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I. Introduction 


Subtitle C of the Solid Waste Disposal Act, as amended 

by the Resource Conservation and Recovery Act of 1976 creates 

a compI:ehensive "cra d  1e-to-grave" management cont I:c 1 sy s t e a  

for the disposal of hazardous waste designed to protect the 

public health and the environment from the improper d i s p o s a l  

of such waste, Section 3001 of that Subtitle requires E P A  to 

identify t h e  characteristics of and list hazardous wastes. 

Wastes identified or listed as hazardous will be included in 

t h e  management control system created by Sections 3002-3005 

and 3010. Wastes not identified o r  listed will be subject to 

the requirements for non-hazardous waste imposed by the States 

under Subtitle D. The Agency has determined that reactivi'iy 

is a hazardous characteristic because improperly managed 

reactive wastes (i.e., explosives, etc.) pose a substantial 

present or potential danger to human health and the environment. 

The purpose of this document is to e x p l a i n  the Agency's 

definition of reactive wastes, to discuss the comments receivp,d 

on the proposed definition of reactive waste ( 4 3  FR 5 8 9 5 6 ,  

December 18, 1978) and the changes subsequently made. 

11. Proposed Regulation 

Reactive waste. (I) Definition - A solid waste i s  a 

hazardous waste if a representative sample of the waste:. 

( i >  Is normally unstable and r e a d i l y  undergoes violent 

chemical. change without detonating; reacts violently with 

water, forms potentially explosive mixturss with w a t e r ,  o r  

generates toxic gases, vapors, or fumes when mixed with wtter; 



- o r  is a cyan ide  o r  s u l f i d e  bearing w a s t e  which can gene ra t e  

toxic:  gases, vapors, or  fumes when exposed t o  m i l d  acidic  o r  

basic c o n d i t i o n s .  

(if) Is c a p a b l e  of d e t o n a t i o n  or  exp los ive  reaction but 

r e q u i r e s  a s t r o n g  i n i t i a t i n g  source or which must be heated 

under confinement before i n i t i a t i o n  can take place, or w h i c h  

reacts e x p l o s i v e l y  w i t h  water. 

(iii)Ps r e a d i l y  capable of d e t o n a t i o n  o r  or' ex;?loslve 

decomposi t ion o r  reaction a t  normal temperatures an8 pressures 

( i v )  Is a fo rb idden  e x p l o s i v e  as def ined  i n  49 CFR 

173.51, a Class A e x p l o s i v e  as  d e f i n e d  i n  49 CFR 173.53, or a 

Class B e x p l o s i v e  as def ined  in 49 CFR 173.58. 

NOTE--Such waste i n c l u d e s  py rophor i c  .substances, 

exp los ives ,  a u t o p o l y n e r i z a t i o n  m a t e r i a l  and oxidizing 

agen t s .  If it is not appa ren t  whether a w a s t e  is a 

hazardous waste u s i n g  t h i s  d e s c r i p t i o n ,  then t h e  

methods c i ted  below or' e q u i v a l e n t  methods can  be used 

t o  de termine  i f  the waste i s  hazardous w a s t e .  

IdentiEication method. (I) Thermally u n s t a b l e  waste 

can be i d e n t i f i e d  using the Explosion Temperature Test  c i t e d  

in Appendix II of t h i s  Subpart ( w a s t e  for which expbsion, 

ignition, or decomposition occurs at 125°C a f t e r  5 FinUtes is 

classed as hazardous waste). 

(i) Waste unstaSle t o  mechanical shock can be F C e n t i f i e d  

using the Bureau of Explosives impact a p p a r a t u s  and the tests 

ci ted i n  49 CFR 173.53 (b), (c), ( a ) ,  or ( E ) ,  as appropriate.  



111. Rationale. for Proposed Regulation 

A, Rationale f o r  proposing a reac t iv i ty  , cha rac t e r i s t i c  

Reactivity was chosen as a cha rac t e r i s t i c  of hazardous 

w a s t e  because improperly managed reac t ive  wastes present a 

danger t o  human hea l th  and the environment. By def in i t ion ,  

reac t ive  wastes a re  those which are capable of v io len t ly  

generating heat and pressure, reacting vigorously with a i r  o r  

water, react ing with water t o  generate tox ic  fumes, etc. The 

dangers which these wastes pose to t ransporters  I waste disposal 

personnel, and the public are t h u s  for  the most part  obvious. 

I n  the  pas t ,  there  have been a number of incidents of damage 

t o  persons o r  property which have r e s u l t e d  fron the  improper 

nanagement of reactive wastes. Some of these damage incidents 

are l i s t e d  and discussed i n  Appeneix I. 

8ecause of t h e i r  acknowledged danger, r sac t iqe  mater ia ls  

are of ten  control led by federa l  and s t a t e  regulations and 

suggestions for their  sa fe  u s e  o r  nanag2Pent a re  of ten 

published by public or  private organizations. Some of these 

federal  and s t a t e  regulations and the  guidelines for reac t ive  

mater ia l s  prescribed by the National F i r e  Protection Association 

(NFPA) are l i s t e d  and discussed i n  Appendix 11. 

3. 	 Rationale f o r  propose2 r eac t iv i ty  def in i t ion  

Reactive substances can be described as those which: 

1) autopolymerize 

2 )  are unstable with respect t o  heat or  shock 

3 )  are explosive 



-- 

4 )  a r e  strong o x i d i z e r s  

5 )  r e a c t  v i g o r o u s l y  w i t h  a i r  or w a t e r  

6 )  r e a c t  w i t h  w a t e r  t o  g e n e r a t e  toxic fumes 

A s  c a n  b e  s e e n  f r o m  t h i s  d e s c r i p t i o n ,  t h e  tern " r e a c t i v i t y "  

e n c o m p a s s e s  a d i v e r s e  and  somewhat  l o o s e l y  c o a j o i n 3 d  c l a s s  o f  

p h y s i c a l  p r o p e r t i e s  o r  e f f e c t s .  These e f f e c t s  are n o t  m u t u a l l y  

e x c l u s i v e  and  a p a r t i c u l a r  s u b s t a n c e  m i g h t  e x h i b i t  s e v e r a l  o f  

t h e  p r o p e r t i e s  m e n t i o n e d  a b o v e .  F o r  i n s t a n c e ,  c e r t a i n  

p e r o x i d e s  wou ld  fall i n t o  f o u r  o f  t h e  a b o v e  s i x  c ~ z e g o r i e s ~  

A d d i t i o n a l l y ,  t h e s e  c a t e g o r i e s  o v e r l a p  n o t  o n l y  wizh e a c h  

o t h e r ,  b u t  also w i t h  t h e  o t h e r  c h a r a c t e r i s t i c s .  Far e x a q l e ,  

t h e  d i f f e r e n c e  b e t w e e n  f l a m m a b i l i t y  ( c o n f l a g r a t i o r )  a n d  ex

p l o s i v e n e s s  ( d e f l a g r a t i o n )  i s  only one o f  d e g r e e  a n  i f ' t u s t r a 

t i o n  o f  t h e  f a c t  t h a t  t h e  p r o p e r t i e s  e m b r a c e d  b y  t i e  t e n  

" r e a c t i v i t y "  a r e ,  l i k e  t h e  t e r m  " r e a c t i v i t y "  i t s e l f ,  r e l a z i v e  

p r o p e r t i e s  w h i c h  h a v e  m e a n i n g  only i n  a r e l a t i v e  s t n s e .  

The Agency h a s  a t t e m p t e d  w h e r e  p o s s i b l e  t o  d e f i n e  

h a z a r d o u s  w a s t e  c h a r a c t e r i s t i c s  i n  t e r m s  o f  s p e c i f i c ,  

n u m e r i c a l l y  q u a n t i f i e d  p r o p e r t i e s  m e a s u r a b l e  b y  s t a n d a r d i z e d  

and  a v a i l a b l e  t e s t i n g  p r o t o c o l s .  T h i s  h a s  p r o v e n  d i f f i c u l t  

i n  t h e  c a s e  o f  r e a c t i v e  w a s t e s .  The f i r s t  p r o b f e r  si-.-Feh 

c s w s t r u c t i n g  a n u m e r i c a l l y  q u a n t i f i e d  d e f i n i t i o n  c f  reactive 

w a s t e s  a r i s e s  f r o m  the f a c t  t h a t  t h e  t e r n  ' ' r e a c t i r f t y "  e r j r a c e s  

a w i d e  variety of d i f f e r e n t  ( t h o u g h  o v e r l a p ? i n g )  z f f e c t s ,  

each o f  w h i c h  c a n  b e  t r i g g e r e d  b y  an  e q a a l l p  w i d e  v a r i e t r  o f  

i n i t i a t i n g  c o n d i t i o n s  o r  f o r c e s .  I 6  wocabd 5 e  c u n ? z r s o m e ,  if 
r 

n e t  c o m p l e t e l y  i m p r a c t i c a l ,  t o  c o n s t r u c t  a nunerizally 
"-.-5,- * I  



quantified de f in i t i on  which included a l l  these different 

e f f e c t s  and their  poten t ia l  i n i t i a t i n g  forces. The second 

problem a r i s e s  from the f a c t ,  as noted above, t h a t  the 

propert ies  embraced by the  term reactivity are r e l a t i v e  

properties. The determination tha t  something "reacts vigorously 

with a i r  o r  water" or  i s  "unstable w i t h  respect t o  heat or 

shock" is a r e l a t i v e  determination, not an. absolute one. The 

effects being measured proceed along a continuum. Thus, it 

is  difficult t o  draw the line a t  any par t i cu la r  p o i n t .  

These problems are re f lec ted  in the tes t ing- methods 

which might be used t o  ident i fy  r eac t iv s  substances. These 

methods suf fer  f r o m  the following generic deficiences:  

1. 	 ??le avai lable  t e s t s  a r e  too spec i f ic  and do not 
r e f l e c t  the wide var ie ty  of waste management 
conditions.  

The avai lable  t e s t s  a r e  used t o  determine how a spec i f ic  

aspect o r  manifestation of waste r e a c t i v i t y  behaves u n d e r  a 

special  and spec i f i c  type of s t r e s s .  For example, DTA 

(Di f fe ren t ia l  Themal Ana lys i s )  measures how the r a t e  of 

temserature r i se  of the waste (one s9ec i f i c  aspect of waste 

r e a c t i v i t y )  cor re la tes  w i t h  the slow input of thermal energy 

(one special and spec i f ic  of s t r e s s ) .  This would not 

ind ica te  how the  waste reac ts  t o  mechanical shock ( a  drop 

test would be necessary t o  determine t h a t ) ,  e l e c t r i c a l  shock, 

whether the waste i s  a strong oxidizer,  or even what is 

producing the rzte of temperature change (pressure buildup,  

toxic o r  nontoxic fumes, heat  of mixing, e t c .  1. m e  information 

derived f r o m  the avai lable  t e s t s ,  then; is too specialized 



and does not reflect the wide variety of stresses and initiating 

forces likely' to be found in a disposal environment. 

2 .  	 Reactivity of a sample may not reflect reactivity of 
the whole waste: 

In @he case of wastes which are thermally unstable, the 


reactivity of the sample may not adequately reflect the 


reactivity of the whole waste. The kinetics of reaction are 


not only a function of the available initiating sources and 

ambient temperature, but are a1so.a function of the mass, 


configuration, geometry, etc. of the sample. For a "runaway" 


reaction t o  occur, the system must transcend that steady 

state where the energy (heat) produced by reaction is equal 


to the energy transferred to the surroundings fron the re


acting aass. When this critical temperature is reached, the 


mass experiences catastrophic self-heating. This heat 


transfer phenomena is a function of sample size, density, a n d  

geometry. As' demonstrated Ln equation 


C d t / d t  = QVp exp (-E/RT) + hS (T - To) 

C = mc (m-mass an2  c = specific heat) 

T = Temperature of the material 

Q = Heat of deconposition 

V = Volume 

p = Density 

E = Activation energy 

R = Gas constant 

h = Heat transfer coefficient 

S = Surface are of the naterial 



As can be seen from t h i s  equation the rate of temperature 

rise will be affected both by the  intensive propert ies  of the 

waste, such a s  densi ty ,  and the  extensive propert ies  of t'ne 

waste, such a s  surface area and geometry. Since the  extensive 

propert ies  of the sample are l i k e l y  t o  be d i f f e ren t  from tile 

extensive propert ies  of the whole w a s t e ,  the reactivity of 

the sample may n o t  r e f l e c t  the r eac t iv i ty  of the whole waste. 

3 .  	 The t e s t  results are i n  m o s t  cases subjective or 
not d i r e c t l y  applicable.  

The i dea l  t e s t  t o  use i n  a regulatory program i s  usually 
\one which requires minimal in te rpre ta t ion .  ??le majority of 

ava i lab le  r eac t iv i ty  t e s t i n g  methods are not 05  the  "pass

f a i l "  type. Rather these t e s t ing  methods usual ly  procluce 

t e s t  r e s u l t s  which cons is t  of a f i r s t  order d i f f e r e n t i a l  

p lo t ted  against  time or against  a standard, from which r e l z t i v e  

reactivity can be assessed. When a test of th i s  so r t  is r u n ,  

it is  n o t  run t o  determine " reac t iv i ty"  per se S u t  rz ther  t o  

e l i c i t  information concerning h o w  "fast" a mater ia l  reac ts  

(i.e. k i n e t i c  information) or  h o w  vigorously it reacts (thermo

dynamic information). Thusf the decision as t o  whether a 

waste is reac t ive  requires subjec t ive  in te rpre ta t ion  of the 

t es t  r e s u l t s .  

Additionally, the  information de r ived  from such tes ts  

may not be d i r ec t ly  re la ted  t o  reac t iv i ty .  For example, the 

t e s t  results might provide information on the  ac t iva t ion  

energy - a u s e f u l ,  b u t  potentially misleading h i t  of infor;-,ation 

since it r e f l e c t s  the speed of the  react ion ra ther  than th s  



reaction's effects. The inapplicability of sone of the test 

results emphasizes the indefinite meaning of the term 

"reactivityf', a term which draws its meaning f r o m  the context 

of its use. A chemist might think of a "reactive" substance 

as one with a small activation energy (the energy difference 

between the reactive substance's initial. and transition 

states), i.e., one which reacts easily. The Agency, however, 

unlike the  hypothetical chemist, is not just interested i n  

things that react "easily" but also in things which r e a c t  

vigorously. It consequently needs to take into account not 

just the activation energy of a substance but also the heat 

of reaction, the molecularity of the reaction and other 

factors - information which the available tests often do not 

supply. It is, in other words, not really interested in 

performing a thermodynamic measurement, but rather in observing 

i f  a waste behaves in such a way as to pose a danger' under 

normal handling conditions. 

4 .  	 T h e  standardized methods that do exist were not 
developed for waste testing. 

Use of the available testing methods OR waste materials 


often results in the application of standardized methods to 


non-standardized samples and the application of standardized 


methods to samples with physical consistencies the method v a s  

not designed for. If such methods are used, the t e s u E t s  


might Se difficult to interpret with certainty. 


The available reactivity testing methods are individually 




*These evaluations are  taken Trom "A Second Appraisal 
E. 
of T e s t  Methods 
urno; and 

A .  C. Inof,  

a , . 1. ' 

described and evaluated in Appendix 3". As i s  evident from 

those specific evaluations and from the preceeding discussion 

of the generic shortcomings of the available t e s t i n g  methods, 

Eone of these "type" methods are suitable for use to 

unequivocally determine i f  a waste presents a reactive hazard. 

For essentially the same reasons, a numerically quantified 

d e f i n i t i o n  of reactive waste is not feasible. This is not as  

big a problem as might be thought on initial reflection. 

Most generators whose wastes are dangerous because they are 

reactive are well aware of this property of their waste. 

Reactive wastes present special problems in handling, s torage  

and t ransprot .  Also, reactive wastes are rarely generated 

f r o m  unreactive feed stocks or in processes 9roducing unreactive 

products o r  intermediates. Furthermore, the problems posed 

by reactive wastes appear to be confined to a fairly narrow 

category of wastes. The damage incidents s h o w  that the  mafor 

problems seem to be t3e formation of hydrogen s u l f i d e  (H2S) 

from either soluble sulfides or biological degradation of 


sulfur containing wastes, the formation of hydrogen cyanide 

(HCN) f r o m  soluble cyanides, and the explos.ion of some 

*These evaluatrons are  raken rrom "A secona HppraisaL WLof 
Methods f o r  Estimating Self Reaction Hazards", E D. Domalski,I * ,  

Report No. DOT/MTB/OHMD-76-6, "Classification of T e s t  Methods 
for O x i d i z i n a  Materials". V.M. Kuchta, A. C. Furno; and 
A .  C. Inof,  Bureau of Mines, Report of Investigations 7954 and 
"Classification of Hazards of Materials-Water Reactive Materia 
and Inorganic Peroxides", C. Masor, and V. C. Cooper, HTIS No. 
PB 209-422. The evaluations are slightly modified so as to 
diatermine applicability of test methods to waste materials. 



, .: 

Furthermore, the  States of Cal i fo rn ia  and OklZiorna use this 

system to def ine  reactive wastes. 



" u n i d e n t i f i e d "  w a s t e  m a t e r i a l .  I t  w i l l  t h u s  o n l y  b e  i n  a 

r a r e  i n s t a n c e  t h a t  a g e n e r a t o r  w o u l d  b e  u n s u r e  o f  t h e  r e a c t i v i t y  

e l a s s  o f  t h e  w a s t e ,  o r  w o u l d  b e  u n a b l e  t o  a s s e s s  w h e t h e r  t h e  

w a s t e  f i t s  a p r o s e  d e f i n i t i o n ,  a n d  wou ld  r e q u i r e  t h e  a p p l i c a t i o n  

o f  t e s t i n g  p r o t o c o l s  t o  d e t e r m i n e  t h e  r e a c t i v i t y  o f  t h i s  

w a s t e .  S i n c e  t h e  a v a i l a b l e  t e s t i n g  m e t h o d s  a r e  n o t  i d e a l  

f o r  i d e n t i f y i n g  t h o s e  w a s t e s  c a t e g o r i z e d  a s  h a z a r d o u s  d u e  t o  

r e a c t i v i t y ,  t h e  a p p r o a c h  c h o s e n  i s  t o  p r e s c r i b e  a prose 

d e s c r i p t i o n  o f  r e a c t i v e  w a s t e  f o r  s e l f - d e t e r m i n a t i o n  by 

g e n e r a t o r s  a n d  t o  list w a s t e s  w h i c h  meet t h i s  d e s c r i p t i o n  a n d  

h a v e  b e e n  i d e n t i f i e d  as r e a c t i v e .  

The  p r o s e  d e f i n i t i o n  c h o s e n  i s  a p a r a p h r a s e  o f  t h e  t o p  

t h r e e  o f  t h e  r e a c t i v e  c l a s s e s  e �  t h e  N a t i o n a l  F i r e  P r o t e c t i o n  

A s s o c i a t i o n  ( N F P A )  r e a c t i v i t y  c l a s s  i f  i c a t i o n  s j s  tern. The 

o t h e r  two c l a s s e s  i n  t h e  N F P A  c l a s s i f i c a t i o n  scheme  a r e  n o t  

i n c l u d e d  s i n c e  t h e s e  w o u l d  i n c l u d e  m a t e r i a l s  w h i c h  a r e  i n e r t  

u n d e r  normal, h a n d l i n g  c o n d i t i o n s .  T h i s  d e f i n i t i o n  i s  u s e d  

b e c a u s e  i t  i n c l u d e s  a l l  a s p e c t s  a n d  t y p e s  o f  r e a c t i v i t y  w h i c h  

p r e s e n t :  a d a n g e r *  a n d  i s  a l r e a d y  familiar t o  persons h a n d l i n g  

r e a c t i v e  m a t e r i a l s .  The C h e m i c a l  M a n u f a c t u r e r s  A s s o c i a t i o n 1  

uses t h i s  d e f i n i t i o n  t o  c l a s s i f y  r e a c t i v e  w a s t e s  i n  i t s  

" L a b o r a t o r y  Waste D i s p o s a l  Manua l " .  A l s o ,  a p a r a p h r a s e  o f  

t h i s  c l a s s i f i c a t i o n  s y s t e m  i s  u s e d  b y  t h e  Navy* i n . t R e i r  

h a z a r d o u s  w a s t e  d i s p o s a l  g u i d e  a n d  i s  u s e d  i n  o t h e r  h a z a r d o u s  

materials h a n d l i n g  g u i d e s 3 t 4  a s  a c l a s s i f i c a t i o n  s y s t e a .  

* A l l  w a s t e s  w h i c h  have b e e n  i d e n t i f i e d  a s  h a v i n g  c a u s e d  
damage  a r e  i d e n t i f i e d  u n d e r  t h i s  d e f i n i t i o n  a s  a r e  all 
commonly d e f i n e d  t y p e s  o f  r e a c t i v i t y .  
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IV. 	 Comments Received on the Proposed Characteristics 
and the Agency's Response to These Comments 

The Agency received approximately f o r t y  comment letters 

addressing reactivity. These l e t ters  contained approximately 

sixty discrete recommendations or com.s+"itsOR the proposed 

regulation (in some letters more than  one point was addressed). 

Several of the commenters felt that t h e  sroposed reactivity 

definition was adequate and provides desirable flexibility 

for  the generator to use judgement. Ebwever, the l a rge  

m a j o r i t y  of comments expressed cuncern w i t h  the Agency ' s 

reactivity characteristic These comrrents have been categorized 

by either content or the por t ion  of t h t  zegu la t ion  addressed. 

