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1 . INTRODUCTION 

Development of engineering-scale  systems f o r  a l a rge - sca l e  

demonstration of t h e  f u e l  r ecyc le  f a c i l i t y  i s  c u r r e n t l y  underway a t  

General Atomic Company and is sponsored by t h e  Department of Energy. 

Figure 1 shows a s i m p l i f i e d  diagram of t h e  reprocess ing  flow diagram. I n  

November 1978,  an a v a i l a b i l i t y  a n a l y s i s  of reprocess ing  systems i n  a high- 

temperature gas-cooled r e a c t o r  (HTGR) f u e l  r ecyc le  f a c i l i t y  was completed. 

This  report .  summarizes work done t o  d a t e  t o  d e f i n e  and determine reproces- 

s i n g  system a v a i l a b i l i t y  f o r  a prev ious ly  planned HTGR recyc le  r e f e rence  

f a c i l i t y  (HRRF) . Schedules and p rocedures  f o r  f u r t h e r  work dur ing  repro-  
s 

cess ing  development and f o r  HRRF des ign  and cons t ruc t ion  a r e  proposed 

i n  t h i s  r e p o r t .  

The proposed work w i l l  i nc rease  t h e  p r o b a b i l i t y  t h a t  t h e  HRRF w i l l  

meet i t s  planned product ion c a p a b i l i t y .  



WASTE 

F i g .  1 .  S i m p l i f i e d  TRISO-BISO r e p r o c e s s i n g  f low diagram 



2. OBJECTIVES OF THE STUDY 

The purposes of t h e  s tudy a r e  t o  ( 1 )  eva lua t e  t h e  e f f e c t i v e n e s s  of 

an  a v a i l a b i l i t y  assessment program i n  sys t ema t i ca l ly  i d e n t i f y i n g  a r e a s  

which c o n t r i b u t e  t o  t h e  u n a v a i l a b i l i t y  of new and uniquely designed ( f i r s t -  

of-a-kind) components and systems, (2) provide procedures f o r  p i l o t  p l a n t  

d a t a  c o l l e c t i o n ,  (3)  provide d e f i n i t i o n s  f o r  nuc lea r  f u e l  reprocess ing  

systems t h a t  w i l l  be extended t o  inc lude  p l a n t  e f f i c i e n c y  a s  d a t a  become 

a v a i l a b l e ,  ( 4 )  provide methodology and procedures f o r  t h e  cons t ruc t ion  of 

q u a n t i t a t i v e  p l an t  a v a i l a b i l i t y  modeling and m a i n t a i n a b i l i t y  network d ia -  

grams, ( 5 )  determine t o t a l  p l an t  down time due t o  scheduled and unscheduled 

maintenance, ( 6 )  develop and maintain, t h e  r e l i a b i l i t y  c r i t i c a l  i tems l is t ,  

and ( 7 )  recommend p l an t  con f igu ra t ion  changes t o  enhance a v a i l a b i l i t y .  



3. REPROCESSING DESCRIPTION 

The reprocess ing  opera t ions  c o n s i s t  of r ece iv ing  and s t o r i n g  spent  

f u e l  shipped from t h e  r e a c t o r s ,  reprocess ing  t h e  f u e l  t o  recover  f i s s i l e  

va lues ,  s t o r i n g  t h e  products  f o r  subsequent sh ipping  t o  a  r e f a b r i c a t i o n  

p l a n t ,  p rocess ing  e f f l u e n t s  and wastes  t o  r e s t r i c t  r a d i o a c t i v e  r e l e a s e  

t o  t h e  environment and t o  prepare  s o l i d  waste forms s u i t a b l e  f o r  d i sposa l .  

