \ , m r t t n t k , \

i ’ t n i tm lns ’r ” R i m b i n i r ” I _ i  i 4  i r m m m i u u l m s  I 57~ 4 I 5, \ , n k n ,,’,u k , n , I . i p i u n

>1s t m l ’ in i i n n , i i t t i s  2 m i 4 ’ (‘7 5 l ’ h n ( a m l e t p h i , m , l’ii ,

\ i s  n i l ’ ‘is m l ’ I - 2 vi’ar s 2 u i $ - t (n ’ 5 ( i n a r l i ’ smn nn , S I

i n n s  h ,m ’ ,n, ’ , ih r es’ , l s ’1n I ,  m s  n s ’ mi is ,

,n,sssn imns ’ , t n ,  in n, 1 . in i ’ .  p n n S > > i >

I - u t > >  i’ m ,  n r ~ n 1 n ~ ( s l i t  , lns ’n e nn c , imi , mn n , ’ r ,

>1 , ’ , ’ .  ,\ % u i  m u  ,s5~o, \  n n n v n i i u , n I I s  in  S i n  I i  l e n g i t u s ,

Ms ’ t ’ is  > i I i  I I  181 (nu ll , in I s ’ n ug t i i s  n m nu  I s’s’. (m iii 25  I i  m i n i s ’s ’. umiin ’ r s t i s t ’ t u n n e l  ( s i u r u n i m i r  i n n  s i inp i n m n ~ r~i ~~~~~ mi m I ,

‘ lsn i ’ n i s  m i , ’ i i n , n n le n g th , sn m m l i  s m m n i p l t n i g ’ . .

u.)
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A p p e n d i x  A

SLOW P R E S S U R E  R E L E A S E  S Y S T E M  FOR STEAM IbOS h ’; S

liv R o b e r t  S. C h u a p l e r
M e c h a n i c a l  Eng ineer

Mechanical Systems I)ivision
C i v i l  E n g i n e e r i n g  L a b o r a t o ry

.\ p r o c e d u r e  to  pr e v e n t  r a p i d  p r e s s u r e  r e l u ,aise in St  t _ ; i ; ; t  b u o s c  con—

a i s ts  so ’ : ( I )  c l o s i n g  both  t h e  sh i p ’s stmn p valve’ and t h e  l I e : ;  i l l  I s ’  I i o - ~e
t t ’r f l h in a t i i ’lg s top  va lve , ( 2 )  d i s c o n n e c t  I m ig u n i o n  a t  s h I p ’ s I i l i t ’  I)c’tvn ’eml

v , u l v e s , ( 3 )  c l o s i n g  d o c ks i d e  ato l l  v a l v e , and ( 4 )  a l l o w i ng  i l i n a m ” to s o u l
a los’ I v , w i t h >  t lie vacuum c h e c k  v .>  1 ye ~> r c ’vent  i n g  p r e s s ’I i r e  l i l a ide t h i s ’  no s e
I ron d r o p p i n g  lie low a t m o s pl i e  r b e  . I he ’ h ose and va I >~i s va t e ; ’ , i a - ‘iu uo s ’n
s c h u e m a t i c a l  lv  i n  Fi g u r e  A — I .

‘[‘lie r a t e  of  m l m ,’c cease in i n t e r n a l p re s s ur e ’S’.’ i l l  de pend upon t h e  lu e a t
l o ss  f r o m  t h e  h ose s e c t i o n , h u t  i t  sh i o u ,i l d  t a k e ’ h s ’ 5 ~ , t I t u S  S m i n u t e s  tsn

r e a c h >  one a t m o s p h e r e .  I f  p r e s s u re ’ ih e s :  c t _ n a n , ’  apps ’ i r s  t mn ne  t 0 m b  rap id ,nn t ’
could crack t h e dockside stoat;; v a l v e  and b l5 ’ i’d til e’ Ste;u;;; i n t o  t ine h ost’

t o  s l o w  t h e ’ rate of p r e s s u r e  d e c r e as e .

