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PREFACE 

The U.S. Department of Energy (DOE) owns and ope ra t e s  a wide v a r i e t y  of  
nuc lear  fac i l i t i es  t h a t  suppor t  n a t i o n a l  energy,  weapons, and research and 

development programs involv ing  the  use of nuc lear  material. The DOE Order 

5480.1A, Chapter V ,  "Safety of Nuclear Fac i l i t i es , "  establishes safety 

procedures and requirements  f o r  DOE nuc lear  facil i tes.  

developed as an a i d  t o  implementing t h e  Chapter V requirements  pe r t a in ing  t o  
nuclear  c r i t i c a l i t y  safety t r a i n i n g .  The guide o u t l i n e s  r e l e v a n t  conceptual  
knowledge and demonstrated good practices i n  job performance. It addresses 

t r a i n i n g  program ope ra t ions  requirements  i n  the  areas of  employee eva lua t ions ,  

T h i s  guide has  been 8 
b 

employee training reco rds ,  training program eva lua t ions ,  and t r a i n i n g  program 
records .  
s a f e t y  t r a i n i n g  program improvement. 

It a l s o  sugges t s  appropr i a t e  feedback mechanisms f o r  c r i t i c a l i t y  

The emphasis is  on academic rather than  hands-on t r a i n i n g .  
decoupl ing of these g u i d e l i n e s  from specific faci l i t ies .  It would be 

u n r e a l i s t i c  t o  dictate a un ive r sa l  program of t r a i n i n g  because of t h e  wide 

v a r i a t i o n  of ope ra t ions ,  l e v e l s  of  experience,  and work environments among DOE 

c o n t r a c t o r s  and facil i i tes.  Hence, these g u i d e l i n e s  do not  address the  a c t u a l  
implementation of a nuc lea r  c r i t i c a l i t y  s a f e t y  training program, but rather 

they o u t l i n e  the  gene ra l  characteristics t h a t  should be included. 

T h i s  a l lows a 

@ 
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6 1. INTRODUCTION 

0 , 1.1 BACKGROUND 

The r e s p o n s i b i l i t i e s  of the  Office of Nuclear Safety, U.S. Department of 

Energy, i nc lude  setting s a f e t y  s t anda rds  and requirements  and assisting DOE 

c o n t r a c t o r s  i n  improving the i r  ope ra t iona l  safety. Safety procedures and 
requirements  f o r  nonreactor  nuc lear  fac i l i t i es  have been e s t ab l i shed  i n  DOE 

Order 5480.1A, Chapter V. 
t h a t  cons ide ra t ion  is g iven  t o  a l l  p o t e n t i a l  c r i t i ca l i t y  hazards a s soc ia t ed  
w i t h  f iss i le  material ope ra t ions  o u t s i d e  nuc lear  r e a c t o r s .  The chapter  also 

The chapter  i nc ludes  s a f e t y  requirements  t o  a s s u r e  

es tabl ishes  c r i t i c a l i t y  s a f e t y  t r a i n i n g  requirements  for s p e c i f i c  jobs  related 

t o  t h e  handl ing of f i s s i le  materials. I n  i ts  con t inua l  e f f o r t  t o  a i d  DOE 

c o n t r a c t o r s  i n  complying w i t h  DOE requirements ,  t he  Office a l s o  develops and 
d isseminates  nuc lear  s a f e t y  program guidance f o r  t h e  management and ope ra t ion  
of these government-owned, contractor-operated nuc lear  faci l i t ies .  

1.2 PURPOSE 

The purpose of these g u i d e l i n e s  is  t o  provide guidance and information t o  
DOE c o n t r a c t o r s  i n  developing and improving both the  s u b j e c t  matter and 
conduct of nuc lear  c r i t i c a l i t y  s a f e t y  t r a i n f n g  programs a t  t h e i r  r e spec t ive  
s i te  loca t ions .  These g u i d e l i n e s  i d e n t i f y  and document t h e  o b j e c t i v e s  and 
good p r a c t i c e s ,  of  both scope and conten t ,  based upon e x i s t i n g  nuc lear  
c r i t i c a l i t y  s a f e t y  t r a i n i n g  programs. 
demonstrated good c r i t i c a l i t y  safety practices i n  j o b  performance. 
gu ide l ines ,  however, do not  s p e c i f y  on-the- job  t r a i n i n g  (OJT) techniques.  A 
suggested re ference  f o r  a d d i t i o n a l  guidance on e s t ab l i sh ing  and implementing 

They o u t l i n e  conceptual  knowledge and 

These 

OJT programs is PeveloDment and I m D l e m  e n t a t i o n  o f  On - -  t he  Job T r w  P r o a r u  8 (INPO/TQ-501). 
It is recognized t h a t  success fu l  nuc lear  c r i t i c a l i t y  s a f e t y  t r a i n i n g  

programs are poss ib l e  without  s t r i c t  adherence t o  these gu ide l ines .  
no i n t e n t  t o  r e q u i r e  DOE c o n t r a c t o r s  t o  r e s t r u c t u r e  t h e i r  t r a i n i n g  programs t o  
conform t o  e i ther  t h e  s t r u c t u r e ,  sequence, and/or format presented.  In s t ead ,  
these g u i d e l i n e s  are intended f o r  use by DOE c o n t r a c t o r s  as an  a i d  t o  ensure  
t h a t  t h e i r  r e spec t ive  t r a i n i n g  programs reflect and implement t h e  o b j e c t i v e s  
and the  most common elements  of e x i s t i n g  nuc lear  c r i t i c a l i t y  s a f e t y  t r a i n i n g  

There is 1 
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programs. The g u i d e l i n e s  were prepared us ing  c u r r e n t  c r i t i c a l i t y  s a f e t y  
t r a i n i n g  program information,  the  experience of c r i t i c a l i t y  safety 

p ro fes s iona l s ,  and nuc lear  i n d u s t r y  reviewers.  

S a f e t y  depends upon q u a l i f i e d  personnel.  Employees must understand t h e  
importance of c r i t i c a l i t y  s a f e t y  and must  fo l low the  s a f e t y  requirements  
a p p l i c a b l e  t o  t h e i r  work assignments. 
emergency procedures.  For t h e s e  reasons,  formal classroom t r a i n i n g  and 
s i t e - s p e c i f i c  on-the-job t r a i n i n g  are necessary t o  provide adequate s a f e t y  
assurances.  Although ope ra t ions  procedures vary from s i te  t o  s i te ,  basic 

concepts  of c r i t i c a l i t y  s a f e t y  remain cons tan t .  These concepts  should be 

They must know and must fol low 

incorpora ted  i n t o  t h e  structure of an adequate nuc lear  c r i t i c a l i t y  s a f e t y  
t r ' a in ing  program. 

These t r a i n i n g  program content  g u i d e l i n e s  present  a genera l ized  t o p i c a l  
o u t l i n e  f o r  c r i t i c a l i t y  s a f e t y  t r a i n i n g .  The amount and extent of t r a i n i n g  
are not  d i scussed ,  as these would be determined by s p e c i f i c  j o b  requirements ,  
r e s p o n s i b i l i t i e s ,  and assignments.  The primary t h r u s t  of the  t r a i n i n g  e f f o r t  
should be t o  provide employees w i t h  t h e  a b i l i t y  t o  perform i n  a safe and 
product ive  manner. 

C r i t i c a l i t y  s a f e t y  t r a i n i n g  programs should be j o b  related and based upon 
A recommended method f o r  developing ana lyses  of f a c i l i t y  needs and job  t a sks .  

c r i t i c a l i t y  s a f e t y  t r a i n i n g  for  s p e c i f i c  j o b s  is t h e  systems approach. 
systems approach can save time and e f f o r t  i n  t h e  conduct of t r a i n i n g .  
However, an  investment of cons iderable  resources  is r equ i r ed  t o  develop t h e  

t r a i n i n g  program. One such sys temat ic  method is i n s t r u c t i o n a l  systems 
development (ISD), which inc ludes  designing i n s t r u c t i o n a l  strategies based 

upon an a n a l y s i s  of j ob  and task performance requirements.  Learning 

o b j e c t i v e s  are e s t a b l i s h e d  and t r a i n i n g  materials are developed and va l ida t ed .  
The t r a i n i n g  program is then  implemented with con t inua l  p rov i s ions  f o r  
e v a l u a t i o n  and feedback, e s p e c i a l l y  from f i r s t - l i n e  superv isors .  It is 

recognized t h a t  o t h e r  procedures  e x i s t  f o r  developing t r a i n i n g  programs and 

t h a t  t h e s e  o the r  procedures may have merit. Nevertheless ,  t h e  s e l e c t e d  
procedure should a l low for s e q u e n t i a l  t r a i n i n g  program development and should 

provide adequate feedback mechanisms f o r  cont inuing  improvements. 

The 



2. DEFINITIONS 

,.-.- 

a: 

The fol lowing L t f i n i t i o n s  are used uniquely -3r t h e  purpose of Lis 

document: 

ear C r i t i c a l i t v  Safety. Prevent ion of  i nadve r t an t  nuc lear  
c r i t i c a l i t y ,  m i t i g a t i o n  of consequences, and p r o t e c t i o n  a g a i n s t  
i n j u r y  o r  damage due t o  an a c c i d e n t a l  nuc lear  c r i t i c a l i t y .  

G u i d u n e s .  Set of components forming measurement cri teria t h a t  
are es t ab l i shed  t o  provide guidance i n  developing and improving 
both t h e  conten t  and conduct of t r a i n i n g  programs. 