Basic p l an t  ope ra t ions  a r e  summarized i n  Fig.  2.  The .spent  f u e l  is 

received i n  c o n t a i n e r s . t r a n s p o r t e d  i n s i d e  heavi ly  s h i e l d e d . r a i 1  o r  t r u c k  

shipping casks and is  t r a n s f e r r e d  t o  water-c'ooled s t o r a g e  w e l l s  i n  t h e  

spent  f u e l  s t o r a g e  f a c i l i t y .  The t o t a l  decay t i m e  p r i o r  t o  reprocess ing  

(nominally 180 days) permits  e s s e n t i a l l y  complete decay of t h e  Pa-233 t o  

The f u e l  reprocess ing  sequence starts wi th  t h e  head-end ope ra t ion ,  

where the  f u e l  p a r t i c l e s  a r e  separa ted  from t h e  g raph i t e  block by crushing  

and f l u i d i z e d  bed burning. Subsequent head-end ope ra t ions  s e p a r a t e  t h e  

f i s s i l e  , p a r t i c l e s  conta in ing  t h e  r e s i d u a l  uranium from t h e  thorium f e r t i l e  

p a r t i c l e s ,  conta in ing  bred U-233 and conver t  t h e  oxycarbide f i s s i l e  k e r n e l  

t o  an oxide s u i t a b l e  fyr d i s s o l u t i o n .  The burned-back BISO f e r t i l e  p a r t i -  

c l e s  can be d isso lved  a f t e r  t h e  i n i t i a l  crushed f u e l  element burning opera- 

t i o n .  The burned-back TRISO p a r t i c l e s  con ta in  an  i n e r t  s i l i c o n  ca rb ide  

coa t ing ,  which must be  crushed, and inne r  carbon c o a t i n g s ,  which must be 

burned p r i o r  t o  d i s s o l u t i o n .  Head-end reprocess ing  f o r  HTGR f u e l  is  thus  

cha rac t e r i zed  a s  a  crush-burn-leach process  a s  d i f f e r e n t i a t e d  from t h e  

chop-leach process  used .fo'r convent ional  metal-clad f u e l s .  

Solvent e x t r a c t i o n  processes  a r e  used f o r  t h e  decontamination and 

p u r i f i c a t i o n  of t h e  U-233 and U-235 products .  The acid- thorex process  i s  

used to s e p a r a t e  U-233 from throiumj p lu t a~~ iu l i l ,  alld f i s s i o n  products  
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Fig. 2. HTGR fuel reprocessing plan, functional flow diagram 



contained i n  t h e  f e r t i l e  d i s s o l v e r  s o l u t i o n .  A modified purex process  i s  

used t o  s e p a r a t e  U-235 from plutonium and f i s s i o n  products  contained i n  t h e  

f i s s i l e  d i s s o l v e r  s o l u t i o n .  The uranyl  n i t r a t e  product s o l u t i o n s  a r e  con- 

ve r t ed  t o  ox ide  powder f o r  temporary s t o r a g e  and subsequent sh ipping  t o  a 

r e f a b r i c a t i o n  p l an t . ,The  thorium n i t r a t e  byproduct s o l u t i o n  is  converted 

t o  t h e  oxide f o r  long-term s t o r a g e  (15 t o  20 yea r s )  t o  a l l ow  t h e  Th-228 

r a d i o a c t i v e  daughters  to . .decay p r i o r  t o  r e c y c l e  i n  a f r e s h  f u e l  f a b r i c a t i o n  

p l a n t .  

Process  off-gases  a r e  t r e a t e d  by a v a r i e t y  of  me~hods  t o  minimize 

r e l e a s e  of r a d i o a c t i v i t y  and noxious chemicals.  High-level l i q u i d  was tes  

a r e  temporar i ly  s t o r e d  and then s o l i d i f i e d  by v i t r i f i c a t i o n  f o r  even tua l  

d i s p o s a l  i n  a geologic  r epos i to ry .  Appropriate  methods a r e  used t o  treat ,  

compact, and package o t h e r  combustible and noncombustible wastes  f o r  d i s -  

posa l .  A s i m p l i f i e d  TRISO-BISO rep roces s ing  flow diagram is shown i n  

F ig .  1 .  



4. DISCUSSION 

Optimization of t h e  design of a  t y p i c a l  HTGR f u e l  reprocess ing  p l a n t  
I 

r e q u i r e s  an assessment of p l a n t  a v a i l a b i l i t y  o r  t h e  f r a c t i o n  of t h e  sched- 

uled ope ra t ing  time t h a t  t h e  p l an t  is  a c t u a l l y  i n  s e r v i c e  and meeting 

s p e c i f i c a t i o n s .  Such an assessment,  i n  t u r n ,  r e q u i r e s  t h e  de te rmina t ion  

of f a i l u r e  f requencies  and equipment r e p a i r  t imes . 

