
MAIN STEAM PIPE FAILURES 

'1-wo m a i n  stc;\tn p ipe krilut-es o c c u r r c ~ l  ill one o f  1 I . M .  ship5 dui-ins thc pith1 
)ear.  I n v c ~ t i : L i r l i o ~ i  i t i t o  I I~cse  L ~ i I i ~ r c \  e n i p l ~ : i \ i ~ e ~ l  i t i i p ( ~ r t ; t ~ i t  c ~ t i s i d e r a t i o n ~  I;)r 
; l 1 1  \v l lo at-e concct-ncd \\,it11 the tle\i:ti, Iabl- icat iot i .  i t i \ la l la t io t l  and m n i ~ i t c ~ i ; t n c e  
ol' l i i y l i  t cmpesa t~~r -c  p ipe hyslcms. 

I3cfosc sc\icwin:L tlrc k i i l ~ ~ s c s .  a n  appsecial ion of  the c Ic5 i~ t l  cl-itet-ia 111. the 
C'lass \vo~r lc i  he of inter-csl. 

Class Design 
I n  the early stage\ ol 'design. I 'ol lo\vins [>scvious / \dm i rn l t y  practice. ;I I l o o p  

btscs\ for  the pipe rys tem\  of  0.000 I b h q  in.  \\,as adol>tcd. A s  th is C'lass oi 'sl l ip 
S t l ic  I t  i i  ni;tr-itie t c ~ i o  d e i i ~ t l c d  oj>cr;rtc w i t h  a s lcani  
len1pc1-:tt~trc o f  X50 dcst-ecs l'.. a recornmc~rclnt ion t o  I-;rise t l ie  h o o p  SII-ess to 
10.000 lh!scl in .  w:rs con\iclcrccl. l l i i s  r cco t i i t i i c~ i i l ; ~ t i on  \\,;IS m ; ~ d c  w i t h  t l ic  
ohjcct  of  : 

( ( I )  Redueins  helidin: tnomcnts at i langcd jo in ts  t o  mi t r imizc  the l>o\,i- 
hilily o f  joint lexkngc 

( h )  Keduc ing thrusts on te rn i ina l  macll i t ict-y 
(C) Saving i n  wcight .  
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A t  th is p;il-t icula~- tit i ic. t l rougl i t  \\.as being g i \ c n  t o  the use o f  chron ic -  
r l r o l y b d c n i ~ n l  steel fo r  I i ig l i  steam tempc~-; l tu~-cs i n  view of  i ts  creep resistance 
r t e s  Some fri i lul-CS \vith carbon-molybdenum stcels in po\ver stat ions 
h a d  vccuri-cd hut were s t i l l  the sul>ject ol' i nvcs t ip i t i on .  I n  order  to ga in  
expel-iencc w i t l i  var ious tyl>cs o f  piping. i t  war decided t l i a t  the cr i ter ia f o r  
\y \ tcms i n  tlre ships ol' the Class slio111cl he 21s i'ollo\vs :- 

I S ca rbon  m o l y h d c ~ i u t i i .  I i oop  \trc.;i 6.000 lb /sq in.  
I'\vo s h i p s  cal-bon m o l y h c l e ~ r ~ ~ r n .  h o o p  .;[l-eis. 10.000 lhisq in. 
1 \ v o  s l i i p s  ch rome n io l yhdcnum.  h o o p  stt-cih. 10.000 l b s q  in .  
' I  l ie 1'0111. 1;rltet- sliips \\.ere i . cp rdcd  ;I\ cspct.inicnt:rl I ' roni the p ipe \ystenl 

1 1 1 t c r i 1 1  ancl f lexibi l i ty ~rspects. a l t l i o ~ i g l l  thc i r  mac1ii1le1-y layouts and  consc- 
clucntly t l iei t-  p i p i l l s  l a y o ~ l t s  arc not  idc l i t i c ;~ l  i n  a l l  respects. 
'1'11~ 1;ailurcs ant1 l le la let l  Power Stat ion 1,:xpcrienccs 

1-l ie t \ \ o  p i p c  l i ~ i l u l - c \  occul-I-cd i ~ i  ol ie o f  the >,hips l i t tcd  w i t h  10,000 1b;sq in.  
I i oo l~  strc<\ dc r ign  c; l rbon-mc>lybdeni~i i i  p i p i n g  and ;rppcar analofous t o  t l iosc 
c\ l icr icnced ill po\ver st;ltioni. 