J n s t r u c t i o n a l S Y s t e m a o p m  e n t  ( ISDl . A sys t ema t i c  method of  
developing i n s t r u c t i o n a l  materials f o r  an e f f e c t i v e  t r a i n i n g  
program. Four s e q u e n t i a l  phases are a n a l y s i s ,  des ign ,  
development, and implementation. The i n i t i a l  phase inc ludes  job  
and task ana lyses .  The f i f t h  phase, eva lua t ion ,  is appl ied  t o  
each sequen t i a l  phase.* 

Job and Task A n a l v s i s .  The i n i t i a l  phase of systems approaches 
t o  t r a i n i n g ,  such as i n s t r u c t i o n a l  systems development. A j o b  is 
stated i n  terms of t h e  d u t i e s  and tasks  t h a t  comprise it.** 

Lecture/Demon s t r a t i o n  T r a i u  . 
presented t o  large or small groups a t  works i te  l o c a t i o n s ,  
conference room settings, o r  classroom loca t ions .  

I n s t r u c t i o n  designed f o r  and 

- -  T r m .  I n s t r u c t i o n  designed f o r  i n d i v i d u a l  
employees and occurr ing  i n  a works i te  s e t t i n g  wi th  hands-on 
app l i ca t ions .  

Tra in ing .  
safe, and e f f i c i e n t  on-the-job performance of the  employee. 

Work ExDerience. Actual job performance, s imulated j o b  
performance, o r  work a c t i v i t i e s .  Observation of others 
performing work is & work experience.  

I n s t r u c t i o n  designed and de l ive red  t o  a s s u r e  adequate,  

*For d e f i n i t i v e  informat ion  about ISD, see 

U.S. Department of t h e  A i r  Force. m d b o o k  f o r  De s i a n e r s  of I n s t r u c t i m  
Svstems, 6 vo l s ,  AFP-50-58. Washington, D.C. ( J u l y  15, 1978). 

Rosenburg, Marc J. ,  "The ABCs of ISD." Tra_inina and Develogglent Jour- 
(September 19821, pp. 44-50. 

**For information about use of job and t a sk  a n a l y s i s  procedures ,  see 

U.S. Department of Energy. 
Nuclear FacjJJties, DOE/EP-0095. Washington, D.C. ( June  1983) 

Guidel ine s f o r  Job and Task Analv sis for  DOE 



3. T R A I N I N G  GOALS 

3.1 INITIAL T R A I N I N G  

I n i t i a l  c r i t i c a l i t y  safe ty  t r a i n i n g  conveys necessary information t o  he lp  
prevent  i nadve r t an t  nuc lear  c r i t i ca l i t i es  and mitigate any consequences. C r i t i -  

c a l i t y  safety t r a i n i n g  i n c l u d e s  a broad understanding of employee r e s p o n s i b i l i -  
t i es  and safe work p r a c t i c e s  t h a t  are incorpora ted  i n t o  job-spec i f ic  t r a i n i n g ,  
whether occur r ing  as lec ture /demonst ra t ions  o r  a t  on-the-job loca t ions .  

DOE Order 5480.1A, Chapter V ,  r e q u i r e s  employees a t  DOE-contractor si tes 

t o  r ece ive  t r a i n i n g  i n  nuc lear  f a c i l i t y  s a f e t y  procedures  and requirements  t o  
assure t h a t  t h e  nuc lear  f ac i l i t i e s  are operated and maintained by personnel  
who are q u a l i f i e d  t o  c a r r y  out  t h e i r  ass igned r e s p o n s i b i l i t i e s .  

DOE c o n t r a c t o r s  are requi red  t o  develop, e s t a b l i s h ,  and main ta in  
c r i t i c a l i t y  s a f e t y  t r a i n i n g  programs which w i l l  promote an awareness of t h e  

r i s k s  involved and which w i l l  be o f f e red  a t  a l e v e l  of p ro f i c i ency  c o n s i s t e n t  
w i t h  ass igned t a sks .  S p e c i f i c a l l y ,  t h i s  DOE o rde r  documents t r a i n i n g  and 
r e t r a i n i n g  requirements  f o r  a l l  employees who ope ra t e ,  maintain,  o r  superv ise  
work i n  nuc lear  faci l i t ies .  Tra in ing  materials are t o  be prepared and 
documented f o r  employees involved i n  t h e  s t o r a g e ,  t r a n s f e r ,  and/or processing 
of  f i s s i le  materials. Emergency procedures and p l ans  t o  handle  p o t e n t i a l  
acc iden t s  are t o  be developed, disseminated,  and demonstrated. 

DOE Order 5480.1A, Chapter V ,  r e q u i r e s  f iss i le  materials handlers  and 
o p e r a t o r s  t o  demonstrate and main ta in  s a t i s f a c t o r y  knowledge, when a p p l i c a b l e  
t o  ass igned j o b  tasks, about 

normal procedures ,  
emergency a c t i o n s  , 
r a d i a t i o n  c o n t r o l  p r a c t i c e s ,  
l o c a t i o n  and f u n c t i o n s  of t h e  p e r t i n e n t  s a f e t y  systems, 

conf igu ra t ion  c o n t r o l  procedures,  
procedures  f o r  making changes o r  a l t e r a t i o n s  i n  t h e  opera t ions .  
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I n  add i t ion ,  when p e r t i n e n t  t o  t he  p o s i t i o n  of t h e  employee, t he  order  
r e q u i r e s  t r a i n i n g ,  r e t r a i n i n g ,  examination, and reexaminat ion i n  

,- s tandard  and emergency ope ra t ing  procedures,  

r a d i o l o g i c a l  s a f e t y  and c o n t r o l ,  
s a f e t y  and emergency systems, 
ins t rumenta t ion  and c o n t r o l ,  
f a c i l i t y  ope ra t ing  characterist ics,  
p r i n c i p l e s  of nuc lear  f a c i l i t y  opera t ion .  

The o rde r  states t h a t  supe rv i so r s  should be s i m i l a r l y  t r a i n e d  and t o  t h e  
e x t e n t  p e r t i n e n t  should be t r a i n e d  a d d i t i o n a l l y  on 

\- 

,.-. 

design,  c o n t r o l ,  and ope ra t ing  l i m i t a t i o n s  f o r  t h e  f a c i l i t y ,  i nc lud ing  
ins t rumenta t ion  characteristics, adjustment ,  ope ra t ion ,  f a c i l i t y  
console  c o n t r o l  mechanisms, and c o n t r o l  manipulat ions,  

procedures f o r  m a k i n g  des ign  and ope ra t ing  changes, i nc lud ing  changes 
i n  ope ra t ing  procedures,  

r a d i a t i o n  hazards  which may arise dur ing  the  performance of experiments 
o t h e r  than those  i n  c r i t i ca l  assemblies, 3 

8: 
nuclear  and r a d i a t i o n  theory ,  i nc lud ing  de ta i l s  of f i s s ion  process ,  
neutron m u l t i p l i c a t i o n ,  source effects, and neut ron  poison effects, 

s p e c i f i c  ope ra t ing  c h a r a c t e r s t i c s  of  t h e  f a c i l i t y ,  such as causes  and 
effects of  temperature  and p res su re ,  

4; 
procedures and l i m i t a t i o n s  involved i n  i n i t i a l  equipment loading ,  
a l t e r a t i o n s  i n  f i s s i o n a b l e  material conf igu ra t ion ,  and de termina t ion  of 
var ious  i n t e r n a l  and e x t e r n a l  effects on r e a c t i v i t y ,  ? *  .- 

procedures ,  equipment, and f a c i l i t i e s  f o r  handl ing and d ispos ing  of 
r a d i o a c t i v e  materials and e f f l u e n t s .  

3.2 RETRAINING 0; 
DOE requirements  mandate r e t r a i n i n g  programs f o r  f i s s i le  materials 

handlers  and personnel  who opera te ,  maintain,  o r  supe rv i se  nuc lear  a c t i v i t i e s  

a t  DOE c o n t r a c t o r  sites. 
documented by c o n t r a c t o r  management a t  least every two years.' Employees are 

V e r i f i c a t i o n  of t r a i n i n g  and r e t r a i n i n g  must be 

i 
'E 
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t o  be provided w i t h  a p e r i o d i c  review of t he  rudiments of  c r i t i ca l i t y  s a f e t y  
and be appr i sed  of  phys ica l  f a c i l i t i e s  and procedural  and equipment changes 
t h a t  can affect c r i t i c a l i t y  s a f e t y .  
annual ly  . 

Emergency procedures  training is requ i r ed  

Examinations and reexaminat ions are an i n t e g r a l  p a r t / o f  t h e  c r i t i c a l i t y  
s a f e t y  t r a i n i n g  process .  
p e r i o d i c a l l y  eva lua t ing  the  progress  of each employee dur ing  the  training 

process.  Wri t ten,  o r a l ,  and ope ra t ing  examinations are recommended. Documen- 
t a t i o n  of examination r e s u l t s  provides  a means t o  a s c e r t a i n  t h a t  employees 
have l ea rned  presented informat ion  and have achieved t h e  necessary q u a l i f i -  
c a t i o n  s t a t u s  t o  perform assigned t a s k s  s a f e l y  and p r o f i c i e n t l y .  
important  t h a t  these employee examination records  be maintained i n  such a 
manner t h a t  they can be accessed and audi ted .  

Adequate t r a i n i n g  programs should provide f o r  

It is also 

. 