A discussion of these follows: 

A .  A large majority of the comments dealt w i t h  the asserted 

lack of specificity and arnbiguity of t3e prose d e f i n i t i o n .  

* 	 A number of commenters argued t'nat the  prose definition 

employed by the Agency Is, as a general  matter, too 

vague and should be replaced by a numerically quanti

fied definition accompanied by zp2ropriate testing 

protocols. This comment has been fully addressed in 

Part 111 above and need not be aeclressed further here. 

* 	 A number of commenters argued t k t  the inclusion in 

the d e f i n i t i o n  of wastes which "generate toxic gases, 

vapors, or fumes *hen mixed w i t h  xater" and of "cyanide 

or sulfide bearing wastecs] whit? can generate t o x i c  

g a s e s ,  vapors, or fumes when exscsed to mild acidic 



or  basic c o n d i t i o n s "  needs t o  be  made nore s p e c i f i c .  

Seve ra l  of the c o r n e n t e r s  sugges ted  t3a t  a 2hrase 

such as " i n  harmful  q u a n t i t i e s "  be i n s e r t e e  i n t o  the 

proposed r e g u l a t i o n s  as fo l lows  : * ...o r  g e c a r a t e s  

t o x i c  g a s e s ,  vapors ,  o r  fumes i n  h a r n f u l  q c m t i t i e s  

when mixed wi th  w a t e r " :  "or is a cyan iee  or  s u l f i d e  

b e a r i n g  w a s t e  which can g e n e r a t e  toxic g a s e s p  vapors ,  

or fumes i n  h a r m f u l  q u a n t i t i e s  when exposed t o  m i l d  

acidic or basic c o n d i t i o n s . "  The comments on t h e  

cyanide  and s u l f i d e  b e a r i n g  wastes a l l  pointed o u t  

tha t  e v e r y t h i n g  c o n t a i n s  s u l f i d e s  an2 m o s t  5h ings  

c o n t a i n  cyanides  ( a lbe i t  i n  t r a c e  amounts) and many 

of  t h e s e  can g e n e r a t e  minute c juac t i t i e s  of 3y3rogen 

s u l f i d e  o r  hydrogen cyaniite under mildly a c i d i c  or 

basic c o n d i t i o n s .  The Agency i s  sy;n;?athetiz to t b e s e  

conce rns I  and, in a n t i c i p a t i o n  of suc3 proklexs, had 

a t tempted  to make clear i n  t h e  preamble a n 6  background 

documents t h a t  t h e  Agency was l e a v i n g  t3e & t e r m i n a t i o n  

of r e a c t i v i t y  hazard up t o  the r e a s o n a b l e  jxdgement 

of t h e  g e n e r a t o r  based upon the g e n e r a t o r ' s  p a s t  

expe r i ence  w i t h  the w a s t e .  Taking this comion s e n s e  

approach,  s u c h  material as so i l  of flyash Fit5 s u l f i d e s  

contaminat ion  (examples of s u l f i d e  an3 cyanide bearing 

w a s t e s  s u p p l i e d  by t h e  c o r n e n t e r s  1 wcald c1eazK.y no t  

meet the r e a c t i v i t y  d e f i n i t i o n .  & s p i t s  t%isI the 
I 

p o i n t  made by the commenters is c e r t a i n P y  v r l i d .  There

fors ,  so t ha t  t h e r e  w i l l  be no confus ion ;  tI-re Agency has 



changed the f i n a l  r e g u l a t i o n  to make it more specific, as 

follows: "...or g e n e r a t e s  t o x i c  gases, vapors or  fumes: 

i n  q u a n t i t i e s  s u f f i c i e n t  t o  presart  a danger t o  p u b l i c  

health or  the environment when mixe6 with w a t e r :  or is a 

cyanide o r  s u l f i d e  h e a r i n g  waste which can  g e n e r a t e  t o x i c  

gases, vapors  or fumes i n  q u a n t i t i e s  s u f f i c i e n t  to p r e s e n t  a 

danger t o  public h e a l t h  o r  the environment when exposed.. .'' 
This would c e r t a i n l y  'better reflect o u r  regulatory i n t e n t .  

A number of commenters advocated that the Agency s p e c i f y  

what i s  meant by m i l d l y  a c i d i c  or basic cond i t ions .  One 

comrnenter specified a pH range ( 5  to 9), hut offered no 

rationale as t o  why t h i s  particular range should be used. 

Since  a s u h s t a n t a l  percentage of the commenters found t h e  

phrase "mi ld ly  acidic  or  basic" to Se ra ther  nebulous,  t h e  

Agency has decided t h a t  d s p e c i f i c  pa range should  be speci 

f i ed .  The pH range  chosen is th t  w h i c h  i s  cons ide red  non

hazardous by the corrosivity c h a r a c t e r i s t i c  ( 2  < pif (12.5). 

This range was chosen because any l i q u i d  outside the range 

is hazardous and requires management w i t h i n  the Subtitle C 

regulations. Only liquid wastes inside t h i s  r ange  can be 

l a n d f i l l e d  wi thou t  r ega rd  t o  t h e  strictures on compatibil i ty 

imposed by the S u b t i t l e  C regulations and co-disposed with 

wastes c o n t a i n i n g  soluble cyanides o r  s u l f i d e s .  These are 

t h e n  the most s t r i n g e n t  pH conditions which a waste could  Se 

subjected t o  o u t s i d e  of a S u b t i t l e  C f a c i l i t y .  ( M a t u r a l  

waters are  unlikely to be outside t3is pH range) .  



Several. commenters suggested that  the def in i t ion  of 

cyanide bearing waste should dis t inguish Setween "free 

cyanide" and ferro cyanide" since t h e  l a t t e r  would not 

be avai lab le  t o  generate hydrogen cyanide under m i l d  

acidic or basic conditions. The Agency Sselefves t h a t  

such a c l a r i f i c a t i o n  i s  n o t  necessary, If t h e  cyanide 

is unavailable under the specified ac id ic  or basic 

conditions t h e n  toxic hydrogen cyanide fumes cznnot he 

generated and the wastes containing these unavai lablg 

cyanides a r e  not reactive.  To specify these as  exemp

tions would be redundant and by implication might l ead  

generators t o  conclude t h a t  other unavailable sulf ides  

o r  cyanides NOT- spec i f i ca l ly  exFnpted, do meet the 

r e a c t i v i t y  cha rac t e r i s t i c .  

A number of commenters advocated specifying' the concen

t r a t i o n  of s u l f i d e  o r  cyild.de needed t o  nake cyanide 

o r  su l f ide  Searing wastes hazardous& As explained above, 

t h e  i d e n t i t y  of wastes which generate toxic gases under 

the conditions specif ied i n  the ?e f in i t i on  should be 

obvious t o  t h e  generator and thus, this level of sop3i

s t i c a t i o n  is unnecessary. 

One commenter suggested t h a t  the Agency spec i fy  a 

rate Of evolution of tox ic  gas, 5 u t  incE uded no suggss

t i o n s  as t o  how to do so. The Agency fs unsure of how 

a laboratory test method measuring gas evolution rate 



-_ ,

c o u l d  b e  d e v e l o p e d  w h i c h  c o u l d  t h e n  b e  m e a n i n g f u l l y  

r e l a t e d  t o  f i e l d  c o n d i t i o n s .  T h e r e f o r e ,  a n  e v o l u t i c n  

r a t e  o f  t o x i c  gas w i l l  n o t  b e  i n c l u d e d  i n  t h e  f i n a l  

r e g u l a t i o n s .  

" 	 One c o m m e n t e r  a r g u e d  that s u l f i d e s  and  c y a n i Z e s  s h o n l d  

n o t  be s i n g l e d  o u t  i n  t h e  regulations and f u r t h e r  

s t a t e d  t h a t  a l l  o t h e r  p o t e n t i a l  z o x i c  fume  g e n e r a t o r s  

b e  i n c l u d e d  o r ,  a l t e r n a t i v e l y ,  t h a t  no  t o x i c  fume  gzn

e r a t o r s  b e  i n c l u d e d .  The  Agency d i s a g r e e s .  According 

t o  i n f o r m a t i o n  w h i c h  t h e  A g e n c p  h a s  in i t s  p o s s e s s i o n  

( s e e  A p p e n d i x  I), t h e  p r i m a r y  w a s t e s  i m p l i c a t e d  in the  

g e n e r a t i o n  o f  t o x i c  gas a r e  s u l f i d e s  a n d  c y a n i d e s .  T h u s ,  

t h e  Agency  would b e  r e m i s s  i f  i t  d4d n o t  s p e c i f y  t h t s e  

t y p e s  o f  w a s t e s .  I f  o t h e r s  a r e  i d e n t i f i e d ,  :hcy w i l l  

b e  i n c l u d e d  a l s o .  

S .  A number  o f  c o m m e n t e r s  a r g u e d  t h a t  t h e  t e s t  p r o t o c o l s  

p r o p o s e d  i n  S e c t i o n  2 5 0 . 1 3  ( c ) ( 2 )  o f  Chi? r e g u l a t i o n s  % e r e  

e x p e n s i v e ,  u n r e l i a b l e  and  n o t  s p e c i f i c  e n o u g h .  A d d i t i o n a l l y ,  

s e v e r a l  o t h e r  c o m m e n t e r s  h a d  p r o b l e m s  w i t h  s p e c i f i c  t e s t  

p r o t o c o l s .  ( F o r  i n s t a n c e ,  some c o m m e a t e r s  a r g u e 6  t 3 a t  t h e  

125°C t e m p e r a t u r e  a d o p t e d  f o r  t h e  E x p l o s i o n  T e m p e r a s u r e  T e s t  

was n o t  a r e a s o n a b l e  t e m p e r a t u r e  a n d  that d e c o n p o s i r i o n ,  2 s  

u s e d  i n  t h i s  t e s t ,  n e e d s  t o  b e  d e f i n e d . )  

A s  a r e s u l t  o f  some p r e l i m i n a r y  w o r k  u n d e r t a k e 2  5 y  tte 
. .

Agency o n  t h e  E x p l o s i o n  T e m p e r a t u r e  TesZ* and a f t o r  r e v r e = L n g  

* E v a l u a t i o n  o f  S o l i d  W a s t e  E x t r a c t i o n  ' T r o c e d u r e s  an,d V a r i c u s  
Hazard-I d e n t i f i c a t i o n  T e s t s  ( F i n a l  Report)", NUS C D r p o r a r i o n ,  
S e p t e m b e r ,  1 9 7 9 ,  ( s e e  A p p e n d i x  X V > .  



t h e  comments  r e c e i v e d  on t h e s e  t e s t  p r o t o c o l s *  (and i n  v i e w  o f  t h e  

g e n e r i c  p r o b l e m s  w i t h  s u c h  t e s t s ,  d i s c u s s e d  a b o v e  and iz A p p e n d i x  

ITiX)9 t h e  Agency h a s  d e c i d e d  t o  r emove  t h e  t e s t  B r o t o c o l s  f r o m  

1 2 6 1 . 2 3  o f  t h e  r e g u l a t i o n s .  The Agency. a z r e e s  in g e n e r a l  t h a t  

t h e y  a r e  a r e  u n s u i t a b l e  i n  d e f i n i n g  a " r e a c t i v e "  v a s t e  f o r  RCXA 

r e g u l a t o r y  p u r p o s e s .  The  Agency h a s  a c c o r d i n g l y  removed t h e  d e s 

i g n a t e d  t e s t  p r o t o c o l s  f r o m  t h e  r e g u l a t i o n s  e x c e p t  t o  t5e  e x t a n t  

t h a t  t h e  D e p a r t m e n t  o f  T r a n s p o r t a t i o n ' s  d e f i n i t i o n  o f  C l a s s  A 

e x p l o s i v e s  r e q u i r e s  u s e  o f  t h e  s h o c k  i n s t a b i l i t y  t e s t .  A s  a r e s u l t  

o f  t h i s  d e c i s i o n ,  t h e  Agency d o e s  n o t  b e l i e v e  i t  is n e c e s s a r y  t o  

d i s e u s s  t h e  i n d i v i d u a l  c o n c e r n s  o n  t h e  v a r i o u s  t e s t  p r o z o c o l s  

C. 	 A number  o f  c o m m e n t e r s  a r g u e d  t h a t  only u n d e r  l a n d z i l l  coa

ditions w i l l  a w a s t e  b e  s u b j e c t e d  t o  strong i n i t i a t i n g  5 0 3 t c e s  

o r  h e a t e d  u n d e r  c o n f i n e m e n t .  T h e r e f o r e ,  t h e y  s t a t e d  t h s t  S ~ R C Z  

n o  l a n d f i l l i n g  o f  e x p l o s i v e  w a s t e  i s  p e r m i t t e d ,  t h e s e  c o n d i t i o z s  

will n e v e r  o c c u r  a n d  S e c t i o n  250.13(c)(l)(ii) is u n n e c e s s z r y .  

T h i s  a r g u m e n t  i s  c o m p l e t e l y  c i r c u l a r ,  I f  S e c t i o n  2 5 0 . 1 3  

( c ) ( l ) ( i i )  w e r e  r emoved  f r o m  t h e  r e g u l a t i o n s ,  e x p l o s i v e  w a s t e s  

w o u l d  n o t  b e  c o n s i d e r e d  h a z a r d o u s  a n d  c o u l d  b e  d i s p o s e d  af in 

a s a n i t a r y  l a n d f i l l ,  t h u s  s u b j e c t i n g  t h e  u a s t e s  t o  t h e  v e r y  

c o n d i t i o n s  w h i c h  t h e  cornmenters  c o n t e n d  will c a u s e  t h e  w a s t e  

*

-

t o  e x p l o d e .  I n  a n y  e v e n t ,  t h e  Agency  d o e s  n o t  a g r e e  . t h a t  a 

% a n d % f E Pi s  t h e  o n l y  p l a e e  i n  w h i c h  s t r o n g  i n i t i a t i n g  f s r t e s  

*Comments were  r e c e i v e d  f r o m  t h e  p u b l i c  o n  t h e  p r o p o s e d  
r e a c t i v i t y  t e s t  p r o t o c o l s  b o t h  d u r i n z  ths 90-dap  commezlt 
p e r i o d  o n  t h e  proposed 93001 r e g u l a t i o n s  ( 4 3  FR 5 8 9 5 6 >  a,ad 
i n  r e s p o n s e  t o  t h e  s o l i c i t a t i o n  o f  c o n z c z t s  o n  t h e  N U S  report 
( E v a l u a t i o n  o f  S o l i d  W a s t e  E x t r a c t i o n  3rocedures and T z r i o u a  
H a z a r d  I d e n t i f i c a t i o n  T e s t s )  w h i c h  w a s  n o t i c e d  in the ? e d e r a f  
Register o n  December 2 8 ,  1979 ( 4 4  F R  7 5 8 2 7 - 7 6 8 2 5 )  



8 r . .  .  

. ,  


o r  h e a t i n g  u n d e r  p r e s s u r e  c a n  o c c u r .  P r a s s u r e  i n c r e a s e  c a n  

b e  c a u s e d  b y  c o n f i n e m e n t  ( e . g . ,  a drum)  t o g e t h e r  w i t h  

t e m p e r a t u r e  i n c r e a s e  ( e . g . ,  c a u s e d  b y  m i x i n g )  o r  gas g e n e r a t i o n  

( e . g . ,  d e s o l u b i l i z a t i o n  o f  g a s e s  o r  d e c o n p o s i t i o n  into g a s e s ) ,  
6 

D .  A number  o f  c o m m e n t e r s  a d v o c a t e d  e x e i a p t i n g  e m e r g e n c y  

s i t u a t i o n s  ( i . e . ,  homemade bombs)  f r o m  c o v e r a g e  o f  R C R A  s o  

t h a t  e m e r g e n c y  t e a m s  c a n  d i s p o s e  o f  t h e s e  e x p l o s i v e  m a t e r i a l s  

as e x p e d i t i o u s l y  as p o s s i b l e  w i t h o u t  d e l a y  ( i . e . ,  w i t h o u t  . 

r e q u i r i n g  a m a n i f e s t ,  e t c . ) .  

T h e  r e g u l a t i o n  a l r e a d y  makes  a c c o m n o d a t i o n  for c a s e s  o f  

imminn,nt  h a z a r d  i n  f 2 6 3 . 3 0 .  T h u s ,  e m e r g e n c y  h a n d l i n g  o f  

e x p l o s i v e  w a s t e s  w o u l d  b e  e x e m p t e d  b y  t h i s  s e c t i o n .  

E .  O t h e r  Comments 

* 	 A number  o f  c o m m e n t e r s  a d v o c a t e d  t h a t  a l l  t h e  c h a r a c t e r 

i s t i c s  b e  made as f l e x i b l e  as t h e  r e a c t i v i t y  c h a r a c t e r - ~ 

5.. 

i s t i c .  

T h e  Agency d i s a g r e e s  w i t h  t h e s e  comment s ;  t h e  b r o a d  

m e a n i n g  and  g e n e r i c  c h a r a c t e r  o f  t h e  r e a c t i v i t y  " u n i 

v e r s e "  r e q u i r e s  a f l e x i b l e  c h a r a c t e r i s t i c .  The Agency  

wouLd h a v e  p r e f e r r e d  t o  d e f i n e  r e a c t i v i t y  b y  s p e c i f i c  

t e s t  p r o t o c o l s .  However ,  t h i s  is n o t  p o s s i b l e .  The  

other c h a r a c t e r i s i t i c s ,  ( e x c e p t  i g n i t a b l e  s * o l i d s )  c a n  

b e  d e l i n e a t e d  o r  g a u g e d  b y  m e a s u r e m e n t  o f  o n e  ( o r  a 

f e w )  s p e c i f i c  c h e r n i c a l / p h y s i c a l  2 r o u e r t i e s ;  therefore, 

t h e  Agency will c o n t i n u e  t o  d e f i l e  t 'ne i g n i t a b l e ,  

c o r r o s i v e ,  a n d  t o x i c i t y  c h a r a c t e r i s t i c  a s  p r o p o s e d .  

-




* 	 One commenter argued that j u s t  because a wzste  may 

undergo a v i o l e n t  chemical change w i t h  a n o t h e r  wzste 

i s  no reason t o  c o n s i d e r  a waste hazardous.  To i l l u 

s t r a t e  th i s  p o i n t ,  the  commenter p o i n t e d  o u t  t h a t  a n  

acid and base when mixed w i l l  undergo v i o l e n t  chemical 

change, b u t  t ha t  such mixing (ne i*+. ra l iza t ion)  is a 

necessary part of many t r e a t m e n t  systems and should 

n o t  be prohibited.  

The Agency believes t h i s  commenter t o  be under a m i s 

apprehens ion  about  the scope of the reac t iv i ty  Ozfi

n i t i o n .  The d e f i n i t i o n  of r e a c t i v i t y  refers t o  wastes 

which unCergo v i o l e n t  change i n  an u n c o n t r o l l e d  nanner 

either by themselves ,  o r  when mixed w i t h  water .  There

fore, t h e  example of n e u t r a l i z a t i o n  g i v e n  by the cornenter 

is i n a p p r o p r i a t e ,  i n  as much as tha t  example invo lves  t?-& 

mixing of w a s t e s .  Furthermore,  t5e  Agency does no t  

b e l i e v e  $'i-iat the example g iven  by the commernker is a f a i r  

r e p r e s e n t a t i o n  of the h a z a r d s  posed by w a s t e s  cagable  

of undergoing a v i o l e n t  chemical change. The exmple  

g iven i nvo lves  the c o n t r o l l e d  i n t e r a c t i o n  between t w o  

wastes  w h i c h  is a t r e a t m e n t  t echn ique  and thils does not  
re f lec t  the hazards presen ted  by uncontrolle- v i o l e n t3 

chemical c'kiange character is t ic  of waste rnanasement 

s i t u a t i o n s .  

e 	 One commenter suggested t ha t  the d e f i n i t i o r z  of reactive 

w a s t e  be scbd iv ided  i n t o  s e c t i o n s  which m i g h t  be la ter  



i n d e x e d  i n t o  a c o m p a t i b i l i t y  c h a r t .  

The p r i m a r y  p u r p o s e  o f  S e c t i o n  3 0 0 1  i s  t o  i d e n t i f y  

h a z a r d o u s  w a s t e s ,  and  n o t  t o  d i c t a t e  management  t e c h 

n i q u e s . .  S e c t i o n  3 0 0 4  will a d d r e s s  t h e  v a r i o u s  managemen t  

t e c h n i q u e s  i n c l u d i n g  i n c o m p a t i b l e  w a s t e s  ( s e e  9265.17 

o f  t h e  r e g u l a t i o n s ) .  An a p p e n d i x  t o  t h e  r e g u l a t i o n s  

( A p p e n d i x  5 i n  P a r t  2 6 5 )  i s  p r o v i d e d  w i t h  j u s t  s u c h  i n f o r 

m a t i o n ,  

One commente r  s u g g e s t e d  t h a t  t h e  Agency  a l l o w  a g e n e r a 

t o r  t o  u s e  any  t e s t  t h a t  i s  b e l i e v e d  a p p r o p r i a t e  f o r  

d e t e r m i n i n g  r e a c t i v i t y .  S i m i l a r l y ,  o n e  commente r  

s u g g e s t e d  t h a t  A p p e n d i x  III t o  t h i s  b a c k g r o u n d  d o c u m e n t  ' 

be r emoved  b e c a u s e  i t  m i g h t  d i s c o u r a g e  use o f  a s u i t a b l e  

t e s t .  