It is the .pu rpose  of t h i s  r e p o r t  t o  provide such information;  

s p e c i f i c a l l y ,  t h e  r e l a t i v e  f a i l u r e  r a t e s  a r e  es t imated ,  and t h e  maintain- 

a b i l i t y  of la rge-sca le  HTGR f u e l  reprocess ing  equipment i s  predic ted  and 

analyzed a s  a r a t i o n a l  b a s i s  f o r  eva lua t ing  t h e  design and philosophy of 

maintenance f o r  HRRF. The performance of t h e  General Atomic co ld  (non- 

r ad ioac t ive )  p i l o t  equipment is used a s  a  b a s i s  f o r  t h e s e  p red ic t ions .  

The f i n a l ' a l l o c a t i o n  of system a v a i l a b i l i t i e s  f o r  t h e  HRRF w i l l ,  of 

course ,  be t h e  r e s u l t  of an i t e r a t i v e  process .  This  process  i n i t i a l l y  

w i l l  use  t he  r e s u l t s  of t h i s  pre l iminary  m a i n t a i n a b i l i t y  a n a l y s i s  t o  calcu- 

l a t e  an o v e r a l l  p l an t  a v a i l a b i l i t y  and a  process  t ime d i s t r i b u t i o n  of t h e  

s e v e r a l  p l a n t  systems. These r e s u l t s ,  i n  t u r n ,  w i l l  h e l p  t o  i d e n t i f y  a r e a s  * 
of rhe planr des ign ,  which because of t h e i r  impact on p l a n t  a v a i l a b i l i t y ,  

r e q u i r e  redes ign  t o  reduce f a i l u r e  r a t e s  o r  t o  improve m a i n t a i n a b i l i t y .  

Subsequently,  a  second m a i n t a i n a b i l i t y  a n a l y s i s  w i l l  be  c a r r i e d  o u t ,  based 

on an upgraded equipment and/or  system des ign .  This  process  is  repeated 

u n t i l  a  f i n a l  op t imiza t ion  of p l a n t  a v a i l a b i l i t y  based on minimum c o s t s s i s  

compatible wi th  t h e  corresponding m a i n t a i n a b i l i t y  a n a l y s i s .  This  i t e r a t i v e  

process  is  shown i n  Fig.  3 .  

I n  a  s tandard  processing o r  manufacturing p l a n t ,  t h e  e f f e c t s  of 

s y s t e u  u n a v a i l a b i l i t y  can  be o f f s e t  by inc luding  redundant o r  d i v e r s e  

systems i n  t h e  p l a n t  design t o  cont inue  ope ra t ion  when t h e  primary system 
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Fig. 3. Evolution of availability analysis 



f a i l s .  Both feed  and product m a t e r i a l  can a l s o  be  s t o r e d  between process  

s t e p s ,  s o  t h a t  when a  system i s  unava i l ab l e ,  i t  w i l l  no t  s t o p  t h e  o p e r a t i o n  

of neighboring systems. . . Three major d i f f e r e n c e s  from a s tandard  p l a n t  must 

be considered i n  t h e  des ign  of a  nuc l ea r  f u e l  r ep roces s ing  p l a n t :  

1 .  Hot c e l l  space is  expensive t o  b u i l d  and expensive t o  o p e r a t e ;  

t h e r e f o r e ,  space f o r  redundant equipment and surge  s t o r a g e  should 

be l i m i t e d .  

2 .  The equipment i t s e l f  i s  expensive because of s t r i n g e n t  q u a l i t y  

assurance  requirements and s p e c i a l  des ign  f o r  remote ope ra t i on ;  

t h e r e f o r e ,  t h e  number of p i eces  of equipment should be  l imi ted . '  

3 .  I n  a d d i t i o n  t o  maintenance down t ime,  p rocess  i n t e r r u p t i o n s  o r  

de l ays  can occur  due t o  s t r i n g e n t  q u a l i t y  c o n t r o l  measurement 

requirements  on t h e  product and s p e c i a l  nuc l ea r  m a t e r i a l  . .  

a c c o u n t a b i l i t y  requirements .  