4 .  NUCLEAR CRITICALITY SAFETY T R A I N I N G  OBJECTIVES 
a. 
a. 
1. 
5 

.2 
t 

Employees i n  s e v e r a l  job  c a t e g o r i e s  a t  the  va r ious  DOE-contractor sites 
The  c u r r i c u l a  and methods are requi red  t o  have c r i t i c a l i t y  s a f e t y  t r a i n i n g .  

f o r  t r a i n i n g  these employees should be based upon job-spec i f ic  needs, which 

can be determined by job and task ana lyses  conducted a t  each DOE si te.  The 

many types  of f ac i l i t i e s  and ope ra t ions ,  i .e.,  l a b o r a t o r i e s ,  uranium/plutonium 
process ing  p l a n t s ,  f u e l  storage faci l i t ies ,  and uranium/transuraniwn assembly 
and product ion facilities-all of which handle,  process ,  and/or s t o r e  f iss i le  

materials, r e q u i r e  d i f f e r e n t  job  c a t e g o r i e s  t o  perform t h e i r  necessary tasks. 

Employees i n  these d i f f e r e n t  j ob  c a t e g o r i e s ,  howgver , of  t e n  need similar 

c r i t i c a l i t y  s a f e t y  t r a i n i n g  t o  ensure  t h a t  s a f e t y  r u l e s  and procedures are 
understood and followed. Table 1 lists gene ra l  c r i t i c a l i t y  s a f e t y  training 
o b j e c t i v e s  f o r  s i x  gene r i c  groups of job t i t l e s  found a t  DOE-contractor sites. 

DOE-contractor r e s p o n s i b i l i t i e s  i nc lude  determining a p p l i c a b l e  training 
o b j e c t i v e s  f o r  s p e c i f i c  j o b s  w i t h i n  each gene r i c  group and t h e  l e v e l  of 
knowledge requi red  f o r  each j o b  w i t h i n  a gene r i c  group. 

a 

e 

9 
i 
f 
8' 
.@ 

TABLE 1 .  
NUCLEAR CRITICALITY SAFETY TRAINING GENERIC GROUP 

TRAINING 'OBJECTIVES 

Generic Grow T r a i n i  np 0 b&c t i ves  

EQUIPMENT/PROCESS OPERATORS 
AND SUPPORT PERSONNEL 

*Chemical Operators  
*Equipment Operators  
-Process  Operators  
* F i s s i l e  Materials Handlers 
*Cascade Operators  
*Assembler Operators  
*Machinis ts  

-Know gene ra l  c r i t i c a l i t y  s a f e t y  
p r i n c i p l e s  and specif ic  a c t i o n s  
r equ i r ed  t o  prevent  c r i t i c a l i t y .  

-Know job - spec i f i c  l i m i t s ,  c o n t r o l s ,  
and procedures.  

*Recognize r a d i a t i o n  alarm systems 
and s i g n a l s ;  know s p e c i f i c  a c t i o n s  
t o  be taken;  demonstrate under- 
s t and ing  of emergency response 
a c t i o n s  and p l an t  emergency d r i l l s .  

*Relate causes  and effects and t h e  I 

genera l  c h a r a c t e r i s t i c s  
of  c r i t i c a l i t y .  

s a f e t y  concerns should be repor ted .  

den t s  and l e s s o n s  learned  from them. 

c r i t i c a l i t y .  

*Know personnel  t o  whom c r i t i c a l i t y  

*Know about major c r i t i c a l i t y  acci- 

*Know cond i t ions  which could lead t o  
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SUPERVISORY 
ENGINEERING 

, SCIENTIFIC, AND *Know basic information about 
PERSONNEL atomic s t r u c t u r e  and r a d i o a c t i v i t y .  

*Know job-spec i f ic  l i m i t s ,  c o n t r o l s ,  
and procedures.  

=Know i s s u e s  and concerns of l a tes t  
c r i t i c a l i t y  s a f e t y  ana lys i s .  

*Know basic p r i n c i p l e s  of c r i t i ca l i t y  
s a f e t y  and p r o t e c t i o n  s tandards ,  
i nc lud ing  those  f o r  t r a n s p o r t a t i o n  
of  fissile materials. 

*Know causes  and effects  and t h e  gen- 
eral c h a r a c t e r i s t i c s  of c r i t i c a l i t y .  

*Recognize p l a n t  r a d i a t i o n  alarms; 
know emergency response and 
assistance plans.  

*Demonstrate knowledge of si te 
emergency procedures  and relate t h a t  
in format ion  t o  p l an t  equipment, 
processing,  and handl ing of fissile 
materials. 

*Know about c r i t i c a l i t y  acc iden t s  and 
the  l e s s o n s  l ea rned  from them. 

*Know cond i t ions  which could lead t o  
c r i t i c a l i t y .  

*Process  Superv isors  and Foremen 
*Projec t  Engineers  and Designers  
*Laboratory Experimenters and 

S c i e n t i s t s  

.............................................................................. 
EMERGENCY RESPONSE PERSONNEL 

*Radia t ion  Emergency Team Members 
*Guards / F i r e f i g h t e r s  
*Medical Personnel c r i t i c a l i t y  acc idents .  

*Recognize p l an t  r a d i a t i o n  alarms ; 
know emergency response and 
a s s i s t a n c e  plans.  

*Know t h e  na tu re  and consequences of 

*Know gene ra l  information about 
process  ope ra t ions  and p o t e n t i a l  
hazards.  

*Know l o c a l  emergency procedures.  
*Know gene ra l  r a d i o l o g i c a l  
characteristics of c r i t i c a l i t y  
accidents . 

-Demonstrate appropr i a t e  response 
a c t i o n s  and adequate communica- 
t i o n s  techniques.  

BUILDING OCCUPANTS AND GENERAL 
ACCESS PERSONNEL 

*Casual V i s i t o r s  symbols. 
*New Employees 
*Onsi te  Employees procedures.  
*Vendors/Instrument Repair Persons 
*Maintenance Mechanics, Welders, 

*Instrument Technicians 
*Equipment Cleaners 
___---____--_-___-_____,,,,,,,,,,,,,,,,,-------------------------~------------ 

*Recognize r a d i a t i o n  alarm s i g n a l s .  
*Know emergency response ac t ions .  
*Recognize hazard i d e n t i f i c a t i o n  

*Know a p p l i c a b l e  v i s i t o r  con t ro l  

and P i p e f i t t e r s  

! 

E 



MANAGEMENT AND PUBLIC INFORMATION 
OFFICERS 

-Plan t  Manager and Staff 
*Manager of I n d u s t r i a l  Re la t ions  

*Plant  S h i f t  Superintendent  
*Manager of Nuclear Materials 

and Staff 

Account a b i l  i t  y 
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*Recognize importance of c r i t i c a l i t y  
safety training; recognize  
terminology. 

DOE Orders, ANS-8 Standards,  and NRC 
r e g u l a t i o n s ;  know legal bases and 
f o r  r a d i a t i o n  con t ro l .  

*Recognize p l an t  r a d i a t i o n  alarms; 
l e a r n  emergency response and 
a s s i s t a n c e  p l ans  . 

*Understand basic c r i t i c a l i t y  s a f e t y  
p r i n c i p l e s ,  appl icable  l i m i t s ,  and 
f iss i le  materials c o n t r o l  symbols. 

ope ra t ions  i n  case of an 
a c c i d e n t a l  c r i t i c a l i t y .  

*Demonstrate appropr i a t e  response 
a c t i o n s  through the  conduct of 
emergency response d r i l l s .  

l e s s o n s  learned  from them. 

*Know re l evan t  information from 

*Plan f o r  p u b l i c  information 

*Know about c r i t i c a l i t y  acc iden t s  and 

INSTRUCTORS* 

- C r i t i c a l i t y  Sa fe ty  Engineer 
*Radiat ion Sa fe ty  Officer 
-Safety Engineer 
-Tra in ing  I n s t r u c t o r  
*Consul tants  
- V i s i t i n g  Exper t s  

*Training o b j e c t i v e s  f o r  
i n s t r u c t o r s  should be gene ra l ly  
based on specif ic  i n s t r u c t i o n a l  
r e s p o n s i b i l i t i e s .  

-Demonstrate thorough understanding 

*Know about c r i t i ca l i t y  acc iden t s  

-Know re l evan t  information from 

o f  nuc lear  c r i t i c a l i t y .  

and t h e  l e s s o n s  learned  from them. 

DOE Orders, ANS-8 Standards,  and 
NRC r e g u l a t i o n s ;  know legal bases 
f o r  r a d i a t i o n  con t ro l .  

c r i t i c a l i t y  safety p r i n c i p l e s  and 
appl icable  l i m i t s .  

*Know a s p e c t s  of research and 
development a c t i v i t i e s  and genera l  
p rocess  ope ra t ions  and t h e i r  
p o t e n t i a l  hazards.  

f a c i l i t y  c r i t i c a l i t y  safety analysis .  

nuc lear  materials. 

-Demonstrate understanding of  

*Know i s sues  and concerns of l a tes t  

*Understand f a c i l i t y .  ope ra t ions  using 

*Know l o c a l  emergency procedures.  
*Know site-specific and job-spec i f ic  

*Demonstrate appropr i a t e  usage of 
l i m i t s ,  c o n t r o l s ,  and procedures.  

teaching methods for group, sub jec t  
matter, and site. 

*Encourage feedback from t r a i n e e s .  



5. NUCLEAR CRITICALITY SAFETY T R A I N I N G  TOPICAL OUTLINE FOR 
EQUIPMENT/PROCESS OPERATORS AND SUPPORT PERSONNEL 

5.1 INTRODUCTION 

Th i s  s e c t i o n  o u t l i n e s  t h e  major t o p i c s  f o r  c r i t i c a l i t y  s a f e t y  training 

f o r  t h e  generic group of equipment/process o p e r a t o r s  and suppor t  personnel.  
This  gene r i c  group was s e l e c t e d  f o r  t h e  o u t l i n i n g  of a c r i t i c a l i t y  s a f e t y  
t r a i n i n g  program because most employees r e q u i r i n g  c r i t i c a l i t y  s a f e t y  training 
a t  DOE-contractor l o c a t i o n s  work i n  t h e  jobs  l i s t e d  i n  t h i s  gene r i c  group. 

