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ABSTRACT 

The purpose o 
o r  selected 
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tr iannntre were ret 
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i t i e s  of  the m. Relirzbi 

energy were 
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i a b i l i t i e s  r 

m-supply s y s t  
i a b i l i t i e s  ran  
ree primary m 
process ener 

I O N  

Indus t ry  consu~p~e"s a l a  of the total prima 

States. Batxurnl gas il, the major i n d u s t r i a l  
arce and expensive. e, there is a criti 

e.l_ap alternative sowce  n d u s t r i a l  energy ba re 

domestic fue ls  - coal  a ear. An irn-parp.t;ant C t  of any 
v e  industrial e t h e  r e l i a b i l i t y  required 

1 r JT l  operation, such th t e d  service e o n t i  
industrial needs. 

Tke a i m  of this study was the r e l i a b i l i t y  r 

of process energy systems gy-intensive indus ty1  Tlrii s 

W eompl-ished by devel aire ( s e e  Appendix A )  s en di ng 
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it t o  65 companies i n  t h e  following major i n d u s t r i e s :  chemicals and 

a l l i e d  products (S.  I. C .  28)  , petroleum r e f i n i n g  and r e l a t e d  i n d u s t r i e s  

(S.I.C.29), and primary metals i n d u s t r i e s  (S.I.C.33). A d e t a i l e d  anal-  

y s i s  of  29 responses t o  t h e  ques t ionnai re  was performed and i s  repor ted  

i n  subsequent s ec t ions .  

The combined energy consumption of  these t h r e e  i n d u s t r i e s  accounts 
1. f o r  approximately 50% of  total- i n d u s t r i a l  energy usage. 

)+O% of  all energy i n  t h e  Uni.t;;ed S t a t e s  i s  consumed each year  by i n d u s t r i a l  

processes, t h e  chemical, petroleum r e f i n i n g ,  and primary metals i n d u s t r i e s  

represent  20% of  t h i s  n a t i o n ' s  total energy requirements.  

Because roughly 

2 

Analysis of  ques t ionnai re  responses was focused on q u a n t i o i n g  t h e  

r e l i a b i l i t y  o f  process steam systems i n  these t h r e e  i n d u s t r i e s  s ince  c l a s -  

s i f i c a t i o n  of  primary end-uses of f u e l s  i n  indus t ry  i n d i c a t e s  t h a t  a major 

f r a c t i o n  of  i n d u s t r i a l  f u e l  i s  used t o  r a i s e  process steam. From Table 1 

it can be seen t h a t  67% of' all f u e l s  consumed by t h e  chemical indus t ry  aye 

used t o  generate steam, while  f o r  t h e  petroleum and primary metals indus- 

tries t h e  percentages are 36 and 21. r e spec t ive ly .  

represent  over one h a l f  o f  i n d i i s t r i a l  f u e l s ;  t hus  , s u b s t i t u t i o n  of  a l t e r -  

na t ive  energy sources cou1.d save apprec iab le  q u a n t i t i e s  of r ap id ly  dimin- 

i s h i n g  suppl ies  of o i l  and n a t u r a l  gas. 

Petroleum products  

For pimposes of  t h i . s  s tudy,  r e l i a b i l i t y  i s  def ined t o  be t h e  f r a c t i o n  

of scheduled production time a t  a company t h a t  t h e  product,ion f ac i l . i t y  i s  

i n  an "up" condi t ion.  This condi t ion  e x i s t s  when t h e  ava i l ab le  capac i ty  

o f  t h e  steam. supply system equals  or exceeds process energy requirements 

at t h e  planned production l e v e l  (i e e .  , "des i red  production level.")  t h a t  

has been e s t ab l i shed  independent o f  energy 3 v a i l a b i l i t y .  

Xe l i ab i lk ty ,  as def ined above, Ls a term t h a t  r e f l e c t s  t h e  "consumer's" 

viewpoint i n  a corpora te  energy supply-demand r e l a t i o n s h i p .  

ducer 's ' '  viewpoint ( i . e . ,  -the power and steam generat ion group) ,  t h e  t e r m  

a v a i l a b i l i t y  i s  used t o  represent  t h e  percent  o f  clock t ime i n  a continuous 

opera t ion  tha-1; i nd iv idua l  b o i l e r s  and/or r e a c t o r s  produce steam. Thus when 

r e l i a b i l i t y  requirements of  a company can be m e t  o r  exceeded by t h e  o v e r a l l  

a v a i l a b i l i t y  of i t s  energy system, scheduled produc.tion l e v e l s  a r e  un;zf.- 

f ec t ed ,  and the  f a c i l i t y  i s  in an "up" condi t ion.  

From t h e  "pro- 
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It i s  bel ieved that r e a l i s t i c  i n d u s t r i a l  energy relia;bi7!.i.-ty require-  

ments can. be der ived from industry- opei-atri-ng experience that i s  acquired 

i n  t h e  present  survey. A follow-on study w i l l  then u t i l i z e  these r e l i -  

a b i l i t y  es t imates  i n  determining f e a s i b l e  combinattans of  m~~.cI.,ear and/or 

nuc lea r - fos s i l  systems capable of meettang cu r ren t  r e l i a b i l i t y  I.eve1.s i n  

t h e  t h r e e  indirs t r ics  being considered ... 

SOURCES AND COSTS OF INDUSTRIAL PROCESS ENERGY 

In t h e  p a s t ,  high steam supply a v a i l a b i l . i t y  has been r e l a t i v e l y  easy t o  

ob ta in  through t h e  i n s t a l l a t i o n  of  mul t ip le  gas-" amd/or  o i l - f i r e d  b o i l e r s  a 

Such i n s t a l l a t i o n s  w e r e  r e l a t i v e l y  inexpensive because t h e  cos t  of  providing 

high a v a i l a b i l i t y  througEl excess capac t ty  'was considerably l e s s  than t h e  

cos t  of  c u r t a i l e d  production resul. t i .ng from i n s u f f i c i e n t  steam. However, 

with inc reas ing  economies o f  s c a l e  'p larger. b o i l e r  T n s t a l l a t i o n s  and im- 

c e r t a i n t i e s  concerning t h e  ava i l ab i I - i t y  of  gas and. o i l  I) c o s t s  of  provid- 

i n g  high a v a i l a b i l i t y  steam through t h e  use of  r n d t i p l e  (and redundant ) 

b o i l e r s  i s  beco-ming a p o t n t  of concern.  

Some i d e a  of t h e  economic a t t r a c t i v e n e s s  of nuclear-Fueled steam 

generators  can be obtained. when t h e i r  steam c o s t s  are compared w:i.t;h t hose  

of  conventional f o s s i l  processes.  A gcmcra.lized comparison of cos t s  shows 

that cur ren t  coa l - f i r ed  systems provide steam i n  the neighborhood o f  $1.. 61 
to $1.94 per mil-lion k i l o j o u l e s  ($1.53 -to $1.81-6 p e ~  mil.l.ion B ~ u ) . ~  

product ion with r e s i d u a l  o i l  B S  fuel.. ( a t  a, conservat ive $57/m , o r  $9/bbl) 

c o s t s  approximately $2 (I 37 per  mi l l i on  k i l o  joules ($2 25 p e ~  mill i .on  tu) 
based on s tandard assumptions concerning i - n d u s t r i d  f inancing,  p l a n t  l i f e ,  

t axes ,  e t c .  These c o s t s  of generat ing skearn can be compared w i t h  those 

f o r  various nucl.ear u n i t s  shown i n  Table 2. While these data are based. 

on 197s economic parame-l;ers, they s t i l l  provide R v a l i d  b a s i s  for p'urposes 

of  comparison. For each of  these b a s i c  types of  nuc lear  s t e m  gene ra to r s ,  

rcpresentati.we ope ra t ing  c h a r a c t e r i s t i c s  a r e  s~,i.mmarized i n  '1abl.e 3. I n  

view of cu r ren t  p ro jec t ions  concerning p r i c e  esca.l .at ions of  f o s s i l  f u e l s ,  

t h e  economics of nuclear  s t e m  generatoys have tentled -to become ~11.c)re fa- 

vorable rel-ati-ve t o  conventional" sys-terns. I n  this ~*:"ega,rrl., e s t ima tes  o f  

future fuel c o s t s  are shown i n  Fige 1. 

Steam 
3 
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T a b l e  3 .  Representative opera thg  characterist ics 
of typical reactors 

Vendors 

kg/s 
IbJhr 

Steam pressuret 
kPm 
psia 

Steam temperature 
OC 
OF 

Babcock i j ,  Westinghause 
Wileox ’ 

313  3817 

6 1 5 7 . 5  2129.4 
1 . 2 5  x 10 1 6 . 9  x 10 

4826.5 7584.5 
700 1100 

2 8 7  293 
548  559 

General G e n e r a l  A t 0 m i . c  
Electric 

3033 4000 

6 
2079.0 1 3 4 8 . 2  

1 6 . 5  x 10 10.7 x 10 

6791. * 6 17,340.9 
985 2515 

284 
543  

5 1 3  
355 

*Proposed. 

