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 DAVID J. VAN HORN Research Laboratories, Rohm and Haas Company, Spring House, PA 19477
 
 Most organizations with a written Health & Safety Policy contain statements that hazards will be identified and controlled. It is generally recognized that managers and scientists have, as part of their work, the responsibility to see that a l l prudent actions are taken to ensure their operations do not lead to unacceptable risks to the health and safety of the organization's employees, customers or to the environment. There are a variety of "safety systems" available to systematically review projects to help identify hazards. However, most systems seem too laborious to be practical and/or not applicable at a l l for use by scientists engaged in bench research or scale-up work. This paper describes some risk assessment techniques and a mechanism for identifying hazards that are not burdensome and can readily be used by experimentalists. WHAT PRODUCES HAZARDS Before d i s c u s s i n g r i s k assessment t e c h n i q u e s , i t i s w o r t h w h i l e t o r e v i e w what produces h a z a r d s . A recent d e f i n i t i o n o f an a c c i d e n t by W. G. Johnson, former G e n e r a l Manager o f the N a t i o n a l S a f e t y C o u n c i l p r o f e s s i o n a l s t a f f and author o f MORT S a f e t y Assurance Systems, p r o v i d e s an e x c e l l e n t b a s i s f o r d e t e r m i n i n g what produces h a z a r d s . A c c o r d i n g t o Mr. Johnson, t h e elements i n v o l v e d i n an accident are: A. B. C. D.
 
 An unwanted t r a n s f e r o f energy, Because of a l a c k of b a r r i e r s and/or c o n t r o l s , Producing i n j u r y t o persons, p r o p e r t y , o r process, Preceeded by sequences o f p l a n n i n g and o p e r a t i o n a l e r r o r s which: (1) f a i l e d t o a d j u s t t o changes i n p h y s i c a l o r human factors.
 
 0097-6156/85/0274-0023$06.00/0 § 1985 American Chemical Society
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 (2) produced unsafe c o n d i t i o n s and/or unsafe a c t s . A r i s i n g out of the r i s k i n an a c t i v i t y , I n t e r r u p t i n g o r d e g r a d i n g the a c t i v i t y .
 
 T h i s may seem l i k e a l o n g d e f i n i t i o n but i t p o i n t s out hazards may be produced by:
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 A. B. C.
 
 Energy t r a n s f e r P l a n n i n g and o p e r a t i o n a l e r r o r s o r o v e r s i g h t s Change
 
 R o u t i n e i n s p e c t i o n s and housekeeping a r e v a l u a b l e and i m p o r t a n t but may not d e t e c t major h a z a r d s . The independent s e a r c h out of h a z a r d s by s a f e t y and h e a l t h r e v i e w s i s v i t a l . PRELIMINARY HAZARD ANALYSIS
 
 (PHA)
 