S ~ i l x e i l i l c n t  1 l i i i  l l ' I S  i l r e  Britis11 [:Iectrical and 
: \ I l l  Ilidu\tric!, I<escarcli Associat ion'\  I.clx,ri o t i  the c l -achins in  service of 
0 . 5  pc1 cent n i o l y h d e n i ~ m  stcani pipe\ I ~ c c a m c  c~\,ai l ;~t>lc. 

T i l e  rcl>ort co\,crs some 40 I;iilurc\ 01'ca1-hoti-molyhdcni~tn pipes n o t i n g  t l ia t  
mall). occ i~ t - rc t l  at stations ;rI'lcr cli:lngili: t o  ;I (\\ ,o-\I i i l l  ol)cr ir t ion. Steam 
i v ~ ~ i ~ c r ~ r t u r c s  i r i  the stat ion\  r i i n ~ c i i  I r o m  X50 {(I 075 d c ~ l - c e \  I-. wl i i l c  \ leanr ing 
i i m c  t o  1ililu1-c \ar ic t l  I'rolii 3.000 10 40.000 I ~ o ~ l l - S .  

13) c I i s  r o t  1 I i ~ i l i l  l A d ~ i i i r a l t y  Ihad decidetl l o  sl>cciSy 
cl r tonlc-~r io lybclc~i~tm stccl I'ol- f u t ~ l r e  tlchignil v stc:im coridit iotrs o l  X50 
dcgrces l : .  a n d  ahove. 

T l i c  i w o  hl i ip  i;lilures arc s i~r \ .vycd scpar:ltcly. and irc; l tcd I l ' i l ~ c  A ' 
I I l '  I I  I I I r i 1 1 1 - c  l I t i e  o r  l i e  r .  'The systeln 
l a \ ' o r ~ i  i s  sllo\\,n ~ l i ng~- ;~mn ia t i c .n~ ly  i ~ r  I ' I C , .  I  



1;ailure A 
Pipe--7; i n .  bore. 0.244 in.  t h i ck  
W o r k i n g  c o n d i t i o t ~ s  h 5 0  lh'hcl in.. X50 tlcgrces I:. 
l ' o t n l  s tcani ing time--7.800 haul-S. 
Fa i l u re  OCCLISI-ed 011 t l ic  i i c t ~ t ~ - i ~ l  i1xi5 i t1 t l ~ e  coln lncncement o f n  berid o f  24 ill. 

radius o r  t l i c  m a i n  steam p ipe i~nrnedi ; t tc ly  ahovc t l ~ c  f lange a t l j o i l i i ~ ~ ~  ( l ie 
t1.P. t u r b i n e  n o r ~ l e  cont l -o l  v : ~ l \ c  c l l es t  (Sce FIGS. 2 and  3 ) .  
Gcv~croI C 'o i i .~ i ( / c~ r~~ / ; (~~ i . \  

T l i c  f i i l lo \v i t ig I-elc\ant l;rcts \\,el-c c.;(:tblishcei d u r i n g  i l ~ \ ; e s ~ i g a t i o ~ ~  i l l10 1 1 1 ~  

f i t i l ~ ~ r e  : - - ~  
. . 

(i) I l i c  dcsigncd allo\\:incc o f  ,;; 111, c t ~ l d  I~LIII-LII: ~ I I  t i le  for-c ailcl a f t  clircc- 
t i o n  no l o t ~ g e r  cxistcd 

( i i )  T l i c  c l o ~ ~ l ? l c  c o ~ i s t ; ~ ~ i t . - l c ~ i ~ ~ l  p ipc  l i ; ~ ~ ~ g c r s  :I[ l l i c  t ~ ~ ~ . I > i ! i c  p~;t l .cl i r ig v ~ t l v c  
we!-c i l iopcra t i \  e 

( i i i )  [ i t ~ l k l i c a d  d i s t ~ ~ r t i o n  cxi\tccl in t i l l :  \ i c i ~ i i t y  o i ' t l l c  steam \ t r ;~ i i i c r  ~ L I ~ I X > I I  

\ z l ~ i c l i  c i>nht i lute i  ~IIL, l iucd poil,t o l ' t l i c  syhtem. 