T h i s  comment m u s t  be e v a l u a t e d  i n  L i g h t  o f  t h e  

A g e n c y ' s  d e c i s i o n  n o t  t o  p r e s c r i b e  a n y  t e s t s  for mea

s u r i n g  r e a c t i v i t y .  O r d i n a r i l y ,  when t h e  A g e n c y  p r e 

s c r i b e s  a s p e c i f i c  t e s t  f o r  m e a s u r i n g  a c h a r a c t e r i s t i c ,  

t h e  g e n e r a t o r  i s  f r e e  t o  employ  a d i f f e r e n t  t e s t  i f  h e  

c a n  d e m o n s t r a t e ,  i n  a c c o r d a n c e  w i t h  t h e  e q u i v a l e n c y  

p r o c e d u r e e s  sst f o r t h  i n  S u b p a r t  E ,  t h a t  h i s  t e s t  is 

e q u i v a l e n t  t o  t h e  A g e n c y - p r e s c r i b e d  t e s t .  S i a c e  t h e  

Agency h a s  e l e c t e d  not t o  p r e s c r i b e  a n y  t e s t  p r o t o c o l s  

f o r  m e a s u r i n g  r e a c t i v i t y ,  the q u e s t i o n  o f  e q u i v i v a l e n t  

t e s t  m e t h o d s  is l a r g e l y  m o o t e d :  test r e s u l t s  a r e  no  

longer d e t e r m i n a t i v e  of w h e t h e r  a w a s t e  i s  r e a c t i v e  

and t h e r e  i s  n o t h i n g  a g a i n s t  wh ich  t o  m e a s u r e  e q u i v a l e n c y .  

--ab 



T h i s  is n o t  t o  s a y ,  h o w e v e r ,  t h a t  t h e  u s e  o f  t e s t s  by 

t h e  g e n e r a t o r s  i s  p r e c l u d e d .  The  g e n e r a t o r  i s  f r e e  

t o  c o n d u c t  a n y  t e s t s  w h i c h  a i d  S i n  in a s s e s s i n g  w h e t h e r  

his w a s t e  f i t s  w i t h i n  t h e  p r o s e  d e f i n i t i o n  o f  r e a c t i v i t y .  

However ,  t h e  Agency i s  n o t  bound in a n y  way by t h e s e  

t s s e s  a n d  will make i t s  a s s e s s m e n t  o f  w h e t h e r  a w a s t e  

is r e a c t i v e  by r e f e r e n c e  t o  t h e  prose d e f i n i t i o n .  

E f  a g e n e r a t o r  d e v i s e s  a t e s t  m e t h o d  which  h e  be

l i e v e s  a d e q u a t e l y  m e a s u r e s  t h e  r e a c t i v i t y  o f  a w a s t e ,  h e  

s h o u l d  s u b m i t  t h a t  t e s t  m e t h o d  t o  t h e  A g e n c y  for e v a l u a 

t i o n ,  

* One commente r  s u g g e s t e d  t h a t  the Agency  a d d r e s s  r e a c t i 

v i t y  o v e r  t i m e  in t h e  d e f i n i t i o n  since a m a t e r i a l  may 

u n d e r g o  p h y s i c a l  a n d  c h e m i c a l  c h a n g e s  as i t  a g e s  and 

become e x t r e m e l y  r e a c t i v e ,  w h e r e a s  i t  m i g h t  R O C  b e  

r e a c t i v e  when f i r s t  g e n e r a t e d .  

T h e  Agency agrees w i t h  t h e  c o m m e n t e r  t h a t  some 

m a t e r i a l s ,  s u c h  a s  c e r t a i n  e t h e r s ,  c a n  become  m o r e  r e 

a c t i v e  w i t h  t i m e .  However ,  t h e  Agency  h a s  no  information 

( s u c h  as damage  i n c i d e n t s )  c o n c e r n i n g  a n y  w a s t e s  w h i c h  

m i g h t  p r e s e n t  t h i s  t y p e  o f  p r o b l e m ,  A d d i t i o n a l l y ,  the 

Agency i s  n o t  aware of  any t e s t i n g  m e t h o d  b y  which s u c h  

w a s t e s  m i g h t  b e  i d e n t i f i e d .  Therefore, t h e  f i n a l .  r e g u f a 

t i o n  will n o t  a d d r e s s  r e a c t i v i t y  a v e r  t i m e  _pel.=; as 

lt h e s e  w a s t e s  a r e  i d e n t i f i e d  b y  t h e  Agency t h e y  ~ E l be  

l i s t e d  in S u b p a r t  D o f  P a r t  2 6 1  o f  t h e  regufazions. 



One comrnenter objected to the Agency defining as reactive 

those wastes which are capable of detonation or explosive 

reaction if subjected to a strong initiating source or 

heated u n d e r  confinement. The commeater asserted that 

many inert, non-reactive materials, includirrg tap water, 

can be triggered to detonate or explode undsr confinement 

when subjected t o  strong, heat, pressure, or a combination 

of these and other initiating sources. 

Th.e Agency disagrees with this commenter and takes 

specific issue with the assertion that many relatively 

inert substances could be made to ex?Iode vhen subjec

ted to extreme heat and pressure. 13 any event, even 

if relatively inert substances c o u l d  be made to explode 

when subjected to strong heat a n d  pr?ssure, these sub

stances would n o t  be considered reactive under the p r o 

posed definition. The Agency is o n l y  concerned with 

substances capable of exploding under reasonable confine

ment conditions -- i,e., those confinement conditions 

likely to be encountered in disposal environments. 

v .  Promulgated Regulations 

A s  a result of EPA’s review of the conaents regarding 

the reactivity characteristic, EPA i s  promulgating a reactivity 

characteristic which significantly differs Zrom t5e p r o p o s e d  

regulations in two aspects: the thermal instzbility and shock 

instability test protocols cited in the pro?osed r3gulation 

h a s  been rernoved a n d  t h e  section relative generation of 

toxic g a s ,  hydrogen cyanide and hydrogen sulfide h a s  been 

=
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' 	made more  s p e c i f i c .  The t h e r m a l .  i n s t a b i l i t y  t e s t  p r o t o c o l  

w a s  r emoved  b e c a u s e  t h e  Agency  d e t e r m i n e d  t h a t  i t s  i n t e r p r e 

t a t i o n  w a s  t o o  s u b j e c t i v e  for u s e  i n  a r e g u l a t o r y  p rogram*.  

( S e e  A p p e n d i x  IV). 

$261.23 C h a r a c t e r i s t i c  o f  r e a c t i v i t y  

( a )  A s o l i d  w a s t e  e x h i b i t s  t h e  c h a r a c t e r i s t i c  o f  r e a c t i v i t y  

if a r e p r e s e n t a t i v e  sample o f  t h e  w a s t e  h a s  a n y  o f  t h e  f o l l o w i n g  

p r o p e r t i e s :  

( I )  It i s  n o r m a l l y  u n s t a b l e  and  r e a d i l y  u n d e r g o e s  v i o l e n t  

c h a n g e  w i t h o u t  d e t o n a t i n g .  

( 2 )  I t  r e a c t s  v i o l e n t l y  v i t h  w a t e r .  

( 3 )  I t  f o r m s  p o t e n t i a l l y  e x p l o s i v e  m i x t u r e s  w i t h  w a t e r .  

( 4 )  When mixed  w i t h  w a t e r ,  i t  g e n e r a t e s  t o x i c  E a s e s ,  v a p o r s  

o r  fumes  i n  a q u a n t i t y  s u f f i c i e n t  t o  p r e s e n t  d a n g e r  t o  

human h e a l t h  o r  t h e  e n v i r o n m e n t .  

(5) I t  is a c y a n i d e  o r  s u l f i d e  b e a r i n g  w a s t e  w h i c h ,  when ex
e.
* 

p o s e d  t o  c o n d i t i o n s  o f  p H  b e t w e e n  2 and  ' 1 2 . 5 ,  c a n  Zen-e 

e r a t e  t o x i c  g a s e s ,  v a p o r s  o r  fumes  i n  a q u a n t i t y  s u f f i 

c i e n t  t o  p r e s e n t  d a n g e r  t o  human h e a l t h  o r  t h e  e n v i r o n 

( 6 )  	 I t  i s  c a p a b l e  o f  d e t o n a t i o n  o r  e x p l o s i v e  r e a c t i o n  if sub

j e c t e d  t o  a s t r o n g  i n i t i a t i n g  s o u r c e  o r  i f  h e a t e d  u n d e r  

c o n f i n e m e n t .  

( 7 )  	 I t  i s  r e a d i l y  c a p a b l e  o f  d e t o n a t i o n  o r  e x p P s s i v e  deCOsD0

s i t i o n  o r  r e a c t i o n  a t  s t a n d a r d  t e m p e r a t u r e  and p r e s s u r e .  

* " E v a l u a t i o n  o f  S o l i d  W a s t e  E x t r a c t i o n  P r o c e d u r e  a n d  V a r i o u s  
H a z a r d  I d e n t i f i c a t i o n  T e s t s " ,  ( F i n a l  R e p o r t ) ,  NUS C o r p o r a t i o n ,  
S e u t e m b e r ,  1 9 7 9 ,  ( A p u e n d i x  I V )  



( 8 )  	 It i s  a forb idden  explosive a s  d e f i n e d  i n  49 CFR 173.51, 

o r  a C l a s s  A explosive as defined I n  49 CFR 1 7 3 . 5 3 ,  or 

a C l a s s  B explosive as  defined i n  49 CFR 1 7 3 . 8 8 .  

( b )  A s o l i d  w a s t e  t h a t  e x h i b i t s  t h e  characteristic of 

r e a c t i v i t y ,  b u t  i s  not listed a s  a hazardous waste  in Subpart 

D, has the E P A  H a z a r d o u s  Waste Number D003. 



A P P E N D I X  I 


SELECTED DAMAGE INCIDENTS I N V O L V I N G  LAND DISPOSAL 

OF R E A C T I V E  WASTE 

1. 	 S a n t a  C r u z ,  C a l i f o r n i a  - A b u l l d o z e r  o p e r a t o r  was o v e r c o m e  

by h y d r o g e n  s u l f i d e  (H2S) f u m e s  g e n e r a t e d  w h i l e  m i x i n g  t a n n i n g  

was te s  w i t h  o t h e r  w a s t e s .  ( F o u r  d e a t h s  have o c c u r e d  Fn 

C a l i f o r n i a  b e t w e e n  1963-1976 f r o m  i n h a l a t i o n  o f  H 2 S  f r o m  

waste  t a n n i n g  s l u d g e .  
m 

2 .  B a l t i m o r e  C o u n t y ,  M a r y l a n d  - S i x  n e n  were h o s p i t a l i z e d  


d u e  t o  t h e  i n h a l a t i o n  o f  h y d r o g e n  s u l f i d e  g a s  l i b e r a t e d  f rom 


s a l t s  being l a n d f  i l l e d .  


3. E d i s o n  T o w n s h i p ,  N e w  J e r s e y  - A b u f f d o z e r  o p e r a t o r  was 


k i l l e d  at: a l a n d f i l l  when a b a r r e l  o f  unknown w a s t e  e x p l o d e d .  


4 .  	 C r o s b y ,  Texas  - R e s i d e n t s  i n  t h e  a r e a  were. s u b j e c t e d  t o  


sore t h r o a t s ,  n a u s e a u ,  a n d  h e a d a c h e s  when t o x i c  f u m e s  were 


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


dumped i n  an a b a n d o n e d  s a n d  p i t  ( t w e n t y - s i x  w e l l s  were closed 


b y  t h i s  i n c i d e n t ) .  


5 ,  E d i s o n  T o w n s h i p ,  N e w  J e r s e y  - Cases o f  c o n j u n c t i v e t i s ,  


e y e  i r r i t a t i o n ,  b u r n  o n  c o r n e a ,  a n d  c h e m i c a l  burns r e s u l t e d  


f r o m  r e a c t i v e  w a s t e s  b e i n g  l a n d f i l f e d .  


6 .  	 H o r t h e r n  C a l i f o r n i a  - A drum o f  t o l u e n e  d i f s ~ ~ y a ~ a t e  


ITDI) e x p l o d e d ,  s p r e a d i n g  e x t r e m e l y  t o x i c  t o l u e n e  diisosyznare 


t h r o u g h o u t  t h e  a r e a .  
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7. 	 Loa A n g e l e s ,  C a l i f o r n i a  - In Los A n g e l e s  C o u n t y ,  a t a n k  

t r u c k  e m p t i e d  s e v e r a l  t h o u s a n d  g a l l o n s  of  c y a n i d e  Tas te  o n t o  

r e f u s e  a t  a s a n i t a r y  l a n d f i l l .  A n o t h e r  t r u c k  s u b s e q u e n t l y  

d e p o s i t e d  s e v e r a l  t h o u s a n d s  g a l l o n s  o f  a c i d  was t e  a t  t h e  same 

l o c a t i o n .  R e a c t i o n  b e t w e e n  t h e  a c i d  and t h e  c y a n i d e  e v o l v e d  

l a r g e  a m o u n t s  o f  t o x i c  h y d r o g e n  c y a n i d e  gas8 A p o t e n r i a l  

d i s a s t e r  was a v e r t e d  when a l o c a l  c h l o r i n e  d e a l e r  vas q u i c k l y  

c a l l e d  to o x i d i z e  t h e  c y a n i d e  w i t h  c h l o r i n e  s o l u t i o n .  

8 .  C a l i f o r n i a  - S u l f i d e  w a s t e  w a s  a d d e d  t o  s o l u b l e  o i l  

was t e  i n  a t a n k e r  a n d  s u b s e q u e n t l y  a d d e d  t o  o t h e r  o i l y  wastes 

vi n  a t a n k .  L a t e r  t r e a t m e n t  f o  t h e  o i l  w i t h  a c i d  t o  b r e a k  the 

e m u l s i f i e d  o i l  r e s u l t e d  i n  t h e  e v o l u t i o n  of h y d r o g e n  s u l f i d e .  

Two o p e r a t o r s  were b r i e f l y  a f f e c t e d  b y  z h e  g a s .  T3ere  was 

also a n  e x p l o s i o n  in t h e  tank. 

9 .  D u n d a l k ,  M a r y l a n d  - At a s a n i t a r y  l a n d f i l l  n e a r  g u n d a l k ,  

X a r y l a n d ,  a 2 , 0 0 0 - g a l l o n  l i q u i d  i n d u s t r i a l  w a s t e  l o a d  c o n t a i n i n g  

i r o n  s u l f i d e ,  s o d i u m  s u l f i d e ,  s o d i u m  c a r b o n a t e  and s o d i u n  

t h i o s u l f a t e  along w i t h  smal le r  q u a n t i t i e s  o f  o r g a n i c  compounds 

was d i s c h a r g e d  i n t o  a d e p r e s s i o n  a t o p  a n  e a r t h - c o v e r e d  a r e a  

o f  t h e  f i l l .  When i t  r e a c h e d  e i g h t  t o  t e n  f e e t  b e l o w  t h e  

p o i n t  o f  d i s c h a r g e ,  t h e  l i q u i d  s t a r t e d  t o  b u b b l e  a a d  f u n e  

b l u e  smoke .  The  smoke c l o u d  q u i c k l y  e n g u l f e d  t h e  t r u c k  d r i v e r  

a n d  d i s a b l e d  h im.  S e v e r a l  n e a r b y  workers r u s h e d  t o  h i s  a i d  

a n d  were a l s o  f e l l e d .  D u r i n g  t h e  c l e a n - u p  o p e r a t i o n ,  o n e  of  

t h e  c o u n t y  f i r e f i g h t e r s  c o l l a p s e d .  A l l  s i x  o f  t h e  i 2 j u r e d  

were h o s p i t a l i z e d  a n d  t r e a t e d  f o r  h y d r o g e n  s u l f i d e  p o i s o n i n g .  



L t  w a s  n o t  d e t e r m i n e d  whether  t h e  g e n e r a t i o n  o f  h y d r o g e n  

s u l f i d e  was due t o  the i n s t a b i l i t y  o f  t h e  waste  o r  t h e  

i n c o m p a t i b i l i t y  o f  t h e  waste  with some o f  t h e  landfill 

m a t e r i a l s .  (The pH o f  t h e  waste was 13 when m e a s u r e d  before 

i t  l e f t  t h e  p l a n t ) ,  

10. Los A n g e l e s ,  C a l i f o r n i a  - When t h e  l a b o r a t o r y  d r a i n  a t  a 

Los A n g e f e s  h o s p i t a l  was b e i n g  cleaned by s c r a p i n g ,  r h e  d r a i n  

p i p e  e x p l o d e d  s c a t t e r i n g  f r a g m e n t s  o f  z e t a 1  f r o m  t h e  p i p e .  

Two s u b s e q u e n t  a t t e m p t s  t'o remove t h e  r e s i d u a l  p i p i n g  w i t h  

s c r e w d r i v e r  a n d  h a c k s a w  r e s u l t e d  i n  e x ; , ' l o s i o n s  i n  b o t h  

i a s t a n s e s .  F o r t u n a t e l y ,  no o n e  was i n j a r e d  in t h e s e  e x p l o s i o n s .  

The  c z u s e  was l a t e r  a t t r i b u t e d  t o  s h o c k  s e n s i t i v e  l e a d  a z i d e  

f o r n e d  i n  t h e  lead p i p e s .  A t e s t  s o l , u c i o . n ,  c o n t a i n i s g  sodiran 
* . 

azide a s  a p r e s e r v a t i v e ,  was r o u t i n e l y  p o u r e d  i n t o  the s e w e r  

drain l i n e  a f t e r  use. T h i s  c h e m i c a l  a c c u m u l a t e d  i n  the pipes 

a n d  r e a c t e d  w i t h  t h e  l e a d  i n  t h e  p i p e  t o  f o r u  shock-sensFtive, 

e x p l o s i v e  c r y s t a l s  o f  l e a d  a z i d e .  

11. R i v e r s i d e  County, C a l i f o ' t n i a  - S e v e r a l  d r u m s  o f  phosp3ctrus 


o x y c h l o r i d e ,  p h o s p h o r u s  t h i o c h l o r i d e  and  t h i o n y l  c h l o r i d e  


( a l l  o x i d i z i n g  a g e n t s )  were i m p r o p e r l y  d r o p p e d  o f f  a t  a dun?. 


L a t e r ,  d u r i n g  a f l o o d ,  t h e  drums were u n e a r t h e d ,  r u p t u r e d ;  


a n d  w a s h e d  d o w n s t r e a m ,  r e l e a s i n g  h i g h f g  roxic hydrogen c h l o r i d e  


g a s  a n d  c o n e a n i n a t e d  the w a t e r .  


f 2 .  C a l i f o r n i a  - A d i s p o s a l  s i t e  i n  central C a l i f o r s i a  


a c c e p t e d  a I o a d . o f  solid d i c h r o n a r e  s z l t s  ( o x i d i z i n g  a g e n t s )  


and dumped it i n t o  a p i t  a l o n g  w i t h  p e s t i c i d e  f o r m u l z t L o n s  


and e m p t y  p e s t i c i d e  c o n a i n e s s .  F o r  s e v e r a l .  days t h e r e a f t e r ,  
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small fires e r u p t e d  i n  the  p i t  d u e  t o  t h e  o x i d a t i o n  of t h e  

p e s t i c i d e  f o r m u l a t i o n s  by t h e  d i c h r o m a t e .  F o r t u n a t e l y ,  t h e  

s i t e  p e r s o n n e l  were able t o  e x t i n g u i s h  t h e s e  f i r e s  b e f o r e  

t h e y  b u r n e d  o u t  of c o n t r o l .  

1 3 .  S o u t h e r n  C a l i f o r n i a  - A company u s i n g  t o l u e n e  d f i s o c y a n a t e  

( T D I )  i n  t h e  m a n u f a c t u r e  o f  p l a s t i c  a n d  f o a m  r u b b e r  a u t o m o b i l e  

p r o d u c t s  c o l l e c t e d  a n d  s t o r e d  ' i t s  T D I  w a s t e s  o n - s i t e  i n  5 5 

g a l l o n  m e t a l  drums w i t h  clamp t y p e  lids. A f t e r  an e x t e n d e d  

p e r i o d  o f  t i m e  d u r i n g  w h i c h  t h i r t y  s u c h  d rums  had been 

c o l l e c t e d ,  a hauler was c o n t a c t e d  t o  t r a n s p o r t  t h e  w a s t e s  t o  

a C l a s s  I s i t e  i n  S o u t h e r n  C a l i f o r n i a .  The  h a u l e r  s t o r e d  

t h e s e  drums i n  an o p e n  a r e a  a t  h i s  f a c i l i t y  �or a p p r o x i m a t e l y  

two weeks .  Heavy r a i n f a l l  o c c u r r e d  d u r i n g  t h i s  p e r i o d .  Upon 

a r r i v a l  a t  t h e  d i s p o s a l  s i t e  a v i o l e n t  e x p l o s i o n  r u p t u r e d  o n e  

o f  t h e  d rums .  T h e r e  were no  i n j u r i e s  a s s o c i a t e d  w i t h  t h i s  

incident.' D u r i n g  s t o r a g e  socle water  a p p a r e n t l y  c o n d e n s e d  o r  

l e a k e d  i n t o  tbe  d rums  t h r o u g h  t h e  c l a m p - t y p e  l i d s .  T r a n s p o r t a t i o n  

o f  the drums  t h e n  p r o v i d e d  t h e  a g i t a t i o n  t o  a c c e l e r a t e  t h e  

r e a c t i o n  b e t w e e n  wa te r  a n d  T D I .  The r a p i d  p r o d u c t i o n  o f  G O 2  

c a u s e d  ex t reme p r e s s u r e  b u i l d - u p  o n  o n e  of  t h e  drums and 

s u b s e q u e n t  v i o l e n t  r u p t u r e .  