Source: E. L. Cox, “Design and Operation of Nuclear Power P l a n t s  for  Process 
Heat Application, I’ Proceedings . .. .. of-..-the Fir?;. National .zopPi-al Meeting 
a n  Nuclear Process Heat ...... Applicat ions,  1.0s A 1 a T K S r  New Mexicop October 
1 9 7 4 ,  p. 90.  
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165 
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105 

85 

65 

45 
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c e :  An h a l y s i  n Nuclear and Fo 
itman, Energy  Re 

Development A 

. Average burned f o r  e at ion 
ed States 1 975 d o l l a r s )  ., 



8 

STUDY RESULTS FOR THE CHEMICAL iNDUSTWY 

A large percentage o f  responses t o  the ques t ionnai re  ( l p r  out of 29, 
or 59%) came from the chemical i ndus t ry .  These l.7 p l an t s  represented  a 

/ 
b total .  steam consumption of  1741 kg/s (13.819 x 3-0 

a l e n t  of  127- 71 x 10 
l b / h r ) ,  o r  an equiv- 

By u t i l i z i n g  
12 * 

kJ /year  (121-. 05 x 10l2 Btu/year)  e 

1971 data as a b a s i s  o f  comparison, i.t, i s  possib1.e t o  deternijne t h e  ex- 

t e n t  t o  which t h e  1'7 p l a n t s  i n  t h e  survey represent . t o t a l  chemical in-  
5 tiustry steasn consumption: 

Total  average hourly steam eonsmpti.on by the 17 p l a n t s  = 1.74l kg/s 
(13.819 x lo6 l b / h r ) .  

Total average kJ equivalent  = (1-741 k g / s )  x (3.1536 x 10'' s / y e a d  

x (2326.23 k J / k g )  = 127.'/1 x lo1* kJ lyea r  

Est imated industry-wide equivalent  f u e l  coiisumpt ion f o r  steam 

production i n  1971 (see Table 1 and r e f .  5 )  i s  75% of  all.. fuel  

energy: 

0.75 (2279 x lox2 kJ/year) = 1.709 x 10 kJ/ye;zr E1620 x lox2 Btu/year] . 1- 2 

Sanple s i z e ,  o r  r ep resen ta t iveness ,  of t h e  17 p l a n t s  i n  t h e  survey 

12 
(100)  = I . [ . ? % .  

127.71. x-IO 

1709 x 1oI2 

Respondents to the ques t ionnai re  were yequested t o  provide da t a  from 

plants t h a t  consunzed large amoun.l;s of process s t e m .  For t h i s  reason t h e  

17 chemical p l a n t s  represent  approximately 7.5% of  t o t a l  i ndus t ry  steam 

production, which i s  be l ieved  t o  be a ''good" sa.rfipl..e f o r  pixposes o f  t h i s  

study. 

wide data does n o t  provi-de a higiZ1.y accura te  measure of  how well the 1-7 
plants represent  t h e  chemj-cal i ndus t ry ,  it does, neve r the l e s s ,  give a n-ough 

While a comparison of 19''r3 t o  1974 sample data with 1971 industry-  

i nd iea t ion  of  t h e  "cross-sect ion" o f  steam production and consumption pa t -  

t e r n s  reported here. 
-"ll__ll ..̂ -_ 

.3c 
A conservat ive conversion factor of  2326.23 k.J/kg (1000 R-t;u/lb of 

steam) was used because o f  considerable  v a r i a t i o n  i n  s t e m  temperatures 
ana ~ R S ~ ~ R S .  
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gy consumption 17 p l a n t s  are shown i n  Table 4, Be- 
cause t h i s  s tudy i s  cen s aspec ts  of  i n  

ed i n  order o f  

on i n  Table 4. on number i s  used 

OM t o  ensure t h e  a spondent . Fro 
amounts rangi  

0 t o  65,000 Ib 424.6 kg/s t o  a l o w  of 8.2 
average steam consumpti 

The second column of  
ion, including pure a1 energy and/or 

a s i n g l e  basis of oughout t h e  s t  

ressed i n  kilo as. converted t o  a rate o 

by t h i s  r e l a t i o n s h i p  : 

1 kW = 0.000 3.4 lb of steam/hr a 

294 team/hr)  . 
a1 consumption 

column o f  Table 4. (See om of Table 4 t o  c 

hour to kg/s. ) N s column i n c l  

boiler s t a t i o n  ecovery boik 

s .  It i s  i n t e r  

n t he  sample ar 

, a s i z a b l e  f r a c t i  

t from t h e  fourth ca 

more than  15% 
f a c i l i t i e s  

cess hea t  app 

only four che 

a s t  h a l f  of on at  10 of  t h  

A genera l  swnmary uel  u t i l i z e d  a 
The nwnber of coal-b 

ample, a t  p l a n t  9 is t h e i r  combined 

7,000 l b  of steam p 

t s ,  according %o namep 

ities, is: n a t u r a  gas, 30.4%; c 38.5%; o i l ,  20 

i c a l  p l a n t s  tend. t o  produc am01mts of s 

The "other" category ' heat recovery 



Table 4. Energy production and consumption da ta  f o r  seventeen chemical p l a n t s  i n  t h e  survey 
(Most da ta  f o r  t h e  per iod,  J u l y  1, 1973June  30, 1974) 

Steam energy Steam energy 
generated a t  f o r  d i r e c t  

c e n t r a l  p l a n t  a s  process  hea t  
percent  of t o t a l  a s  percent  of  

Steam energy con- 
sumption a s  a 

percent  of  t o t a l  
energy consumption 

To ta l  steam 
product ion 
r a t e ,  lb/hr  

To ta l  energy consumption 
r a t e  ( e l e c t r i c a l ,  steam and 

o t h e r )  i n  equivalent  
steam flow, ib/hr steam enercy t o t a l  steam energy 

Plant  

3.370 x l o6  (40 kW purchased, 

2.089 x l o6  (55,555 kW purchased, 

:.4i2 x io6 (24,000 kW purchased, 

2.203 x 106 (39,040 kW Purchased, 

93,000 kW self-generated)  3.37 x l o 6  

0 kW self-generated)  1 .90 x l o6  

0 kW self-generated)  i . 3 3  x l o6  

1.17 x lo6 0 kW self-generated)  

i O O . 0  

90.1 

99.2 

73.4 

86.5 

50.0 

3 
94.2 30.0 22.6 

4 
53.1 80.3 96.6 

5 1.525 x I O 6  (64,600 kW purchased, 
0 kW self-generated)  1.16 x l o 6  76. I 89.2 31.0 

6 1.009 x l o6  (14,000 kW purchased, 
0 kW self-generated)  9 .61 l o 5  95.2 97.9 18.7 

7 1.009 x l o 6  :5000 k'rl purchased, 
25,500 kW self-generated)  90.9 9.17 l o 5  100.0 86.0 

8 1.291 x l o 6  (7700 kW purchased, 
0 kW self-generated)  5.65 l o 5  43.8 58.4 0 . 0  

9 7.892 x L O 5  (2700 kW purchased, 
14,000 kW self-generated)  5.50 lo5  67.7 100.0 83.0 

10 5.610 x l o 5  (12,000 kW purchased, 
5.20 l o 5  10,500 kW self-generated)  92.7 100.0 Not avail&'le 

11 9.043 x l o 5  (79,500 kW purchased, 
21,100 kW self-generated)  4.80 l o 5  53.1 100.0 22.9 

1 2  4.020 x l o 5  (30,000 kW purchased, 
2.70 x IO5 0 kW self-generated)  67.2 iOO.0 88.9 

13  2.237 x l o 5  i14.300 kW purchased, 
0 kM self-generated)  1 .75 l o 5  78.2 91.4 68.6  

14 1.749 x l o 5  (2630 k W  purchased, 
2700 kW self-generated 1.66 l o 5  

0 kW seif-generated)  1.20 I( l o 5  
1.342 x I O 5  !13,00c) kW purchased, 

94.9 100.0 60.2 

15 
73.1 100.0 62.5 

16 
l . ~ ~  l o 5  89.8 

1.114 x 10' (3350 kW purchased, 
0 kW self-generated)  100.0 15.0 

17 1.373 x l o 5  (21,250 kW purchased, 
0 k l  seif-generated)  6.5 l o 4  47.3 100.0 67.7 

Mote: To convert  to S I  u n i t s ,  mult iply steam flow i n  1b/hr by 1.26 x t o  g e t  kg/s 



t s  i n  t h e  survey 

P l a n t  and l o c a t i o n  Primary fue l  source  
Other Natural gas Coal O i l  

1 (Sou theas t )  - 19 (4360) - - 
2 (Gulf Coast) 5 (1'790) - - 5 ( 6 5 0 )  

- 
- 

- 
- - 5 

- I (100) 

3 

1 3 (3001 

- 

- - - 
11 (Northeast  1 - - 3 (525)  - 
1 2  (Nor theas t )  - - 4 (360)  - 
13 (Mor theas t )  - - 2 ( 2 0 0 )  1 ( 2 0 j  

- 

NOTE: To convert t o  S I  u n i t s ,  multiply steam f low i n  l b / h r  by 1*26 x IOw4 Lo get kg/s. 