W l i i l c  l>~~ lk l i c :~c i  wc lc l i~ i y  c l i ~ l ~ > r ! i i ) ~ i  dicl ~>CCLII. c i~~t -1112 l b ~ 1 i l c l i 1 1 ~  l l l c rc  \\.;IS 

cv idcncc tha t  f i ~ t l c  mc>\;c~i ic~rt  hat1 \;\ken placc l>cft>~-c t l ic  ' ~ i l ~ t r c  \ i ~ i c ~ ~  1 1 1 ~ ~  
C I ~ I ~ I - ~ C I I C ~  I I I I I I I I ~ I  I ~ I I I  gc;~~-ecI t l i r o t ~ g l i  t l ic b ~ ~ l k l i c i i c l .  Ii;ieI hci/t:cl 
t r t~ t l  M . a h  ol i l )  I~.cecl l?!. I.c;I~~~;III~IcI~~. l h i \  ~ i i i ~ \ c ! i ~ c t ~ t  co t~ lc l  11~tve c ~ o ~ ~ l r i l ~ t ~ l c c ~  ~ I I  

( i )  shine. 111 llli\ c o ~ i ~ ? c c t i o ~ i  i t  \ I ioi1!~1 b e  n<>tecl t11;lt \\:hi!c i t  i \ \pccificci 1 l i ~ 1 1  
17ipci he crcctccl i t  co ld  t i l l - I  l ~'i i ic, ;IIC ill I c l c i c  I I i ~ ~ l l  
1Iic1~11i:il c x l i : ~ ~ ~ ~ i c > ~ i .  1 ~ 1 1 ~  i ~ i ~ > p e ~ ~ ; ~ t i \ c  c1>11\1;11il lo:~cl p ipc  l i ; ~ ~ i g c r s  \ l ~ p p o ~ . t i ~ i g  the 
guard ing  \cilvc \\cl-c. ~I icrcf t> l -c.  i - o ~ ~ \ i t l c ~ - e i l  10 bc  t l ic  r i in in c c i n t r i h u t ~ > q  ~:ICI~II 

e : ~ ~ ~ s i ~ i g  l ;~ i l t~~.c .  
Inspcct ic~ l i  rc\~e;iletl that t l ~ c  I ial iger\ \\cl.c i ~ i c ~ l > c ~ - a t i v e  hcc:~Llse tl ic \ p ~ - i n g  

17a1-1-cIs at { l i e  rear of t l i c  i t.ct;lining caps c intcl-nir l ly coatcd w i l l l  
pain1 a l i d  deposits of cork  c l ~ i p [ > i n p  : t l i i s  c o ~ i d i t i o l i  i l id icatct l  t l i ~ r t  t l ic hangc r i  
!lac1 hccri i n  tlii.; statc cil ic? ~ l i c  .;Iiip \\;I. bu i l l .  I'lic I i a l j g c ~  I-ocls arc  con~ icc tc t i  



- 
D C i V H F A D  

b y  a y o k e  p i v o t i n g  on spher ica l  
washers s h o w n  in FIG. 4. T h e  
i nope ra t i ve  state o f  t h e  hangers  

/ - 1 ,\ >IN<.# I UNIT IIIOWN FOR resb l tcd  in t h e  w c i g h t  of t h e  t u r g i n e  
g u a r d i n g  va lve  (1 1 cwt.) b e i n g  im- 
posed o n  t h e  p i p e  system in the  hot 
c o n d i t i o n .  

l'hc or- ig inal  stress c a l c ~ l l a t i o n  
t a k i n g  i n t o  accoun t  f ~ ~ l l  p i p e  t l l c r m a l  
exnans ion  a n d  t u r b i n e  m o v c m c n t s  
on ly ,  s h o w e d  t h a t  a x i a l  stress d u e  t o  
b e n d i n g  m o m e n t  a t  t h e  p o i n t  o f  
f a i l u re  was 5,600 lb /sq  in. 