This  nuc lear  c r i t i c a l i t y  s a f e t y  t r a i n i n g  t o p i c a l  o u t l i n e  is designed t o  

inform employees of s p e c i f i c  hazards  a s soc ia t ed  wi th  t h e i r  work environment, 
t o  i n d o c t r i n a t e  them i n  t h e  requirements  app l i cab le  t o  t h e i r  work assignments,  
and t o  teach  employees how t o  perform e f f e c t i v e l y  and e f f i c i e n t l y  requi red  
tasks without  jeopard iz ing  t h e i r  own o r  t h e i r  coworkers' s a f e t y .  The t o p i c s  
included are based upon a review of c u r r e n t  c r i t i c a l i t y  s a f e t y  t r a i n i n g  
c u r r i c u l a  a t  DOE-contractor s i tes  and upon c o n s u l t a t i o n  wi th  s e v e r a l  
c r i t i c a l i t y  s a f e t y  s p e c i a l i s t s .  
a t  s p e c i f i c  si tes o r  f a c i l i t i e s  may i d e n t i f y  v a r i a t i o n s  i n  both t h e  scope and 
con ten t  of t h e  t o p i c s  i d e n t i f i e d  i n  t h i s  guide. 

It is recognized t h a t  j o b  and t a s k  ana lyses  

C r i t i c a l i t y  s a f e t y  t ra in ing  w i l l  occur both i n  t h e  classroom and on t h e  
job. S p e c i f i c  t o p i c s  and i n s t r u c t i o n a l  s e t t i n g s ,  however, should be 
e s t a b l i s h e d  according t o  s i t e - s p e c i f i c  needs.* 
p ro fes s iona l s  and trainers a t  DOE-contractor si tes should determine t h e  
appropr i a t e  i n s t r u c t i o n a l  t o p i c s  and s e t t i n g s  based upon s i t e - s p e c i f i c  needs 
and requirements.  They should determine t h e  amount of i n s t r u c t i o n a l  time t o  
devote t o  each t o p i c  based upon job  requirements  and employee t r a i n i n g  needs. 

C r i t i c a l i t y  s a f e t y  

The t o p i c s  should be taught  with t h e  requi red  r i g o r  and i n  s u f f i c i e n t  d e t a i l  
t h a t  t h e  employees can exp la in  t h e i r  knowledge and can perform t h e i r  t a s k s  
s a f e l y  and e f f e c t i v e l y .  

i F o r  information and guidance on a s s ign ing  t a s k s  t o  i n s t r u c t i o n a l  settings, see 

U. S. Department of Energy. j ? u i d e , J , & l L l v  T k  
Zucl  ear Fac i l i t i e  s. DOE/EP-0095. Chapter 3 and Appendix C2. Washington, I D.C. ( June  1983). 
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A nuc lear  c r i t i c a l i t y  safety t r a i n i n g  t o p i c a l  o u t l i n e  inc ludes  t h e  

f 01 lowing 

5.2 

5.3 
5.4 
5.5 
5.6 

5 -7 

s i x  broad top ic s :  

Nuclear Theory and React ions 
C r i t i c a l i t y  Characteristics 

Fac to r s  Affec t ing  C r i t i c a l i t y  
C r i t i c a l i t y  Prevent ion 
Emergency Response Procedures i n  t h e  Event of a 
C r i t i c a l i t y  Accident 
C r i t i c a l i t y  Accident His tory  

5.2 NUCLEAR THEORY AND REACTIONS 

Concepts presented i n  nuc lear  c r i t i c a l i t y  s a f e t y  t r a i n i n g  r e q u i r e  a 
knowledge of basic t h e o r i e s  and terminology of nuc lear  physics.  
t h i s  knowledge can an employee understand and meaningful ly  use terms, such as 
atoms, neutrons,  protons,  e l e c t r o n s ,  f i s s i o n ,  i so topes ,  and r a d i o a c t i v e ,  as a 

p a r t  of h i s  o r  he r  working vocabulary.  

Only with 

Only w i t h  t h i s  knowledge can t h e  

employee begin t o  conceptua l ize  t h e  f i s s i o n  process.  
t he  background materials f o r  the  understanding of  c r i t i c a l i t y  concepts.  

This  s e c t i o n  provides  

5.2.1 &&mic S t r u c t u r e  

This  t o p i c  f a m i l i a r i z e s  t h e  employee wi th  b a s i c  nuc lea r  theory.  
Subtopics  inc lude  

- d e s c r i p t i o n  of t h e  atom and i ts  p a r t s ,  
d e s c r i p t i o n  of a f i s s i le  i so tope  and i ts  behavior ,  
importance of neutrons i n  c r i t i c a l i t y  concerns,  

- i n t r o d u c t i o n  of U and Pu atoms. 
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5.2.2 W o n  Proces S 

This  t o p i c  enab le s  -..e employee t o  und-rstand and a p p r e c i a t e  the  f i s s i o n  
process.  Subtopics  inc lude  

d e s c r i p t i o n  of the  f i s s i o n  process ,  

energy released, 

r a d i a t i o n  genera ted ,  
r a d i o a c t i v e  materials produced. 

5.2.3 Neutrona 

Th i s  t o p i c  stresses t o  t h e  employee t h e  importance of neutrons t o  
c r i t i c a l i t y  concerns.  Subtopics  inc lude  

f i s s i o n  caused by neutrons,  
neut ron  popula t ion  as f u n c t i o n  of  time, i.e., prompt c r i t i ca l ,  
s u p e r c r i t i c a l ,  cr i t ical ,  s u b c r i t i c a l ,  delayed c r i t i ca l ,  
neut ron  sources ,  
prompt and delayed neutrons.  

5.2.4 Chain Reacti on 

Th i s  t o p i c  g ives  t h e  employee knowledge about a cha in  r e a c t i o n  and i ts  

r e l a t i o n s h i p  t o  c r i t i c a l i t y  acc idents .  Subtopics  inc lude  

d e f i n i t i o n  of cha in  r e a c t i o n ,  
sh i e lded  and nonshielded processes ,  

= c r i t i ca l  mass, 
fissile materials, U and Pu, cha in  r eac t ions .  

5.3 CRITICALITY CHARACTERISTICS 

Employees need t o  know and recognize  t h e  cond i t ions  which can l e a d  t o  a 

c r i t i c a l i t y  inc iden t .  
cond i t ions  so t h a t  they can respond immediately and appropr i a t e ly .  
r e a l i z e  t h a t  t h e  bui ldup toward a c r i t i c a l i t y  occurs  w i t h  no sensory evidence. 

They need t o  be aware of t h e  consequences of such 
They must 
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The c r i t i c a l i t y  i tself  is cha rac t e r i zed  by a r ap id  gene ra t ion  of  heat and t h e  

release of large q u a n t i t i e s  of r a d i a t i o n  sometimes accompanied by a "blue 
f l a sh , "  caused by i o n i z a t i o n  from high i n t e n s i t y  r a d i a t i o n .  However, t he  only  
s u r e  warning s i g n a l  is t h e  sound of t h e  c r i t i c a l i t y  alarm, which is designed 
t o  detect high-level  r ad ia t ion .  
characteristics. 

Th i s  s e c t i o n  o u t l i n e s  gene ra l  c r i t i c a l i t y  

5.3.1 TherHIiil E n e r g y  

T h i s  t o p i c  e x p l a i n s  t h a t  a c r i t i c a l i t y  i n c i d e n t  gene ra t e s  heat.* 

Employees l e a r n  t h a t  t h i s  heat may create 

. 
0 

. 

. 

5.3.2 

d i s p e r s a l  of r a d i o a c t i v e  materials i n  the  area, 
v i o l e n t  e j e c t i o n  of f iss i le  l i q u i d  from an open con ta ine r ,  
rup tu re  of a c losed ,  o r  s l i g h t l y  vented, con ta ine r  of 
f iss i le  l i q u i d  because of increased  p res su re  f o r c i n g  ho t ,  
p re s su r i zed  l i q u i d  and vapors  i n  many d i r e c t i o n s ,  
mel t ing  and p o s s i b l e  i g n i t i o n  of f i s s i le  materials i n  a 
metallic form, if the  metal is i n  the  form of f i n e  p a r t i c l e s ,  
vapor i za t ion  of  f iss i le  
f ires and explos ions  i n  
large amount of thermal 

materials, 
surrounding materials because of the  
energy emitted. 

Th i s  t o p i c  informs employees t h a t  t h e  most dangerous characteristic of a 
c r i t i c a l i t y  inc iden t  is the  prompt neutron and gamma r a d i a t i o n .  
t h e  informat ion  t h a t  a person s tanding  w i t h i n  a few feet of the  r e a c t i o n  could 
r ece ive  a le tha l  r a d i a t i o n  dose w h i l e  o t h e r s  f a r t h e r  away could r ece ive  only 
minimal doses. 
hazard f o r  some time after t h e  acc ident .  
r a d i o a c t i v e  materials e n t e r i n g  t h e  human body. 