12 

When these  results a r e  compared wi th  those  of  a natlionwide s tudy 
it i s  discovered 6 

conducted by t h e  Stanford Research I n s t i t u t e  ( S R I ) ,  

t h a t  t h e r e  are apprec iab le  d i f f e rences  i n  f u e l  consumption p a t t e r n s :  

Natural  gas 

Coal and coke 

O i l  

Other 

68 
22 

10 

- 

30.  

38.5 
20.7 

1.0.4 

While these  d i f f e rences  a r e  poss ib ly  due t o  sampling error, they are 

most l i k e l y  caused by t h e  f a c t  t h a t  12 of  t h e  17 p l a n t s  are loca ted  i n  

t h e  Northeast  and Southeast  ( s e e  Table 5 )  and t h e r e f o r e  have r e l a t i v e l y  

easy access  t o  Appalachian coa l  sourcese Furthermore, d i f f e rences  may 

be p a r t l y  due t o  recent  f e d e r a l  e f f o r t s  at  l i m i t i n g  t h e  use of  n a t u r a l  

gas and imported f u e l  o i l .  

Summaries of  d e t a i l e d  steam b o i l e r  d a t a  a r e  given i n  Tables 6 and 7. 
Of t h e  steam-generation units included i n  t h e  survey, a s i g n i f i c a n t  nixnber 

of  them appear t o  be l i k e l y  candidates  f o r  replacement rin t h e  near  fu tu re .  

Over 60% of  t h e  units have been i n  use f o r  at  l e a s t  10  yea r s ,  and more 

than 40% have been i n  use f o r  over 20 years .  

r evea l s  t h a t  most o f  t h e  l a r g e r  b o i l e r s  ( i . e . ,  a t  l e a s t  31.5 kg/s o r  

250,000 l b  of  steam per  hour)  opera,ting a t  temperatures and pressures in 

excess of  2 8 8 O C  ('j'jO°F) and 1-1137 kPa (600 p s i g )  have been i n  se rv i ce  f o r  

10  yea r s  o r  less. These da t a  support  t h e  genera l  observati-on made e a r l i e r  

t h a t  many companies be l i eve  t h a t  for a given l e v e l  of steam requirement 

t h e  economic advantages obtained through i n s t a l l a t i o n  of l a r g e r  steam- 

genera t ing  systems outweigh t h e  h igher  r e l i a b i l i t y  obtained through u b i - -  

l i za t l ion  of  many smal le r  b o i l e r s  with equivalent  capac i ty .  While a study 

of  forced  outage r a t e  as a func t ion  of u n i t  s i z e  w a s  not tncluded as p a r t  

of t h i s  survey, t h e  i n t e r e s t e d  reader  can f i n d  a d d i t i o n a l  information i n  

publ ica t ion  nimber 75-50 o f  t h e  Edison E l e c t r i c  I n s t i t u t e .  

However, f u r t h e r  ana lys i s  

8 

m e  prospec ts  of using 1.igh-t; w a t e r  r e a c t o r s  ( L ~ s )  t o  rep lace  e x i s t i n g  

steam supply systems a t  chemical p l a n t s  included i n  t h i s  survey appear good. 
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Table 7. Boiler temperature bredkouts for seventees chemical plants in survey 

Capacity 
(lo3 l b  of s t e d h r )  Under 400 4 01-5 50 

Temperature (OF) 

551-r/00 Over 700 

Under 100 

133 - 250 

251 - 500 

Over 533 

Total 8 (15.5 y r )  1 5  (25.4 yr) 36 (20.4 yr) 

-- 

40 (10.2 y r )  

Tote 1: 

Xo%e 2 :  

Average age of 'boilers i n  wrentheses ,  where (-1 i nd ica t e s  t h e t  

To convert t o  SI: units, x d t i p l y  s t e m  flow i n  l b / k  by 1.26 x 

data were not avai lable .  

determine temperature i n  degrees Celsius as  follows, to = (t; - 32)  + 1.8. 
t o  ge t  kg/s an13 

C 
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I n  view of  t h e  d e f i n i t i o n  of m l i a b i l - i t y  given earlier (page 2 )  , an anal-  

y s i s  was matie of s a f e t y  margins (on-line s t em-gene ra t ing  capactty less 

a c t u a l  steam product ion)  and percent of c lack  t i m e  t h a t  each plant was 

unable t o  meet scheduled steam production. Information regard ing  these 

two i n d i c a t o r s  of r e l i a b i l i t y  was taken d i r e c t l y  from ques t ionnai re  re-  

sponses. 

Resul ts  of  analyzing da ta  i n  Sect ions 1 and 2 of  t he  ques t ionnai re  

Sa fe ty  mmrgins at  each p l an t  were determined are presented i n  Table 8. 
by sub t r ac t ing  l i n e  D of Table 8 from l i n e  B. 

of t h e  s a f e t y  margin i s  (13-E), b u t  i n  most responses t o  t h e  ques t ionnai re  

A more r e a l i s t i c  eva lua t ion  

no d i s t i n c t i o n  was made between l i n e s  D and E. 

I n t e r e s t i n g  c h a r a c t e r i s t i c s  of t h e  s a f e t y  margin a r e  calculated i n  

l i n e s  H and J of Table 8. Line H i n d i c a t e s  t h a t  margins of s a f e t y ,  ex- 

pressed as percentages of  a c t u a l  steam usage, are on t h e  average about 
44%. They range from 4.2 t o  141.0%. From l i n e  J it can he seen t h a t  

s a f e t y  margins as a percentage of  t h e  l a r g e s t  on-line s t em-gene ra to r  

range from 1 1 . 4  t o  140.0%. 

t h a t  were 80% o r  more of  the l a r g e s t  on-line u n i t .  

h igh r e l i a b i l i t y  has been sought at  t he  expense of  having considerable  

amounts of excess capac i ty  ava i l ab le .  

Eleven out, of" 1'7 p l a n t s  had s a f e t y  margins 

This i n d i c a t e s  t h a t  

%(: 

The l ' u n r e l i a b i l i t i e s ' l  of s tem-supply  systems were computed i n  two 

(1) as a percent  of  clock t ime t h a t  t h e  system was unable to meet p a r t s :  

scheduled steam production because of  equipment outages, and ( 2 )  as a per- 

cent  of clock t ime t h a t  scheduled steam prsducti-on w a s  c u r t a i l e d  due t o  
nonequipmen-t r e l a t e d  outages (planned and unplanned). As can be seen 

from l i n e  N of  T a b l e  8, t he  overall r e l i a b i l i t y  of' stem-suppl-y systems 

(one minus the w n r e l i a b i l i t y  shown i n  l i n e  Pi) ranges from 100 t o  89%. 

Notice t h a t  downtime caused by vaca t ion  and/or tuxmaround i s  excluded 

from t h e  u n r e l i a b i l i t y  i n  l i n e  N .  

To h igh l igh t  pe r t inen t  informati-on regarding u n r e l i a b i - l i t i e s  of steam- 

supply systems now i n  opera t ion ,  a summary of  Table 8 has been prepared 

'# 
Plan t  No, 11 has a s m a l l  s a f e t y  margin and a h ighly  r e l i a b l e  s t e m -  

supply system because a sizable f r a c t i o n  of i t s  capac i ty  i s  operated i n  
p a r a l l e l  w i t h  a nearby e l e c t r i c a l  u t i l i t y  company. 'This arrangement 
works t o  t h e  advantage o f  both companies. 



Y rate and r e l i a b i l i t y  

A. 

3. 

C. 

a. 

E. 

F. 

G. 

I. 

J. 

K. 

L. 

!4. 

E. 

Average i n s t a l l e d  capac i ty ,  
103 of steam/hr 

Average on-line capac i ty ,  
105 lb of steam/hr 

Average on-line capncity , 
as percentnge of A. 