A s s u m i n g  the  system in t l l c  hot 
cond i t i on ,  wit11 the  a d d i t i o n a l  w c i g h t  
of the  g u a r d i n g  va l ve  a l so  i rnposcd 
o n  the  system, stress ca l cu la t i on  
s l l owed  t l i c  a x i a l  stress d u e  t o  t o t a l  
b e n d i n g  m o m e n t s  a t  t h e  p o i n t  o f  
f i l i l u re  to bc  10,886 l b / sq  i n .  

T h e  transverse b e n d i n g  stress 
fac to r  f o r  t h e  p i p e  b e n d  ( w a l l  

F[(;. 4 ~~~C',INS~.XXI-I  O,III I I,A.&C;I I< thickness-0.244 in., b e n d  rad ius  
24  i n . )  was a p p r o x i m a t e l y  3.15 a n d  
resul ted i n  a t ransvcrsc stl-ess a t  t l lc  

p o i n t  o l ' f a i l u re  of 34.300 lh scl ill, u l i e r cas  a reasonable m a x i m u m  f i gu rc  f o r  th is  
ma te r i a l  i s  c i ~ n s i d c r c t l  t o  he 28.000 1b;sq i n .  ( F o r  6.000 l h / sq  i n .  ] l o o p  stress 
s l i i l x .  \val l  t l i i ckne\s  0.447 i n .  hent l  rad ius  30 i n . .  t l i c  transvcrse b e n d i n g  stl-c\\ 
1: . ' lc tor  \VtLS I .o I . )  

N o  account  \va> rnkcn  in  t l icsc c: i lcul:~t ion\ o f  t l ~ e  l ~ o o p  stress d u e  t o  i n t c r n a l  
I N ~ S S L I I - ~ .  i l i i n i m i i r n  \ a l u c  10.000 lh!sq in.. an t i  t l ~ c  add i t i \ f e  stress d u e  t o  t l ie  
k n o \ v n  ov:i l i ty o l ' t l i c  p i p c  section, \ \ l ~ i c l i  has been est imated t o  he in t l i e  o r d e r  
of  16.500 lh;scl i n .  S i ~ r n e  1.3 per  cent r e c l ~ i c t i o n  in \\:all thickt iess w i l l  a lso  r c s ~ i l t  
d u e  t o  hcn t l ing .  

W l i i l c  ce r ta in  s i ~ i t i o t i  were m a d e  i n  t l icsc ca lcu la t ion> t l i e  strciscx 
c1~10tcd i ~ h ~ \ c  indic:tlc tha t  t i c  c I ll;l\c been suhjccted r o  cucc is i \c l )  . . 
l i ig l~  >Ire\.; c c ~ n c c ~ i t r a t i o ~ ~ s .  
! ~ ~ ~ ~ / ~ l / / l l l ~ ~ ; ; ( ~ l l /  ~ ' ! ~ / ~ . \ ; l / ~ ~ l ~ o l ; ! ~ l l , \  

h l c t i ~ l l i i r g i c i ~ l  c x : ~ i i i i ~ i : ~ t i ~ ~ i ~  e\ t : r l? l i~ l icd t l i c  l ' i~ l lcxv i i ig  :. 
(i! t 'ai lure \+a ,  ~ l i i c  t i ~  :I creep c ~ w c k  o r i g i ~ i a t i l i g  SI-on1 t l ic  ou ts i t le  o f  t l ic  

p i pe  w a l l  
( i i )  T l i c i -c  \\c:rc i i i ~  i t i t l i c ; ~ l i o ~ i s  o l ' ~ r i ~ ~ l ' ~ i c e  c la~ i iagc  t o  t h c  p i p c  