1 4 .  S o u t h e r n  C a l i f o r n i a  - I n  1 9 7 2  a t  a d i s p o s a l  s i t e  in 

S o u t h e r n  C a l i f o r n i a ,  r e a c t i o n  o f  s o d i u m  c h l o r a t e  (oxidizing 

agent) w i t h  r e f u s e  s t a r t e d  a fire w h i c h  l a s t e d  for t w o  h o u r s .  

T h e r e  were no i n j u r i e s  a s s o c i a t e d  w i t h  t h e  i n c i d e n t .  



D i r t  c o n t a m i n a t e d  w i t h  NaC104 ( o x i d i z i n g  a g e n t )  was drulnmed 

and t r a n p o r t e d  as " N a C 1 "  t o  t h e  s a n i t a r y  l a n d f i l l .  The  d r u m s  
-

were e m p t i e d  o n t o  r e f u s e .  The c o n t e n t s  o f  t h e  d r u m s  were w e t  

but r e a c t e d  w i t h  t h e  r e f u s e  t o  c a u s e  a, f i r e  u p o a  dumping  o u t .  

A s i m i l a r  i n c i d e n t  i n v o l v i n g  NaC104 and r e f u s e  p r o d u c i n g  a 

f i r e  o c c u r e d  i n  1 9 7 3 .  T h i s  i n c i d e n t  i n v o l v e d  c o n t a i n e r i z e d  

m a t e r i a l  t h a t  r e a c t e d  with  r e f u s e  when a c o n t a i n e r  r u p t u r e d  

d u r i n g  t h e  c o v e r i n g  o p e r a t i o n .  

15. S o u t h e r n  C a l i f o r n i a  - A s t a n d a r d  p r o c e d u r e  a t  a S o u t h e r n  

C a l i f o r a i a  d i s p o s a l  s i t e  for h a n d l i n g  c j a n i d e - b e a r i n g  l i q u i d  

was t e s  a n d  s p e n t  c a u s t i c  s o l u t i o n s  was t o  i n j e c t  t h e s e  l o a d s  

i n t o  c o v e r e d  w e l l s  dug into a c o m p l e t e d  s e c t i o n  o f  a s a n i t a r y  

l a n d f i l l .  R o u t i n e  air s a m p l i n g  i n  t h e  7 i . c i n i t y  o f  t h e  w e l l s  
.-- -

d e t e c t e d  low l e v e l s  of  H C N .  No c y a n i d e  was d e t e c t e d  d u r i n g  

a d d i t i o n  o f  t h e  s p e n t  c a u s t i c  t o  a new -Je l l .  On t h e  b a s i s  o f  

t h e s e  d i s c o v e r i e s ,  use o f  t h e  w e l l s  w a s  d i s c o n t i n u e d .  T h e  

c y a n i d e  gas w a s  a p p a r e n t l y  f o r m e d  in t h e  w e l l ' a s  a r e s u l t  of  

l o w e r i n g  o f  t h e  p B  o f  t h e  w a s t e  by c a r b o n  d i o x i d e  a n d  o r g a n i c  

a c i d s  p r o d u c e d  i n  t h e  d e c o m p o s i t i o n  of r e f u s e .  

16. A d e l a y e d  r e a c t i o n  between phosphorus o x y c h l o r i d e  ( o x i d i z i n g  

a g e n t )  a n d  w a t e r  i n  a 5 5  g a l l o n  drum c a a s e d  v i o l e n t  r u p t u r e  

o f  t h e  dura a n d  k i l l e d  a p l a n t  o p e r a t o r ,  The s t e a m  and 

h y d r o g e n  c h l o r i d e  g a s  g e n e r a t e d  b y  t h e  z e a c t i o n  caused the 

e x p l o s i o n  w h i c h  p r o p e l l e d  t h e  bottoa h e a d  o f  t h e  d r u n  

a p p r o x i m a t e l y  1 0 0  yards  f r o n  t h e  s c e n e .  



APPENDIX I1 


STATE, FEDERAL AND NFPA REGULATIONS AND G U I D E L I N E S  


1, Texas 

The T e x a s  Water  Q u a l i t y  Board u s e s  t h e  f o l l o w i n g  d e f i n i t i o n :  

" I n d u s t r i a l  Z a z a r d o u s  Was te"  means any  w a s t e  o r  m i x t u r e  o f  

w a s t e  which e , , v  g e n e r a t e s  s u d d e n  pressure b y  d e c o i p o s i t i o n ,  

hea t :  a r  e t h e r  means a n d  wou ld  t h e r e f o r e  be likely t o  c a u s e  

s u b s t a n t i a l  p e r s o n n e l  i n j u r y . , . ' '  - i n  c o m b i n a t i o n  w i t h  8 ? < s t i n g  

o f  40 compounds .  

2 .  S t a t e  o f  W a s h i n g t o n  

D e f i n e s  e x p l o s i v e  u s i n g  a 5 "  d r o p  t e s t ,  o r  c l a s s  A e x p l o s i v e  

( s e e  D O T )  d e f i n i t i o n .  
.-- . 

3 .  P e n n s y l v a n i a  

Combines  F l a m n a b l e s  a n d  E x p l o s i v e s  a n d  u s e s  o n l y  t h e  f o l l o w i n g  

f i s t :  

( 3 )  

( 4 )  

4 .  C a l i f o r n i a  

Muni  t i o n s  


B l a s  t i n g  ?fat e r  i a l s  


P r e s s u r i z e d  Cans 


P a i n  t T h i n n e r s  


S o l v e n t s  


K e r o s e n e  


O i l s  


P e t t o c h e m i e a f  W a s t e  S l u d g e s  


P e t r o l e u i n  W a s t e  S l u d g e  


U s e s  the f o l l o w i n g  d e f i n i t i o n :  

F*.L 	 -3.t 
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"A w a s t e ,  o r  componen t  o f  w a s t e  i s  c o n s i d e r e d  p r e s s u r e  

g e n e r a t i n g  o r  r e a c t i v e  i f  i t :  

1) Is a F o r b i d d e n  o r  c l a s s  A ,  B, o r  C e x p l o s i v e  as de

f i n e d  i n  T i t l e  49 C F R ,  S e c t i o n s  173.51, 1 7 3 . 8 8 ,  

and  1 7 3 . 1 0 0  r e s p e c t i v e l y  ( s e e  D O T ) .  

2 )  Is a w a t e r  r e a c t i v e  m a t e r i a l .  

3 )  Is i n  N F P A  c a t e g o r y  2 ,  3 ,  o r  4 ( s e e  NFPA)", 

5 .  I l l i n o i s  


Us e s t h e  f o 1 l o w i n g  d e  f in i  t i0n . s  : 


" E x p l o s i v e s "  - Any w a s t e  h a v i n g  c o n c e n t r a t i o n  o f  1% o r  

-more  o f  a substance d e s c r i b e d  as an e x p l o s i v e  ( h i g h ,  l o w ,  o r  

p e r m i s s i b l e )  by Sax ( D a n g e r o u s  P r o p e r t i e s  o f  H a z a r d o u s  M a t e r i a l s  

by N .  I r v i n g  Sax, V a n  N o s t r a n d  R e i n h o l d )  s h a l l  b e  c o n s i d e r e d-_... 
a s  e x p l o s i v e  " p e r  s e " .  

" R e a c t i v e s "  - Any w a s t e  h a v i n g  a c o m p o s i t i o n  o f  5 %  o f  more 

o f  a s u b s t a n c e  t h a t  ( a s  d e s c r i b e d  b y  S a x )  r e a d i l y  r e a c t s  

w i t h  a i r ,  w a t e r ,  o r  o t h e r  s u b s t a n c e s  t o  p r o d u c e  h e a t  and . /o r  

t o x i c  fumes shall b e  c o n s i d e r e d  a r e a c t i v e  w a s t e .  The d e f i n i t i o n  

i n c l u d e s  o x i d i z i n g  a g e n t s .  

6 .  NFPA-
C a t e g o r y  0 - M a t e r i a l s  w h i c h  in t h e m s e l v e s  are nor

mally s t a b l e ,  e v e n  u n d e r  f i r e  e x p o s u r e  

c o n d i t i o n s ,  a n d  w h i c h  a r e  not r e a c t i v e  

with w a t e r .  

C a t e g o r y  I - M a t e r i a l s  w h i c h  t h e m s e L v e s  a r e  normally 

u n s t a b l e  and  r e a d i l y  u n d e r g o  v t o l e n t  

c h e m i c a l  c h a n g e  5 u t  d o  n o t  d e t o n a t e .  



A l s o  materials which may react violently 

with water or which mag form potentially 

. explosive mixtures with water. 

Category 3 - Materials which in themselves a r e  capable 

of detonation or explosive reaction but 

require a s t r o - n g  initiating source or 

whish must be heated under confinement 

before initiation or which react expfo

sively with water, 

Category 4 - Naterials which in themselves are 

readily capable a �  detonation or of 

explosive composition or reaction at 

normal temperatures and pressures.
...._- . 

7 .  D O T-
The Department of Transportation lists explosive wastes (these 

are typically propellants, explosives, initiating compounds 

etc.1- and also specifies testing methods for liquids'and 

solids unstable to t h e r m a l  and mechanical stresses. (See 49 

C F R  173.531. 



-- 

Appendix IIX 

The t e s t i n g  methods examined in t h i s  s e c t f o a l  a r e  

s e p a r a t e d  i n t o  t e s t s  f o r  thermal i n s t a b i l i t y ,  (Tests I thru 

X )  t e s t s  f o r  impact  m e c h a n i c a l  shock i n s t a b i l i t y  (Tests XI a 

and 9)  t e s t s  i d e n t i f y i n g  oxidizing a g e n e s ,  ( T e s t s  X I 1  t h r u  

X I V )  and a t e s t  f d e n t i f y f n g  w a t e r  r e a c t i v e  m a t e r i a l s  ( T e s t  

XV). 

. 
_..._. 

.- 
1. Most of t h e  i n f o r m a t i o n  c o n t a i n e d  in t h i s  A p p e n d i x  w a s  
taken  from " A  Second Appraisal of Hethods  fsr E s E i m a t i n g  S e l f  
R e a c t i o n  Hazards" E.S, Doaabski Report  No, DOTIMFB/OXMO-76d6. 



A .  Tests Identifying Wastes Unstable to Thermal Stress 

1. J A N A F  (Joint A r m y  Navy Air Force) Thermal Stability Test 

Number Six f o r  Liquid Propellants. 

1. Purpose of Test: 


To determine the maximum temperatures tis which thermally 

unstable l i q u i d s  can be subjected f o r  short periods of time 

without danger of explosive decomposition. 

2 .  Operating Principle: 

Under confinement in a microbomb, a liquid sample is either 

heated rapidly and held at a-pre-determined temperature f o r  

an arbitrary time interval, or heated at a constant rzte until 

evidence of rapid decomposition appears. Spot immersion is 

a l s o  p o s s i b l e ,  where Eh-e microbomb 'containing the sample is 

immersed into the bath at some elevated temperature. 

A microbomb which is drilled and tapped for a thermocouple 

and burst disc fitting, has an internal volume of 1.3 cm3. A 

liquid sample of 0.5 ml volume is used and burst diaphrams 

ranging from 300 to 8 4 0 0  psi failure pressure can be used. The 

microbomb i s  immersed in a bath containing a bismuth-lead alloy, 

which melts in the range of 65.6'C(150°F) to 121.1°C(250"F). 

Maintenance of the bath around 93.3'C (200'F) and of the 

heating rate at - 6 . 7 " C  (20°F) per minute, allows detection 
.d 

of the rate of decomposition of - 1 6 . 7 ' C  ( 2 ° F )  to -15°C (5°F) 

per minute. An air-vibrator i s  used t o  agitate t h e  b a t h  and 

the sample in order to establish the desired heat transfer 

IT-%- 2 L b$-, 
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between bath and sample. The sample temperature and the 

temperature difference between the bath and sample are recorded 

as a functions o f  time. The temperature at which self-decompo

sition begins and the rate of decomposition can  be derived. 

4 ,  Test Evaluation: 

This test u t i l i z e s  small. samples of material in good thermal 

contact with thermostated suroundings. The temperature of the 

sample can be increased with time at such a slow rate that 

quasi-steady states are maintained. 

Rates of decomposition.can be estimated f r o m  plots of the 

sample temperature vs. time, and from plots of the temperature 

difference between the sample and b a t h  v s ,  time. The s l o p e  o f  
...-. . 

the temperature differential curve represents the rate o f  h e a t  

transfer between the sample and the bath. Factors which need 

to be taken into account are the rate at which the bath is being 

heated, heating from the self-reaction of the sample, and 

temperature gradients in the microbomb. From a plot of the 

self-heating rate of the sample v s .  the reciprocal of the 

temperature, a linear slope proportional to the activation 

energy should result. The precision of activation e n e r g i e s  

derived in this manner is about 2 1 5  percent. 

5 .  Applicab%lity of Test a s  an Endex of Waste Reactivity: 

The activation energy of the reaction in question, while 

c e r t a i n l y  an important parameter in assessing waste reactivity 
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( a s  d i s c u s s e d  p r e v i o u s l y )  i s  not t h e  only p a r a n e t e r .  

Also i m p o r t a n t  a r e  h e a t  of r e a c t i o n ,  was te  g e o n e t r y ,  

d e n s i t y ,  t h e  heat t r a n s f e r  e t c .  To i n d i c a t e  a p a r t i c u l a r  

a c t i v a t i o n  e n e r g y  as a c u t - o f f  f o r  w a s t e  r e a c t i v i t y  = a u l d  

r e s u l t  i n  many f a l s e  p o s i t i v e s  a n d  n e g a t i v e s .  

(American .S o c i e t y  -for - - . .  S- tandard11 . - * . - - .  - T e s t i n ~ a n d M . a t . e . r i , a ~ . s . )  
. .  Tes t. .E-476-73,-.. T h e r m a l  I n s t a b i l i t y  -of. - .Method. .o f  . -._ . . .- I . . Con-

. . . - .-- .- P h a s e. .S y s t e m se. - .- --. .f-f n e d. Condensed -.- . . - .- - (Cpnf  in*em-e.n-t.Test)  

1. P u r p o s e  of. -T e s t :  

To d e t e r m i n e  t h e  t e m p e r a t u r e  a t  w h i c h  a c h e c i c a l  m i x t u r e  w i l l  

commence r e a c t i o n ,  l i b e r a t i n g  a p p r e c i a b l e  h e a t  o r  p r e s s u r e ,  

when s u b j e c r  t o  a p r s g r a n m e d  t e n p e r a t u r e  r i s e .  This Z e t h o a  

a p p l i e s  t o  s o l i d s  o r  liquids i n  a c l o s e d  s y s t e m  in a i r  3r s o n e  

o t h e r  a t m o s p h e r e  p r e s e n t  i n i t i a l l y  u n d e r  normal l a b o r a t o r y  

&-'c o n d i t i o n s .  I/. 

. .-- . . . - ..2 . O p e r a t i n g - P r f n c i p l e :  --. 

T h e  s a m p l e  t o  b e  t e s t e d  is c o n f i n e d  i n  a c l o s e d  v e s s e l  

e q u i p p e d  w i t h  a b u r s t  d i a p h r a m ,  p r e s s u r e  t r a n s d u c e r ,  2nd 

t h e r m o c o u p l e .  The a p p a r a t u s  i s  e q u i l i b r a t e d  i n  a b a t 5  a t  

r o o m  t e m p e r a t u r e  a n d  s u b s e q u e n t l y  h e a t e d  a t  a c o a s t a n :  r a t e .  

The t e m p e r a t u r e  d i f f e r e n c e  b e t w e e n  t h e  b a t h  a n d  s a m p l s ,  the 

p r e s s u r e  i n  t h e  c l o s e d  v e s s e l ,  a n d  t h e  b a t h  r e n p e r a t u r e  a r e  

r e c o r d e d  continuously during t h e  c o u r s e  o f  t h e  t e s t .  



3 .  T e s t  D e s c r i p t i o n :  

This a p p a r a t u s  i s  a m o d i f i c a t i o n  o f  t h a t  d e s c r i b e d  u n d e r  

t h e  JANAF T h e r m a l  S t a b i l i t y  T e s t .  The s a m p l e  ( 3 0 0  mg.) is 

p l a c e d  i n  t h e  t e s t  c e l l  o r  v e s s e l  ( v o l u m e  1 cm3) and  i s  in 

i n t i m a t e  c o n t a c t  w i t h  a t h e r m o c o u p l e .  The a p p a r a t u s  a l s o  h a s  

a b u r s t  d i a p h r a m - v e n t  t u b e  s y s t e m  t o  r e l e a s e  g a s e s  fo rmed  d u r i n g  

d e c o m p o s i t i o n  i f  t h e  p r e s s u r e  r e a c h e s  t o o  h i g h  a v a l u e ,  a n d  a 

p r e s s u r e  t r a n s d u c e r  t o  p r o v i d e  m e a s u r e m e n t  o f  t h e  t o t a l  p r e s s u r e  

i n s i d e  t h e  v e s s e l  a s  h e a t  i s  s u p p l i e d  f r o m  a b a t h  at a constant 

r a t e .  The n o m i n a l  h e a t i n g  r a t e  o f  t h e  b a t h  i s  8 ' C  (46.4'F) 

t o  1 0 ° C  (50°F) p e r  m i n u t e ,  S i l i c o n e  o i l  is u s e d  i n  t h e  

r a n g e  0°C ( 3 2 ° F )  t o  370°C (698°F) and a f o w - m e l t i n g  a l l o y  

( i * e e ,  Wood's m e t a l )  i n  t h e  r a n g e  100'C (212'F) t o  500°C (932°F). 

R e c o r d e r s  a r e  u s e d  t o . - m o n i t o r ,  f i r s t ,  t h e  d i f f e r e n c e  b e t w e e n  

t h e  s a m p l e  t e m p e r a t u r e ,  (T) and b a t h  t e m p e r a t u r e ,  (To) a s  a 

f u n c t i o n  o f  b a t h  t e m p e r a t u r e ,  a n d ,  s e c o n d ,  p r e s s u r e ,  ( P I  as a 

f u n c t i o n  o f  bath t e m p e r a t u r e .  No a g i t z t i o n  i s  used s o  a s  t o  

m i n i m i z e  t h e r m a l  l a g .  

4 .  T e s t  E v a l u a t i o n :  

The  t h r e s h o l d  t e m p e r a t u r e  i s  t h e  ' l owes t  t e m p e r a t u r e  a t  t h e  

l e f t  h a n d  b a s e  o f  t h e  p o s i t i v e  p e a k  wh ich  a p p e a r s  i n  t h e  p l o t  

o f  ( T ) - ( T Q )  vs TO. The t h r e s h o l d  t e n p e r a t u r e  is an  i n d i c a t i o n  o f  

t h e  o n s e t  o f  t h e r m a l  i n s t a b i l i t y  i n  t h e  s a m p l e .  A p a t e r t t i a l  

h a z a r d  e x i s t s ,  t h e r e f o r e ,  when t h e  t e m p e r a t u r e  o f  t h e  s a m p l e  

e x c e e d s  t h i s  v a l u e .  The i n s t a n t a n e o u s  r a t e  o f  p r e s s u r e  v e r s u s  

b a t h  t e n p e r a t u r e ,  t h e  maximum p r e s s u r e  g e n e r a t e d  and  t h e  ra te 

o f  p r e s s u r e  r i s e  a r e  u s e f u l  h a z a r d  p a r a m e t e r s  r e l a t e d  t o  r o u g h  

a p p r o x i m a t i o n s  o f  r e a c t i o n  t i m e ,  a n d  damage p o t e n t i a l .  
4 
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E x a m i n a t i o n  o f  t h e  r a t e  o f  t e m p e r a t u r e  r i s e  o f  t h e  

s a m p l e ,  ( d T / d t )  and r a t e  of t e m p e r a t u r e  rise of  t h e  b a t h  ( d T o / d t )  

n o t  o n l y  a l l o w s  an e v a l u a t i o n  o f  the A r r h e n f u s  c u n s t a n t ~ ~b u t  

a l s o  p r o v i d e s  for a r b i t r a r y  s c a l i n g  o f  t h e  p r o c e s s .  A s i m p l e r ,  

a n d  p r o b a b l y  p r e f e r a b l e  p r o c e d u r e ,  nay be  t o  record o n l y  To 

c o r r e s p o n d i n g  to a r u n a w a y  c o n d i t i o n  ( e . g . ,  a s p e c i f i e d  v a l u e  

dT/dt d T o / d t ,  o r  r u p t u r e  o f  a pressure  d i s k  ( t h e r e  i s  some 

a r b i t r a r i n e s s  i n  t h e  d e f i n i t i o n  of t h e  r u n a w a y  c r i t e r i o n ,  b u t  

t h i s  f e a t u r e  may n o t  be s e r i o u s ) ) ,  a n d  t h e n  r e p e a t  the e x p e r i m e n t  

w i t h  a d i f f e r e n t  s a m p l e  d i a m e t e r ,  d .  The F r a n k - K a n e n e t s k i i  

c o n d i t i o n  t h e n  g i v e s  t h e  v a l u e  o f  E from 

( d 1 / d 2 I 2  = ITo1/To2)2 exp (E/R) ( l / T o l - L T o 2 ) L .  

This p r o c e d u r e  o b v i a t e s  t h e  n e c e s s i t y  o f  e v a l u a t i n g  A and&, a n d  

a l l o w s  i m m e d i a t e  s c a 2 i n g  t o  a n y  s i z e .  