 A PHA has t r a d i t i o n a l l y t a k e n the form of i n v e n t o r y i n g a l l the m a t e r i a l s and equipment t o be used and d e c i d i n g what are the hazardous elements. I n t u i t i o n , e x p e r i e n c e and judgement are a p p l i e d t o determine what can l e a d to a c c i d e n t s and whether the r i s k i s a c c e p t a b l e or the hazard must be c o r r e c t e d by c o n t r o l s and/or c o n t i n g e n c y p l a n s . However, a more thorough r e v i e w can be a c h i e v e d w i t h the f o l l o w i n g PHA p r o c e d u r e . To b e g i n r e s e a r c h , the e x p e r i m e n t a l i s t must t h o r o u g h l y t h i n k through the e n t i r e p r o c e s s , s t e p by s t e p , a n t i c i p a t e what might i n a d v e r t e n t l y go wrong, how t o prepare f o r same, o r what to do i f the worst happening o c c u r s . P l a n n i n g f o r s a f e t y , h e a l t h , and e n v i r o n m e n t a l c o n s i d e r a t i o n s i s an i n t e g r a l p a r t of r e s e a r c h and shall: 1. I d e n t i f y p o t e n t i a l hazards 2. Take measures to m i n i m i z e r i s k s to an a c c e p t a b l e l e v e l 3. Make p r e p a r a t i o n s to handle any mishaps t h a t may occur 4. I n s u r e i n s t r u c t i o n s t o a l l i n v o l v e d are understood and followed. A good PHA w i l l speed development by p r e v e n t i n g s e r i o u s a c c i dents and p r o v i d i n g answers t o q u e s t i o n s t h a t w i l l be r a i s e d l a t e r . The descending p r i o r i t y i n d e v e l o p i n g a s a f e p r o c e s s i s one t h a t i s : 1. I n t r i n s i c a l l y s a f e ( i n h e r e n t l y s a f e r e g a r d l e s s of external circumstances) 2. Safe by use of e n g i n e e r i n g / d e s i g n c o n t r o l s ( c o n t a i n m e n t , v e n t i l a t i o n , guards, e t c . ) 3. Safe by use of a d m i n i s t r a t i v e c o n t r o l s (SOP, q u a l i f i e d p e r s o n n e l , maintenance, e t c . ) 4. Safe by use of p e r s o n a l c o n t r o l s ( r e s p i r a t o r s , eye/face protection, gloves, etc.) A c h e c k l i s t f o r e x p e r i m e n t a l i s t s and managers to use f o r a PHA i s p r o v i d e d i n Appendix 1. Remember, many a c c i d e n t s occur as a r e s u l t of a c o m b i n a t i o n of u n u s u a l , improbable c i r c u m s t a n c e s . The PHA c h e c k l i s t i n c l u d e s reminders to use in-house s e r v i c e s l i k e the L i b r a r y l i t e r a t u r e s e a r c h , A n a l y t i c a l , Computer A p p l i -
 
 Hoffmann and Maser; Chemical Process Hazard Review ACS Symposium Series; American Chemical Society: Washington, DC, 1985.
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 c a t i o n s (ASTM, CHETAH Program) and H e a l t h and S a f e t y S t a f f department r e s o u r c e s . The PHA may sound l i k e a l o t o f r e v i e w t o i d e n t i f y hazards but many s t i l l s l i p by o r are c r e a t e d f o r a v a r i e t y o f reasons. One r e a s o n i s not b e i n g s u r e a l l the i m p o r t a n t q u e s t i o n s have been asked. F o l l o w i n g are some s i m p l e a d d i t i o n a l t e c h n i q u e s to h e l p g a t h e r i n f o r m a t i o n and s y s t e m a t i c a l l y i d e n t i f y r i s k s f o r consideration.
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 SIMPLE RISK ASSESSMENT TECHNIQUES 1.
 
 Incident Recall
 
 T h i s i n f o r m a t i o n g a t h e r i n g t e c h n i q u e i s a l s o known as " c r i t i c a l i n c i d e n t t e c h n i q u e " and i s a means o f c o l l e c t i n g b o t h poor and good e x p e r i e n c e from o p e r a t i o n a l l y e x p e r i e n c e d p e r s o n n e l . I t r e q u i r e s a s k i n g people t o share d i f f i c u l t i e s , e r r o r s , near m i s s e s , a c c i d e n t s , successes e t c . they remember i n p a s t s i m i l a r o p e r a t i o n s and c o n d i t i o n s . T h i s method has generated a g r e a t e r q u a n t i t y of r e l e v a n t and u s e f u l i n f o r m a t i o n than any o t h e r m o n i t o r i n g t e c h n i q u e . I t i d e n t i f i e s more seemingly minor e r r o r s o r d e f i c i e n c i e s and near m i s s e s . T h i s i s to be expected as the f a m i l i a r H e i n r i c h T r i a n g l e shows t h e r e are numerous near m i s s e s f o r every a c c i d e n t . 2.
 