( i i i )  ( ' l ic t i i ica l  :iilal!si\ (11' t l i c  a l l o i  \ ~ c c l  c c ~ t i k i ~ - m e d  t o  thn t  bpeci l ic t l  
( i \ )  I l i c r c  \\;I\ a \ i l l - i : i r i i i i i  ill t l ic  tet i \ i lc ; trcngiI i  o f  t h c  [pipe near  l h e  arca  

of l l ~ i l u t c .  i c. 42 I s i n .  \\it11 1)iarnond hal-tines5 \,'.l '.N.'.30 01' 
l ( 1 5 ~  l 7 1  cc~ i i i p : i ~cc I  \ \ i l l 1  ;l11 : i \cr :~gc f igore oi.35 L o i i \  sc[ in. :i i it i l i :~ r ( i i i c \ \  
133 l 6 5  ( ' (11 ,  { i t l i c r  po r t i o t i \  of t l i c  p ipe .  

, , I  . i I x ) \ c .  c:~.ccp f':iiI~tsc c ~ i i ~  h: : i t ~ ~ ~ i I i ~ i ~ c c l  t o  o \ c r \ l r c s \ i i i g  l~'.,': l i t  , ic\ \  (.iI' P' 
~ . o ~ i ( l i t i c ) i i  : i t  ( i \ )  i \  i i i ( I i ~ , ; i t i \ c  1'1' i i~~-cgi i I : l~, l ic :~t  i r c : ~ I ~ l l c ~ i t .  l 1  s l i ~ ) i i I ( l  : I ! , ( )  lhc 
iio!cci t l i c rc  ~ c r c  i ~ > c l i c ; ~ t i i ~ i ~ \  (11' s l i g l i ~  \ u i ~ k t r e  c ~ c c ~ ~ r l ~ ~ i r i / : ~ ~ i o i i ,  s ~ i g g e ~ t i t i g  I l i:~! 
loca l  toi-cl1 I i c ;~ l i ng  i l ia)  l i ; i \c l ~ c c t i  :11il1licd c I i i i . i ~ ~ g  l l i c  I i t t i n g  ol' t l i c  p i pe ,  ~,SI:L, 
I.'l<,. 5 ) .  
I'nilure B 

I-. ,I 3 1  . ~ ~ a t e d  . ~ I - ~ I I ~ I I  pipe.  i ill, ho rc .  / / ;  in. t l i i c k .  a d i o i n i n g  a p i p c  of 7 ;  i n .  
1301-c. 0-24.1 ill. i l i i c h .  



W o r k i n g  condit ions--650 lb/sq in., 
850 degrees F. 

l ' o t a l  stc;uiiing t i m e -  8.400 11ours. 
k ~ i l l t r e  occurrcd o n  tile i ~ n d c r s i d e  

ol' ( I lc branell, ill ;I cir-cuml'ercntial 
direction. ;I[ t l ic  toe 01' the l i l le t  we ld  
scc r~ r ing  the r c i n l i ~ r c i l i g  str;ll> w l ~ e r c  
l l ie  hr;rticli cntct-s t l ~ e  inail1 p ipe.  
l .  I (hoi lct- I-oom) shows the 
systcni l a y o r ~ i  at i t i  1;rc;s. 6 a n d  7 
s l ~ o w  the dc t ;~ i l .  

T l i c  l o l l o w i n g  rc lcvanl  I \vc~-c 

( i )  l- 'ailurc occur-1-cd i t l ~  i l e a m  
o t i  tI1e 5 in.  c t . ( iss-c~t i~ icc l io r i  
; ~ n d  the l i ~ r w ; ~ r ~ I  bo i le r  c o l d  
LIP 10 t l ie  t i i i ~ i l i  s top \';lI\:c. 
1-lie s l i ip  was steaniiit~g on t he  
aftcl- boi ler  wit lr  syslcms dc- 
1111iti~cd \v11ieI1 li:~tl heer1 i t  l .  5 - " v l l ( ~ l < O < ; l < ~ l ~ l 3  SHO\V IN( i  ONli O F  1111: 

h,l \I\ C'I<,\CI;S ,\NI> .I 111: SLJI<I.,\~I. DLC,AI<I%LII< 1- I ' r c t ~ ~ ~ e n ~  c t ~ i i t i o ~ i  o f  
I I ~ N  ( 1 1  1 1 1 1  1'11-1. \ teani i t ig  