It relates 

The gamma r a y s  from the  decay of t h e  f i s s i o n  products  can be a 
Spread of  contaminat ion can lead to  

Th i s  t o p i c  inc ludes  

three major r a d i a t i o n  p r o t e c t i o n  principles-t ime, d i s t a n c e ,  
s h i e l d i n g ,  
prompt r a d i a t i o n ,  neutrons and gamma rays ,  

*A c r i t i c a l i t y  occurrence of 1018 f i s s i o n s  creates 
approximately 31,000 Btu of heat. 

an immediate release of 
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r a d i a t i o n  emi t ted  from f i s s i o n  products ,  betas and gamma rays ,  
nuc lear  materials as i n t e r n a l  sources ,  a lpha emitters, 
the  r e l a t i o n s h i p  between d i s t a n c e  and r a d i a t i o n  exposure from 

r a d i a t i o n  exposure measurements, 
sources ,  

r a d i a t i o n  doses  and the i r  r e s u l t s ,  
f a c t o r s  affecting r a d i a t i o n  l e v e l ,  such as the  magnitude of 
r e a c t i o n  and t h e  d u r a t i o n  of c r i t i ca l i t y .  

5.4 FACTORS AFFECTING CRITICALITY 

Condit ions can be c o n t r o l l e d  such t h a t  a cha in  r e a c t i o n  cannot be created 

o r  sus t a ined .  A l l  f i s s i le  materials i n  nonreactor  a p p l i c a t i o n s  must be 
maintained a t  t h i s  subcrit ical  l e v e l ,  which can be accomplished only through 
s t r i c t  adherence t o  c r i t i c a l i t y  safety c o n t r o l s  and procedures.  
a f f e c t i n g  c r i t i c a l i t y  are presented ;  namely, mass, concent ra t ion ,  geometry and 
volume, neut ron  absorbers, i n t e r a c t i o n ,  moderation, and r e f l e c t i o n .  Employees 
l e a r n  how and why these factors must be con t ro l l ed  t o  avoid a c r i t i c a l i t y  

inc iden t .  Strict  compliance t o  posted w r i t t e n  ope ra t ing  procedures  is 
stressed. 

Fac to r s  

5.4.1 Nass 

T h i s  t o p i c  stresses t o  employees t h a t  the  most important  s i n g l e  f a c t o r  
I 

i n f luenc ing  c r i t i c a l i t y  is the  amount of f iss i le  material i n  one place a t  any 
g iven  t i m e .  Information presented i n c l u d e s  

c r i t i c a l  mass concept,  
c r i t i ca l  mass of va r ious  f issi le materials i n  g iven  s i t u a t i o n s ,  

methods of keeping masses as smal l  as practicable. 

5.4.2 Concent ra t io  n 

Employees must be knowledgeable about the  concen t r a t ions  of f iss i le  
materials i n  s o l u t i o n s ,  i nc lud ing  

d e f i n i t i o n  of concent ra t ion ,  
p revent ion  of high concen t r a t ions  i n  any par t  o the  system, 
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prevent ion  of p r e c i p i t a t i o n ,  
safe concen t r a t ion  l i m i t s  of va r ious  f i s s i le  material s o l u t i o n s  

keeping s o l u t i o n s  of  fissile material as d i l u t e  as practicable. 

i n  g iven  s i t u a t i o n s ,  

1 5.4.3 s l i  

1 
n 

Since  s i z e  and shape can effect c r i t i c a l i t y ,  t h i s  t o p i c  e x p l a i n s  t o  
employees t h a t  t h e  more su r face  area a g iven  volume of fissile material has,  

the  easier it is f o r  neut rons  t o  escape. The p r o b a b i l i t y  of a c r i t i c a l i t y  is 
discussed  i n  terms of 

I 

neutron escape from va r ious  shapes, 

geometr ic  c r i t i ca l  parameters f o r  s o l i d s ,  
geometr ic  cr i t ical  parameters f o r  l i q u i d s .  

I 5.4.4 Yeutron Ab s o r b e r s  

T h i s  t o p i c  d i scusses  materials t h a t  are e f f e c t i v e  neutron absorbers ,  
i .e.,  those  materials which a i d  i n  prevent ing  f i s s i o n s .  
us ing  neut ron  abso rbe r s  for  c r i t i c a l i t y  c o n t r o l  is stressed t o  employees. 
Information inc ludes  

The importance of 

3 
d e f i n i t i o n  of neutron absorbers ,  
commonly used neut ron  absorbers ,  
u se fu lness  i n  ope ra t ions ,  ’ 

assurance of t h e  presence of neutron absorbers. 

5.4.5 J n t  erac t i o n  

Employees l e a r n  t h a t  t h e  system of two o r  more masses of fissile material 

can become c r i t i ca l  even though each con ta ine r  by i t s e l f  is 

subcri t ical .  Concepts i nc lude  I 
8 t h e  i n t e r a c t i o n  process ,  

c r i t i c a l i t y  prevent ion  by adequate spacing,  
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c r i t i c a l i t y  prevent ion  through use of neutron-absorbing 
materials, 
s t o r a g e  and sh ipping  c o n t a i n e r s  which prevent  placement of 
f iss i le  materials t o o  c l o s e  toge ther .  

5.4.6 Noderation 
b 

T h i s  t o p i c  e x p l a i n s  t h a t  moderators slow down neut rons  and i n c r e a s e  their 

Employees l e a r n  about a b i l i t y  t o  cause f i s s i o n s .  

0 

0 

0 

0 

5.4.7 

d e f i n i t i o n  of moderator, 
moderator materials, 
gene ra l  use of moderation materials, 
t he  human body as a moderator,  
use of hydrogenous materials i n  such amounts t h a t  t h e i r  effects 
coun te rac t  moderation. 

Reflecrtion 

This  t o p i c  inc ludes  informat ion  about materials t h a t  can scatter neutrons 
back i n t o  t h e  fissile materials. 
e x c e l l e n t  r e f l e c t o r s .  Po in t s  included are 

Employees l e a r n  t h a t  moderators are also 

concept of r e f l e c t i o n ,  
r e f l e c t i o n  and moderation i n t e r r e l a t i o n s h i p s ,  
r e f l e c t o r  materials, 
the  human body as a reflector, 

r e f l e c t i o n  caused by absorber  materials, 
l i m i t a t i o n  of r e f l e c t i o n  t o  ensure  c r i t i c a l i t y  s a f e t y .  

5.5 CRITICALITY PREVENTION 

C r i t i c a l i t y  prevent ion  is i n h e r e n t  i n  c r i t i c a l i t y  s a f e t y  training. 
Prevent ion of c r i t i c a l i t y  i n c i d e n t s  r e q u i r e s  careful assessment ,  i n t e l l i g e n t  

ana lyses ,  s t r a t e g i c  ope ra t ions  planning,  and strict adherence t o  ope ra t ing  
procedures and a d m i n i s t r a t i v e  c o n t r o l s .  The ranges of cond i t ions  over  which a 
c r i t i c a l i t y  can occur have been determined exper imenta l ly  so t h a t  most a s p e c t s  
of t h e  handl ing of f iss i le  materials can be designed t o  prevent  a c r i t i c a l i t y  



i nc iden t .  Basic l i m  w i l l  be, established t o  govern ope ra t ing  
procedures and proces who ope ra t e ,  maintain,  or supe rv i se  
a c t i v i t i e s  us ing  f i s s i le  m 
safety informat ion  about normal p l a n t  ope ra t ions  and procedures. 
in format ion  about p l a n t - s i t e  ope ra t ions  and procedures  should inc lude  

8 
s 
@ ,: 

1 
I 
.I 
1 
I 
1 
1 

nuclear  sites need adequate c r i t i c a l i t y  
T h i s  

knowledge of c r i t i c a l i t y  s a f e t y  p r i n c i p l e s  a s s o c i a t e d  wi th  job  

knowledge of how t o  

knowledge of what parameters are expected : to  change during 

knowledge of what parameters are expected not  t o  change during 

understanding of  need f o r  s t r i c t  adherence t o  a d m i n i s t r a t i v e  

understanding of what s i t u a t i o n s  may r e s u l t  from either 

being able t o  i d e n t i f y  t r e n d s  t h a t  can lead t o  abnormal 

mechanism f o r  br inging  c r i t i c a l i t y  concerns t o  t h e  a t t e n t i o n  

knowledge of l e s s o n s  l ea rned  from unusual occurrences.  

d u t i e s ,  

approved procedures,  

normal opera t ions ,  

normal ope ra t ions ,  

and procedural  requirements ,  

improper o r  no a c t i o n s ,  

ope ra t ing  cond i t ions  and p o s s i b l e  s a f e t y  hazards, 

of  appropr i a t e  personnel ,  

rform r o u t i n e  ope ra t ions  us ing  only 

T h i s  s e c t i o n  lists types  of c r i t i c a l i t y  s a f e t y  l i m i t s  and requirements.  8 
I - 

It reviews and e l a b o r a t e s  upon the  purpose and r a t i o n a l e  of the  development of 

these basic l i m i t s .  The s e c t i o n  concludes wi th  some gene ra l  r u l e s  for 
employees t o  fo l low t o  prevent  c r i t i ca l i t y  inc iden t s .  

5.5.1 -le Parameter L u a  

"Safe" l i m i t s  have been determined f o r  t h e  most common f iss i le  materials. 1 When appropr i a t e ,  employees are presented s i n g l e  parameter l i m i t s ,  which 

i no 1 ude I 
uniform aqueous s o l u t i o n s  of f iss i le  nuc l ides ,  
s p h e r i c a l  bare and r eq lec t ed  f i s s i le  metals and s o l u t i o n s ,  
specific examples of s i n g l e  parameter concept. 