5 .  A p p l i c a b i l i t y  o f  . - . - - . - T e s t  as- a n  I n d e x-o f-Waste IR e a c t i v i t y :  

T h i s  t e s t  s u f f e r s  f r o m  t h e  same d r a w b a c k s  as t h e  J A N A F  

t e s t ,  i . e . ,  t h e  a c t i v a t i o n  e n e r g y  o b t a i n e d  from t h e  t e s t  

is n o t  a d e f i n i t i v e  i n d i c a t o r  o f  w a s t e  r e a c t i v i t y .  

111. SELF HEATING- ADZ-ABATIC-T E S T- .  --. ... - - _ -

T h i s  t e s t  i s  r u n  u n d e r  a d i a b a t i c  c o n d i t i o n s .  C o n d i t i o n s  o f  

t h i s  s o r t  d o  n o t  c o r r e s p o n d  t o  n o r m a l  waste management  c o n d i t i o n s ,  

a n d  t h u s  t h e  t e s t  r e s u l t s  a r e  n o t  l i k e l y  t o  be r e f l e c t i v e  o f  a e t u a J  

w a s t e  reactivity. S i n c e  d i f f e r e n t  F n f o r a a t i o n  c a n n o t  b e  o b t a i n e d  

f r o m  t h i s  t e s t  t h a n  is a l r e a d y  a v a i l a b l e  f r o m  t e s t s  I a n d  11, a n d  

t h e  t e s t  c o n d i t i o n s  c o r r e s p o n d  l e s s  t o  was t e  n a n a g e m e n t  c o n d i t i o n s  

t h a n  d o  t e s t s  I a n d  11, n o  f u r t h e r  e v a l u a t i o n  o f  C h i s  t e s t  i s  

p r e s e n t e d  he r  e .  
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IO* TBERMAL SURGE TEST 

1. P u r p o s e. o f  Test . :  

To  d e t e r m i n e  e x p l o s i o n  t e m p e r a t u r e  ( t e m p e r a t u r e s  for 

w h i c h  t h e r e  i s  a d e l a y  t i m e  o f  250  s e c  b e f o r e  e x p l o s i o n ) .  

2 .  O p e r a t i n g - - P r i n c f ; p l e  : 

The d i s c h a r g e  o f  a c a p a c i t o r  a c r o s s  a t h i n - w a l l e d  t u b e  

p r o v i d e s  t h e  t h e r m a l  s t i m u l u s  t o  i n i t i a t e  e x p l o s i v e  d e c o m p o s i t i o n .  

The  t i m e - t e m p e r a t u r e  p r o f i l e  of  t h e  d e c o m p o s i t i o n  is o b t a i n e d  

f r o m  o s c i l l o g r a p h i c  r e c o r d s .  A l t h o u g h  t h e  t u b e s  a r e  t h f n - w a l l e d  

( 0 . 0 8 9  m m ) ,  t h e y  have c o n s i d e r a b l e  s t r e n g t h  a n d  p r o v i d e  a s t a t e  

o f  h e a v y  c o n f i n e m e n t  f o r  t h e  e x p l o s i v e  o r  u n s t a b l e  m a t e r i a l .  

3 .  T e s t  D e s c r i p t i o n :- .-

A t e s t  s a m p l e  i s  l o a d e d  i n t o  h y p o d e r m i c  n e e d l e  t u b i n g  w h i c h  

i s  h e a t e d ,  e s s e n t i a l l y  i n s t a n t a n e o u s l y ,  b y  a c a p a c i t o r  d i s c h a r g e .  

The t e m p e r a t u r e  and t ime o f  t h e  e x p l o s i v e  e v e n t  a r e  r e c o r d e d  

f r o m  a c o n t i n u o u s  m e a s u r e m e n t  o f  t h e  e l e c t r i c a l  r e s i s t a n c e  o f  

t h e  t u b i n g  by means  o f  a n  o s c i l l o s c o p e .  The t e s t  i s  p a r t i c u l a r l y  

s u i t e d  to l i q u i d  m a t e r i a l  b u t  s o l i d s  c a n  a l s o  b e  a c c o m o d a t e d  

b y  melting p r i o r  t o  t h e i r  i n s e r t i o n  i n t o  t h e  h y p o d e r m i c  n e e d l e  

t u b i n g .  Ma te r i a l s  a r e  s u b j e c t  t o  t e m p e r a t u r e s  i n  t h e  r a n g e  o f  

2 6 O o C  (500*F) t o  1100°C ( 2 0 1 2 ' F )  a n d  d e l a y  t i m e s  o f  5 0  P 

s e c ,  t o  5 0  see.  The  d e l a y  t i m e ,  T is g i v e n  b y  A e x p  (i/RT) 

w h e r e  A a n d  B a r e  c o n s t a n t s  ( s o m e w h a t  r e l a t e d  t o  t h e  A r r h e n i u s  

p r e - e x p o n e n t i a l  f a c t o r  a n d  a c t i v a t i o n  e n e r g y ) ,  R . i s  t h e  g a s  

c o n s t a n t ,  a n d  T i s  t h e  a b s o l u t e  t e m p e r a t u r e .  

4 .  T e s t  E v a u l a t i o n :- . - . - . .-.--

The t h e r m a l  s u r g e  t e s t  s u p p l i e s  d a t a  o n  e x p l o s i o n  

Y L I - 7  1 *-
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t e m p e r a t u r e s  w h i c h  r e p r e s e n t  c o n d i t i o n s  of  m i n i m a l  h e a t  t r a n s f e r .  

This  t e s t  I i l ea su res  t h e  t r u e  i n d u c t i o n  t i n e  o f  a n  e x p l o s i v e  rather 

t h a n  t h e  t i m e  r e q u i r e d  t o  h e a t  up t h e  s a m p l e .  Wenograd 15 

was able t o  shaw a c o r r e s p o n d e n c e  b e t w e e n  t h e  t e m p e r a t u r e  o f  t h e  

s y s t e m  250 sec  p r i o r  t o  e x p l o s i o n  a n d  i m p a c t  tes ' t  d a t a .  The 

a c t i v a t i o n  e n e r g y  parameter  o b t a i n e d  in t h e r m a l  s u r g e  t e s t  

m e a s u r e m e n t s  u n d e r  dynamic c o n d i t i o n s  are c o n s i d e r a b l y  lower 

than t h o s e  d e t e r m i n e d  i n - o t h z r  m e a s u r e n e n t s  u n d e r  i s o t h e r m a l  

c o n d i t i o n s .  T h i s  t e s t  is p r o b a b l y  o.ne o f  the b e s t  a v a i l a b l e  

a p p r o x i m a t i o n s  t o  a point s o u r c e  h e a t  i n i t i a t i o n  o f  an u n s t a b l e  

m a t e r i a l  i n  a m u l t i c o m p o n e n t  s y s t e m .  

5 .  A p p l i c a b i - l i t y  o f- . -T e s t  a s  
- - - - * - - - - * -.- - .a n  I n d e x  of Waste R e a c t i v i t y-

T h e  h i g h  t e m p e r a - t u r e s  t h e  t e a t  m a ' t e r f a l s  are s u b j e c t e d  

t o  i n  t h i s  t e s t  d o  n o t  c o r r e s p o n d  t o  t h e  t e m p e r a t u r e s  w h i c h  

w a s t e s  m i g h t  be s u b j e c t  t o  d u r i n g  management  ( u n l e s s  t h e  

waste  i s  s u b j e c t  t o  a s t r o n g  e f q c t r i c  d i s c h a r g e ) .  For t h i s  

reason ,  t h i s  t e s t  is u n a c c e p t a b l e .  

V. A D I A B A T I C  STORAGE TE-ST_ - - - - - - - - _  

Like t e s t  111, t h i s  t e s t  is run a l s o  u n d e r  a d i a b a t i c  

c o n d i t i o n s ,  a n d  t h e r e f o r e  n o  f u r t h e r  e v a l u a t i o n  is p r e s e n t e d .  . 

VIe ISOTHERMAL-- TESTSTROEG--I_ 

This t e s t  d e t e r m i n e s  t h e  h e a t  g e n e t a e i o n  r a t e  as a function 

o f  t i m e  a n d  e s t i m a t e s  t h e  i n d u c t i o n  p e r i o d  at a g i v e n  t e a p e r a : u r e  

for a macerial. T h i s  t e s t  i s  t u n  u n d e r  i s o t h e r m a l  C O R ~ ~ ~ ~ O Q S  

and t a k e s  anywhere from weeks  t o  months t o  c o m p l e t e .  F o r  these 

r e a s o n s ,  no  f u r t h e r  e v a l u a t i o n  is p r e s e n t e d .  

X.%%& 
j i  I 
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VII. EXTLOSZON TEMPERATURE .TEST 

1. P u r p o s e  o f  T e s t  

To  d e t e r m i n e  t h e  t e m p e r a t u r e  a t  w h i c h  a m a t e r i a l  e x p l o d e s ,  

i g n i t e s ,  o r  d e c o m p o s e s  a f t e r  a f i v e  s e c o n d  i m m e r s i o n  i n  a Wood's 

metal  b a t h ,  

2 .  O p e r a t i n g-P r i n c i p l e-. 

T h i s  t e s t  g i v e s  a n  e s t i m a t e  o f  how c l o s e  t h e  e x p l o s i o n  

t e m p e r a t u r e  i s  t o  a m b i e n t  c o n d i t i o n  5 o r  a m a t e r i a l ,  a n d ,  h e n c e  

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

3 .  T e s t  D.e-s .c r ip t ion :- . -
The m a t e r i a l  t o  b e  t e s t e d  ( 2 5  ng.) is p l a c e d  i n  a c o p p e r  

t e s t  t u b e  ( h i g h  t h e r m a l  c o n d u c t i v i t y )  a n d  immersed  i n  a Wood 's  

me ta l  b a t h .  T h i s  t e s t  is made a t  a s e r i e s  o f  b a t h  t e m p e r a t u r e s ,  

a n d  t h e  t i m e  lag p r i o r  t o  e x p l o s i o n  a t  e a c h  t e m p e r a t u r e  is r e c o r d e d .  

The b a t h  t e m p e r a t u r e  i s  l o w e r e d  u n t i l  a t e m p e r a t u r e  is r e a c h e d  a t  

w h i c h  e x p l o s i o n ,  i g n i t i o n ,  or a p p a r e n t  d e c o m p o s i t i o n  d o e s  n o t  o c c u r .  

The b a t h  t e m p e r a t u r e  w o r k i n g  range is from a b o u t  225°C (257°F) 

t o  4 O O O C  (752°F). The s a m p l e  i s  removed f r o m  the b a t h  after 

5 m i n u t e s  i f  no e x p l o s i o n  h a s  o c c u r r e d  a t  360'C (680*F). 

4 .  T e s t  E v a l u a t i o n :  - .  

T h e  explosion t i m e  i s  v e r y  nearly i n d e p e n d e n t  of  s a m p l e  

s i z e  p r o v i d e d  t h e  s a m p l e  s i z e  is i n  t h e  r a n g e  10 t o  4 0  ~ g .  

P a r t i c l e  s i z e  i s  a l s o  i m p o r t a n t  in p r o v i d i n g  c o n s i s t e n t  re

s u l t s  f o r  a g r o u p  o f  m a t e r i a l s .  R a p i d  e q u i l i b r a t i o n  o f  t h e  

s a m p l e  u p o n  c o n t a c t  w i t h  t h e  h i g h  t e c ~ ? e r a t u r eb a t h  will d e p e n d  

upon. t h e  h e a t  c a p a c i t y  a n d  t h e r m a l  c o n d u c t i v i t y  o f  t h e  material, 



and could be a major uncertainty in t h e  test. Explosion tempera

ture d a t a  is a function of time and serves as useful indicators 

to assist in maintaining safe thermal conditions during handling 

.and transport. 


5 .  Applicability of Test as an I n d e x  of Waste Reactivity: 

This test would seem the most suitable for our purposes. 


The.test results are pass-fail, either an explosion, ignition, 


decomposition etc. takes place or not. 


Problems do arise out of distor:ion of thermal transport 

from sample size. However, this i s  a 7roblem with all tests. 

Also t h e  Woods Metal Bath results in Cadmium fumes being generated 

and should o n l y  be operated in a h o o d .  .A sand bath or nonflzmmable 
__%.. 

o i l  bath might be mote suitable for aut purposes. 

Field testing of this method indicate chat it is unsuitable 

for use 'without other modifications (sze Appendix IV). 

VIII. EXOTRERMIC DECOMPOSITION METER T Z S T  

1. Purpose of Test: 


To determine the self-heating o i  a sample at small to 

moderate heat generation rates as a function of temperature 

or time. 1 . 

2 .  Operating Principle: 

A cylindrical aluminum block coatains a cavity which h a s  

a Peltier element attached at the bottom and a sample is placed 

on the Peltier element. Heat flow f z o z l  the block to the sample 

is measured by means of t h e  Peltier slzment which provides 
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a n ' e l e c t r i c a l  s i g n a l  t o  a r e c o r d i n g  d e v i c e .  

3 .  .Tes,t... .D . e s c r - i p t i o n :.. _ .  . . . . . .  

A s a m p l e  v e s s e l  c o n s t r u c t e d  of  s t a i n l e s s  s t e e l  ( v o l u m e ,  

2 cm3) is p o s i t i o n e d  o v e r  a P e l t i e r  e lement ,  and b o t h  a r e  

housed  i n s i d e  t h e  c a v i t y  o f  a c y l i n d r i c a l  a luminum b l o c k ,  

This c e n t r a l  b l o c k  is s u r r o u n d e d  by m a n t l e s  c o n t a i n i n g  e l ec 

t r i ca l ,  h e a t i n g  e l e m e n t s  i n  a d d i t i o n  t o  a n  i n s u l a t i n g  P a y e r .  

The  e l e c t r i c a l  i n p u t  t o  t h e  b l o c k  a n d  m a n t l e s  i s  m a i n t a i n e d  

in such a m a n n e r  a s  t o  k e e p  t h e  t e m p e r a t u r e  d i f f e r e n c e  b e t w e e n  

t h e  b l o c k  and m a n t l e s  a s  s m a l l  a s  p o s s i b l e  w h i l e  t h e  b l o c k  i s-
h e a t e d  l i n e a r l y  a t  a b o u t  10°C (50'F) p e r  h o u r ,  The h e a t  f l o w  

f r o m  t h e  a l u n i n u n  b l o c k  t o  t h e  s a n p l e  is m e a s u r e d  b y  t h e  

P e l t i e r  e l e m e n t .  As soon a s  t h e  s a m p l e  begins s e l f - r e a c t i o n  
...L -.-

t h e  h e a t  f l u x  t o  t h e  s a m p l e  s t a r t s  t o  d e c r e a s e .  From a p l o t  

o f  the h e a t  g e n e r a t i o n  o f  t h e  s a m p l e  v s .  t h e  r e c i p r o c a l  o f  

t h e  a b s o l u t e  t e m p e r a t u r e ,  t h e  a c t i v a t i o n  e n e r g y  can  be c a l c u l a t e d .  

4 .  - . - - -E v a l u a t i o n :- - I .  

C h a n g e s  i R  t h e  h e a t  c a p a c i t y  o f  t h e  a luminum b l o c k  o v e r  the 

t e m p e r a t u r e  r a n g e  2 0 ° C  (68'F) t o  200OC (392*F) w i l l  cause  t h e  

t e m p e r a t u r e  i n c r e a s e  o v e r  t h i s  r a n g e  t o  be  s l i g h t l y  non-linear. 

The  P e l t i e r  e l e m e n t  i s  t e m p e r a t u r e  d e p e n d e n t ,  a n d  c a l i b r a t i o n  

u s i n g  a p u r e  c o p p e r  s a m p l e  h a v i n g  k n o w n  t h e r m a l  p r o p e r t i e s  i s  

recommended.  

5. A p p l i c a b i l i t y  o f  T e s t-as - - - .- - --.-.. .-- - - an Xndex of Waste Reactivity
_I 

T h i s  t e s t  y i e l d s  a c t i v a t i o n  energy  and is, a s  a r e s u l t 8  

s u b j e c t  t h e r e f o r e  t o  t h e  same d r a w b a c k s  as e e s e s  E a n d  II. 



- - -  
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IX Homogeneous E x p l o s i o n-T e s t  

1. P u r p o s e  ~. . . .  . .  ,of. T e - s t :  

To d e t e r m i n e  t h e  p r e s s u r e - t i m e  p r o f i l e  o f  t h e  t h e r m a l  

e x p l o s i o n  of s o l i d  o r  l i q u i d  m a t e r i a l s .  

2 .  O p e r a t i n g  P r i n c i p l e :_-
A s a m p l e  i s  h e a t e d  u n d e r  a d i a b a t i c  c o n d i t i o n s  in a c l o s e d  

v e s s e l  u n t i l  e x p l o s i o n  o c c u r s I  T h e  n a x i n u n  r a t e  o f  p r e s s u r e  r i s e  

a n d  t h e  m a x i m u m  o v e r p r e s s u r e  are m e a s u r e d  a s  a f u n c t i o n  o f  

time a t  d i f f e r e n t  h e a t  i n p u t  r a t e s .  

. . .3 .  Tes t  D e s c r i p t i o n i  

About 100 m l  o f  a s a m p l e  i s  i n t r o d u c e d  fnro t h e  l o w e r  p a r t  

o f  a s t a i n l e s s  s t e e l  v e s s e l .  The l o w e r  s e c t i o n  is s e a l e d  o f f  

f r o m  a l a r g e r  u p p e r  s e c t i o n  a b o v e  by a membrane ( b r e a k i c g  

p r e s s u r e  1 b a r ) .  T h s  l a r g e r  u p p e r  s e c t i o n  s e r v e s  a s  a f r e e  

s p a c e  f o r  t h e  e x p a n s i o n  of  r e a c t a n t  o r  p r o d u c t  v a p o r s .  

D u r i n g  t h e  m a i n  p a r t  o f  t h e  i n d u c t i o n  p e r i o d ,  p r e s s u r e  e q u a l i 

z a t i o n  is a c c o m p l i s h e d  b y  a c a p i l l a r y  t u b e  c o n n e c t i n g  t h e  

u p p e r  a n d  l o w e r  s e c t i o n s  o f  t h e  v e s s e l .  The t w o - c o m p a r t m e n t  

v e s s e l  is p l a c e d  i n s i d e  a l a r g e r  v e s s e l  o f  2 0  l i t e r  c a p a c i t y  
\ 

w h i c h  s e a l s  t h e  f o r m e r  f r o m  t h e  e x t e r n a l  s u r r o u n d i n g s .  A 

h e a t i n g  m a n t l e  around t h e  l a t t e r  v e s s e l  a l l o w s  h e a t i n g  o f  t h e  

inner v e s s e l  t o  t a k e  p l a c e  a s  near t o  a d i a b a t i c  c o n d i t i o n s  

a s  p o s s i b l e .  Around the s a m p l e  v e s s ' e l  t h e r e  i s  also a n  

a u x i l i a r y  h e a t e r  which h e a t s  t h e  s a n p l e  a t  a c o n s t a n t  ( b u t  

a d i a b a t i c )  r a t e  u n t i l  e x p l o s i o n  o c c u r s .  When e x p l o s i o n  

t a k e s  p l a c e ,  t h e  membrane  i s  r u p t u r e d  a n d  e x p a n s i o n  i n t o  t h e  

l a r g e r  v o l u n e  t a k e s  p l a c e .  A p i e z o - e l e c t r i c  p r e s s u r e  t r a n s d u c e r  
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0; . , 

records t h e  p r e s s u r e  p r i o r  t o ,  d u r i n g ,  and a f t e r  e x p l o s i o n .  

4. T e s t  . .  - - . -	 E v a l u a t i o n :  


D i f f e r e n t i a t i o n  o f  m a t e r i a l s  F h i c h  g i v e  l a r g e  r a t e s  o f  


p r e s s u r e  r i s e  and o v e r p r e s s u r e s  c a n  b e  s i n g l e d  o u t  f r o m  t h o s e  

which g i v e  l o w  v a l u e s .  S u b s e q u e n t  p r e c a u t i o n s  f o r  management  

c a n  b e  t a k e n .  

- 5 ,  A p p l i c a b i l i t y - o f  T e s t-a s - a n I & x o f J a _ s t e  R e a c . t i v i t y :  

T h i s  t e s t  i d e n t i f i e s  t h o s e  wastes w h i c h  r e a c t  u n d e r  

t h e r m a l  s t r e s s  t o  p r o d u c e  l a r g e  p r e s s u r e  g r a d i e n t s .  T h i s  

e----.
i n f o r m a t i o n  c o u l d  b e  of u s e  t o  i d e n t i f y  p o t e n t i a l l y  r e a c t i v e  

was tes ,  h a z a r d o u s  d u e  t o  p r e s s u r e  S e n e r a t i o n .  T h i s  t y p e  o f  

r e a c t i v e  waste  wou ld  a l s o  b e  i d e n t i f i e d  by the e x p l o s i o n  

\t e m p e r a t u r e  test, sirice some p a r t  o f  d e g r a d a t i o n  o r  e h a n g e  i n '  

t h e  s a m p l e  w o u l d  b e  a p p a r e n t  f o r  t h e  s a n p l e s  f a i l i n g  t h i s  t . es t ,  

X. D i f f e r e n t i a l  T h e r m a l  A n a l y s i s- _ - - .  ~.. - _. . - -(DTA) Test 

- - . - - - 1. 	 P u r p o s e  or '  T e s t :  
Q 

T o  d e t e r m i n e  e x o t h e r m i c  and  e n d o t h e r m i c  r e a c t i o n s  i n  a 

m a t e r i a l  as h e a t  is a p p l i e d  a t  a p a r r i c u l a r  input rate. 