( i i )  A l l  l i;~ngcrs ori  t l ic  boi lcl- I-ooin pipe arr: i l igcmcnt \vcr.c i n  :t pool. state 
of r i la i t i tena~ice and  t l iei l-  el i ic icl i t  opci-at ioi i  \\';IS ~ ! o ~ t h t 1 ' ~ 1 1  

( i i i) A co l~s t :~ i i t  l oad  l i ~ 1 1 y c r  was <iced OII ~ l i c  hcncl irnmcdiatcl) atl.ioining 
t l ie  5 it,. h r ; r l i c l~  and adjlrsted t o  al lo\v 1.01- ~ l l i \ \ ,ar t l  esl>an\iorr. 

T h e  cont i i t ior i  of opc~-a t ion  I - ck r rcd  t o  at ( i )  15 t l ic most acl\crhc f ro tn  :I stress 
aspect at id \\a\ consicfercti ;it t l ie  dc\ iylr stage. ('alculati~irt s l ~ o \ v c ~ f  that  t l lc  
r o n d i t i o i i  \\.:IS ;iccel,tohlc \\sit11 t l i c  dc\iglie(i s ~ i p l ~ i - l  : I r r a n ~ c t i 1 e n l ~ .  

l l ~ c  s i t ing  at i t i  adj l is tmcnt o l ' t l i c  liangct- c l ~ i o t c d  ( i i i )  ahc>\c i n  tlii., >llip \\::I> 
I t I c i ~ i t r c c  I 1 s 1 1 c 1 1 i i  c I I I 1 1 i i 1  I IIC ' : Ic 
l i t led  ' ;rnd ' u s  ~l>cci f icc i  ' positioi1s (OS the Ii:~ri:cr\ I'<>t. 1 1 1 ~  c r ~ > s \ - c t ~ ~ i r i c c t i ~ ) r i  ~II-c 
i l t t : ~ t e c i  I l I .  
! ~ ~ ~ ~ / ~ l l / l l / ~ ~ ; ~ ~ ~ l l  ~ ~ f ~ / l ~ ; ~ l ~ ~ l ~ ~ l l ~ l i / l s  

h1ctallu1-gical csai i l in: l t ion c i ta l> l ix l~ccl  t l ie  I ' o l l ( > \ \ i ~ i ~  : 

( i )  l . ; ~ i l ~ ~ r c  \\,;I\ c i~ le  t o  ;I ct-ec[> crack i>t . ig i~ i ;~ l i r ig fro111 :I cc)rr-tisioti l h t i g ~ ~ c  
lissut-c on t i le  r>ut5iclc o i ' l h c  pipc at t l ic  i o c  ~ > i ' t l i c  l i l lc t  \\clcl 

( i i )  (~.ot-ro\ioti fatigttc li\\111.c\ existeci 011 ~IIC extc1-11:11 , L I I - ~ ' ; I ~ ~  111 t l ic 1icigI1- 
I ~ ~ u t - l ~ i ~ o d  o f  t l ic i l i ;~in cracl; 

( i i i )  (71icti i ir;~l ;111:1Iy\is (11. t l ~ c  :11Ioy \[cc1 CCII~I'<>I~I~~C~I t o  tli:t( ~ ~ ~ c c i l i c ( ~ .  
T l ic  C O ~ ~ ( W , ~ O I ~  i':ttig~ic ~ ~ I ~ ~ I ~ c ~ I ~ ~ c ~ I : I  e0~11cl l i : t \e  IX:CII ~ I ~ O L I L I C C ~ I  l)! :I I c ; I ~  1'1-(1111 

\he joi111. 01. \ ; l t~~ i -a t io l i  <>l' I;~ggil ig C;ILI\CC~ by :I Ic : I~  l'tro111 ;ill ovc r l i ~~ : t ( l  !,?slcrii. 
Incol-I-cct lian;gcr t . e ~ I r - ; ~ i t ~ l  i s  coti\ it lc~ruci t o  l ia\'c ~ i i c l ~ ~ c i ~ l  ;I l i ig l i  \II-~:S\ 11) i 1 1 ~ ~  