The des ign , and  development problem f o r  spent  f u e l  r ep roces s ing  is  t o  

minimize equipment redundancy and surge  s t o r a g e  a s  much a s  p o s s i b l e  .without 

j eopard iz ing  t h e  e f f i c i e n t  ope ra t i on  of  t h e  p l a n t . .  The program proposed 

i n  t h i s  r epo r t  should he lp  determine t h e  optimum q u a n t i t y  of equipment and 

surge  s t o r a g e  f o r  maximum system c a p a b i l i t y  i n  t h e  HRRF. 

\ ' 

Figure  4 shows t h e  major components of system e f f e c t i v e n e s s ,  where 

system c a p a b i l i t y  is def ined  a s  a c t u a l  p roduct ion  measured a g a i n s t  c o s t  

and t i m e .  A v a i l a b i l i t y  is  a  major element of  system e f f e c t i v e n e s s  f o r  any 

process ing  o r  manufacturing p l a n t ,  s i n c e  system u n a v a i l a b i l i t y  reduces 

product ou tpu t .  The des ign  goal  f o r  t h e  HRRF i s  t o  reprocess  20,000 spen t  

f u e l  elements pe r  year .  The u n i t  c o s t  of  p rocess ing  spent  f u e l  i s  based 

on meeting t h i s .  goa l  wi th  t h e  given plant des ign .  I f  t h e  goal  of repro- 

c e s s i n g  20,000 f u e l  elements per  yea r  is  n o t  met, t h e  u n i t  c o s t  w i l l  

i n c r e a s e ,  and t h e , r e f a b r i c a t i o n , u n i t  c o s t  w i l l  a l s o  i n c r e a s e ,  s i n c e  t h e  

r e f a b r i c a t i o n  p l a n t  cannot produce. a t  c apac i ty  wi thout  t h e  raw m a t e r i a l s  
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from reprocess ing .  I n  a d d i t i o n ,  t h e r e  is  some l e v e l  of system e f f e c t i v e n e s s  

below which t h e  p l a n t  cannot o p e r a t e  economically a t  a l l .  ' It is  important ,  

t h e r e f o r e ,  t o  t ake  s t e p s  t o  make s u r e  t h a t  system a v a i l a b i l i t y  is  c o r r e c t l y  

c a l c u l a t e d  and systems proper ly  designed f o r  t h e  d e s i r e d  a v a i l a b i l i t y  be fo re  

t h e  HRRF is cons t ruc t ed .  Since system e f f e c t i v e n e s s  i s  t h e  des i r ed  end 

r e s u l t ,  t h e  d i s cus s ion  of a v a i l a b i l i t y  i n  t h i s  r e p o r t  a l s o  sugges ts  ways 

of extending d e f i n i t i o n s  and c a l c u l a t i o n s  t o  i nc lude  e f f i c i e n c y .  



5.  ANALYSIS AND CONCLUSIONS 

Due t o  t h e  l a c k  of ope ra t i ng  experience,  engineer ing  judgment was 

employed t o  e s t ima te  probable  f a i l u r e  r a t e s ,  t r a n s f e r  t imes,  and r e p a i r  

t imes f o r  major system components. These e s t ima te s  can then  be  used t o  

( 1 )  dete.rmine whether t h e  p l a n t  can produce a t  a s a t i s f a c t o r y . r a t e  under 

t h e s e  cond i t i ons ,  ( 2 )  determine what ad jus tments  a r e  necessary  i n  t h e  

e s t ima te s  t o  produce s a t i s f a c t o r y  ope ra t i ng  cond i t i ons ,  and (3)  determine 

which system components have t h e  g r e a t e s t  e f f e c t  i n  reducing p l a n t  a v a i l -  

a b i l i t y .  These e s t ima te s  can guide t h e  des ign  engineers  i n  equipment 

development, and s e n s i t i v e  system components can be  i d e n t i f i e d  f o r  s p e c i a l  

des ign  a t t e n t i o n  o r  r e l i a b i l i t y  t e s t i n g .  The though processes  . . used i n  

producing t h e  e s t ima te s  a r e  va luab le  i n  making des ign  engineers  r e l i a b i l i t y  

conscious.  Such judgmental e s t ima te s  have a l r eady  been made f o r ' t h e  dry  

and wet head-end systems shown i n  Fig.  5 .  