I 



18 8 5.5.2 P -nc Y P r i n w  

The double contingency p r i n c i p l e  a s s u r e s  t h a t  no single e r r o r  o r  
equipment malfunct ion can r e s u l t  i n  a cri t icali ty ' :  Employees l e a r n  

# 
exp lana t ion  of double contingency r u l e ,  
examples of double contingency p r i n c i p l e ,  

normal and abnormal c o n d i t i o n s  assessments ,  
appl icable  judgment f a c t o r s .  

t 

5.5.3 U m i a i s t r a t i v  e Con t ro l  R e a u m  

Adminis t ra t ive  c o n t r o l  p o l i c i e s  are unique t o  each DOE-contractor site. 

# 
1 i n d u s t r y  s tandards .  Employees l e a r n  

They inc lude  procedures  f o r  handl ing,  process ing ,  and s t o r i n g  f issi le 

materials based upon t h e  requirements  of  DOE Orders, NRC r e g u l a t i o n s ,  and 

o v e r a l l  po l i cy  on ope ra t ions  and safety,  

gene ra l  admin i s t r a t ive  c o n t r o l  p o l i c i e s ,  
requirements  f o r  specific ope ra t ions  processes ,  

ope ra t iona l  safety requirements.  

I 

0 5.5.4 ODeratipnal S a f e t v  Revieblp 

Operat ional  safety reviews not  only a s s u r e  c r i t i ca l i ty  s a f e t y  but  a l s o  
enable  employees t o  observe t h a t  c r i t i c a l i t y  s a f e t y  concerns are of such 8 "  
importance as t o  r e q u i r e  con t inua l  reviews. 

i 

5.5.4.1 Ope r a t i o n s  Procedure s e  R views . T h i s  t o p i c  de ta i l s  the  process  I of  ope ra t ions  procedures  reviews. Employees l e a r n  t h a t  

management reviews are conducted t o  ensure  def in i te  l i n e s  of 
r e s p o n s i b i l i t y  and t o  e l i m i n a t e  u n c e r t a i n t i e s  i n  procedures,  
a l l  a s p e c t s  of procedures f o r  r ece iv ing ,  s t o r i n g ,  and handl ing 
f i s s i le  materials are reviewed on a r e g u l a r l y  scheduled basis, 

works i te  procedures  are r e t a i n e d  o r  altered as deemed necessary 
for safe, e f f i c i e n t  ope ra t ions ,  
w r i t t e n ,  not  o r a l ,  i n s t r u c t i o n s  are requ i r ed ,  8 

8. . .  

f 
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i f  any doubts  e x i s t  about ope ra t ions  procedures,  employees must 
s t o p  and ask q u e s t i o n s . o f  t h e i r  superv isors .  

5.5.4.2 Cri t ical  i t v  Sa fe tv  Review s. This  t o p i c  e x p l a i n s  s i t u a t i o n s  i n  
which c r i t i c a l i t y  safety reviews are requi red .  Employees l e a r n  t h a t  m 

r ece iv ing ,  s t o r i n g ,  and handl ing ope ra t ions  us ing  f i s s i le  
materials require periodic c r i t i c a l i t y  s a f e t y  reviews, 

I 

any new ope ra t ions  invo lv ing  a s i g n i f i c a n t  amount of f iss i le  
materials r e q u i r e  a c r i t i c a l i t y  safety eva lua t ion ,  
any rev ised  ope ra t ions  procedures which involve  a s i g n i f i c a n t  
amount of fissile materials r e q u i r e  a c r i t i c a l i t y  s a f e t y  
review. 

5.5.5 General Rule S 

It is recognized t h a t  employees w i l l  no t  know a l l  the  de ta i l s  of 
c r i t i c a l i t y  safety l i m i t s  and requirements;  t h e r e f o r e ,  a set of gene ra l  rules 

are presented and discussed.  
employee should do for i n d i v i d u a l  and group pro tec t ion .  
encouraged t o  know and t o  use t h e  fol lowing gene ra l  r u l e s :  

These c r i t i c a l i t y  s a f e t y  r u l e s  summarize what an 
I 
8 Employees are 

Follow procedures s t r i c t l y .  
Never take s h o r t  cu t s .  
Never ope ra t e  on guesswork. 
Stop work a t  once and n o t i f y  supe rv i s ion  i f  any unusual 
cond i t ions  occur. - Never make con ta ine r  t r a n s f e r s  without knowing t h e  cond i t ions  
and con ten t s  of each con ta ine r  involved. 
Ca re fu l ly  check any computations and always compare r e s u l t s  
w i t h  what is a n t i c i p a t e d .  
Never exceed t h e  ope ra t ing  l i m i t s  f o r  t h e  accumulation of 
f iss i le  materials. 
Never make a conf igu ra t ion  change t o  a system without an 
approved c r i t i c a l i t y  s a f e t y  procedure. 
Give detailed ope ra t ions  informat ion  t o  your superv isor  or t o  
t h e  person r ep lac ing  you on t h e  next  s h i f t .  

I 

Keep a l l  records  and l o g s  cu r ren t .  
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Allow only q u a l i f i e d  persons t o  handle  f i s s i le  materials. 
9 Use work s t a t i o n s  and s t o r a g e  con ta ine r s  on ly  i n  t h e  approved 

and intended manner. 
Evacuate immediately if a c r i t i c a l i t y  occurs.  ' 5.6 EMERGENCY RESPONSE PROCEDURES 

t 
8 
1 
I 
I 
U 
t 
8 
8 
I 
I 
I 
I 
1 
8 

I n  the  event  of a c r i t i c a l i t y  acc ident ,  employees need t o  know 
emergency response procedures.  This  i nc ludes  

r ecogn i t ion  of alarms, 

knowledge of immediate emergency a c t i o n s ,  - understanding of  consequences of t ak ing  improper or no a c t i o n s ,  
understanding of t h e  bases of  es tab l i shed  emergency procedures.  

5.6.1 General Re sDonses 

The sound of a c r i t i c a l i t y  alarm, triggered au tomat i ca l ly  by neutron o r  
gamma r a d i a t i o n ,  w i l l  u sua l ly  be the  first aud ib le  s i g n a l  t ha t  a c r i t i c a l i t y  
has occurred. Employees l e a r n  t h a t  they should respond by 

l eav ing  t h e  bui ld ing  immediately,  t hus ,  p u t t i n g  d i s t a n c e  
between t h e  employee and t h e  source  of r a d i a t i o n ,  - r e p o r t i n g  t o  a des igna ted  assembly area along w i t h  o the r  
bu i ld ing  employees, 
r epor t ing  t o  t h e i r  supe rv i so r s  a t  the  des igna ted  assembly 
areas, 
wai t ing  a t  t h e  assembly area f o r  f u r t h e r  s p e c i f i c  i n s t r u c t i o n .  

/ 

The consequences of a c r i t i c a l i t y  acc ident  are reduced s u b s t a n t i a l l y  i f  

employees fol low these s imple ,  step-by-step procedures. 

5.6.2 $it e-SDecific Re sDonses 

Employees not only should know t h e  gene ra l  emergency responses  t o  fol low 
but a l s o * s h o u l d  l e a r n  t h e  s i t e - s p e c i f i c  responses.  The bes t  method for  
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t eaching  these s i t e - s p e c i f i c  responses  is through c r i t i c a l i t y  d r i l l s  a t  
works i te  l o c a t i o n s .  Employees should l e a r n  

what sound t h e  c r i t i c a l i t y  alarm makes, - where to  e x i t  the bu i ld ing ,  
where t o  assemble, 

methods used t o  r e p o r t  t o  the i r  supe rv i so r s ,  
what types  of f u r t h e r  i n s t r u c t i o n s  w i l l  be given. 

5.7 CRITICALITY ACCIDENT HISTORY 
8 
I A review of c r i t i c a l i t y  a c c i d e n t s  provides  informat ion  about how 

c r i t i ca l i t i e s  occur  and i n s i g h t  i n t o  how cr i t i ca l i t i es  may be avoided. 
demonstrates  t o  employees t h a t  t h e r e  has  been a careful a n a l y s i s  of each 

acc ident  wi th  wide d isseminat ion  of l e s s o n s  learned .  T h i s  review can trace 
t h e  l e s s o n s  learned  and can e x p l a i n  t h e  development and usage of s i t e - s p e c i f i c  
des igns  and p r a c t i c e s .  