I I  ‘.dmn at  5 in. lI g vacu u m > )

I k 

~~~~~~~~~ m i ? ~~
tSJ

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

I n ~

L Is ~~n t n I t  ‘.tn,’afll l i i i ,  w n m t n  u e r r n m n a i  stop t a t , , ’

Fi gu re  A — I  . Steam h ose and va lve  s v s t t _ ’u ; i .

13
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Ap p e n d i x  B

I N  I l l  Al , R E S U L T S  OF ’ F I E L I ) LVAI . [A ’F  I ON OF
S h ’ F m ,’ I F1CA ‘ I  ON ,-\N I )  N O N SI ’E C 1 F l  CA T I ON S I [AM HOSES

In A ug u s t  1 ‘‘76 , a i N a t  ear ;  l u t i s t ’s were  p l a c e d  i n  at ’ rv  j n ,’e ’ to  supp 1 v
t i l e  [85 N O R t ON S t t h N h )  , u t  Port hlt iene ’ine , (,‘il i ts, rn i;I . ‘h ’ bi ~’a ’ h i 0 ’ -,s~5 ;i r i ’ :

h h m n s s ’ s ’ h i l i ’ I t  m e e t  a M I l, — l l — 2 8 ’ )96

2 . [lass b r a i d — i  m e d  r u b b e r  h ose ( f o u n d  t o  he Heat  ie i > l t o
hue spe c i f  [ t Ot  ion  h i s n s e  ob t  a m e d  f o r  t hi I s  a t  ud~’

3 • Stainless stee l—lIned 1 — 1  / 2 — i n c h  r u b b e r  ho se ’ ( b . : h n D M _ b t _ i t  V I
r u b b e r  t i lb e )

4 . S t a i n l e s s  st e ’e l — l  m e d  2 — i n c h  r u b b e r  bio se ’  ( E P D M — h u t  v l
rubber t u b e)  , 2 t ’;te ’Ii

Ru b I n e ’  r h ose w i t  h i c h i t  o r o h n u t  v i  t t ube

i’huese hoses were removed from bern,- i s o  L e ! ; I h m s n t ’ ,u r i I v  in  , J a n m i a r v  1977
wh en t h e  L’ SS Nm r t  on Sound was undergoing ref i L t 1 rig u t  Long B e a c h > .  One
o f  t h i n , ’ glass bra id—i [med rubber h oses had at_ istained ;uhnraai on daniage on
l i n e ’ i t_i d a f t e r  I 12 d ay s  of intermittent se’rv ics ,’ ng~~~m) t h e  damaged sect  ion
ls’,is s u i t  o f f  so t h a t  t h e  f i t t  l u g  c o u l d  nt ’ r t _ ’ i m > a t a  lied , it was f o u nd t h a t
t h e g lass braid I iue’r huad deteriorated ; thus , t h e h ost’ hind Li) he discarded
( F i g u r e  B— I). One 2— inch> stainless s t e e l —  l ined  r u h b e ’r h io ae  h a d  s u s t a i n e d
c u n v e r  damage a f t e r  1 a day s  of Intermittent service. Fhu is occurred
wh > e re t l > e  hose mad e ’ a sh a r p  91)—degree bend adj , i s ’ t ’n t to  t h e shi i p ’ s in  l e t
1 inc ( F i g u re 1 1 — 2 ) .  Because t h u i u - i  h ose c a n n o t  be field—repaired , it was
removed f r o m  s e r v i c e .
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F i g u r e ’  B— I . Di’  t o r i  o r l u  t e’d glass bra id—I int’d s t e a m  h t m n s c

t gu re a— .2 . Cover  damage or .2 — inch> a La in I t _ as at ce I — i i  nod
m’ u i b h n e ’r  h ose i’ , i i i s e ’ cj  by sh u ;u r p  1 ) l l — di ’g r e ’s ’ beiitl
‘ u t  s h u l p a ’ i-i i n t a ke ’ .
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