 F a i l u r e Modes and
 
 Effects
 
 T h i s procedure i s sometimes c a l l e d the "What I f " t e c h n i q u e and h e l p s i d e n t i f y items a f f e c t i n g p r o c e s s r e l i a b i l i t y by c o n s i d e r i n g each p o t e n t i a l source o f unwanted energy f l o w and i d e n t i f y i n g the f a i l u r e modes by which r e l e a s e can occur and the r e s u l t i n g e f f e c t s on the system. T h i s i s u s u a l l y done by making a l i n e diagram of the p r o c e s s , b r e a k i n g i t down i n t o subsystems i f n e c e s s a r y , and s t u d y i n g a l l modes o f o p e r a t i o n . A procedure t o f o l l o w i s to consider: A. F a i l u r e o r e r r o r mode o f each component. 1. I n s t r u m e n t , equipment f a i l u r e s . 2. Supply, d e l i v e r y f a i l u r e s . 3. Human f a i l u r e s . 4. Abnormal o p e r a t i o n s , change from r o u t i n e . 5. Emergency and major e n v i r o n m e n t a l e v e n t s . B. E f f e c t o f f a i l u r e on o t h e r components and the whole system C. Whether hazards i d e n t i f i e d are s e r i o u s and p r o b a b l e . D. Methods of f a i l u r e d e t e c t i o n . E. P r o v i s i o n f o r c o n t i n g e n c i e s . Unless the p r o c e s s under c o n s i d e r a t i o n i s r e l a t i v e l y s i m p l e , t h i s type a n a l y s i s can be c o m p l i c a t e d c o n s i d e r i n g a l l the energy sources and i n t e r a c t i o n s t h a t can o c c u r . T h i s can l e a d t o d o u b l e f a i l u r e and F a u l t Tree A n a l y s i s .
 
 Hoffmann and Maser; Chemical Process Hazard Review ACS Symposium Series; American Chemical Society: Washington, DC, 1985.
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 Change A n a l y s i s Change may be the mother of p r o g r e s s but i t i s r e a l l y the mother of t w i n s ; p r o g r e s s and t r o u b l e . The consequences of change s h o u l d always be c o n s i d e r e d c a r e f u l l y . Many a c c i d e n t s a r e caused because the r e s u l t s of changes are not a n t i c i p a t e d . The procedure f o r change a n a l y s i s i s : 1. C o n s i d e r the u s u a l o p e r a t i o n ( a c c i d e n t f r e e s i t u a t i o n ) . 2. C o n s i d e r the change(s) t o be made. 3. Compare the new s i t u a t i o n w i t h the a c c i d e n t f r e e r e f e r e n c e . 4. Analyze the d i f f e r e n c e s f o r e f f e c t on p r o d u c i n g an a c c i d e n t . T h i s must be done w i t h c a r e f u l a t t e n t i o n to obscure and indirect relationships. 5. I n t e g r a t e i n f o r m a t i o n developed r e l a t i v e t o c a u s a t i v e f a c t o r s i n t o the a c c i d e n t p r e v e n t i o n p r o c e s s . 6. Determine i f any hazardous m a t e r i a l t e s t i n g i s needed i n o r d e r t o d e f i n e s a f e o p e r a t i n g parameters. Job S a f e t y A n a l y s i s JSA i s a t e c h n i q u e f o r the r e v i e w of a j o b t o uncover i n h e r e n t or p o t e n t i a l problems. I t a l s o i s an e x c e l l e n t t o o l to h e l p i n d e v e l o p i n g a good SOP and f o r o r i e n t i n g the new employee and i n t r a i n i n g programs. I t i n v o l v e s both the s u p e r v i s o r and the employee(s) d o i n g the j o b so both c o n t r i b u t e and l e a r n . The j o b s e l e c t e d f o r a n a l y s i s s h o u l d be r e c o g n i z e d as having the p o t e n t i a l f o r s e r i o u s a c c i d e n t s and be r e l a t i v e l y s t a n d a r d i z e d . The s t e p s a r e : 1. S e l e c t the j o b 2. Break the j o b down i n t o i t s s e q u e n t i a l s t e p s 3. I d e n t i f y the p o t e n t i a l hazards of each s t e p ( c o n s i d e r energy s o u r c e s , watch work p r a c t i c e s ) 4. E s t a b l i s h c o n t r o l s f o r the i d e n t i f i e d hazards 5. E v a l u a t e the c o n t r o l s (make s u r e they are implemented i n t o o p e r a t i o n a l systems). MORE SOPHISTICATED RISK ASSESSMENT TECHNIQUES 1.
 