Average act-& steam usage, 
103 Ib of stesm/fir 

Safe ty  margin as percentage 
of l a r g e s t  unit  on-line (1 j 

Percent of time steam supply 
unable t o  neet achedriled re- 
quirements (E) due t o  random 
equipiient witages 

Percent of tine scheduled 
steam procluction ( E )  w a s  zw-  

A360 2 1 h  

3703 2320 

84.8 95.1 

3300 1330 

3300 1900 

89.2 81.9 

402 420 

i2.1 22.1 

430 433 
11.6 17.2 

93.0 105.0 

0.9 3 

0 0.5 

3 0 

0.8 0.5 

800 

755 

34.3 

39fr 

4 ec 

51.5 

368 

9 L . 4  

40G 
52.8 

92.2 

0 

1.4 

0 

1.1 

1595 

4453 

91.0 

1173 

1293 

80.7 

280 

23.9 

200 
13.8 

140.0 

2.4 

0 

3 

2 .1  

1700 

1475 

36.8 

1160 

1230 

550 
37.3 

57.3 

9.0 

2.0 

0 

.0 

1200 1220 090 

99.2 94.7 95.5 

960 317 \ 56s 

960 917 5 m  

133.7 79.4 85.7 

250 
21.3 

100.3 89.0 49.9 

3 0.3 0 

3.5 0 1.2 

0 3 2.5 

0.5 0.8 1.2 

*:eo 

6 70 

85.9 

550 

630 

132.1 

120 

21.8 

1.25 
18.1 

96.0 

3.8 

2.0 

1.0 

5.6 

80 5 

76:, 

94.9 

520 

5 30 

53.1 

24L 

46.9 

350 
45.3 

69.7 

6.8 

0 

1.1 

6.8 

525 

530 

95.2 

480 

4 80 

96.0 

23 

4.2 

175 
35.0 

1 1 . 4  

0 

0 

3 

0 

360 

333 

41.7 

270 

2139 

34.8 

50 

18.5 

103 
30.3 

53.0 

3 

1.2 

3.2 

1.2 

I. only for cent  

Bote: ~o convel-t i o  SI u n i t s ,  m d t i r ; l y  stearc f l o w  in i > / h r  by 1.26 x to get kg/s. 



Table 8. ~ c o n t i n u e d )  

P l a n t  
Item of d a t a  

13  14 1 5  16 17 

A. 

B. 

C. 

D. 

E. 

F. 

c. 

H. 

I. 

J. 

K. 

L .  

YI. 

N. 

Av rage  i n s t a l l e d  capac i ty ,  
10 lb of steamlhr 

Av rage on-line capac i ty ,  
10' lb of steam/hr 

Average on-line capac i ty ,  
as percentage of A 

Av rage  a c t u a l  steam usage, 
10' Yo of s t e m / k F  

Average s heduled steam 
usage, 10  l b / h r  

Average a c t u a l  steam usage, 
a s  percentage of B 

Average s a f e t y  margin, 
Item B - Izem 3 

Average s a f e t y  margin, 
as percentage of D 

Larges3 u n i t  on-line 
{i) 10  lb of steam/hr 
(ii) avg. percentage of B 

Safe ty  margin as percentage 
of l a r g e s t  u n i t  on-line (I1 

Percent of time steam supgly 
unable t o  meet scheduled re- 
quirements (E) due t o  random 
equipment outages 

5 

s 

Percent of t ime scheduled 
steam production (E) was cur- 
t a i l e d  due t o  nonequipuent 
r e l a t e d  outages 

?ercent o f  time p lan t  was 
comidetely shut down f o r  
scheduled vacation o r  plant 
turnaround 

Tota l  percent of z h e  sched- 
uled steam product ion was cur- 
t a i l e d  ( i tem K + item >) 

220 

212 

96.2 

175 

I? 5 

82.5 

37 

21.1 

100 
47.2 

37.0 

0 

0 

3.8 

0 

320.5 

265 

92.8 

164 

164 

61.9 

101 

61.6 

125 
47.2 

80.8 

0 

0 

3.8 

0 

300.'. 

280 

93.3 

116 

116 

41.4 

164 

1h1.0 

150 
53.6 

109.0 

0 

0 

3.8 

0 

192 

175 

91.1 

100 

100 

57.1 

75 

75.0 

72 
41.1 

104.2 

0.2 

0.8 

2.2 

1.0 

144 

136 

9L.4 

65 

65 

47.8 

71 

109.2 

60 
44.1 

118.3 

0 

0 

**Does not include 65,000 I b / h r  stand3y b o i l e r .  
***Does.not include 45,000 i b / h r  standby b o i l e r .  

Note: To convert t o  S I  u n i t s ,  mul t ip ly  s t e a  flow i n  l b / h r  by 1.26 x t o  ge t  kg/ s .  
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Table 9. Summary o f  r e l i a b i l i t y  measures f o r  seventeen chemical p l a n t s  i n  survey 

Plant  
1 2 3 4 5 6 7 I 8 9 R e l i a b i l i t y  measure 

Line K 

Line L 

Line N 

Line G 

Line J 

Percent o f  t i m e  steam-supply 
system unable t o  meet scheduled 
production due t o  random equip- 
ment f a i l u r e s  0.8 0 0 2.4 9.0  0 0.8 0 3.8 
Pe-rcent of t ime steam-supply 
system unable t o  meet scheduled 
production due t o  nonequipment 
r e l a t e d  outages (planned and 
unplanned) not including vacat ion 0 0.5 1 . 4  0 2.0 0.5 0 1.2 2.0 

Total  t ime ( p e r c e n t )  s tem-supply 
system unable t o  meet scheduled 

Average s a f e t y  margin (lo3 Ib 
stem/hr)--average on-line ca- 

production 0 . 8  0.5 1.4 2.4 11.0 0.5 0 . 8  1.2 5.8 

pac i ty  minus average steam demand 300 420 366 280 31 5 2 30 2 38 94 120 

Average sal'ety margin as percent  
of l a r g e s t  b o i l e r  on-line 93.0 105.0 92.0 140.0 57.3 100.0 89.0 40.9 96.0 

N 
0 



Average for 
17 p lan ts  

P lan t  
11 1 2  13  1 4  1 5  16 17 

R e l i a b i l i t y  measure 
10 

Line  K 

Line L 

Line A 

Line G 

Line J 

Total  t ine (percent ) stearrl-supply 
system unable t o  meet scheduled 
production 

Average s a f e t y  margin (LO3 lb 

6.8 0 0 0 

0 0 1.2 0 

6.8 0 1.2 3 

0 0 

0 0 

0 0 

0.2  0 1.43% 

tQ 
L'L 

3.8 0 0.56% 

1.C 0 1.96% 

3 steamfhr )--average on-line ca- 
p c i t y  minus average s tem demand 185.5 x 10 244 20 50 37 101 164 1 5  71 

Aserage s a f e t y  mar 
of  lar le?? 82 .o .8 50.0 31.0 
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Table  10. Nurnber and s e v e r i t y  of  ou tages  r e p r e s e n t e d  
by l i n e s  K, L ,  and M o f  Table  8 

Plant  
Magni-tude o f  c a p a c i t y  l o s s  

d u r a t i o n  o f  t h e  loss  
( l b  s t e a m / h r )  and 

S e v e r i t y  of  o u t a g e ,  
( A v a i l a b l e  c a p a c i t y  o n l i n e  

d u r i n g  t h e  outage  + l i n e  E )  

1 Loss of approx ima te ly  8% of  r a t e d  c a p a c i t y  due t o  b o i l e r  f a i l u r e s .  
Occurs 2-3 t i m e s / y r  f o r  1 day each .  

-0 .95 

2 Complete shutdown due t o  v i o l e n t  s torms  ( a v e r a g e s  2 d a y s / y r ) .  0 

3 

4 

5 

Down comple t e ly  a n  average  o f  5 days /yr  because  o f  e l e c t r i c a l  
f a i l u r e s .  

Down 16 h r  t o  z e r o  c a p a c i t y ,  down 40 h r  t o  1/3 o f  rat.+d 
c a p a c i t y  and down 156 hr t o  3/5 o f  r a t e d  c a p a c i t y .  - 
Four teen  o u t a g e s  r e p o r t e d  t h a t  r e s u l t e d  i n  c u r t a i l e d ,  s c h e d u l d  
s t e m  p r o d u c t i o n .  
f o r  a few hours  t o  100% loss f o r  e-9 days.  

They rangP from 2% loss o f  r a t e d  c a p a c i t y  
1 

0 

,0 .50  

-0.60 

6 Complete shutdown due t o  v i o l e n t  s torms ( a v e r a g e  2 TIaysIyr.). 0 

7 

8 

9 

10 

Complete shutdowns due to random o u t a g e s ,  o p e r a t o r  mis takes  
( a v e r a g e  3 d a y s / y r ) .  

Nine day tu rna round  f o r  e n t i r p  p l a n t  once p e r  y e a r .  
l o s s e s  and v i o l e n t  s torms  s h u t  p l a n t  down an averagc. of 4.5 
days p e r  y e a r .  