The s t a t i s t i c a l  parameters  t h a t  d e f i n e  f a i l u r e  r a t e s  and mean time 

t o  r e p a i r  were developed f o r  each system. An example of f a i l u r e  r a t e  and 

d i s t r i b u t i o n  parameters f o r  t h e  condenser assembly a r e  shown i n    able 1 .  

A m a i n t a i n a b i l i t y  diagram and parameters  f o r  each s t e p  of maintenance 

a c C l u u  are presented in Table 2. 

The es t imated  f a i l u r e  r a t e s  and replacement t imes r e s u l t  i n  t h e  

unscheduled down t imes by system shown i n  Table  3 .  These r e s u l t s  a r e  f o r  

i n t e r sys t em comparison only  and r ep re sen t  t h e  cons ide ra t i on  of only major 

f a i l u r e  mechanisms. 

Prevent ive  maintenance e s t i m a t e s  have a l s o  been made and a r e  

summarized i n  Table  4 .  Est imates  f o r  a d m i n i s t r a t i v e  t i m e  and a c c o u n t a b i l i t y  

and q u a l i t y  c o a ~ r o l  hold t ime a r e  c u r r e n t l y  n o t  a v a i l a b l e .  A remote main-- 

tenance p lan  under development f o r  HRRF should r e s u l t  i n  a b a s i s  f o r  
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TABLE 1 
FAILURE M03E ANALYSIS AND CORRECTIVE MAINTENANCE, CONDENSER ASSEMBLY 

? a i l u r e  Mode 

Condenser l e a k s  

Loss of coo l i ng  
water  

Co r r ec t i ve  , 

Maintenance 

Reweld condenser  

Replace condenser  

Replace condenser  

Replace v a l v e  

Repai r  p ipe  

F a i l u r e  Mechanism 

Weld c r acks  . 

Corros ion  

Ove rp re s su r i z a t i on  

Valve f a i l s  

P ipe  breaks  

S t a t i s t i c a l  Moments 

Mean 
E (A) 

0.47 

0.34 

Neg 

0.89 

0.47 

~ o g n o r m a l  D i s t r i b u t i o n  ' 

Parameters  f o r  F a i l u r e  Rate 
(Per  Opera t ing  Year) 

Variance 
Var (A) 

0.28 

0.02 

Neg 

.2.28 

0.28 

5 t h  
P e r c e n t i l e  

X0.05 

0.07 

0.18 

Neg 

0.07 

0.07 

Standard 
Devia t ion  

SD (A) 

0.53 

0.12 

Neg 

1.51 

0.53 

Median 
10.50 

0.32 

0.32 

. Neg 

0.45 

0.32 

. . 

95th  
P e r c e n t i l e  

A0.95 

1.39 

0.57 

Neg 

3.'06 . 

1.39 

Uncer ta inry  
Fac to r  

f 

4.38 

1.80 

Neg 

6.83 

4.38 



TABLE 2 
MAxNTANABILITY NETWORK DIAGRAM 

Acqui re  Special  Tools To Maintenance Area 
A .  
I 

I n t e r r u p t  
Run a 

Acqui re  Spare Equipment 

Equipment: 
Condenser 

Maintenance 
Requirement: Repair  Vessel  (Weld) 

Mean 
Var iance 

I I n s t a l l  
Spare Remake Return t o  

' 
. 

Cont i nue 

Run @ 

SD 
5th P e r c e n t i l e  
95th P e r c e n t i l e  

Step 

1-2 
2-3 
3-6 
4-6 
6-7 
7-8 
5-8 
8-9 
9-10 
'I 0-'I 1 
11-12 
12-1 3 

Component 

Rev Desc r i p t  ion  

Est imate Lognormal O i s t r i b u t i o n s  

Appr. 