It 

4 
Although c r i t i c a l i t y  s a f e t y  l i m i t s  have s u b s t a n t i a l  s a f e t y  margins, 

employees must r e a l i z e  t h a t  c r i t i c a l i t y  acc iden t s  can occur as long  as t h e  
p o s s i b i l i t y  of human e r r o r s  and equipment malfunct ions e x i s t .  
cau t ion  becomes ev ident  when it  is r e a l i z e d  t h a t  no e x t e r n a l  mechanism is 

requ i r ed  t o  effect a c r i t i c a l i t y  i n c i d e n t  and no advance warning i s  given. 
The employee r e q u i r e s  p r a c t i c a l  knowledge of cond i t ions  creating c r i t i ca l i t i es  

8 
1 The need f o r  

so as t o  be eve r  alert and c a r e f u l  t o  fo l low approved ope ra t ions  procedures. 
A s tudy  of c r i t i c a l i t y  acc iden t  h i s t o r y  i n  t he  nuc lear  i ndus t ry  demonstrates  8 
t h a t  such even t s  can happen and emphasizes t h e  need f o r  c r i t i c a l i t y  s a f e t y  
t r a i n i n g  . I - 

The fol lowing c r i t i c a l i t y  acc iden t s ,  any one o r  a l l ,  can be discussed  i n  
gene ra l  o r  i n  some detai l  t o  convey t o  employees how cr i t i ca l i t i es  occur ,  how 
they may be avoided, and what l e s s o n s  have been learned: 

8 
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1946 Los Alamos c r i t i c a l  assembly i n c i d e n t  
1951 Richland plutonium nitrate s o l u t i o n  i n c i d e n t  
1958 Oak Ridge enriched uranium recovery process  i n c i d e n t  
1958 Los Alamos plutonium tank t r a n s f e r  i n c i d e n t  

1959 Idaho F a l l s  waste c o l l e c t i o n  tank i n c i d e n t  
- 1961 Idaho F a l l s  f i r s t - c y c l e  product evaporator  i n c i d e n t  

1962 Richland plutonium accumulation from t r a n s f e r  tanks  

I 

i n c i d e n t  
1968 Oak Ridge cr i t ical  experiments f a c i l i t y  i nc iden t  
1978 Idaho F a l l s  uranium e x t r a c t i o n  process  sc rub  column 

i n c i d e n t  



6 .  NUCLEAR CRITICALITY SAFETY T R A I N I N G  PROGRAM OPERATIONS 

A s  nuc lear  c r i t i c a l i t y  s a f e t y  training program content  is being designed 
and developed, i t  becomes necessary t o  determine how t h e  t r a i n i n g  w i l l  be 

conducted and operated.  T h i s  i n c l u d e s  schedul ing and conducting t r a i n i n g ,  
eva lua t ing  employee knowledge and performance, maintaining employee records ,  
conducting t r a i n i n g  program eva lua t ions ,  maintaining t r a i n i n g  program records,  
and r e v i s i n g  training program content  and ope ra t ions  as deemed necessary.  

I 
1 
I 
I 

6.1 T R A I N I N G  CONDUCT 

The conduct and schedul ing  of t r a i n i n g  are t o  be determined by the  needs 

and requirements  of each DOE con t r ac to r .  Employees who opera te ,  maintain,  o r  
superv ise  a c t i v i t i e s  using f i s s i le  materials a t  nuc lear  sites r e q u i r e  
adequate,  practical c r i t i c a l i t y  s a f e t y  information and t r a i n i n g  about normal 
ope ra t ions  and emergency procedures.  Each con t r ac to r  should des ign ,  conduct,  
and schedule  job - spec i f i c ,  site-specific c r i t i c a l i t y  s a f e t y  t r a in ing .  

1 
I 

A DOE c o n t r a c t o r  c r i t i c a l i t y  s a f e t y  training program inc ludes  c e r t a i n  
basic elements and s p e c i f i c a t i o n s  as l i s t ed  i n  DOE Order 5480.1A, Chapter V. 

The t r a i n i n g  program is t o  be a u d i t a b l e ;  t h e r e f o r e ,  both the  t r a i n i n g  
materials and the  t r a i n i n g  procedures  should be documented. C r i t i c a l i t y  
safety t r a i n i n g  needs and schedul ing  w i l l  be cont ingent  upon ope ra t ions  
procedures and product ion cons idera t ions .  
program should con ta in  necessary and r e l evan t  t r a i n i n g  f o r  t h e  personnel  
involved i n  ope ra t ing  the  nuc lear  fac i l i t i es  a t  t h a t  site. These o n s i t e  
personnel  i nc lude  operat ing and maintenance employees, the i r  supe rv i so r s ,  and 
engineer ing  and management personnel.  

Each c r i t i c a l i t y  safety t r a i n i n g  

I 
I 

6.2 EMPLOYEE EVALUATIONS I 
DOE c o n t r a c t o r  c r i t i c a l i t y  s a f e t y  t r a i n i n g  programs are t o  provide f o r  

eva lua t ion  of  t h e  progress  of each employee d u r i n g  training. 

demonstrate a s a t i s f a c t o r y  knowledge of a l l  r equ i r ed  s u b j e c t s  and procedures 
covered i n  t h e  t r a i n i n g  program. 
o r a l ,  and/or ope ra t iona l  examinations as considered appropr i a t e  t o  t h e  

pos i t ion .  
employee t o  enhance t h e  l e a r n i n g  process.  

Employees are t o  

Employee eva lua t ions  can inc lude  w r i t t e n ,  

Examination and performance test r e s u l t s  should be shared w i t h  each 

An appropr i a t e  eva lua t ion  checkl i s t  

8 
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should be provided. While t h e  employee's immediate supe rv i so r  has first l i n e  
r e s p o n s i b i l i t y  f o r  a s s e s s i n g  employee job  p ro f i c i ency ,  t he  f i n a l  v e r i f i c a t i o n  
of an employee's q u a l i f i c a t i o n s  is  t o  be made by s e n i o r  l i n e  management o r  
o t h e r s  designated by management. 

8 
1 
1 
1 

It can only be a sce r t a ined  i f  t he  employee has acqui red  the  necessary 

c r i t i c a l i t y  s a f e t y  knowledge and f u l l y  understands t h e  importance and 
re levance  of t h i s  in format ion  t o  a s p e c i f i c  j ob  when t h e  employee's knowledge 
and performance concerning c r i t i c a l i t y  s a f e t y  matters are evaluated.  Thus, 
c r i t i c a l i t y  s a f e t y  programs inc lude  eva lua t ions  of t h e  employee's conceptual 
knowledge of c r i t i c a l i t y  safety and of t h e  employee's on-the- job  performance 
where c r i t i c a l i t y  s a f e t y  concerns e x i s t .  These eva lua t ions  provide 
v e r i f i c a t i o n  of training t o  a s s u r e  t h e  necessary q u a l i f i c a t i o n s  of an 

I 
I 

employee, both i n i t i a l l y  and con t inua l ly ,  t o  perform assigned tasks i n  a safe 

and p r o f i c i e n t  manner. 

6.2.1 &JQwledne 

DOE c o n t r a c t o r s  need re l iable ,  v a l i d  tes ts  t o  eva lua te  an employee. 1 
8 

These tests should be based upon l e s s o n  materials and l e a r n i n g  o b j e c t i v e s  
developed a t  each con t rac to r  s i te  based upon s p e c i f i c  j o b  r e s p o n s i b i l i t i e s  and 
requirements.  To a s s u r e  t h e i r  conten t  v a l i d i t y ,  tests should be designed t o  

I 
i nc lude  s e v e r a l  test items on 

I 

basic c r i t i c a l i t y  theory ,  
normal ope ra t ing  procedures ,  - emergency responses ,  
r a d i a t i o n  c o n t r o l  p r a c t i c e s ,  
con f igu ra t ion  c o n t r o l  , - s a f e t y  systems, 
procedures f o r  making changes i n  opera t ions .  

T ra ine r s  should determine whether o r  not  t h e  r e s u l t s  of tests agree w i t h  

Some p resen t  source of information,  i n  p a r t i c u l a r ,  t h e  employee's j ob  
performance r a t i n g .  Ind iv idua l  test sco res  should confirm expected j o b  and 
s a f e t y  performance of employees. T ra ine r s ,  o r  test des igne r s ,  should conduct 
comparison s t u d i e s  based upon tes t  s c o r e s  and a c t u a l  job  performances. 

test s c o r e r s  should evidence top  job  and s a f e t y  performances. Low test sco res  

I 
High 

I 
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gene ra l ly  s h o u l d  i n d i c a t e  employees who are below average job  and safety 

performers. 
these p red ic t ions ,  t h e  test may not  have c r i t e r i o n - o r i e n t e d ,  p r e d i c t i v e  

If the comparisons show that  test  r e s u l t s  are not c o n s i s t e n t  wi th  8 
v a l i d i t y .  
mor a1 e. 

Its usage may even be harmful, e s p e c i a l l y  i n  terms of employee 

DOE c o n t r a c t o r s  who are c u r r e n t l y  us ing  a s p e c i f i c  c r i t i ca l i t y  s a f e t y  
t r a i n i n g  test may want t o  compare a newly-devised test  wi th  an e s t a b l i s h e d  

test. T h i s  procedure is p r a c t i c a l  and b e n e f i c i a l .  However, t he  o l d e r  
e s t ab l i shed  test must have proven v a l i d i t y ,  r e l i a b i l i t y ,  and meaningfulness t o  
ensure  adequate comparisons. 

Items on any test r e q u i r e  c a r e f u l  cons ide ra t ion  and pretekting for va l id ,  
re l iab le  r e s u l t s .  True/false items should gene ra l ly  be avoided, a n d m u l t i p l e -  
choice items should be checked f o r  ambiguity,  as well as f o r  reasonable  
d i f f i c u l t y .  

ID 
1 
8 Development of cr i t ical i ty  s a f e t y  examinations should inc lude  t h e  

necessary techniques f o r  e s t a b l i s h i n g  test v a l i d i t y  and r e l i a b i l i t y .  
f o r  examination management and f o r  c o n t r o l  of test item changes should also be 

Methods 

e s t ab l i shed .  

DOE c o n t r a c t o r s  should decide i f  employees are requ i r ed  t o  s c o r e  one 
hundred percent  o r  s c o r e  lower on a c r i t i c a l i t y  s a f e t y  test. 
t es t  paas- fa i l  s co re ,  o r  c u t t i n g  sco re ,  r e q u i r e s  v a l i d  data, adequate 
s ta t is t ical  design,  and va lue  judgments. 
with the scatter diagram technique,  which uses  data p o i n t s  f o r  test s c o r e s  and 
job  performance r a t i n g s .  These data i n d i c a t e  what degree of j ob  performance 
success  is  t o  be expected from employees a t  each s c o r e  l e v e l .  
acceptable p ro f i c i ency ,  a c u t t i n g  sco re ,  can then  be determined. 