Power 

Complete shutdowns f o r  maintenance and l a b o r  d i s p u t e .  
2 weeks t o  70% o f  r a t e d  c a p c i t y  due t o  a c c i d e n t .  

Down 

Complete shutdown f o r  maintenance on 2 o c c a s i o n s  p e r  y e a r  
(48 hours  e a c h ) .  Down 5% or l e s s  of r a t e d  c a p w i t y  f o r  25 
days d u r i n g  t h e  y e a r  surveyed (4 c u r t a i l m e n t s ) .  

11 No o u t a g e s  r e p o r t e d  t h a t  c u r t a i l e d  scheduled  s team product ion .  

12 Complete shutdowns fo r  two-week v a r a t i o n  ( o n c e / y r  ) and f o r  
random i n t e r r u p t i o n s  t h a t  average  !r d a y s / y r ) .  

13 Complete shutdown f o r  two-week v a c a t i o n  ( o n c e / y r ) .  

14 Complete shutdown f o r  two-week v a c a t i o n ,  once p e r  y e a r .  

15 Complete shutdown f o r  two-week v a c a t i o n ,  once p e r  y e a r .  

16 Complete s h u t d o m  f o r  8 days of v a c a t i o n  ( 2  s e p a r a t e  o c c a s i o n s )  
An average  of 3 d a y s / y r  c u r t a i l e d  p roduc t ion  diw t o  power 
f a i l u r e s  and s t r i k e s .  

0 

-0 .05 

N 0 . 3 5  

-0.9 

N / A  

-0 .2 

N / A  17 No o u t a g e s  r e p o r t e d  t h a t  c u r t a i l e d  schedu led  s team p r o d u c t i o n .  
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average kJ e 
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power by the i ndus t ry  Pro jec ted  inc rease  f heat and 
i s  ~ . D % / y e a r  over 

consumption f n i n  1973 t o  19 2 
ar) x (1.018) /yecar 

e n t  representat r e f i n e r i e s  i n  t 

A 10.4% sampling o f  
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y e  Accordingly, c r  concerning steam 
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a This  energy accounts for 
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r t e d  i n  t h i s  

, a conser t o r  of" 2326. 
able variati 
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Energy consmpt lon  da ta  f o r  t h e  r e f i n e r i e s  are included i n  Table 11. 

Here it can be seen t h a t  t h e  t o t a l  steam consumption raLe va r i ed  from it 

high of  551.3 k g / s  (4,375,000 l b / h r )  t o  a low of  39.2 kg/s (311,000 l b / h r ) .  

The "average" r e f i n e r y  used 186.1. kg/s (1,477,000 l b  of  s t emlh r ) .  Because 

t h i s  study i s  pr imar i ly  concerned w i t h  r e l i a b i l i t y  aspec ts  of  steam produc- 

t i o n  systems, r e f i n e r i e s  have been numbered i n  Table 1-1 i n  order  of deereas- 

a total steam usage r a t e s .  

The second column of  Table 11 shows t h e  r a t e s  of  energy consumption 
3E 

a t  each r e f i n e r y ,  inc luding  e l e c t r i c a l  and steam energy purchased o r  sold. 

I n  add i t ion ,  k i lowa t t s  of self-generated e l e c t r i c a l  ~ Q W T  i s  l i s t e d .  Four 

of t h e  n ine  r e f i n e r i e s  generate  s u b s t a n t i a l  mounts  of  e l e c t r i c i t y .  A s  i n  

t h e  case of t h e  chemical companies, e l e c t r i c a l  energy expressed i n  k i lowa t t s  

(kW) has been converted t o  an equivalent  r a t e  of  s t e m  flow by t h i s  r e l a -  

t i onsh ip :  

1 kW = 0.000428 kg/s (1 kW = 3.4 lb of steam/hr 

and 29)-i- kW 1: 1000 l b  of s team/hr) .  

This w a s  done t o  provide a common base f o r  comparing energy consumption 

p a t t e r n s  a t  t h e  n ine  r e f i n e r i e s .  

Average t o t a l  steam production rates are given i n  colwnn 3 and cal- 

cu la t ed  as a percentage o f  t o t a l  energy consumed i n  column 4.  En t r i e s  i n  
columns 2 and 3 are averages f o ~  1973 t o  l971-c and thus include per iods o f  

time when energy usage w a s  c u r t a i l e d  f o r  reasons t h a t  a r e  i d e n t i f i e d  l a t e r .  

Moreover, steam da ta  i n  columns 2 t o  4 include s t e m  obtained from one o r  

more c e n t r a l  b o i l e r  s t a t i o n s  and from waste heat recovery wits. Colmm 5 
l i s t s  t h e  percentage of s tem r a i s e d  a t  t he  c e n t r a l  b a i l e r  s t a t i o n ( s ) .  

percentage of  steam energy used for process  hea t ing  i s  shown i n  column 6. 
A swnmary of  types  of  fuel u t i l i z e d  and primary b o i l e r  c a p a c i t i e s  a t  

each r e f i n e r y  i s  provided i n  Table 12.  Also ind ica t ed  i s  the g e n e r a l l o -  

ca t ion  of t h e  r e f i n e r y  -most a r e  s i tuated.  e a s t  of t h e  Miss i ss ippi  Hiver. 

The numbers i n  parentheses  represent  t h e  nameplate c a p a c i t i e s  of  b o i l e r s  

by f u e l  source.  lt can be seen t ha t  25% of a19 b o i l e r s  u t i l i z e  fuel gas 

or n a t u r a l  gas ,  and these  b o i l e r s  burn 2$% of a l l  fuel  based an nameplate 

c a p a c i t i e s .  On t h e  o t h e r  hand, 40% of  t h e  b o i l e r s  use fuel a i l  and these  

b o i l e r s  consume b e t t e r  than  two-thirds o f  all f u e l .  None of t h e  r e f i n e r i e s  

The 

*See footnote ,  Table 11. 



survey Table 11. Ehergy 
data for  the 

Stem- energy 

c e n z d  p l a n t  as process heat 
Fercent u? total 

Steam energy 'A'of,a,l energy conmmptim 
rete  (e lectr ical ,  s t e m  a a d  

o ther )  ir, eq?Livalent 
steam flow, l b j h r  

Steam energy con- 
To ta l  s t e m  geriorated at, for d i r e c t  sumption as a 

percent of  t o t d  d t e ,  l b lh r  
Refine-y productim 

as percen; of 

1 4.d93 x lo6 (145,OQC kh' purchased) 4.375 x lob 
(35,000 kW self-gerieraxea) 

2 

89.4 

95.2 77.0 

66 ,Z 

50.0 

1.870 x lC6 71.9 3 

23.2 4 

r: 
.1 62.7 

0.730 x 106 83.0 73.1 57 .$ 6 10' (31.100 kW purcksed) 
(9 Xi self-generated) 

8 0.554 x lo6 (16,985 k W  purchased] 0.4% x 106 
(0 El self-generated) 

9 1.034 x 105 (4,80G kGI purchased) 
( 0  kli self-generated) 

0.311 x 106 

81.5 

59.5 

30.1 

60.6 68.3 

75.0 6C.G 

78.8 50.2 

flo S. Rote: To convert t o  Si units, 
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now burn f u e l s  more p l  

f i n e r i e s  plan 

A d e t a i l e d  summary f o r  each r e f i  i s  provided i n  
Tables 13  and 1 4 .  
8 were not  a v a i l a b l e ,  

ta t o t a l s  i n  Table 12, Fr 
all b o i l e r s  opera te  a t  

of 84 units, o r  61.9%). F re,  t h e  average ag 

almost 25 years ,  w i t h  e age being a 

Boi le r  p r  

opera t ing  under 1723.8 kPa i d  * 

I n  genera l ,  b o i l e r s  r ies are o lde r  than e emical 
p l a n t s  included i n  t h i s  s t  ge number of ref le rs  a r e  

candidates  f o r  replacement petroleum co 

improve fuel consumpt i d reduce u n i t  

I n  f a c t ,  one of  t h e  s i x  major t i o n s  of  the 

e c t  of t h e  Ford Foundation r e f i n e r y  f u e l  sa 
prove e f f i c i e n c y  of  st 

ment . "11 A t  r e f i n e r i e s  i n  t h  h i s  statement 

titularly appropr ia te  b 

20 years  and 26 (30%) a r e  

almost all arger b o i l e r  

ies over 31.5 kg/s, o r  am/hr) a r e  not  
seen t h a t  42 of t h e  84 boi 

i n  excess of  d 63 b o i l e r s  (75%) 

a t u r e s  above 

oncerns use o 
c t i o n  of  process  s 

e c t r i c a l  need y e  One of the ref 
0 .  4) has an 8rra 

r a c t i o n  of i t s  steam ts i s  provided 

no sales of by-pr e l e c t r i c i t y  t o  t h e  u t  
p p l i c a b i l i t y  of water r e a c t o r s  as rep1 for  e x i s t -  

i n g  steam genera tors  at pe r i e s  appears p 

i scussed  on page 15.  rge f r a c t i o n  of s requirements 
a t  4OO0F and below could be M n LWR, high-te 
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requirements could perhaps be s a t i s f i e d  with f o s s i l  o r  by-product fue led  

superheat b o i l e r s .  