 Safety, Health, Environmental
 
 Review
 
 (SHE)
 
 A SHE r e v i e w i s r e q u i r e d whenever the e x p e r i m e n t a l i s t p l a n s work i n v o l v i n g u n f a m i l i a r c h e m i s t r y , t o x i c i t y or equipment, o r p l a n s the s c a l e - u p of a p r o c e s s , o r p l a n s f o r t o l l or c o n t r a c t r e s e a r c h o u t s i d e the company. A SHE r e v i e w may i n v o l v e o n l y the e x p e r i m e n t a l i s t and department s u p e r v i s i o n or be expanded as needed to i n c l u d e o t h e r l a b o r a t o r y department and/or s t a f f p e r s o n n e l t h a t can c o n t r i b u t e . The same q u e s t i o n s can be asked as i n the PHA c h e c k l i s t f o r s i m p l e department r e v i e w s . For more i n v o l v e d r e v i e w s o r f o r the s c a l e - u p of a p r o c e s s , a more f o r m a l procedure s h o u l d be f o l l o w e d and more d e t a i l e d c h e c k l i s t s a r e a v a i l a b l e . A suggested SHE r e v i e w format and d e f i n i t i o n of s c a l e - u p i s p r o v i d e d i n Appendix 2.
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 The b a s i c concept of ΗΑΖΟΡ i s t o : a. F u l l y d e s c r i b e the p r o c e s s and break i t down i n t o l o g i c a l p a r t s which c a n be c o n s i d e r e d s e p a r a t e l y . b. S y s t e m a t i c a l l y q u e s t i o n e v e r y p a r t t o d i s c o v e r how d e v i a t i o n from what i s i n t e n d e d c a n o c c u r . c. Decide whether any d e v i a t i o n c a n c r e a t e h a z a r d s . The purpose of a ΗΑΖΟΡ r e v i e w i s t o i d e n t i f y hazards b e f o r e an i n c i d e n t - not n e c e s s a r i l y t o s o l v e how t o e l i m i n a t e o r m i n i m i z e the p o t e n t i a l h a z a r d . Some s o l u t i o n s a r e obvious and c a n be handled i m m e d i a t e l y . However, many s o l u t i o n s may be complex and s h o u l d be a s s i g n e d t o o t h e r s t o s o l v e o u t s i d e of the ΗΑΖΟΡ r e v i e w p r o c e s s . HAZOP can be v e r y f l e x i b l e . I t i s v a l u a b l e i n the d e s i g n stage and i n a s s e s s i n g the h a z a r d p o t e n t i a l o f o p e r a t i o n a l f a i l u r e s of i n d i v i d u a l items and t h e consequen t i a l e f f e c t s on t h e whole. Even i f you never p a r t i c i p a t e i n a f o r m a l HAZOP r e v i e w , the p r i n c i p l e s a r e e x t r e m e l y v a l u a b l e i n everyday o p e r a t i o n s as i t broadens t h i n k i n g t o i n c l u d e more p o t e n t i a l problems and t o handle them i n a s y s t e m a t i c way.
 
 1. 2. 3. 4. 5.
 
 Some n e c e s s a r y d e f i n i t i o n s a r e : I n t e n t i o n - d e f i n e what i s expected D e v i a t i o n - s y s t e m a t i c a l l y q u e s t i o n how d e v i a t i o n s can occur Causes - a r e the reasons why d e v i a t i o n s might occur Consequences - a r e t h e r e s u l t s o f d e v i a t i o n s s h o u l d they occur Hazards - a r e t h e consequences which can cause i n j u r y , i l l n e s s or loss.
 
 The f o l l o w i n g guide words a r e used f o r each p a r t i d e n t i  f i e d i n t h e p r o c e s s and a p p l i e d t o each i n t e n t i o n t o a s s i s t i n d i s c o v e r i n g p o s s i b l e d e v i a t i o n s from t h e i n t e n t i o n : 3.
 