2 .  	 O p e r a t i n g-P r i n c i p l e :._.---

T h e  n a t e r i a l  u n d e r  t e s t  a n d  a s t a b l e  r e f e r e n c e  m a t e r i a l  

a r e  h e a t e d  s i m u l t a n e o u s l y  a t  t h e  same r a t e .  E x o t h e r m i c  a n d  

e a d o t h e s m i c  t r a c e s  a r e  m e a s u r e d  u s i n g  a r e c o r d e r  providing a 

t e m p e r a t u r e - t i m e  plot o f  t h e  r e a c t i o n  p r o c e s s .  

3 ,  Test D e s c r i p t i o n :  

T h e  n a t e r i a l  t o  be t e s t e d  ( 5  ta 2.5 ng> a n d  a reference 

m a t e r i a l  ( s u c h  as a l u m i n a  o r  g l a s s  S e a d s )  are p l a c e d  i n t o  

i d e n t i c a l  c o m p a r t m e n t s  i n  a n  a l u m i n u n  b l o c k .  Beat.  i s  s u p p l i e d  



_ . _ . -  - - -  - -  
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t o  b o t h  c o m p a r t m e n t s  a t  the  same c o n s t a n t  r a t e  of i n p u t .  

T e m p e r a t u r e s  a r e  m e a s u r e d  u s i n g  t h e r t o - c o u p l e s  i n  c o n j u n c t i o n  

w i t h  a u t o m a t i c  r e c o r d i n g  d e v i c e s  s o  t h a t  a p l o t  o f  t e m p e r a t u r e  

v s .  t ime  is o b t a i n e d .  A s h i f t  i n  t h e  base l i n e  r e s u l t s  f r o m  a 

change i n  t h e  h e a t  c a p a c i t y  o r  mass of  t h e  n a t e r i a l  u n d e r  t e s t .  

P a r t i c u l a r  c a re  m u s t  b e  given t o  t h e  t y p e  o f  t e m p e r a t u r e  s e n s o r  

u s e d '  a n d  t o  t h e  c h o i c e  o f  i t s  l o c a t i o n  i n  t h e  c o c p a r t m e n t  i n s i d e  

the  a l u m i n u m  b l o c k .  The g e o m e t r y  o f  t h e  s a n p l e  and t h e r m a l  

c h a r a c t e r i s t i c s  ( s u c h  a s  t h e r m a l  c o a c i u c t i c i t y )  of t h e  saaple 

w i l l  a f f e c t  t h e  s h a p e  of  t h e  DTA c u r r e .  

4 .  Tes t  E v a l u a t i . o n :. 

From t h e  e x o t h e r m s  a n d  e n d o t h e r z s  o f  the DTA curve, 

d e c o m p o s i t i o n  t e m p e r a t u r e s  c o r r e s p o n t i n g  t o  v a r i o u s  rates o f  

t e m p e r a t u r e  r i s e  can"be o b t a i n e d .  K l n e t i c  p a r a m e t e r s  can be 

c a l c u l a t e d  as a r e s u l t  o f  p r o p a r l y  v r r y i n g  zhe h e a t i n g  r a t e s  

and  a s s u m i n g  a c o n s t a a t  d e g r e e  o f  c o a v e r s i o n  of  r e a c t a n t  when 

a s p e c i f i c  t h e r m a l  e v e n t  ( s u c h  as  the peak  t e m p e r a t u r e  o f  a 

g i v e n  e x o t h e r m )  t a k e s  p l a c e .  When t h e  t e c p e r a t u r z  s e n s o r s  a r e  

p l a c e d  i n  t h e  p a t h  o f  t h e  h e a t  f l o g  :he D T b  a p p a r a t u s  c a n  

m e a s u r e  the e n t h a l p i e s  of  p r o c e s s e s  s u c h  ;is h e a t s  o f  d e c o n p o s i t i o n  

o r  t r a n s i t i o n .  

5 .  A p p l i c a b i l i t y  o f  T e s t  a s  an'Index-o f-.- Wzste R e a c t i v i t y :_.-	 - - . - . .  _-- - -

T h i s  t e s t  w i l l  g i v e  i n f o r m a t i o a  as t o  how a waste  reacts, 

t h e r m a l l y ,  t o  t h e r m a l  s t r e s s .  T h e r e  a r e  s e v e r a l  p r o b l e n s  beyond 

t h o s e  n o r l s a l l y  a s s o c i a t e d  w i t h  t e s t ' s  o f  t h i s  kind: 

(1) T h e  s t r e s s  i s  s p e c i a l i z e d ,  as i s  t h e  r e a c t i v i t y  

i n f  o r n a t  ion. 
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( 2 )  The t e s t  must b e  i n t e r p r a t t d ,  a n d  is sometimes 


a m b i g u o u s  ( a s  i n  t h e  ca se  whete s e v e r a l  r e a c t i o n s  a r e  


t a k i n g  p l a c e ,  o n e  o f  w h i c h  i s  e z z d o t h e r m i c  e . g .  d e c o m p o s i t i o n  


of  63H4N03). 


( 3 )  U s u a l l y  v e r y  s n a l l  s a m p l t s  a r e  u s e d ,  w h i c h  makes 


g e t t i n g  a r e p r e s e n t a t i v e  s a n p l e  e v e n  more  d i f f i c u l t .  

O R  t h e  o t h e r  hand, this is a s t a n d a r d i z e d  p r o c e d u r e  w h i c h  i s  

f a m i l i a r  t o  i n d u s t r y ,  w i d e l y  known aad o f t e n  u s e d .  

Tests-f o r  R e a c t i v e  . - S e n s i t i v e  t o  M e c h , a n i c a l  S t r e s s-	 . _ - - -.. . - -Wastes-_-. - - - - .  

A g r e a t  many s e n s i t i v i t y  t e s t s  u s i n g  m e c h a n i c a l  s t i m u l i  

have been d e v i s e d ,  m o s t l y  b y  t h e  m i l f t a r y ,  hence g e n e r a l l y  

i n t e n d e d  f o r  t h e  r a t i n g  o f  s e n s i t i T e  e n e r g e t i c  n a t e r i a l s  

( e x p l o s i v e s  a n d  p r o p e l l a n t s ) .  S i n c e  we a r e  i n t e r e s t e d  aostly 

in waste  coczmerc. ia l . - 'dater ia ls  o r  b t - ? r o d u c t s  o f  l o w e r  s e n s i t i v i t y  

( a l t h o u g h  h a n d l e d  in l a r g e r  a m o u n t s ) ,  t h e  n a i n  p r o b l e n  is t o  

s e l e c t  a f e w  s u i t a b l e  t e s t s  f r o m  t h e  l a r g e  number  o f  e x i s t i n g  

Ones -
XI. 	 I m p a c t  Test 

-.- .. 
1. 	 Purpose o f . T z s L ;  

Tc, d e t e r m i n e  t h e  minimum d r o p  h e i g h t  o f  a f a l l i n g  w e i g h t  

Which  s r r i k e s  an e x p l o s i v e  m a t e r i a l  and p r o d u c e s  e i t h e r  a mild 

or v i o l e n t  d e c o m p o s i t i o n  r e a c t i o n P  30th f a % % f n gw e i g h t  a n d  

e x p l o s i v e  m a t e r i a l  h a v e  ;e f i x e d  a n d  c o n s t a n t  mass. 

2 	 Operar_i_ngPf%nc i ,p-1e--: 
I m p a c t  energy i s  s u p p l i e d  t o  an  e x p l o s i v e  b y  a w e i g h t  of 

constant mass which  i s  d r o p p e d  f r c x  varying h e i g h t s  t o  e s t a b l i s h  

t h e  m i n i m u n  h e i g h t  t o  p r o v i d e  d e t o a z t i o n ,  d e c o m p o s i t i o n ,  of 



c h a r r i n g .  The i m p a c t  p r o v i d e s  r a p i d  c o m p r e s s i o n  a a d  c r u s h i n g  

o f  t h e  s a m p l e  ( w h i c h  may i n v o l v e  -a f r i c t i o n a l  c o m p o n e n t  o f  

c r y s t a l s  r u b b i n g  a g a i n s t  c r y s t a l s )  a n d  d e t o n a t i o n  e n s u e s ,  

3 .  T e s t  D e s c r i p t i o n :
I. . - . -.- ------. ~ - . . 

The two m o s t  p r e v a l e n t  i m p a c t  t e s t s  a r e  t h o s e  by  P i c a t i n n y  

Arsenal ( P A )  (Test X I  a) a n d  t h e  B u r e a u  o f  Mlaes ( i ) X ) ( T e s t  X I  b). 

f- In t h e  P A  a p p a r a t u s  a s a m p l e  is p l a c e d  i=1 t h e  r eces s  o f  a 

sma l l  s t e e l  d i e  c u p ,  a n d  c a p p e d  w i t h  a t h i n  b r a s s  c o v e r .  A 

c y l i n d r i c a l  s t e e l  p l u g  is p l a c e d  i n  t h e  c e n t e r  of t h e  c o v e r ,  

which c o n t a i n s  a s l o t t e d - v e n t  a n d  t h e  I n p a r t  o f  t h e  2 k i r a m  

w e i g h t  i s  t r a n s f e r r e d  t o  t h e  s t e e l  p l u g .  

I n  t h e  BM a p p a r a t u s  a 20 mg. weight is z l v a y s  e n p l o y e d  w h i l e  

t h e  P A  s a m p l e  size ma.j b e  v a r i e d  f o r  each  e x p a r i m e a t .  The  e x p l o s i v t  

s a m p l e  is h e l d  b e t u e e h  two f l a t  p a r a l l e l  p l a t e s  made o f  h a r d e n e d  

s t e e l  and i m p a c t  i s  t r a n s m i t t e d  t o  t h e  s a a p f e  b y  means o f  t h e  

u p p e r  p l a t e .  S a m p l e  d e c o m p o s i t i o n  is d e t e c t a j l e  bp a u d L b l e ,  

v i s u a l  o r  o t h e r  s e n s o r y  means .  

I n  an  a p p a r a t u s  u s e d  by t h e  B u r e a u  o f  E x 2 l o s i v e s  ( p a r t  

o f  t h e  A s s o c i a t i o n  o f  A m e r i c a n  R a i l r o a d s )  a n d  c i t e d  i n  T i t l e  

4 9  C F R  ( D O T  H a z a r d o u s  M a t e r i a l s  R e g u l a t i o n s )  a f a l l i n g  w e i g h t  

is g u i d e d  by a p a i r  of  r i g i d  u p r i g h t s  i n t o  a b a a m e r - a n v i l  

a s s e m b l y  c o n t a i n i n g  a 1 0  mg. s a m p l e  o f  e x p l o s i v e .  R e p r o d u c i 

b i l i t y  can become a p r o b l e m  h e r e  b e c a u s e  o f  a n o n - i d e a l  

c o l l i s i o n  b e r w e e n  t h e  d r o p  w e i g h t  a n d  t h e  i m p a c t  b a n n e r  s i n c e  

only a f r a c t i o n  o f  t h e  d r o p - w e i g h t  e n e r g y  is t r a n s c i t t e d  t o  

the s a m p l e .  
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T e s t  E v a l u a t i o n :  

G r e a t e r  c o n f i n e m e n t  of t h e  sazpIe  w i l l  l i m i t  t h e  t r a n s l a t i o n a l  

c o m p o n e n t  of  t h e  i m p u l s e  t o  a smaller a r e a  a s  I s  t h e  ca se  w i t h  

t h e  P A  a p p a r a t u s .  F a c t o r s  which p l a y  a n  i n f l u e n t i a l  r o l e  i n  

t h e  t e s t  a re :  m a t e r i a l s  o f  c o a s t r u c ~ i o e ,  s a m p l e  t h i c k n e s s ,  sarnpfe 

d e n s i t y ,  hammer g e o m e t r y ,  mass o f  d r o p  w e i g h t ,  impact  a r e a ,  

s u r f a c e  f i n i s h ,  t h e  s u r r o u n d i n g  a t e o s p h e r e ,  t e m p e r a t u r e ,  and 

p r e s s u r e .  M o d i f i c a t i o n s  c a n  a l s o  b e  made t o  a c c o m a d a t e  c a s t  

aad l i q u i d  s a m p l e s .  

5 ,  -A p p l i c a b i l i t y f  T h e s e  T e s t s a s - I n d i e i e s  o f  W a s t e  R e a c t i v i t y :*- .- . - - - -.-*.-

Xrnpact t e s t s  s u f f e r  f r o m  the Zrzwback  t h a t  t h e  f u n d a m e n t a l  

p r o c e s s e s  l e a d i n g  t o  e n e r g y  r e l e a s e  E r e  c o m p l i c a t e d  and p o o r l y  

u n d e r s t o o d ,  F a i l u r e  o f  s o o d  a g r e e z e z z t  b e t w e e n  v a r i o u s  i m p a c t  

t e s t s  shows  t h a t  t h e s e  t e s t s  c o n t a l n  u n c o n t r o l l e d  parameters .  

On t h e  o t h e r  hand,  (1) p a r t i a l  c o r r e l a t i o n s  d o  e x i s t ,  ( 2 )  t h e  
-

h i s t o r y  o f  t h e  t e s t  i n d i c a t e s  r o u g b  a g r e e m e n t  w i t h  f i e l d  

e x p e r i e n c e ,  ( 3 )  t h e  s t i m u l u s  i s  o f  r e a s o n a b l e  s e v e r i t y ,  ( 4 )  t h e  

t e s t s  a r e  w i d e l y  known a n d  r e a l t i v e l p  e a s y  t o  u s e .  T h e s e  f a c t s  

make them u s e f u l  � o r  a partial d e f i n i t i o n  of h a z a r d s .  

Tests  I d e n t i f y i p g  O x i d i z i n g  Wastes2C .  ---_I- - -

XLI. B u r n i n g. R a t e  T e s t  f o r- - _------O x i d i z e r s-- . -- f 

S o l i d  

P u r p o s e  o f  T e s t :1, - .  . ---

To d e t e r m i n e  t h e  r e l a t i v e  f i r e  ' n a z a r d  p r e s e n t  when i n 

o r g a n i c  o x i d i z e r s  a r e  h e a t e d  in t h e  25: e s  e n e e  0% wood O H  c e f l u l o s i c  

s u b s t a n c e s .  

q o - s t  of  t h e  i n f o r m a t i o n  c o n t a i n e d  la this sect%ora was t a k e n  
from " C l a s s i f i c a t i o n  T e s t  X e t h o d s  f o r  O x i d i z i n g  % a t e r i a l s "  
by J. M .  K u t c h a ,  A .  L. F u r n o ,  an2 A .  C, Inhof, Suseau o f  
> l i n e s ,  R e p o r t  o f  I n v e s t i g a t i o n s  7 5 3 4 .  



- - -- -- -- 

2 .  Operating , P r i n c i p l e :--. 

A s e t  sample s i z e  a n d  r a t i o  of  d r i e d  s a w d u s t  (12-50 n e s h )  

and o x i d i z e r '  is i g n i t e d  a n d  t h e  burning r a t e  i s  d e t e r m i a e d  b y  

m e a s u r i n g  t h e  time f o r  t h e  b u r n i n g  t o  p r o p o g a t e  a t  l e a s t  5 inches, 

3 .  T e s t  D e s c r i p t i o n  

F o r  t h e  t e s t ,  s a w d u s t  i s  initially s c r e e n e d  t o  p r o v i d e  

p a r t i c l e s  r a n g i n g  i n  s i z e  from 1 2  t o  50 mesh (Tyler s c r e e n  

s e r i e s ) .  The  s a w d u s t  i s  d r i e d  i n  aa o v e n  a t  101.S°C (215'F) 

+ - 1 5 O C  ( 5 ' F )  f o r  about  s i x  h o u r s ,  a n d  t h e n  t e s t  m i x t u r e s  

having v a r i o u s  c o n c e n t r a t i o n s  of t h e  o x i d i z e r s  are p r e p a r a d .  

To  o b t a i n  a u n i f o r m  m i x t u r e ,  t h e  m a t e r i a l s  a r e  a g i t a t e d  for 

1 0  m i n u t e s  or more  in a c l o s e d  c o n t a i n e r .  G e n e r a l l y ,  f i n e  

o x i d i z e r s  a r e  u s e d  " a s  r e c e i v e d "  bu: c o a r s e  o x i d i z e r s  c a n  b e_"_... 

p u l v e r i z e d  a n d  s c r e e n e d  t o  obtain sasples a t  l e a s t  as f i z e  

as t h e  wood s a w d u s t .  F o r  most o f  the o x i d i z e r s ,  a p a r t i c l e  

s i z e  range  o f  a b o u t  2 0  t o  1 0 0  m e s h  a p p e a r s  t o  b e  a d e q u a t e  

f o r  d e t e r m i n i n g  r h e i r  h a z a r d  c l a s s i f i c a t i o n  by  this p r o p o s e d  

t e s t .  However, w h e r e  t h e  h a z a r d  l e v e l  of s u c h  m a t e r i a l s  i s  

u n c e r t a i n  b e c a u s e  o f  p a r t i c l e  s i z e  c o n s i d e r a t i o n s ,  t h e  b u r n i n g  

r a t e s  o f  t h e  m i x t u r e s  s h o u l d  a l s o  b e  d e t e r m i n e d  u s i n g  oxidizer 

s a m p l e s  t h a t  h a v e  f r a c t i o n s  finer than 100 mesh. 

B u r n i n g  rates a r e  m e a s u r e d  usizg a r e c t a n g u l a r  r a c k  t h a t  

was m o u n t e d  h o r i z o n t a l l y  and e q u i p p e d  with a 60-mesh s t e e l  s c r e e n  

t o  s u p p o r t  the s a m p l e .  The s a m p l e  bed is s e p a r a t e d  froa t h e  s i d e  

r a c k  m o u n t s  t o  i n s u r e  u n r e s t r i c t e d  burning a l o n g  t h e  s i d e s  o f  t h e  



s a m p l e ,  To f o r m  t h e  s a m p l e  b e d ,  t h e  s z w d u s t - o x i d i z e =  m i x t u r e  

i s  p l a c e d  on a r a c k  b e t w e e n  a p a i r  of s p a c e r  b a r s  ~ h i c hf i x e d  t h e  

b e d  s i z e  and w h i c h  a r e  removed b e f o r e  i g n i t i o n .  T?e b e d  c a n  a l s o  

b e  f o r m e d  i n  a U-shaped w i r e  screen channel wiieh bs t r a n s f e r f e d  

o n t o  t h e  b u r n i n g  r a c k ;  t h e  w i r e  s c r e e n  c h a n n e l  i s  t h s n  removed 

b e f o r e  i g n i t i o n .  The  sample is i g n i t e d  b y  a p r o p a i e  t o r r h  o r  

s i m i l a r  f lame s o u r c e  a n d  t h e  b u r n i n g  r a t e  d e t e r m i n e d  b y  

m e a s u r e m e n t s  made w i t h  t w o  f u s e  w i r e  ( 0 . 5  a n p )  s t a ' i i o n s  

a n d  an e l e c t r i c  t i m e r ,  a L t h o u g h  s l o w - b u r n i n g  n i x t u r e s  c a n  b e  

f o l l o w e d  v i s u a l l y  a n d  t i m e d  w i t h  a s t o s w a t c h .  The sample b e d  

was  n o r m a l l y  7 i n c h e s  l o n g  a n d  t h e  rztes a r e  m e a s u r e d  o v e r  a 

d i s t a n c e  o f  5 i n c h e s  a n d  a t  l e a s t  1 i n c h  f r o m  t h e  s o h n t  o f  
_..._.I 

i g n i t i o n .  

4 .  Test E v a l u a t i o n :  

T h i s  p r o p o s e d  t e s t  m e t h o d  p e r i n i t s  e l a s s i f i c a t h o n  o f  solid 

o x i d i z e r s  into two o r  m o r e  g r o u p s  bas -ed  on t h e i r  r s l a t i v e  

b u r n i n g  r a t e s  w i t h  a c e l l u l o s e - t y p e  c o a b u s t i b b e  s u c h  as w o o d  

s a w d u s t .  The l e a s t  h a z a r d o u s  c l a s s  i n c l u d e s  t h o s e  o x i d i z e r s  t h a t  

b u r n  a t  l o w  r a t e s  (<lo i n / m i n )  when m i x e d  w i t h  t h e  s e l e c t - g r a d e ,  

r e d  o a k  s a w d u s t .  A s e c o n d  c l a s s  c o n s i s t s  o f  o x i d i z e r s ,  such a s  

t h e  a l k a l i  n i t r a t e s  a n d  c h l o r a t e s ,  w h i c h  burn a t  r s l a t i v e f y  h i g b  

r a t e s  ( > I O  i r % / m i n )  when mixed  w i t h  t h i s  s a w d u s t .  A t h i r d ,  more  

h a z a r d o u s  c l a s s  s h o u l d  i n c l u d e  t h o s e  s x i d i z i l r s ,  w h f c 3  when un

m i x e d  o r  m i x e d  w i t h  a c o m b u s t i b l e ,  r n i g 5 t  i g z i i z e  s ~ o c r a n e o u s l y  

and b u r n  v i g o r o u s l y  i f  m o i s t u r e  is p r e s e n t  o r  i f  eye? a r e  h e a t e d  



-- 

--- 

--- 

s l i g h t l y .  T h i s  c l a s s  would i n c l u d e  s o d i u m  p e r o x i d e  a n d  c a l c i u m  

h y p o c h l o r i t e  ( 6 9 . 5  p e r c e n t a g e  C12) w h i c h  g i v e s  very h i g h  b u r n i n g  

ra tes  w i t h  t h e  s a w d u s t .  A f o u r t h  c l a s s  is a l s o  r e q u i r e d  f o r  those 

o x i d i z e r s ,  s u c h  a s  ammonium p e r c h l o r a t e ,  w h i c h  nay d e t o n a t e  

when h e a t e d  u n d e r  c o n f i n e m e n t  o r  when e x p o s e d  t o  shock .  