Turning now t o  r e l i a b i l . i t y  cons idera t ions ,  much information was ob- 

t a i n e d  from ques t ionnai re  responses regarding t h e  r e l i a b i l i t y  o f  steam- 

supply systems a t  t h e  n ine  r e f i n e r i e s .  The d e f i n i t i o n  of  r e l i a b i l i t y  

given on page 2 w a s  u t i l i z e d  to quantif'y (1) average s a f e t y  margims as 

a percent  o f  average steam usage, ( 2 )  s a f e t y  margins as a percent  of  t h e  

l a r g e s t  on-line b o i l e r ,  ( 3 )  percent  of cl.ock t ime t h a t  des i r ed  throughput 

w a s  c u r t a i l e d  because of equipment-related outages (unplanned) o f  t h e  steam- 

supply system, and (4) percent  of  clock t ime t h a t  des i r ed  throughput was 

reduced due t o  laonequipment r e l a t e d  outages of t he  s t eamsupp ly  system. 

Results of  analyzing data i n  Sect ions 1. and 2 o f  t h e  ques t ionnai re  

are given i n  Table 15. Safe ty  margins a t  each r e f i n e r y  were found by 

sub t r ac t ing  l i n e  D of  Table 15 from l i n e  B. It would have been b e t t e r  

t o  have used scheduled ( d e s i r e d )  steam demand i n  determining t h e  s a f e t y  

margin, bu t  none of t h e  r e f i n e r y  respondents d i s t inguished  between a c t u a l  

s t e m  consumption versus  forecas ted ,  o r  des i r ed ,  steam consimption on t h e  

ques t ionnai re  + 

Two i n t e r e s t i n g  c h a r a c t e r i s t i c s  of  t h e  s a f e t y  margin are computed i n  

l i n e s  W and J o f  Table 1 5 .  Average margins ( l i n e  W) ranged from 3.8% of  

steam consumption t o  6 0 . 8 % ~  w i t h  an average of  around 29%. Expressed as 

a percent  o f  t h e  l a r g e s t  on-line b o i l e r ,  s a f e t y  margins ranged from 19.0 

t o  200% ( l i n e  J ) .  From l i n e  J it i s  seen t h a t  fou r  o f  t h e  n ine  r e f i n e r i e s  

had s a f e t y  margins that  were 100% o r  b e t t e r  of t h e  l a r g e s t  b o i l e r .  

eve r ,  t h e r e  i s  a l a r g e  amount o f  excess capac i ty  a t  a l l  r e f i n e r i e s  because 

i n  most cases  t h e  l a r g e s t  unit  on-line has a nameplate capac i ty  of  at  least  

31.5 kg/s ,  o r  250,000 lh o f  steam/hr (seven o f  t h e  n ine  r e f i n e r i e s ) .  

How- 

The " u n r e l i a b i l ~ i t i e s "  o f  steam supply systems are ca.l..cu.bated i n  l i n e s  

K,  L,  and N of  Table 1 5 .  The overall.  r e l i a b i l i t y  o f  r e f i n e r y  steam-supply 

systems (100 minus t h e  u n r e l i a b i l i t y  i n  l i n e  N )  ranges from 100 t o  69.9%, 
w i t h  an average value of 92.1% f o r  all nine  r e f i n e r i e s .  

From l i n e  N of  Table 1 5 ,  it can be seen that; f i v e  r e f i n e r i e s  had 

steam-supply systems t h a t  were un re l i ab le  5% or less of  a.1-3_ clock t ime,  

and. t h e  o t h e r  four  r e f i n e r i e s  were unreli-able 5% or more o f  t h e  t i m e .  
There appears t o  be l i t t l e  connection (i. e. , 3-ow c o r r e l a t i o n )  between 



Item of data 

1373 645 500 

93.4 98.2 

1050 1250 1 o z  

94.7 92.1 87.6 93.5 94.7 

2250 B. Average on-lfne capacity, 5.450 3500 

e. Average on-line capacity, 93.6 

10’ lbs steam per hr  

94.2 as percentage of A 

?i;9 4% 3u 780 13. Average actual. steam usage, lY75 2800 18770 1012 1:oo lo3  1bs of steam per hr - 
74 9 4% 3sL 1100 780 

4375 E. 

70.9 62.2 72.8 usaee, 80.3 83.1 F. 

, 
321 150 189 

38 

12.4 30.2 60.8 3.8 37.3 
25.c 

r. 

J. 

K. 

L. 

M. 

1. 

Percent of t i n e  steam supply 
system unable t o  meet sched- 
uled requirements (E)  due t o  
random equipment outages 

Percent of  time scheduled 
steam pro8taction (E)  was 
cur ta i led  due t o  nun-equip- 

550 
10.1 

1%. 5 

5.8 

0 

0 

5.8 

350 
10.0 

2m.c 

0.8 

D 

0 

0.8 

500 
22.2 

76.0 

8.3 

0.8 

0 

9.1 

200 
19.1 

19.0 

0 

1.9 

0 

1.9 

L?O 
0 43.9 

61.9 l i 4 . 6  34.1 14o.c 52.3 

3.s 1.4 ?0.1 1:. 3 0 

0 0 .3  0.3 0 0 

0 0 i) n c. 

17.6 4.  1. 30.1 
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l a r g e  u n r e l i a b i l i t i e s  and low s a f e t y  margins ( l i n e s  M and J). 

suspected t h a t  t h e  high age o f  standby boril.ers tends  t o  obfuscate  t h e  

not ion  t h a t  high s a f e t y  margins l e a d  t o  l o w  uPnre1Labili:ties. 

t h e  l a r g e r  and newer r e f i n e r i e s  t end  t o  have more r e l i a b l e  s tem-supply  

systems. 

ures accounted f o r  t h e  major i ty  of a l l  cur ta i lments  i n  r e f i n e r y  through- 

put .  F ina l ly ,  t o  h igh l igh t  information from Table 15 re levant  t o  stearn- 

supp1.y system u n r e l i a b i l i t y ,  a summary of  t h i s  aspect  of  t h e  survey i s  

provided i n  Table 16. 

It i s  

I n  genera l ,  

E t  can a l s o  be observed in l i n e  K t h a t  unscheduled b o i l e r  P a i l -  

Reasons f o r  outages of any type  a r e  l i s t e d  i n  Tab1.e 17. Here t h e  

magnitude of t h e  l o s s  and i t s  approximate dura t ion  a r e  ind ica ted .  

t h e  s e v e r i t y  of outages,  as an average, i s  shown for each r e f i n e r y ,  where 

0 r ep resen t s  total r e f i n e r y  shutdown given t h a t  t h e r e  was an outage and 

1 r ep resen t s  t h e  i d e a l  condi t ion of  no production cur ta i lments  due to 

equipment outages during t h e  year  survey (1973 t o  19'Ib).  

Also 

Resul t s  of  t h i s  s tudy o f  steam-supply systems at  petroleum r e f i n e r i e s  

i n d i c a t e  t h a t  sources of  ste'cm ought t o  be at  l e a s t  92% r e l i a b l e  based on 

an a r i thme t i c  average of i nd iv idua l  r e l i a b i l i t i e s .  Because t h e r e  were two 

major groupings o f  r e f i n e r y  steam-supply system r e l i a b i l i t i e s  (gr, e a t e r  than  

98% and l e s s  than  98%),  another  more r ep resen ta t ive  fi-gure such as t h e  

median r e l i a b i l i t y  should be considered. The median i s  t h e  poin t  t h a t  

d iv ides  responses i n t o  two halves, so - t h e  median u n r e l i a b i l i t y  he re  would 

be about 4.0%. e__* 

and four t h a t  are l a r g e r .  Rased on t h e  median, steasm-supply systems a r e  

about 96% r e l i a b l e .  

That i s ,  t h e r e  a r e  four  unre l i . ab i l . i t i es  smaller  than  4% 

STUDY RESULTS FOR PRIMARY META.LS INDUSTRIES 

Only t h r e e  responses t o  the  ques t ionnai re  were recei-ved from companies 

i n  t h i s  indus t ry .  'Two were from alulninurn companies and one TGXS from a s t e e l  

company. 