 Fault
 
 Tree
 
 F a u l t t r e e a n a l y s i s i s many times r e q u e s t e d because of complex hazards i d e n t i f i e d by a HAZOP r e v i e w . E n g i n e e r i n g has some people t r a i n e d i n a n a l y t i c a l t r e e development and a n a l y s i s and they a r e r e s p o n s i b l e f o r c o n d u c t i n g t h e s e type studies. B r i e f l y , a f a u l t t r e e i s designed by s e t t i n g down t h e u n d e s i r e d event a t t h e top and d e t e r m i n i n g a l l the s p e c i f i c e v e n t s which can b r i n g about the f a i l u r e . These events a r e t i e r e d below. Then i t i s p o s s i b l e t o c a l c u l a t e o r e s t i m a t e the f a i l u r e p r o b a b i l i t y f o r each e v e n t . T h i s i s n o r m a l l y done f o r t h e l i f e c y c l e of the o p e r a t i o n . T h i s q u a n t i f i e s t h e events and g i v e s an i d e a what the g r e a t e s t r i s k s a r e and where t o make changes t o g i v e the g r e a t e s t a d d i t i o n a l s a f e t y f o r t h e money a v a i l a b l e .
 
 Hoffmann and Maser; Chemical Process Hazard Review ACS Symposium Series; American Chemical Society: Washington, DC, 1985.
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 GUIDE WORDS
 
 MEANING
 
 EXAMPLES
 
 NO OR NOT
 
 NO PART OF THE INTENTION IS ACHIEVED BUT NOTHING ELSE HAPPENS.
 
 NO FLOW, NO AGITATION, NO REACTION
 
 MORE LESS
 
 QUANTITATIVE INCREASE OR DECREASES TO THE INTENDED ACTIVITY.
 
 MORE FLOW, HIGHER PRESSURE, LOWER TEMPERATURE, LESS TIME
 
 AS WELL AS
 
 ALL OF THE INTENTION IS ACHIEVED BUT SOME ADDITIONAL ACTIVITY OCCURS.
 
 ADDITIONAL COMPONENT, CONTAMINANT, EXTRA PHASE
 
 PART OF
 
 ONLY PART OF THE INTENTION IS ACHIEVED, PART IS NOT.
 
 COMPONENT OMITTED, PART OF MULTIPLE DESTINATIONS OMITTED.
 
 REVERSE
 
 THE OPPOSITE OF THE INTENTION OCCURS.
 
 REVERSE FLOW, REVERSE ORDER OF ADDITION
 
 OTHER THAN
 
 NO PART OF THE INTENTION IS ACHIEVED. SOMETHING DIFFERENT HAPPENS.
 
 WRONG COMPONENT, STARTUP, SHUTDOWN, UTILITY FAILURE.
 
 4.
 
 Management O v e r s i g h t and R i s k Tree (MORT)
 
 MORT i s an even more s o p h i s t i c a t e d program f o r managing s a f e t y s y s t e m a t i c a l l y by use of l o g i c t r e e s . I t i s c u r r e n t l y used f o r major government p r o j e c t s i n DOE, NRC, e t c . f o r p r o j e c t r e v i e w and s t a r t u p and i n the i n v e s t i g a t i o n o f serious accidents. I t i s complex because i t n o t o n l y i n c l u d e s t h e t e c h n i c a l a s p e c t s of a f a u l t t r e e a n a l y s i s (hardware) but i n c l u d e s l o g i c t r e e s f o r t h e d e d u c t i v e a n a l y s i s of m a n a g e r i a l f u n c t i o n s , human-behavorial f a c t o r s , and e n v i r o n m e n t a l c o n s i d e r a t i o n s . Obviously, only l a r g e complex p r o j e c t s w i t h numerous i n h e r e n t hazardous o p e r a t i o n s t h a t c o u l d r e s u l t i n s e r i o u s consequences, i f t h e r e were f a i l u r e s , can a f f o r d t o be a n a l y z e d by MORT. SUMMARY E x p e r i m e n t a l i s t s can c o n s i d e r t h e s a f e t y , h e a l t h , and e n v i r o n m e n t a l consequences of t h e i r planned work i n a s y s t e m a t i c way by: 1. u n d e r s t a n d i n g t h e i r r e s p o n s i b i l i t y t o i d e n t i f y h a z a r d s , 2. knowing what produces h a z a r d s , 3. u s i n g a P r e l i m i n a r y Hazard A n a l y s i s c h e c k l i s t ,
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 u t i l i z i n g r i s k assessment t e c h n i q u e s , and a p p l y i n g the proper l e v e l o f a n a l y s e s based on the c o m p l e x i t y of the o p e r a t i o n and p o s s i b l e consequences of failure. APPENDIX 1 PRELIMINARY HAZARD ANALYSIS CHECKLIST
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 2.
 