I~~I~:II?C!I. T!ii,,. COII~ICCI v3 , i l l i  t l ic I>I.C\CI~CC 01. c t ) ~ . ~ . < ~ y i \ c  c o t ~ t l i l i o l ~ . ,  ~.cIbtt.ccl 11) 

:I[ i i l . i \  c i ~ ~ ~ \ i ~ l c t ~ c c l  10 II;I\C iti it i;tted co r . ro \ i o~ i  I';~[igtit: et-:icl,i~~g. I t x l ~ I i i ~ y  
t ~ I [ i ~ i i ; ~ l c l >  t o  l'i1i1111.c l>> c~.cc l i  c~-;~cl<i t ty .  

<.ot~clusio~~s 
1- l ie i n \~c \ t i ya i i o l i s  cst:~hlisIic:ci tIi:rl l I ~ L I  \\ci-c t111i: 11) CI-L:C~> cracl \ ing 

I L ~ ~ I I ( ~ ~ I ~ >  I ' to t~ i  c x c ~ x i v c  strcsh ~ t i ~ c t i t r : i t i s  ;111tl ;I!-c g c ~ i c r i l  ill Iit ic \\i l l? 
t l lc c a r b ~ ~ n - r n o l y b d c i ~ ~ ~ r n  s1c;lm pipc 1 i l 1 1 1 ~ s  ~ i i c l  i t 1  ~ C I \ Y C I .  sI;itiotls. 

( ' O I - ~ ~ C I  f ' : ~ l > r i c ; ~ ~ i o ~ i .  i ~ i ~ t : ~ l I ; r l i o r i  ; i i i c I  l n ~ ~ t i ~ i l c ~ i : ~ ~ ~ c c  [) l '  I i ig l l  Ic1iipe1.;11111-c s I i : : t ~ i i  



17ipc \yhtc111h is o l ' l l i c  11t1110st ~III[)II~~;IIICC. ,\ IIIII\~ c\\c11ti:il lpo i~ i t  ill ~ i i ; i i ~ i t c ~ i i ~ ~ ~ c c  
i \  t o  cnsul-c l h ; ~ i  p ipe  l ianycrs ;I!-c I'tilly opcl-:~t i \ ,c.  

N o t h i n g  118, h c c r  provecl 1 o 1  i l l  i h c  1 1 i ~ ~ l l  l c r c ~ o ~ ~ i i ,  Ih11t 
C\,CIIIS l i :~\'c \ l i o \ \ ~ i  tIi:lt \vl icrc ;~c i c l i t i o~ l :~ I  Sorcc\ 111;iy lx i ~ i i p o s c ( l  ~IIIC~L,I. I I ~~ I , I I ~LY I  
co11ditio11\ l l i c  i 11111\t hi , l . io~~hI> l i ~ i t o  c ~ ~ i i c l c l - ~ i o ~ ~  t l ~ c  I ~ I : I I . ~ ~ I I  

I -emai l l ing bct\\!c.cn c:~ lcul :~tcd and ~ ~ i ~ l ~ ~ ~ ~ i s ~ i l ~ l c  h c ~ l c l i ~ l g  \II-CI\C\. Mor i .  i111port:1111 
\ t i l l  i \  t l l c  1re1;lrcd t r ; ~ n s v c r ~ c  o r  c i r c u ~ ~ i l t l - c ~ ~ t i ; r l  l c ~ i c i i ~ i g  I I I l i ipc  l,cnd 
w l ~ i c l i  i l lcrease\ eon\ idcrah ly  \\.it11 any  r e c l u c t i i ~ ~ l  i n  I t l i i cLnc \ \ .  

i l i c  l oca t i on  and col-I-cct I ol' largc : L  2 n d  I I I  I the 1)ipc 
I L I  I c t l i r c ~ ~ l l y  i v s t i ~ ~ c .  I dc :~ l l y .  t l~c \ i .  \\.eight\ i tcm5 
\l1(111ld hc  p o s i t i o l ~ c t l  :l1 t he  ;111cI1or po in ts  01' I l l c  \y\ic111. 
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