91.40 x 10l2 kJ /year  (86.63 x lo1* Btu/year)  which i s  roughly equivalent  t o  

121+6.1 kg/s  (7.89 x 10  l b  s team/hr) .  According t o  ref'. 5, the t o t a l  energy 

i n  f u e l s  used by primary metals i n d u s t r i e s  i n  1-371 vas 3661- x 

x 10l2 Btu) .  

o f  t o t a l  e n e r m  consumed i n  t h e  primary metals indus t ry .  

The t o t a l  ra te  of energy consumption f o r  t h e  t h r e e  companies was 

6 

kJ (3470 
Thus t h e  t h r e e  companies i n  the  survey comprised roughly 2.7% 
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Table 17. Number and sever i ty  of outages represented 
by l i n e s  K ,  L ,  and M of Table 15 

--.- 

Magnitude of capac i.ty 
l o s s  ( l b  steamlhr) and Refinery 

duration of t he  loss i l i n e  E )  
I...__c_. -_.. 

Severi ty  of outage p 

(Available capacity on- 
l i n e  during t h e  outage 

1 

2 

LOSS of approximately 17% of t o t a l  name- -0.99 
p l a t e  capacity fo r  3 weeks. The b o i l e r  
outage ( 3  weeks) w a s  a random outage. 

Random b o i l e r  malfunctions resu l ted  i n  
loss  of around 20% o f  total .  nameplate 
capaci ty  f o r  3 1-day outages per year 
(average ) 

'0.99 

3 Loss of 33% of nameplate capacity for -0.80 
1 month (scheduled b o i l e r  outage) .  A f i r e  
caused a t o t a l  shutdown f o r  3 days. 

4 Total  shutdown f o r  2 days because of storm, "0.75 
random b o i l e r  malfunctions caused a l o s s  of  
roughly 1/3 of ra ted  capacity f o r  5 days 
(average ) 

5 Forced b o i l e r  outages ( 3 )  caused 1 / 3  l o s s  -0.70 
i n  t o t a l  capaci ty  f o r  110 days 

6 Forced bo i l e r  outages ( 2 )  caused l o s s  of -0 .75  
about 50% of t o t a l  capaci ty  for  10 days 
equivalent 

7 Forced b o i l e r  outages ( 5 )  resu l ted  i n  loss -0 .65  
of 40% of t o t a l  capaci ty  f o r  1 3  days 
dur a t  ion 

8 'Two separate  random b o i l e r  outages each 0.90 
resu l ted  i n  a 33% l o s s  of t o t a l  capacity 
f o r  5 days ( t o t a l )  during the  year 

9 One scheduled outage reported,  no cu r t a i l -  1.00 
ment of scheduled production 
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Table 18 shows t h e  bre of t o t a l  energy f o r  production of steam. 

of t o t a l  ener  

i s  consumed fo r  purpose eam. Two of t h e  companies 

amaunt of t h e  steam produce for process  heat 

tions. The s t e e l  compa d no steam f o r  such uses b 

of i t s  steam f o r  mechan 

Data included i n  T ca te  tha t  average boi le r  a 

hat most of t h e  s t e  ng capac i ty  (about 74%) was ra ted 

i n  t h e  288 t o  371*C (550 t o  
process steam tempe ary metals  compa 

too h i g h  fo r  l igh t -water  

that hfgh-t ernperat w e  g 

ors  could satism 
mary metal companies e emperature s t e  d be u t i l i z e d  

by anical drivers 

Additional inform 
m a t  t h e  three co i n  Table 20. 

t h a t  

Tliis 

they 

they  

all. steam-supply s 
r e f l e c t s  condi t ion  

are not  heav i ly  d 

cannot t o l e r a t e  s 
With a sample size 2.5% (based on t o t a l  en 

energy consumed) responding i n  t S 

c lus ions  about i n  
system r e l t a b i l i  would be i n -  



Table 18. Energy production and consumption da ta  f o r  t h r e e  primary metals g l a n t s  i n  t h e  survey 
(Most da t a  f o r  t?ie per iod J :dy  1, 1973 t o  Jane 30, 1974) 

Total  energy consumption 
r a t e  ( e l e c t r i c a l ,  steam and 

o t h e r )  i n  equivalent  
s t e m  flow, 1b/hr  

Plant  

S t e m  energy Steam energy 
generated a t  

c e n t r a l  p l a n t  as ces s  hea t  a s  
percent  of t o t a l  percent  of to-  

for d i r e c t  pro- Steam energy con- 
sumption as a 

energy consumption 

To ta l  steam 
production rate, lb,hr percent  of t o t a l  

t a l  steam energy steam energy 

1 5.901 x lo6 (77,039 icW purchased, 8.7 l o 5  
0 B'd s e l f -gene ra t ed )  

4 
2 1.574 x 106 (278,288 k'd purchased, 9.76 x 10 

253,307 kW self-generated by 
hydroe lec t r i c  gene ra to r s )  

3 l.hl4 x 10' (415,300 i r W  purchased, 
0 kW self-genera-ted 11 

3.4 x 193 

12.6 

6.2 

0.2 

87.4 

100.0 

100.0 

0 

69.4 

100.0 

w m 

Note: To convert  t o  S I  units, mult iply steam Ylow i n  l b / h r  by 1.26 x IOW4 t o  ge t  kg/s. 
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Table 20. Process steam system capac i ty ,  consumption r a t e  and 
r e l i a b i l i t y  fo r  primmy m e t d  companies t n  the s i~ rvcy  

P l a n  I; 

1 2 3 
I t e m  o f  d a t a  ..I 

"-- 
--...-I_______ 

A. 

B. 

e .  

D. 

E,  

F. 

G.  

11. 

I. 

J. 

K. 

7;. 

M. 

3 Average i n s t a l l e d  capac i ty ,  10 lb 
of  steam per  h r  

3 Average on-l ine capac i ty ,  10 l b  of 
s t e m  p e r  hr 

Average on-l ine capac i ty ,  as per- 
centage of A 

Average a c t u a l  s t e m  usage, 10 
lb of steam p e r  h r  

Average scheduled steam usage, 1 0  
l b  per hr 

3 

3 

Average actual.. steam usage, as 
percentage of B 

Average s a f e t y  margin, I t e m  l3 - 
Item D 

Average s a f e t y  margin, as per- 
centage af D 

Largest  u n i t  on-l ine 
( i )  10 Ib of s t e m  per  h r  
(ii) avg. percentage of  B 

3 

Safe ty  margin as percentage of  
l a r g e s t  u n i t  on-l ine ( I )  

Percent of t i m e  steam supply system 
unable t o  meet scheduled requi re -  
ments ( E )  due to  random equipment 
out ages 

Percent  of t i m e  scheduled steam 
production ( E )  w a s  c u r t a i l e d  due 
t o  nonequipment r e l a t e d  outages 

Tota l  percent  of  time scheduled 
s t e m  production w a s  c u r t a i l e d  
( I tem K f Itern L )  

1345 

11 30 

84.0 

870 

870 

77.0 

260.0 

29.9 

300 
26.5 

86.7 

0 

458 

383 

83.6 

97 6 

97.6 

25.5 

285. Id- 

292.4 

40 
10.4 

71.3" 5 

0 

3.4 

3.4 

100.0 

3.4 

3.4 

1-00 e 0 

0 

0 

3 . 1.k 
lOO.0 

0 

0 

0 0 0 

0 0 0 
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E STUDY 

In  s t u d i e s  of a l t  process ener 

e i n  t h e  nea ion i s  o f t en  r a i  

e t h e  energy sour  f'y i n d u s t r y ' s  r e  

i n i t i a t e d  t o  g from t h r e e  i n  
energy system r 

74. Some b a s i  

would l i k e  t o  heir "econorn 

what they  exper i  urvey per iod  

. It i s  be l ieved  r e l i a . b i l i t y  of t 
an ie s  s t u d i  

in imal ly  acce Thus r e s u l t s  s 

i.c condi t ions I 

re obtained from l a r g e s t  p l a n t s  

Based on process steam-s i l i t i e s  ob ta in  

s t i o n n a i r e ,  it t sources of  p 

ndustry a r e  p r  l e .  That i s ,  t 
o r  exceeding production re 

sis  except fo  

ies ranged fr so t h e r e  i s  cons1 

average r e l i  ese  r e l a t i v e l y  

ned by excess . I n  fact, I1 of 

ed t h a t  about 

t s  r e s u l t e d  f e la ten outage 

y w a s  rough1 

storms. e t c .  
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scheduled production a t  an average r e f i n e r y  had to be c u r t a i l e d  because 

o f  ra.ndom b o i l e r  outages , operator errors v io len t  storms , e tc .  A very 

l a r g e  f r a c t i o n  (roughly 9 5 % )  o f  steam production cur ta i lments  were due 

t o  equipment rel.a.ted outages.  Perhaps t h i s  can be p a r t i a l l y  explained 

by r e c a l l i n g  t h a t  t h e  svera.ge age of r e f i n e r y  b o i l e r s  w a s  almost 25 years .  