5 .  A p p l i c a b i l i t y  - T e s t  - I n d e x  o f-I__ - o f  as --an -- Waste O x i d i z i n g  

S t r e p e  

T h i s  m e t h o d  i s  d e s i g n e d  to p r o v i d e  a r e l a t i v e  m e a s u r e  o f  

t h e  i n c r e a s e d  i g n i t i o n  or b u r n i n g  h a z a r d  t h a t  may e x i s t  when 

i n o r g a n i c  o x i d i z e r s  a r e  mixed  w i t h  an o r g a n i c  s u b s t a n c e  s u c h  

a s  s a w d u s t .  They a r e  not a p p l i c a b l e  t o  o r g a n i c - p e r o x i d e s  or 

t o  i n o r g a n i c  o x i d i z e r s  t h a t  m a y  d e t o n a t e  when h e a t e d  w i t h  o r  

w i t h o u t  a c o m b u s t i b l e .  

I n  t h e  a p p l i c a c z o n  o f  t h i s  test m e t h o d ,  i t  m u s t  b e  r e c o g 

n i z e d  t h a t  a r e l i a b l e  h a z a r d  r a t i n g  may n o t  b e  p o s s i b l e  f o r  

all o x i d i z e r s  using a s i n g l e  r e f e r e n c e  c o m b u s t i b l e .  I f  t h e  

a d j a c e n t  m a t e r i a l  i s  n o t  c e l l u l o s i c  i n  n a t u r e ,  ( a n d  i n  a 

l a n d f i l l  this nay o r  mayno t  b e  t h e  c a s e )  i t  i s  c o n c e i v a b l e  

t h a t  an o x i d i z e r  nay d i s p l a y  a g r e a t e r  l e v e l .  o f  h a z a r d  than 

o b s e r v e d  w i t h  t h e  s e l e c t - g r a d e ,  r e d  o a k  s a w d u s t  u s e d  i n  t h e  

p r e s e n t  s t u d y .  

-.- 7O x i d i z e r s :X I L I .  Ignition H a z a r d  Test f o r  L i q u i d  

I. P u r p o s e  o f  T e s t :  

T o  d e t e r m i n e  t h e  r e l a t i v e  f i r e  h a z a r d  b y  e x o t h e r m i c  r e a c t i o n  

o f  l i q u i d  i n o r g a n i c  o x i d i z e r s  w i t h  o t h e r  s u b s t a n c e s  o r  b y  

d e c o m p o s i t i o n  t o  products w h i c h  i g n i t e  o r  s u s t a i n  a f i r e .  



- -  

G e n e r a l l y ,  t hese  l i q u i d s  r e a c t  w i t h  n a n y  o r g a n i c  s u b s t a n c e s  a n d  

some are c a p a b l e  o f  p r o d u c i n g  s p o n r a n e o u s  i g n i t i o n  when zr ixed  

w i t h  t h e  c o m b u s t i b l e  a t  n o r n a l  or s l i g h t l y  e l e v a t t d  t e m p e r a t u r e s ;  

some may a l s o  i g n i t e  s p o n t a n e o u s l y  when h e a t e d  in t h e  a b s e n c e  

o f  a c o m b u s t i b l e  m a t e r i a l .  

2 .  O p e r a J i n g  P r i n c i p l e :-
I n  t h i s  p r o p o s e d  t e s t ,  t h e  i g s i t a b i l i t y  o r  r e a c t i v i t y  o f  

t h e  o x i d i z e r  s a w d u s t  m i x t u r e s  i s  d e t e r m i n e d  in an o p e n  r e a c e f o n  

v e s s e l  u s i n g  small q u a n t i t i e s  o f  t h e  r e a c t a n t s .  T e m p e r a r u r e s  

u p  t o  a t , l e a s t  87m8'C (190'F) a r e  u s e d  t o  c o m p a r e  t h e  o x i d i z e r s ,  

d e p e n d i n g  u p o n  t h e i r  r e a c t i v i t y .  Such t e m p e r a t u r e s  a r e  zot 

n e c e s s a r i l y  u n r e a l i s t i c ,  c o n s i d e r i n g  p a r t i c u l a r l y  the p o s s i b i l i t y  

o f  o v e r - h e a t i n g  from t h e  r e a c t i o n  o f  l i q u i d  o x i d i z e r s  w i t h  

c o n t a m i n a n t s .  The r z - a c t i o n  v e s s e l  in t h e s e  e x p e r i n e n t s  is a 

ZOO-cm3.Pyrex b e a k e r  t h a t  is e q u i p p e d  w i t h  i n s u l a t e d  h e a c i n g  

t a p e s  a n d  w h i c h  r e s t e d  o n  a f l a t  c e r a m i c  h e a t e r ;  h o w e v e r ,  a s t a i n 

l e s s  s f e e l  b e a k e r  c a n  a l s o  b e  u s e d ,  B e c a u s e  o f  p o s s i b l e  v i o l e n t .  

r e a c t i o n s ,  t h e  r e a c t i o n  v e s s e l  i s  p l a c e d  i n  a l a r g e r  v e s s e l  o f  

h e a v y - d u t y  s t e e l  and t h e  e x p e r i m e n t s  a r e  t o  b e  p e r f o r m e d  i n  a 

p r o t e c t e d  a r ea .  

3 e -.T e s t  D e s c r i p t i o n :-
Zn a t r i a l ,  a p r e d e t e r m i n e d  q u a n t i t y  o f  t h e  s a w d u s t  (12 t o  

50 mesh) b s  a d d e d  t o  t h e  r e a c t i o n  v e s s e l  a n d  b r o u g h t  t o  t h e  

d e s i r e d  t e m p e r a t u r e ,  The  l i q u i d  o x i d i z e r  is t h e n  c a u t i o u s l y  

i n j e c t e d  w i t h  a long h y p o d e r m i c  s y r i n g e  ( 12 i n c h e s )  f r o 2  b e h i n d  

a p r o t e c t i v e  s h i e l d ,  and t h e  e x t e n t  o f  r e a c t i o n  is d e t e r z b n e d  

f r o m  c o n t i n u o u s  t e m p e r a t u r e  m e a s u r e m e n t s  a n d  v i s u a l  o b s e r v a t i o n s ,  



The mixture temperature is measured with a 30-gage iron

constantan thermocouple protected against cor.rosion by a thin-

walled g l a s s  sheath and located near the center of the reacting 

mass. Ignitions are confirmed visually since the flame reactions 

does nor necessarily occur in the immediate area of the 

thermocouple; in many ignitions, th'e sawdust-oxidizer mixture 

is scattered or the flames occurred primarily n e a r  the top or 

outside of the test vessel. Generally., evidence of ignition 

is observed for periods of at least 15 minutes. If R O  significant 

w 	 temperature increase occurred, experiments are made at higher 

temperatures and with various sawdust-oxidizer quantities. 

Preliminary trials are a l w a y s  made with a small quantity of 

oxidizer ((1 ml), particularly in the case o f  a n  oxidizer o f_---, 
unknown reactivity. 


4 .  Test EvaLuation: 

T h i s  method is no't applicable t o  detonable liquid oxidizers, 

such as concentrated hydrogen peroxide (90 percent) or  perchloric 

acid ( 7 2  percent). A shock sensitivity or thermal stability test 

(Test XIV) i s  required for evaluating these types. 

5 .  	 Applicability of Test as an Index of Waste Oxidizi.ng Strength 

(see Test XII, No. 5 ) .  

XIV. Self-Beatine Test for Oreanic Peroxides1 


1. Purpose of Test: 


To determine the xuinimum ambie5t temperatures f o r  self-

heating to explosion of thermally unstable compounds in c h a r g e s  

of specified shape but varying s i z e .  



2 .  O p e r a t i n g  P r i n c i p l e :. -

The thermal d e c o m p o s i t i o n  o f  o r g a n i c  p e r o x i d e s  i s  o b s e r v e d  

from s t u d y i n g  t e m p e r a s u r e - t i n e  p l o t s  t o  obtain the c r i t i c a l  

t e m p e r a t u r e s  f o r  e x p l o s i o n ,  h e a t  t r a n s f e r  c o e f f i e i s n t  d a t a ,  and  

apparent a c t i v a t i o n  e n e r g i e s .  

A c i r c u l a t i n g  f a n  l o c a t e d  w i t h i n  t h e  w o r k i n g  s p a c e  o f  t h e  

f u r n a c e  p r o v i d e s  t e m p e r a t u r e  c o n t r o l  t o  w i t h i n  0.5'C. 

A c y l i n d r i c a l  t u b e  f u r n a c e  i s  c o n s t r u c t e d  a f  s t e e l  h o u s e d  a n d  

an a l u m i n u m  o p e n - t o p p e d  c y l i n d r i c a l  c o n t a i n e r  which c o u l d  h o l d  4 0  . 
t o  6 0  g r a m s  of o r g a n i c  p e r o x i d e .  The furnace was h e a t e d  e l ec 

t r i c a l l y  o v e r  t h e  r a n g e  o f  50°C (122°F) t o  350°C (662°F) a n d  

c o u l d  b e  m a i n t a i n e d  a t  a f i x e d  t e m p e r a t u r e  t o  w i t h i n  0 . 3 O C .  

The p r o g r e s s  o f  s e l f h e a t i n g  i n  t h e  p e f o x i d e  s a n p l e  r e l a t i v e  
_....* .. 

t o  t h e  f u r n a c e  was o b s e r v e d  b y  u s f a g  a d i f f e r e n t i a l  t h e r a o c o u p l e  

a t  t h e  c e n t e r  o f  t h e  s a m p l e .  A s e c o n d  t h e r m o c o u p l e  a t t a c h e d  

to the s i d e  o f  t h e  c o n t a i n e r  m o n i t o r e d  t h e  s u r f a c e  t e n p e r a t u r e .  

T e m p e r a t u r e - t i m e  p l o t s  were r e c o r d e d  f o r  d i f f e r e n t  c y l i n d r i c a l  

d i a m e t e r s  f o r  t h e  s a m p l e s  a n d  c r i t i c a l  t e m p e r a t u r e s  were 

c a l c u l a t e d .  

E x p l o s i o n  s t u d i e s  were c a r r i e d  o u t  with sample a n o u n t s  

as l a r g e  a s  800 g r a m s  u s i n g  a somewhat m o d i f i e d  a p p a r a t u s ,  

and s i m i l a r  p a r a m e t e r s  e x a m i n e d .  

4 .  Test E v a l u a t i o n :-
T h e  c h i e f  d i s a d v a n t a g e  o f  t h e  m e t h o d  is t h e  Long p e r i o d  

o v e r  w h i c h  r e a d i n g s  m u s t  b e  r e c o r d e d  and t h e  long time r e q u i r e d  

f o r  t h e  f u r n a c e  t o  s t a b i l i z e  following a large c h a n g e  in. 

o p e r a t i n g  t e m p e r a t u r e .  

6 ' 
r 
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5 .  A p p l i c a b i l i t y o f  . . _ - . .  --AI.- . .. - . - T e s t--as  an Index o f  Waste Oxidizing 

-S t r e n g t h :  

T h i s  t e s t  c a n  b e  u s e d  t o  i d e n t i f y  d e t o n a b l e  o x i d i z e r s ,  b u t  

d o e s  n o t  g i v e  a n y  a d d i t i o n a l  i n f o r n a t i o n  o t h e r  t h a n  t h a t  p r o v i d e d  

b y  t h e  e x p l o s i o n  t e m p e r a t u r e  t e s t .  

D. T e s t s  f o r  I d e n t i f y i n g  Water R e a c t i v i t ~ ~  

X V .  _I_--.-- f o rT e s t  Method  -Water R e a c t i v i t y 3  

1. -.P u r p o s e  T e s t :-- -o f--1 

To i d e n t i f y  ma te r i a l s  w h i c h  r e a c t  s o  violently w i t h  

wa te r  and p r o v i d e  a danger f r o m  i g n i t i o n  o f  n e a r b y  c o m b u s t a b l e s ,  

g e n e r a t i o n  of f l a m m a b l e  g a s e s  o r  g e n e r a t i o n  o f  t o x i c  f u m e s .  

2 .  O p e r a t i n g  P r i n c i p l e :-.-
. Water r e a c t i v i t y  of a s u b s t a n c e  is d e t e r m i n e d  e i t h e r  

b y  a d d i n g  a g i v e n  w e i g h t  o f  w a t e r  t o  a g i v e n  w e i g h t  o f  m a t e r i a l  

o r  v i c e  v e r s a ,  I n  e i t h e r  c a s e ,  t h e  r a t e  o f  t e m p e r a t u r e  r i s e  

a n d  t h e  g r o s s  t e m p e r a t u r e  r i s e  a r e  r e c o r d e d ,  a n d  t h e  g a s e s  

s-. - e v o l v e d  a r e  s a m p l e d  f o r  a n a l y s i s .  

3 .  T e s t  Description: .e... 


The  s a m p l e  c o n t a i n e r  is a P y r e x  tube, 1-3/8 i n c h e s  i n  

d i a n e t e r  by 10 i n c h e s  l o n g ,  imbedded  t o  a d e p t h  of  3-1/2 

i n c h e s  in a b l o c k  o f  i n s u l a t i n g  foam ( p o l y u r e t h a n e  o r  p o l p 

s t y r e n e )  3 i n c h e s  s q u a r e  by 5 inches h i g h .  A t h i n  p i e c e ' o f  

c o p p e r  3 / 8  i n c h  s q u a r e  and w e i g h i n g  0.5 gram ( a b o u t  0 . 0 2 5  

i n c h  t h i c k )  is s i l v e r - s o l d e r e d  t o  the t i p  o f  a c h r o m e l 

a l u a e l  t h e r m o c o u p l e  w h i c h  n e a s u r e s  t h e  t e m p e r a t u r e  rise. T h i s  

r -
T e s t  XV is t a k e n  from " C l a s s i f i c a t i o n  of H a z a r d s  of  Materials--
W a t e r - R e a c t i v e  M a t e r i a l s  and  O r g a n i c  P e r o x i d e s " ,  C. Mason a n d  
J. C .  C o o p e r ,  N T I S  Number F3-209 4 2 2 .  
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4.  T e s t  E v a l u a t i o n :a 


T h e  t e s t  i s  r e p r o d u c i b l e  t o  w i t h i n  1 0  p e r c e n t .  The t e s t  

r e s u l t s  f o r  known r e a c t i v e s  l i k e  t h e  h y d u l e s  o f  t h e  a l k a l i  

me ta l s  a r e  p o s i t i v e .  T h e r e  seems t o  b e  l i t t l e  d i f f e r e n c e  i n  

t h e  r e s u l t s  c a u s e d  by t h e  o r d e r  o f  mixing. 

-5 .  A p p l i c a b i l i t y f  T e s t  as----.an I n d e x  o f  Waste R e a c t i v i t y :  

A t e s t  such a s  t h i s  c o u l d  b e  u s e d  t o  i d e n t i f y  p y r o p h o r i c  

wastes ,  was tes  which g e n e r a t e  t o x i c  g a s e s  when c o n t a c t e d  w i t h  water 

e t c ,  

The t e s t  m e t h o d  a p p e a r s  t o  d e f i n e  t h e  a c t i v i t y  of the 

v a r i o u s  n a t e r i a l s  t e s t e d .  C l a s s i f i c a t i o n  o f  t h e  w a t e r  r e a c t i v i t y  

h a z a r d  c o u l d  b e  b a s e d  o n  t h e  t e m p e r a t u r e  r i s e  w h i c h  is a 

m e a s u r e  o f  t h e  h e a t  r e l e a s e d  b y  r e a c t i o n  w i t h  water .  The 
.--- .. 

r e l e a s e  o f  f l a m m a b l e  a n d / o r  t o x i c  gases w o u l d  c r e a t e  a n  

a d d i t i o n a l  h a z a r d  which c o u l d  b e  c o v e r e d  by a c l a s s i f i c a t i o n  

s u c h  a s  t h e  f o l l o w i n g :  

R e a c t i v e  Was t e s  :-- -
Wastes w h i c h  r e a c t  w i t h  water t o  g i v e  

t e m p e r a t u r e  r i s e s  o f  6 O o C  ( 1 4 0 ° F )  a n d  

e v o l v e  t o x i c  o r  f l a n m a b l e  g a s e s .  

Wastes which r e a c t  w i t h  water  t o  g i v e  

t e m p e r a t u r e  r i s e s  g r e a t e r  t h a n  6 0 ° C  (14U°F) 

o r_..e v o l v e  t o x i c  o r  f l a m m a b l e  g a s e s ,  

S i m p l i f i e d  m e t h o d s  o f  a n a l y s i s  f o r  toxic g a s ,  ( p a r t i c u 

l a r l y  HCN a n d  8 2 s )  m u s t  b e  d e v e l o p e d  b e f o r e  t h i s  t e s t  c o u l d  

b e  c o n s i d e r e d .  



t h e r m o c o u p l e  is p l a c e d  in t h e  P y r e x  tube i n  such a way t h a t  the 

copper s q u a r e  is n e a r  e n o u g h  t o  t h e  b o t t o m  t o  b e  c o v e r e d  by 

t h e  sample. The output of t h e  thermocouple i s  fed t o  a 

s u i t a b l e  r e c u r d e l f .  

An i n i t i a l  e s t i m a t e  o f  the s e v e r i t y  o f  t h e  r e a c t i o n  i s  

made bg a d d i n g  5 g r a m s  of  water  slowly t o  0 . 5  gram o f  n a t e r i a l  

w i t h  t h e  a p p a r a t u s  b e h i n d  a p r o t e c t i v e  s h i e l d .  S i n c e  e f t h e r  

t o x i c  o r  f l a m m a b l e  g a s e s  may be e v o l v e d ,  t h e  test n u s t  b e  

c a r r i e d  o u t  i n  a s u i t a b l e  fume hood. The t e m p e r a t u r e  r i s e  

is m e a s u r e d  by adding fO g r a m s  o f  water  slowly (10-20 s e e )  f r o m  

b e h i n d  a p r o t e c t i v e  shield t o  1, 2, 5 ,  10, and 20 g r a m s ,  

s u c c e s s i v e l y ,  o f  t h e  s a m p l e .  X e a s u r e n e n t s  a r e  continued 

u n t i l  t h e  t e m p e r a t u r e  r e a c h e s  a p e a k  a n d . t h e n  begins t o  d r o p .
.--* . 

IfI, 2 ,  and 5 grams of  t h e  m a t e r i a l  g i v e  v i r t u a l l y  no  t e n p e r 

a t u r e  i n c r e a s e  i n  4 m i n u t e s ,  10 g r a m s  o f  wa te r  a r e  a d d e d  t o  

I O  g r a m s  o f  s a m p l e  and t h e  t e m p e r a t u r e  i 5  nonitored f o r  1 

h o u r  to d e t e r m i n e  w h e t h e r  a s l o w  r e a c t i o n  o c c u r s .  If t h e  

reaction is n o t  t o o  v i o l e n t ,  1 0  g r a m s  o f  water  a r e  a d d e d  

t o  2 0  g r a m s  o f  the m a t e r i a l  t o  s e e  w h e t h e r  a greater rise in 

t e m p e r a t u r e  r e s u l t s .  The p r o c e d u r e  map b e  r e v e r s e d  b y  a d d i n g  

t h e  n a t e r i a l  t o  t h e  water  i n  t h e  container, The b e s t  m e t h o d  

to d e t e r m i n e  whether  a f l a n n a b f e  o r  t o x i c  gas I s  e v o l v e d  is 

by c h e m i c a l  analysis o f  t h e  gas. ‘Hf a g a s  is e v o l v e d ,  a 

sample f s o s  t h e  r e a c t i n g  n a t e r l a f  is c o l l e c t e d  t h ~ 0 u g I - i  a 

f l e x i b l e  n e e d l e  i n s e r t e d  i n t o  t h e  reaction container t o  w i t h 

i n  a b o u t  an i n c h  o f  t h e  r e a c t i n g  m i x t u r e .  The s a m p l e  is then 

a n a l y z e d  on  a c h r o m a t o g r a p h  f o r  flanmable and/or t o x i c  g a s .  

m-2+ 
, I  
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Based on a c a r e f u l  r e v i e w  of t h e  a v a i l a b l e  d a t a  and  
i n f o r m a t i o n ,  EPA h a s  c o n c l u d e d  t h a t  l i t h i u m - s u l f u r  d i o x i d e  
ba t te r ies  c l e a r l y  e x h i b i t  t h e  c h a r a c t e r i s t i c  o f  r e a c t i v i t y  as 
d e f i n e d  i n  40 CFR 261.23. H a n d l e r s  of t h e s e  wastes m u s t ,  
t h e r e f o r e  , comply w i t h  a l l  a p p l i c a b l e  s t - anda rds  u n d e r  40 CFR 
P a r t s  262 t o  2 6 6 ,  and 1 2 4 ,  270, and  271. Under t h e s e  s t a n d a r d s ,  
t h e  l a n d  d i s p o s a l  of r e a c t i v e  waste is p r o h i b i t e d  u n l e s s  t h e  
waste is  t r e a t e d  or otherwise r e n d e r e d  n o n - r e a c t i v e .  (See 
SS264.312 and  265 .312) .  