Es t ab l i sh ing  a 
I 
I 
I 

The c u t t i n g  s c o r e  may be determined 

A l e v e l  of  

6.2.2 Berfomanc  e I 
Knowledge-based tests are not the s o l e  means of eva lua t ing  c r i t i c a l i t y  

safety t r a i n i n g .  
on-the-job s k i l l s ,  i t  is q u i t e  poss ib l e  f o r  employees t o  know what t o  do but 

not  be able t o  apply t h a t  knowledge t o  s p e c i f i c  on-the-job s i t u a t i o n s .  
Therefore,  i t  is e s s e n t i a l  t o  eva lua te  t h e  employee's on-the-job performance 
of those d u t i e s  t h a t  r e q u i r e  c r i t i c a l i t y  s a f e t y  knowledge and app l i ca t ions .  

Although c r i t i c a l i t y  safety t r a i n i n g  enhances app l i cab le  I 
I 

I 
I 
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I Job-spec i f ic  performance eva lua t ion  methods, such as performance c h e c k l i s t s ,  
should be devised f o r  the  unique cond i t ions  e x i s t i n g  a t  each con t r ac to r  si te.  
Evaluat ion r e l i a b i l i t y  and v a l i d i t y  must be e s t ab l i shed .  As w i t h  

knowledge-based testing, v a l i d  job- re la ted  data w i l l  be requi red .  

6.3 EMPLOYEE T R A I N I N G  RECORDS 
I 

DOE c o n t r a c t o r s  should main ta in  f i l e s  of  each employee's c r i t i c a l i t y  
s a f e t y  t r a i n i n g  record.  These f i l es  inc lude  t h e  s u b j e c t s  covered i n  w r i t t e n ,  
o r a l ,  and/or ope ra t ing  i n s t r u c t i o n a l  s e t t i n g s .  Records of examinations and 
completed c h e c k l i s t s  are t o  be kept  and f i l e d  f o r  each employee working i n  
areas where t h e  p o s s i b i l i t y  of a c r i t i c a l i t y  inc iden t  may occur.  

T h i s  record  system provides  t h e  documentation necessary t o  a s c e r t a i n  t h a t  

'a 
I 
1 an employee has  achieved the  necessary q u a l i f i c a t i o n  s t a t u s  t o  perform 

assigned t a s k s  i n  a safe, p r o f i c i e n t  manner. It a l s o  documents retraining 
schedules  and r e s u l t s .  
information r e t r i e v a l  needs t o  be adequate and e f f i c i e n t ,  computerized record  

Because a large amount of data is  involved and s i n c e  

systems should .be  considered.  
t r a i n i n g  record  system should be designed t o  inc lude  information about 
knowledge a t ta inment ,  job  performance eva lua t ions ,  and app l i cab le  medical 

T h i s  employee nuc lear  c r i t i c a l i t y  s a f e t y  1 
I examinations r e s u l t s .  

6.3.1 I i g p w l  edQe 

C r i t i c a l i t y  s a f e t y  t r a i n i n g  r eco rds  should be designed t o  inc lude  both 

t es t  sco res  and test item informat ion  of i nd iv idua l  employees i n  opera t ions ,  
maintenance, and superv isory  p o s i t i o n s  where f iss i le  materials are used. The 

records  of completed tes ts  and eva lua t ions  checkl is ts  are t o  be kept  on f i l e .  

Dates of t r a i n i n g  and dates of t e s t i n g  are requ i r ed  data e n t r i e s .  Test sco res  
and test  item information may be used t o  improve f u t u r e  tests. 
eva lua t ion  materials f o r  each employee w i l l  v e r i f y  and document t r a i n i n g  a s  
requi red  by DOE Order 5480.1A., Chapter V. These records  a l s o  provide 
necessary information f o r  both remedial t r a i n i n g  and scheduled r e t r a i n i n g .  

I 

I The completed 
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6.3.2 5 I 
Cr i t i ca l i t y  s a f e t y  t r a i n i n g  records  should be designed t o  inc lude  job  

performance eva lua t ions .  The j o b  performances on i n d i v i d u a l  t a s k s  should be 

recorded one by one. 
Va l ida t ion  s i g n a t u r e s ,  i n i t i a l s ,  o r  codes should appear. These j o b  

performance eva lua t ions  w i l l  provide r e l evan t  data t o  t r a i n e r s  f o r  des igning  
f u t u r e  c r i t i c a l i t y  s a f e t y  t r a i n i n g  materials and programs t o  meet employee 
needs and j o b  performance requirements.  

Dates when eva lua t ions  occurred should be recorded. 

6.3.3. Medical E- S 

The dates of  medical examinations f o r  those  employees i n  opera t ions ,  
maintenance, and superv isory  p o s i t i o n s  where f i s s i le  materials are used should 

be recorded and maintained. The data e n t r i e s  and format w i l l  depend upon 
medical informat ion  a v a i l a b l e  a t  each DOE-contractor site. The medical 

examination r e s u l t s  should be l i m i t e d  t o  t h a t  which is necessary f o r  

I 
I 
I c r i t i c a l i t y  safety records.  

6.4 T R A I N I N G  PROGRAM EVALUATION 

DOE r e q u i r e s  each con t rac to r  t o  e s t a b l i s h  and main ta in  an i n t e r n a l  s a f e t y  

I 

I 
8 
I 

1 review system f o r  i ts  nuclear  f ac i l i t i e s .  Th i s  review system should provide 
f o r  t h e  o b j e c t i v e  and independent review of nuc lear  f a c i l i t y  safety t r a i n i n g  
programs, i nc lud ing  the i n i t i a l  and subsequent q u a l i f i c a t i o n  and v e r i f i c a t i o n  
requirements  and procedures for  c r i t i c a l i t y  safety. 

t r a i n i n g  records and changes i n  p l a n t  equipment and procedures  should be 

reflected i n  r e v i s i o n s  t o  both t r a i n i n g  materials and t r a i n i n g  conduct. 
Employees completing t r a i n i n g  should be asked t o  eva lua te  t h e  courses  and 
i n s t r u c t o r s .  P e r i o d i c a l l y ,  c r i t i c a l i t y  safety engineers  and c r i t i c a l i t y  
s a f e t y  committees should review program content  and make re l evan t  sugges t ions  
f o r  improvement. 

Information from employee 

I 
! 
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6.5 T R A I N I N G  PROGRAM RECORDS 

Cer t a in  informat ion  should be recorded and maintained about va r ious  
a s p e c t s  of t h e  c r i t i c a l i t y  safety t r a i n i n g  program. These inc lude  course 

t i t l es ,  
o u t l i n e s ,  - i n s t r u c t o r s ,  
dates, 

du ra t ions ,  
p a r t i c i p a n t s .  

? 

T h i s  basic information is  requ i r ed  f o r  adequate c r i t i c a l i t y  s a - t t y  t r a i n i n g  
program maintenance and f o r  DOE and c o n t r a c t o r  i n t e r n a l  review and a u d i t  
purposes. 

i 
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7. NUCLEAR CRITICALITY SAFETY T R A I N I N G  FEEDBACK MECHANISMS 

E f f e c t i v e  communication links should exis t  between c r i t i c a l i t y  safety 

p r o f e s s i o n a l s  and o t h e r  o n s i t e  personnel.  It is impera t ive  tha t  t h e  

c r i t i c a l i t y  s a f e t y  staff  inform management about what r e sources  are requi red  t o  
develop and main ta in  an  e f f e c t i v e  c r i t i c a l i t y  s a f e t y  training program. 
Management accep t s  r e s p o n s i b i l i t y  f o r  s i t e  c r i t i c a l i t y  safety by s e t t i n g  
appropr i a t e ,  necessary p o l i c i e s  and by a l l o c a t i n g  time and r e sources  f o r  
c r i t i c a l i t y  s a f e t y  t r a i n i n g  e f f o r t s .  
imp l i ca t ions  i n  va r ious  ope ra t ions  processes  should be d iscussed  openly between 
ope ra t ions  supe rv i so r s  and c r i t i c a l i t y  p ro fes s iona l s .  

C r i t i c a l i t y  concerns and t h e i r  

These d i scuss ions  w i l l  

provide e s s e n t i a l  information f o r  con t inua l  improvement of both ope ra t ions  and 
t r a i n i n g .  
work t o  reduce the  chance of acc idents .  Information flow both t o  and from 

S p e c i a l i s t s  i n  t h e  va r ious  s a f e t y  d i s c i p l i n e s  should i n t e r a c t i v e l y  

c r i t i c a l i t y  specialists w i l l  make a good c r i t i c a l i t y  s a f e t y  program even 
better . 

To ope ra t e  and main ta in  a q u a l i t y  c r i t i ca l i t y  safety t r a i n i n g  program 
r e q u i r e s  cont inua l  feedback mechanisms. 

improvement of t h e  conten t  and/or the  conduct of t h e  c r i t i c a l i t y  s a f e t y  
t r a i n i n g  program should be not  only welcomed but a l s o  encouraged. 
ope ra t ions  change, some a s p e c t s  of  c r i t i c a l i t y  s a f e t y  t r a i n i n g  must be altered 

t o  meet new needs. The c r i t i c a l i t y  s a f e t y  t r a i n i n g  program should be viewed 
and treated as a v i a 6 l e  ongoing a c t i v i t y ,  no t  as a completed endeavor. 

Cons t ruc t ive  comments f o r  the  

As 

Continual assessment,  r e v i s i o n ,  and upgrading of a l l  

inc luding  technical information,  t r a i n i n g  materials, 
necessary t o  meet c u r r e n t  needs and requirements.  

t r a i n i n g  components, 
and teaching methods are 