Y I P  
BY 

S r u L P  

Issue 

A '  

Lognormal Parameters f o r  Step Execut ion T ime.  

Date 

2/6/78 

5 t h  
Percent  i 1 e 

TO. 05 

60 
6 1) 
0 
30 
2 0 
0 

0 
0 
30 
0 
30 
120 

r e p a i r  t ime 

S t a t i s t i c a l  

s ~ t w b f a ~ q  Ca lcu la te  S t a t i s t i c a l  Parameters 

I 
B 

Moment 
Mean 
E (T) 

131 .O 
110.0 : 
0 
65.6 
36.6 
0 
0 
0 
85.2 
0 
65.6 
174.0 

602.0 

5 / 1 4 / 7 8  

s 
Variance 

~ a r  (T) 

3,340.0 . 
1,420.0 

0 
835 .O 
158.0 
0 
0 
0 

2,510.0 . 
0 "  

835 .O 
1,370.0 

9,630.0 

Uncer ta in t y  
Factor  

f 

2.0 
1.73 
0 
2.0 
1 .'73 
0 
0 
0 
2.45 . 
0 
2.0 
1.41 

SUM' 

(Time, Minutes) . 

Median 

TO. 50 

120.0 
104.0 
0 
60.0 
34.6 
0 
0 
0 
73.5 
0 
60.0 
170.0 

d i s t r i b u t i o n :  

95th 
Percent  i l e  

TO. 95 

240 
180 
0 

120 
, '60 

0 
0 
0 

180 
0 

120 
' 240 



TABLE 3  
UNSCHEDULED DOWN TIME SUMMARY 

I Down Time 

Fue l  element s i z e  r e d u c t i o n  I 480 

System 

Fue l  e lement  b u r n i n g .  I 276 

( h l y r )  

P a r t i c l e  c l a s s i f i c a t i o n  I 10 

P a r t i c l e  c r u s h i n g  and b u r n i n g  I 143 

D i s s o l u t i o n  and l i q u i d - s o l i d s  
s e p a r a t i o n  

S o l i d s  h a n d l i n g  

Head end t o t a l  



TABLE 4 
REPROCESSING HEAD-END PREVENTIVE MAINTENANCE SUMMARY(a) 

F u e l  e lement  s i z e  r e d u c t i o n  

S o l i d s  h a n d l i n g  

Sys t e m  

S u b t o t a l  

Fue l  e lement  burn ing  , 

S o l i d s  h a n d l i n g  

S u b t o t a l  

No. of 
A c t i v i t i e s  

Frequency 
( t i m e s / y r >  

S o l i d s  h a n d l i n g  

Sub t o t a l  

P a r t i c l e  c l a s s i f i c a t i o n  

P a r t i c l e  c r u s h i n g  and burning 

I 3 I 2 I 

S o l i d s  h a n d l i n g  

S u b t o t a l  

D i s s o l v e r  and l i q u i d / s o l i d s  
s e p a r a t i o n  

S u b t o t a l  

T o t a l  p lanned maintenance 

I D u r a t i o n  
( h / y r )  

( a ) ~ e f s .  2 and 3.  



es t ima t ing  t h e  a v a i l a b i l i t y  of maintenance equipment, r e p a i r  crews, and 

s p a r e  p a r t s .  The c a l c u l a t i o n s  i n  t h i s  r e p o r t  assume t h a t  r e p a i r  crews, 

d e c i s i o n s ,  maintenance equipment, and s p a r e s  a r e  a v a i l a b l e .  Accountab i l i ty  

down time f o r  t h i s  r e p o r t  is l i m i t e d  t o  known p l a n t  shutdowns f o r  s e m i -  

annual  a c c o u n t a b i l i t y  and t o  down time f o r  c leanout  of equipment a t  t h e  

end of each customer ba tch .  

Based on t h e  prevent ive  maintenance e s t i m a t e s  and t h e  p a r t i a l  

a c c o u n t a b i l i t y  down t ime assumptions,  a  planned ope ra t i ng  time f o r  each 

system has been c a l c u l a t e d  and is  shown i n  Table  5. 