 3.
 
 4. 5.
 
 6. 7.
 
 8.
 
 9. 10. 11 12. 13. 14. 15. 16. 17. 18.
 
 19.
 
 Conduct l i t e r a t u r e s e a r c h but remember a c c i d e n t s and u n u s u a l r e s u l t s a r e not always r e p o r t e d . L i s t p o s s i b l e r e a c t i o n s and s i d e r e a c t i o n s . Can l e s s hazardous c h e m i c a l s be s u b s t i t u t e d t o a c h i e v e d e s i r e d results? O b t a i n MSD Sheets o r i f n o t a v a i l a b l e , c o n t a c t the Industrial Hygienist. Review the c h a r a c t e r i s t i c s of a l l r e a c t a n t s , i n t e r m e d i a t e s and p r o d u c t s i n terms o f f l a m m a b i l i t y , t o x i c i t y and r e a c t i v i t y h a z a r d s . Where i n f o r m a t i o n i s n o t a v a i l a b l e , t r e a t t h e m a t e r i a l s as hazardous. What i s t h e f l a s h p o i n t , f l a m m a b i l i t y range, a u t o - i g n i t i o n p o i n t , vapor p r e s s u r e and d e n s i t y ? What i s t h e t h r e s h o l d l e v e l and type hazard ( i n h a l a t i o n , ingestion, skin contact)? What p r o t e c t i v e measures a r e required? What i s t h e recommended f i r s t a i d i n case o f a c c i d e n t a l exposure? W i l l work r e q u i r e r a d i a t i o n o r n o i s e c o n t r o l measures, monitoring f o r b i o l o g i c a l o r chemical a i r contaminants, or m e d i c a l s u r v e i l l a n c e ? How much m a t e r i a l / e n e r g y i s i n v o l v e d and how v i o l e n t may the r e a c t i o n be? C o n s i d e r use o f t h e CHETAH system. Determine q u a n t i t y and r a t e o f e v o l u t i o n o f heat and gases. C o n s i d e r use of ARC. Does i t decompose and i f s o , how r a p i d l y , and t o what? I s i t impact s e n s i t i v e ? What i s i t s s t a b i l i t y on s t o r a g e t o c o l d , h e a t , l i g h t , water, metals, etc.? What a r e e f f e c t s o f c a t a l y s t s , i n h i b i t o r s , o r c o n t a m i nants ( l i k e i r o n ) on the r e a c t i o n s ? W i l l w a t e r o r a i r a f f e c t the r e a c t i o n ? Can mischarge o r wrong a d d i t i o n o r d e r a f f e c t t h e r e a c tion? A r e i n c o m p a t i b l e c h e m i c a l s i n v o l v e d o r l i k e l y t o be generated? W i l l work r e q u i r e s p e c i a l p r e c a u t i o n s t o prevent odor problems, a i r p o l l u t i o n , o r sewer c o n t a m i n a t i o n ? Can wastes be s a f e l y handled and arrangements f o r d i s p o s a l completed? Does equipment f i t s a f e l y i n t o a r e a a l l o c a t e d ? Need i s o l a t i o n , s h i e l d i n g , pressure r e l i e f , v e n t i l a t i o n , redundant c o n t r o l s , a u t o m a t i c shutdown, e t c . ? Can a l l p a r t s o f the system be vented b e f o r e b r e a k i n g any l i n e s ?
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 20.
 
 C H E M I C A L PROCESS H A Z A R D REVIEW
 
 What would happen and what s h o u l d be done i f : - E l e c t r i c power f a i l s ? - C o o l i n g o r h e a t i n g system f a i l s ? - A u t o m a t i c c o n t r o l s o r equipment a i r f a i l s ? - Ventilation fails? - P r e s s u r e g e t s o u t o f hand? - Water or a i r l e a k s i n t o system? - M a t e r i a l or r e a c t i o n c o n t a i n e r f a l l s and breaks o r s p i l l s c o n t e n t s ? Have p e r s o n n e l who may be i n v o l v e d been n o t i f i e d of any s p e c i a l hazards o r p r e c a u t i o n s : n e i g h b o r s , s e r v i c e s , m e d i c a l , emergency response p e r s o n n e l , e t c . APPENDIX 2 SAFETY, HEALTH, ENVIRONMENTAL REVIEW PROCEDURE
 