Probably a more r ep resen ta t ive  es t imate  of a c t u a l  r e l . . i ab i l i t y  i s  

given by t h e  modal. response which was 96%. 
i n t o  two groups such t h a t  one group of  r e f i n e r i e s  experienced r e l i a k i l i t i e s  

h igher  than 96% and the o the r  group had r e l i a b i l - i t i e s  lower than  96% 
cause t h e  n ine  r e f i n e r i e s  in t h i s  s tudy accounted f o r  b e t t e r  than 10% of  all 

s t eam produced a t  r e f i n e r i e s  i n  1973 t o  1.974, it Ti.s bel. ieved that a 96% re-  

l i a b l e  steam supply system i s  q u i t e  reasonable as a r ep resen ta t ive  industry-  

wide opera t ing  parameter. 

Tnis f i g w e  d iv ides  responses 

Be- 

F i n a l l y ,  r e l l a b i l - i t i e s  of  prscess energy systems i n  the primary metals 

indus t ry  were found t o  be 100%. 

t h e r e  were no i n t e r r u p t i o n s  i n  process  energy- t h a t  r e s u l t e d  i n  t h e  c u r t a i l -  

ment of  scheduled production. The sample s i z e  was smal.l., and thus  gezie~al 

conclusions appear t o  he inappropr ia te .  

"'his means f o r  t h e  per iod  19'73 t o  1971.1 

A s  a follow-on t o  t h i s  s tudy,  var ious  conhinat ions of  nuc lear  steam 

systems and nuc lea r - fos s i l  steam systems w i l l  be invest t igated that a r e  

capable of meeting o r  exceeding r e l i a b i l i t y  levels  requi red  f o r  appl ica-  

t i o n s  i n  candidate  i n d u s t r i e s .  'To accomplish t h i s  t h r e e  funtlamental con- 

s i d e r a t i o n s  must be taken i n t o  account:  (1) t h e  t o t a l  mount  of s t e m  

requi red  under norrrial and maximum ope ra t ing  condi t ions  by ind iv idua l  com- 

panies  and/or i n d u s t r i a l  parks ,  ( 2 )  t h e  cos t  and overal.1 a v a i l a b i l i t i e s  

of a.l.t*ernative conf igura t ions  o f  nuc lear  and f o s s i l  u n i t s  t h a t  would 

s a t i s f y  s t a t e d  i n d u s t r i a l  energy rei-iability requirements and. ( 3 )  t h e  

forced  outage c h a z a c t e r i s t i c s  and. load-shedding q u a l i t i e s  of  t h e  nuc lear  

steam-supply systems being eva,.l.uated (i. e.  , abruptness  of  load. l a s s  , time 

a v a i l a b l e  t o  b r i n g  a backup u n i t  on-l ine,  and t ime needed t o  b r i n g  stand- 

by units into opera t ion ) .  

A b a s i c  input  t o  t h e  determination of  optinium nuclear  and/or fossil. 

steam supply systems i s  information concerning con t inu i ty  o f  t h e  energy 
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QUEST10 R E Q U I R W N T S  

FOR DUSTRIES 

The purpose o 

S tive samplin ating charac 

s e l e c t e d  energy i n  

our study "pro es steam-sup 

aired fo r  chem , drying  o p e r a t  

drivers, etc. In ing various 

ers of t h e  stea 

gy industries is est. 
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Respondent's Name and Erositisan 

A Graphical Approach to D a t a  Collection: 

In order to facilitate a more general understanding of 

what information is desired, an illustrative example i s  sha 

on t h e  f o l l o w i n g  pagen This illustration i s  simply far  demon- 

strative purposes and is not meant to be representative of any 

p a r t i c u l a r  industry's c s n d i t i s n s ,  

L ine  A - 

Line B - 
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Section 2 -- Supplementary I n f o r  

The purpose of this section i s  to gather information that will 

he lp  us interpret t h e  data plotted on the preceding graph. 

Please be as specific as you can when responding to the 

fallowing questions, 

A. T o t a l  Installed Genera t in2  i s  the t o t a l  

nameplate capacity of all ~ u r p r e n t l y  installed and operative 

steam generating equipment in your p l a n t ,  

Please fill in t h e  tables  below, 

ENERGY SOUWCE/’UTILIZATIBN SU 

(Assuming Nominal 100% Opera t ing  Conditions) 

Electrical 

Sources : Purchased 

Self-Generated 

Total 

Heaters 

Drivers  

uti 1 it i e s  

Other 

Uses: 

Steam 

SouKces : Purchased 

Self-Generated : 

C e n t r a l  Steam Plant 

Process H e a t  RecOVerqP 
Units 

Other Sources 

Total 

kW 

kW 

kW 

l b s / k r .  

llbs/hr. 

lbs/hr. I-.- 
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Uses : 

Di 

Ot 

Total 

SUMMARY OF 

Boi le r  S i z e  

ABILITY 

Do you a n t i c i p a t e  re r e x i s t i n g  u n i t s ?  

, what are t h e  risties of t h e  K 
, pres su re ,  capa 

I f  y e s l  what type  of 

I f  yes ,  when w i l l  t h e  new e on- l ine?  



50 

B, O n - ~ i n e  S t e m  Fenera t ing  Capacity - i s  total.  installed 

capacity minus capacity presently unavailable (e .g .  on 

less than a 2 4 - h ~ ~ ~  notice) because of unscheduled 

interruptions, routine or preventative maintenance, fuel 

shortages ,, etc. 

Please list reasons why various steam supply systems w e r e  not 

available at t i m e s  during the 52-week peri.od p l o t t e d  ear l ier .  

1. Unschedu led  ( r andom)  o u t a g e s :  

...- --e--- .- 

-- - .-_1_____ 

2, Outages known or schedulable 4 8  hours i n  advance: 

..-... I 

3 ,  List duration of the outage: 

- -I-_____. 

at is  the m i n i m u m  level of steam production capacity require 

to keep your company's processes in an operat ive  (marginally) 

condition? 

c *  Amount o f  ______- Stearn R e q u i r e d  to M e . g  "Most- Desirable"  P r o d u c t i o n  . . . . . . . .. . . 

L e v e l  . _. . . . .- i s  d e t e r m i n e d  largely by c u r r e n k  mai?ke t ing  c o n d i t i o n s  

and t e c h n i c a l .  p r o d u c t i o n  d e c i s i o n s  at y o u r  p l a n t .  

Please i n d i c a t e  on a 1-5 s c a l e  t h e  a v e r a g e  c o n d i t i o n s  t h a t  

e x i - s t e d  a t  your p l a n t  d i n i n g  t h e  52-week s u r v e y  p e r i o d .  
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1 Market Con 

C o n d i t i o n s  

Condi t ions  
r Products  

b i l i t y  of Sk’ 

b i l i t y  o f  Fu 

p r o d u c t i o n  1 

l e )  was l i m  of process h 

r e s u l t  of a c t u  e 52-week s . 
answer t h e s  f e r e n c e  t o  y 

p e r a t  ion .  

t h e  t o t a l  ava l y  unexpected1 

g. w i t h i n  a U t e s )  t o  a 

o w  t h a t  xeq ng p r o d u c t i o  

eduled leve e for 4 hour 

c l a s s i f y  t h  i o n ?  ( I n d i c  

i. Rout ine  -- n 
ii. Minor -- som essary. 

iii. S i g n i f i c a n t  -- nd e x t r a  m i n t  
Y e  
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iv. Major - considerable product loss and some system 
rework required. 

v. Catastrophic -- very c o s t l y  systern-wide problems exist. 

2. Same as (1) except steam supply was 20% l o w e r ,  Which 

condition would preva i l ?  . -_- 

3 .  Same as (1) except steam supply was 40% lower. Which 

condition would prevail? .. -- 

4 .  Same as (I), except a 10% loss within a period of 4-5 hours 

f o r  -- 48 hours, Which condition woul_d prevail? 

5. Same as ( a ) ,  except a 40% loss within a period Q €  19-6 hours 
fo r  48 hours, Which condition would prevail? 

6. Does your operation have a general policy of (a) plant-wide 

or (la) product  division-wide annual general. shutdown far 

maintenance, equipment relocation operations, vacations, or 

product  change-overs, etc, If sob please explain the degree 

o f  shutdown l e n g t h ,  and f requeiicy of accurence. 

7. Mas your  operation been forced t:s completely s h u t  down at 

any time i n  the past five years due to strikes, accidents, 

or natural occurences such as floods, earthquakes, etc.? 

Yes No 

If y o u r  answer i s  y e s ,  please give a brief  explanation. 

- 
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