Two i l l u s t r a t i v e  a v a i l a b i l i t y  c a l c u l a t i o n s  can be made us ing  t h e  

information from Tables  3 and 5. These a r e  ( 1 )  o p e r a t i o n a l  a v a i l a b i l i t y  

and ( 2 )  a v a i l a b i l i t y  dur ing  ope ra t i ng  cyc l e .  These va lues  a r e  shown i n  

Table 6 .  



TABLE 5 
OPERATING CYCLE ASSUMPTIONS 

( a ) ~ o t a l  hours  per  ~ a l e n d a r  year .  

Sys t a n  

I 
Fuel  element s i z e  
reduct ion  

Fuel  element 
burning 

P a r t i c l e  
c l a s s i f i c a t i o n  

P a r t i c l e  crushing 
and burning 

Disso lu t ion  l iqu id-  
s o l i d s  s epa ra t ion  

( b ) ~ e r i o d  hours ( t o t a l  hours per  calendar  year )  minus p l a n t  scheduled down t i m e  equals  planned p l a n t  
ope ra t ing  time; i . e . ,  8760 - 720 = 8040. 

( C ) ~ s s u m e s  20,000 f u e l  elements per  year ,  19 cus<omers equal ly  d iv ided  between 878 MW(e) and 1330 MW(e) 
p l an t s ,  two types  of f u e l  per  segment, o r  38 c leanouts  per  year .  

(d)Refs .  2 and 3. 

Period 
 ours(^) 

(h /yr )  

8760 

8760 

8760 

8750 

8750 

( e ) ~ l a n n e d  p l a n t  opera t ing  time minus sys  ten  scheduled down time equals  planned ope ra t ing  cyc le ;  i. e ., 
8040 - [912 + 292 + ( f ) ]  = <6836. 

(f  )To be determined. 

Planned 
P lan t  

Operating 
~ i m e ( ~ )  
(h /yr )  

8040 

8040 

8040 

8040 

8040 

Planned 
Operating 

( h l y r l  . 

<6836 

<6928 

<7034 

<6974 

(7062 

Scheduled Down Time (h /yr )  

Customer 
Accountabi l i ty  

cleanout  (c) 

91 2 

91 2 

91 2 

91 2 

91 2 

Scheduled 
Maintenance 

292 

200 

9 4 

154 

6 6 

Qual i ty  Control  
Release Time 

(f )  

(f  

( f )  

(f  

(f  



TABLE 6  
ILLUSTRATIVE AVAILABILITY CALCULATIONS 

Time Avai laE, i l i ty  ' 

per iod  hours 
(h.fyr) 

Planned ope ra t i ng  
cyc l e ( a )  

Unsc e d ~ l e d  down 
t i m e  ?b) 

Avai lab le  hours  ( 4  

Operaticma1 
a v a i l a b i l i t y  

Ava i l abz l i t y  
du r in  ope ra t i ng  
cyc le fe )  

Fue l  Element 
S i ze  Reduction 

Fuel  
Element 
Burning 

~ -- -- ~p -p 

Sys t e m  

P a r t i c l e  
C l a s s i f i c a t i o n  

P a r t i c l e  
Crushing 

and 
Burning 

8760 

Di s so lu t ion  and 
Liquid-Solids 

Separa t ion  

( a ) ~ e e  Table  5. 

( b ) ~ a b l e , 3 - 1 ,  Ref. 1 r e s u l t s  p l u s  s o l i d s  handl ing dowri time. 

( C ) ~ l a n n e d  ope ra t i ng  cyc l e  minus unscheduled down t i m e  equa ls  a v a i l a b l e  hours;  i .e . ,  
<6836 - 491 = <6345; o r  planned p l a n t  opera t ing  time minus scheduled p l u s  unscheduled down time 
equa ls  a v a i l a b l e  hours ;  i .e . ,  8040 - {[912 + 292 + ( f ) ] )  = <6345. 

(Avai lab le  hours/per iod hours)  = ope ra t i ona l  a v a i l a b i l i t y .  

(') (Avai lable  hours /opera t ing  cyc le )  = a v a i l a b i l i t y  during ope ra t i ng  cyc le .  
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