 A SHE Review w i l l be h e l d when r e q u e s t e d as a r e s u l t of a department PHA o r agreed n e c e s s a r y by o t h e r s such as department s u p e r v i s i o n , Research E n g i n e e r i n g o r H e a l t h and S a f e t y , Corpor a t e E n g i n e e r i n g o r H e a l t h and S a f e t y , e t c . I n a d d i t i o n , t h e r e a r e procedures e s t a b l i s h e d by P i l o t P l a n t s , C o r p o r a t e Departments, and i n t h e m a n u f a c t u r i n g s i t e s t h a t r e q u i r e f o r m a l S a f e t y Reviews f o r new f a c i l i t i e s and b e f o r e r e s e a r c h p r o c e s s e s are s c a l e d - u p i n the Semi-Works, Preps Lab, P i l o t P l a n t o r go to p l a n t p r o d u c t i o n . Scale-up i s a term used when g o i n g from s m a l l g l a s s w a r e (100 ml or s m a l l e r ) t o l a r g e r g l a s s w a r e (1-5 l i t e r s ) o r t o even l a r g e r g l a s s w a r e (12-22 l i t e r s ) . I t i s most f r e q u e n t l y used when g o i n g from glassware ( 1 - 5 l i t e r s ) t o equipment i n f o r m u l a t i o n l a b o r a t o r i e s o r p i l o t p l a n t s ( g e n e r a l l y 5-10 g a l l o n s o r more). A SHE r e v i e w c a n be h e l d , i f r e q u e s t e d by t h e S c i e n t i s t o r Manager, i f the work s t a y s i n g l a s s w a r e and i n t h e department. A SHE r e v i e w i s r e q u i r e d i f t h e s c a l e - u p work i s t r a n s f e r r e d t o another department o r goes from g l a s s w a r e t o g a l l o n s i z e d p i l o t p l a n t equipment. 1.
 
 R e s p o n s i b i l i t i e s f o r SHE Reviews
 
 a.
 
 The l i n e manager r e s p o n s i b l e f o r t h e p r o j e c t (Department Manager, S e n i o r Research A s s o c i a t e o r S e c t i o n Manager) has the r e s p o n s i b i l i t y t o determine when a SHE Review s h o u l d be h e l d , d e c i d e the Committee membership and c a l l the M e e t i n g . The s e n i o r l i n e manager on t h e Committee s h o u l d a c t as Chairman. A S/H M o n i t o r or person a p p o i n t e d by t h e Chairman w i l l keep and i s s u e minutes o u t l i n i n g a c t i o n p o i n t s and persons r e s p o n s i b l e t o i n c o r p o r a t e Committee recommendations. The Chairman i s r e s p o n s i b l e f o r d e c i s i o n s when agreement i s not reached i n committee.
 
 b. c.
 
 d.
 
 2.
 
 Membership - The c o m p o s i t i o n o f the SHE Review Committee can v a r y c o n s i d e r a b l y depending on the p r o j e c t . A sugg e s t e d membership f o r a l a r g e f o r m a l r e v i e w i s :
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 d. e. f.
 
 Risk Assessment Techniques for Experimentalists
 
 A p p r o p r i a t e Research D i r e c t o r - i n v i t e to a l l meetings. A p p r o p r i a t e Department Manager/Senior Research A s s o c i a t e . S e c t i o n Manager and C h e m i s t ( s ) o r E n g i n e e r ( s ) a s s o c i a t e d w i t h the work. Department S a f e t y / H e a l t h M o n i t o r . Member of Research H e a l t h and S a f e t y Department s t a f f . Any o t h e r p e r s o n n e l t h a t can c o n t r i b u t e to the meeting such as those i n Research E n g i n e e r i n g or T o x i c o l o g y Departments w i t h s p e c i a l i z e d knowledge, o r C o r p o r a t e E n g i n e e r i n g o r H e a l t h and S a f e t y , P l a n t S a f e t y , E n g i n e e r i n g , o r E n v i r o n mental C o n t r o l , e t c .
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