Under 40 CFR 261.23, a s o l i d  waste is c o n s i d e r e d  t o  
b e  r e a c t i v e  i f  a r e p r e s e n t a t i v e  sample  of t h e  waste ha5  any
of t h e  f o l l o w i n g  p r o p e r t i e s  : 

(I) It is  n o r m a l l y  u n s t a b l e  and ' r e a d i l y  u n d e r g o e s  v i o l e n t  
c h a n g e  w i t h o u t  d e t o n a t i n g .  

( 2 )  It reac ts  v i o l e n t l y  w i t h  water. 

( 3 )  It forms p o t e n t i a l l y  e x p l o s i v e  m i x t u r e s  w i t h  water. 

( 4 )  When mixed w i t h  water,  it g e n e r a t e s  tox ic  g a s e s ,  v a p o r s ,  
or fumes  i n  a q u a n t i t y  s u f f i c i e n t  t o  p r e s e n t  a d a n g e r  t o  
human h e a l t h  o r  t h e  e n v i r o n m e n t .  

(5) It is a c y a n i d e  or s u l f i d e  b e a r i n g  waste which ,  when 
e x p o s e d  t o  pH c o n d i t i o n s  b e t w e e n  2 and  12.5, c a n  g e n e r a t e  

. .  , t o x i c  g a s e s ,  v a p o r s ,  o r  fumes i n  a q u a n t i t y  s u f f i c i e n t  t o  
I _  -' p r e s e n t  a d a n g e r  t o  human h e a l t h  o r  t h e  e n v i r o n m e n t .  

( 6 )  It is c a p a b l e  of d e t o n a t i o n  o r  e x 2 l o s i v e  r e a c t i o n  i f  it 
is s u b j e c t e d  t o  a s t r o n g  i n i t i a t i n g .  s o u r c e  or  i f  heated unde r  
c o n f  inement  

i 7 )  It  is r e a d i l y  c a p a b l e  of d e t o n a t i o n  or  e x p l o s i v e
d e c o m p o s i t i o n  or  reactiorz a t  s t a n d a r d  t e m p e r a t u r e  a n d  p r e s s u r e .  

( 8 )  It is a f o r b i d d e n  e x p l o s i v e  3 s  d e f i n e d  i n  49 CFR 1 7 3 . 5 3  
o r  a Class E3 e x p l o s i v e  ts d e f i n e d  i n  49 C F R  173.88.  

~ h cl i t h i u m  i r l  L i / S O 2  c e l l s  w i l l  form p o t e n t i a l l y  e x p l o s i v e  
hydrogan  gas when mixed w i t h  water ( S 2 6 1 . 2 3 ( a ) ( 3 ) ) ,  and L i / S 0 2
c e l l s  are  capable of v i o l e n t  r u p t u r e  o r  r e a c t i o n  i f  s u b j e c t e d  t o  
a s t r o n g  i n i t i a t i n g  s o u r c e  o r  if h e a t e d  u n d e r  c o n f i n e m e n t  
( ~ 2 6 1 . 2 3 ( a l ( 6 ) ). However, of p r i m a r y  c o n c e r n  is t h e  p o t e n t i a l ,
u n d e r  e x i s t i n g  management p r a c t i c e s ,  f o r . c o m p o n e n t s  of t h e  b a t t e r i e s  
t o  g e n e r a t e  t ox ic  gases,  Vapors ,  o r  fumes i n  a q u a n t i t y  s u f f i c i e n t  
t o  p r e s e n t  a d a n g e r  t o  human h e a l t h  or  t h e  e n v i r o n m e n t  when those  
componen t s  are  mixed w i t h  water o r  e x p o s e d  t o  c e r t a i n  p H  c o n d i t i o n s  
( 5 2 6 1 . 2 3 ( a )  ( 4 )  and ( a )( 5 )  1. 
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.-.->* A review o f  t h e  e x i s t i n g  l i t e r a t u r e  c l e a r l y  i n d i c a t e s  t h a t  
Li/SO2 b a t t e r i e s  are c a p a b l e  of  v i o l e n t  r e a c t i o n  i f  m i s h a n d l e d  . - b y  b e i n g  exposed t o  a s t r o n g  i n i t i a t i n g  s o u r c e  o r  h e a t e d  u n d e r  
c o n f i n e m e n t .  I n c i d e n t s  of  v i o l e n t  cell.  r u p t u r e s ,  p a r t i c u l a r l y
of c e l l s  of t h e  u n b a l a n c e d  d e s i g n ,  have  b e e n  documented  i n  
l a b o r a t o r y  a b u s e  t e s t s  a n d  u n d e r  a c t u a l  f i e l d  c o n d i t i o n s .  
A l t h o u g h  newer d e s i g n s  o f  Li/SO2 b a t t e r i e s  i n c o r p o r a t e  a number 
o f  s a f e t y  f e a t u r e s  t h a t  r e d u c e  t h e i r  e x p l o s i v e  p o t e n t i a l  i n  m o s t  
c i r c u m s t a n c e s ,  forced d i s c h a r g e  be low zero v o l t s ,  p e n e t r a t i o n ,  
o r  h e a t i n g  i n  a c o n f i n e d  a rea  may s t i l l  c a u s e  v e n t e d  b a t t e r i e s  
t o  v i o l e n t l y  r u p t u r e .  

L i t h i u m - s u l f u r  d i o x i d e  b a t t e r i e s  t y p i c a l l y  c o n t a i n  s t r i p s -
o f  l i t h i u m  metal  a s  t h e  a n o d e  as we11 a s  a non-aqueous e l e c t r o l y t e
c o n s i s t i n g  p r i m a r i l y  o f  s u l f u r  d i o x i d e  ( S 0 2 )  and smaller concen
t r a t i o n s  o f  a c e t o n i t r i l e  ( C H 3 C N )  and  a l i t h i u m  s a l t ,  t y p i c a l l y
l i t h i u m  b romide  ( L i B r ) .  L i t h i u m  is  known t o  react w i t h  water t o  
p r o d u c e  p o t e n t i a l l y  e x p l o s i v e  hydrogen  g a s .  A l t h c u g h  l i t h i u m  
b a t t e r y  c e l l s  are c o n s t r u c t e d  s u c h  t h a t  t he i r  r e a c t i v e  componen t s
d o  n o t  o r d i n a r i l y  come i n t o  c o n t a c t  w i t h  water u n d e r  no rma l  
o p e r a t i n g  c o n d i t i o n s ,  i f  p l a c e d  i n  a l a n d f i l l ,  or otherwise 
i m p r o p e r l y  managed ,  these b a t t e r i e s  w i l l  e v e n t u a l l y  c o r r o d e  a n d  
a l low t h e i r  r e a c t i v e  c o n s t i t u e n t s  t o  come i n t o  c o n t a c t  w i t h  water. 
The r e a c t i v e  n a t u r e  o f  l i t h i u m  i s . o f  p a r t i c u l a r  c o n c e r n  s i n c e  
s u b s t a n t i a l  q u a n t i t i e s  o f  p a r t i a l l y  d i s c h a r g e d  c e l l s  or c e l l s  o f  

:'_ t h e  u n b a l a n c e d ,  o r  excess l i t h i u m  t y p e r  a r e  o f t e n  d i s p o s e d  of 
: I ( .  toge ther .  The Agency b e l i e v e s  t h a t  u n d e r  e x i s t i n g  management

i .  	 I p r a c t i c e s ,  ( i . e . ,  s t o r a g e  i n  drums or d i s p o s a l  o f  b a t t e r i e s  i n  
d rums)  , p o t e n t i a l l y  e x p l o s i v e  c o n c e n t . r a t i o n s  of hydrogen  g a s
m i g h t  r e a s o n a b l y  b e  e x p e c t e d  t o  o c c u r  ( 2 6 1 . 2 3 ( a )  ( 2 ) ) .  

The Agency a l s o  b e l i e v e s  t h a t  t h e  p r a c t i c e  of a c c u m u l a t i n g
l a r g e  q u a n t i t i e s  of L i / S O 2  b a t t e r i e s  c o u l d  r e s u l t  i n  c o n c e n t r a t i o n s  

. o f  t ox ic  g a s e s ,  v a p o r s ,  o r - fumes i n  s u f f - i c i e n t  c o n c e n t r a t i o n  t o  

p r e s e n t  a d a n g e r  t o  hulltan h e a l t h  o r  t h e  e n v i r o n m e n t .  As m e n t i o n e d  

p r e v i o u s l y  newer l i t h i u m  b a t t e r y  c e l l s  a r e  d e s i g n e d  t o  a u t o m a t i  

c a l l y  v e n t  SO2 and  o t h e r  c o m p o n e z t s  t o  t h e  a i r  t o  min imize  t h e  

p o s s i b i l i t y  o f  e x p l o s i o n  due t o  p r e s s u r e  when t h e  c e l l s  are  

e x p o s e d  t o  e x t e r n a l  h e a t  o r  sho r t  c i r c u i t i n c .  Dur ing  o p e r a t i o n s  

s u c h  a s  c o l l e c t i o n ,  D r o c e s s i n g  , and  d i s p o s a l ,  t h e  b a t t s r i e s  may 

be e x p o s e d  tD m e c h a n i c a l  s h o c k ,  shor t  c i r c u i t i n g ,  i n i n e r s i o n  i n  

water or  p e n e t r a t i o n .  These o p e r a t i o n s  are  l i k e l y  t o  c a u s e  

c e l l s  t o  r u p t u r e  a n d / o r  v e n t  t he i r  r e a c t i v e  ma te r i a l s  i n  p o t e n t i a l l y 

d a n g e r o u s  c o n c e n t r a t i o n s  i f  v e n t i n g  or  r u p t u r e  o c c u r s  i n  a c o n f i n e d  

area or i f  s i g n i f i c a n t  numbers  o f  c e l l s  a re  i n v o l v e d .  Sulfur 

d i o x i d e  is a s t r o n g  i r r i t a n t  and  is  c a p a b l e  of c a u s i n g  i n c a p a c i t a t i o n  

a t  c o n c e n t r a t i o n s  above  50  ppm a n d  has  p r o v e n  t o  be l i f e - t h r e a t e n i n g  

a t  c o n c e n t r a t i o n s  of 400-500 ppm. In a d d i t i o n ,  a c e t o n i t r i l e  (CH3CN) 
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w i l l  decompose t o  fo rm tox ic  c y a n i d e  fumes when h e a t e d .  L i t h i u m  
a l s o  reacts w i t h  a c e t o n i t r i l e  t o  p r o d u c e  l i t h i u m  c y a n i d e  ( L i C N )  , 
which  in t u r n  c a n  react w i t h  w e a k  a c i d s  t o  p r o d u c e  t o x i c  h y d r o c y a n i c  
gas. P o t e n t i a l l y  d a n g e r o u s  c o n c e n t r a t i o n s  o f  these,  a s  w e l l  as 
o t h e r  t o x i c  fumes a n d  v a p o r s ,  may, t h e r e f o r e ,  be e x p e c t e d  t o  
r e s u l t  i f  t h e  r e a c t i v e  components  o f  these b a t t e r i e s  are e x p o s e d  
t o  water o r  acidic c o n d i t i o n s  d u r i n g  c o l l e c t i o n ,  p r o c e s s i n g ,  or  
d i s p o s a l  o p e r a t  i o n s .  

The i n h e r e n t l y  r e a c t i v e  n a t u r e  o f  l i t h i u m - s u l f u r  d i o x i d e  
b a t t e r i e s  w a s ,  i n  f a c t ,  d e m o n s t r a t e d  by a f i r e  at: t h e  G r o t c n  
P o i n t  L a n d f i l l  i n  Q o t o n ,  C o n n e c t i c u t  or, A p r i l  2 0 ,  1981.  I n  t h a t  

. 	i n c i d e n t ,  a number of drums of l i t h i u m - s u l f u r  d i o x i d e  b a t t e r i e s ,  
which were i m p r o p e r l y  h a n d l e d ,  c a u g h t  f i r e  due e i t h e r  t o  short  
c i r c u i t i n g  or  contact  w i t h  m o i s t u r e .  The f i r e  r e s u l t e d  i n  a 
number o f  v i o l e n t  r u p t u r e s  as  w e l l  a s  t h e  g e n e r a t i o n  of t o x i c  
g a s e s  a n d  fumes which p o s e d  a h a z a r d  t o  p e r s o n n e l  c o m b a t i n g  t h e  
f i r e  . 

The Agency r e c o g n i z e s  t h a t  t h e  d e g r e e  o f  h a z a r d  p o s e d  
b y  l i t h i u m  b a t t e r y  ce l l s  d e p e n d s  upon a l a r g e  number of 
v a r i a b l e s  i n c l u d i n g  : 

O 	 t h e  q u a n t i t y  o f  c e l l s  a c c u m u l a t e d  i n  one l o c a t i o n  and  
t h e  c o n d i t i o n  of t h e  c e l l s  (e .g . ,  whether  t h e y  have 
v e n t e d ,  are  p a r t i a l l y  d e p l e t e d ,  f u l l y  d i s c h a r g e d ,  o f  t h e  

f b a l a n c e d  o r  u n b a l a n c e d  t y p e  , e t c  .) 

t h e  p r o c e d u r e s  u s e d  i n  s t o r i n g ,  t r a n s p o r t i n g  , d i s p o s i n g ,  
o r  o t h e r w i s e  h a n d l i n g  s p e n t  o r  d iscarded ba t t e r i e s .  

the p r o x 5 m i t y  of w o r k e r s  or  t h e  g e n e r a l  p u b l i c  t o  t h e  
. b a t t e r i e s .  

Die t o  t h e  v a r i a b l e  n a t u r e  of t h e  h a z a r d s  p o s e d  by l i t h i u m  
S a t c e r i e s  u n d e r  d i f f e r e n t  c o n d i t i o n s ,  che Agency had cons idered  
whe the r  it was f e a s i b l e  t o  e s t a b l i s h  a c c u m u l a t i o n  leve Is b e l o w  
which q u a n t i t i e s  of l i t h i u m  b a t t e r i e s  would n o t  5e c o n s i d e r e d  
r e a c t i v e  a n d ,  t h e r e f o r e ,  n o t  s u b j e c t  t o  t h e  h a z a r d o u s  waste 
r e g u l a t i o n s .  However, t h e  Agency d o e s  n o t  b e l i e v e  t h a t  t h e r e  
i s  s u f f i c i e n t  i n f o r m a t i o n  a v a i l a b l e  a t  t h i s  t i m e  t o  r e a s o n a b l y  
e s t a b l i s h  s u c h  e x e m p t i o n  l e v e l s  s p e c i f i c a l l y  f o r  l i t h i u m  b a t t e r i e s .  

The Agency ' s  c o n c l u s i o n  t h a t  l i t h i u m - s u l f u r  d i o x i d e  
ba t t e r i e s  e x h i b i t  t h e  c h a r a c t e r i s t i c  of r e a c t i v i t y  does n o t  
a f f e c t  t h e  a p p l i c a b i l i t y  o f  o t h e r  p r o v i s i o n s  o f  t h e  h a z a r d o u s  
waste r e g u l a t i o n s .  O f  s p e c i f i c  i n t e r e s t  t o  DOD may be 5 2 6 1 . 5 ,  
which c o n d i t i o n a l l y  e x e m p t s  f rom h a z a r d o u s  waste r e g u l a t i o n  a l l  

i , 
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h a z a r d o u s  wastes from g e n e r a t o r s  c h a t  do  n o t  g e n e r a t e  more than 
_F_ 

1000 kg. p e r  month o f  h a z a r d o u s  waste or  a c c u m u l a t e  more t h a n  
1000 kg .  of such waste a t  any  time.Z/ However, you  s h o u l d  b e  
aware t h a t  when c a l c u l a t i n g  t h e  q u a n t i t y  of waste g e n e r a t e d  f o r  
p u r p o s e s  of a s s e s s i n g  small  q u a n t i t y  g e n e r a t o r  s t a t u s ,  a l l  h a z a r d o u s  
wastes f rom a l l  s o u r c e s  t h a t  a r e  g e n e r a t e d  a t  a p a r t i c u l a r  s i te?/
i n  a one-month p e r i o d  o r  wh ich  are  a c c u m u l a t e d  o v e r  any p e r i o d
of time must  be  c o u n t e d .  You s h o u l d  a l s o  be  aware t h a t  C o n g r e s s
is c u r r e n t l y  c o n s i d e r i n g  amendments t o  RCRA t h a t  would lower t h e  
small q u a n t i t y  g e n e r a t o r  e x e m p t i o n  l e v e l  t o  1 0 0  kg .  

As m e n t i o n e d  p r e v i o u s l y ,  t h e  p r a c t i c a l  e f f e c t  of  t h e  
Agency ' s  c o n c l u s i o n  t h a t  l i t h i u m  b a t t e r i e s  are r e a c t i v e  wastes 
is t h a t  r e g u l a t e d  q u a n t i t i e s  of these b a t t e r i e s  may n o t  be 
d i s p o s e d  of a t  most h a z a r d o u s  waste l and  d i s p o s a l  f a c i l i t i e s .  
S e c t i o n s  264.312 and  265.312 p r o h i b i t  l a n d f i l l i n g  o f  r e a c t i v e  
wastes u n l e s s  t h e y  are t r e a t e d ,  r e n d e r e d ,  or mixed s u c h  t h a t  
t h e y  no l o n g e r  e x h i b i t  t h e  c h a r a c t e r i s t i c  of r e a c t i v i t y  and  
u n l e s s  t h e  g e n e r a l  r e q u i r e m e n t s  f o r  r e a c t i v e  wastes conta ined  
i n  g g 2 6 4 , 1 7 ( b )  and  2 6 5 . 1 7 ( b )  have  b e e n  m e t .  

I f  you have any  q u e s t i o n s  a b o u t  t h e  i n f o r m a t i o n  c o n t a i n e d  
i n  t h i s  l e t t e r ,  p l e a s e  do  n o t  hesi ta te  ' t o  c o n t a c t  e i t h e r  
F r a n c i n e  J a c o f f  o r  Rober t  A x e l r a d ,  of my s t a f f2  a t  ( 2 0 2 )  382-4761 .  

S i n c e r e l y  y o u r s ,  
. . 
. ,  

Lee M .  Thomas 
A s s i s t a n t  A d m i n i s t r a t o r  

. _  . . . . . . . . . - - ~ 

3 t A c u t e  h a z a r d o u s '  wastes are s u b j e c t  t o  a 1 kg. e x e m p t i o n  
l e v e l  f o r  q u a n t i t i e s  g e n e r a t e d  i n  a one-month p e r i o d  oi ascurnu
l a t e d  o v e r  any p a r i o d  of time. A s  a c n a r z z t e r i s t i c  h a z a r d o u s  
waste,  l i t h i u m  b a t t e r i e s  are s u b j e c t - t a  t h t  l O O C  kg. e x e m p t i o n  
l e v e l .  

;/See s260 .10  d e f i n i t i o n s  f o r  ' i n d i v i d u a l  g e n e r a t i o n  s i t e '  and  
' o n - s i t e  I . 



p l a c e  if bubbles were observed in the mol ten  b a t h .  The 

test procedure gives no standard n e t h a d  f o r  s e a l i n g  the 

tabes to prevent molten metal �or contacting the s a m p l e ,  

and determining i f  a r e a c t i o n  has taken place  is t h e  

o p f n i s n  of t h e  a n a l y s t .  

..._*.. 



Attachment A 

EXPLOSION TEMPERATURE TEST 
(March 1 7 ,  1 9 7 8  D r a f t )  

. .  . . . .  
1. Purpose of Test 


To determine the t e n p e r a t u r e  at which  material e x p l o d e s ,  

i g n i t e s ,  or deconposes a f t e r  a five minute immersion in 

a Wood's n e t a l  b a t h .  
. . . . .

2 .  	 O p e r a t i n g  P k i n c i p l e  

T h i s  test g i v e s  an estimate o f  h o w  close t h e  explosion 

f emperature  i s  t o  ambient  c o n d i t i o n s  for a material, and 

hence, provides a measurable  indication of t h e n z l  i n s t a 

b i l i t y .  
. . . . .  ..... .3 .  	 Test D e s c r i p t i b n  

The m a t e r i a l  t o  b e  tested ( 2 5  ng.) is p l a c e d  in a copper  

t e s t .  t u b e  ( h i g h  t h e r m a l  c o n d u c t i v i t y )  and i m n e r s e d  in a 

Wood's metal bath. This t e s t  is made at a s e r i e s  of b a t h  

remperatures; and the t i n e  lag p r i o r  t o  explosion at each 

temperature is r e c o r d e d .  The b a t h  temperature .is l o w e r e d  

until a temperature is reached at w h i c h  e x p l o s i o n ,  i g n i t i o n ,  

or apparent decomposition d o e s  n o t  occur. The b a t h  temp

erature working range  i s  from about 1 2 5  t o  400'C. The 

sample i s  removed f r o m  t h e  b a t h  after 5 a i n u t e s  if no 

explosion has occured at 360'C. 
* 

Taken f r o n  "A S e c o n d  Appraisal of Methods  f o r  Esricating S e l f  
Reaction H a z a r d s , "  E . S ,  D o m a l s k i ,  R e p o r t  No, D O T / M T B / O i f M O - 7 6 / 6 .  
Department of T r a n s p o r t a t i o n .  
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' T ' C  r 
u . '1 * I *  

a d i a b a t i c  chamber and the t empera tu re  is fnc teased  v i a . t h e  c.c 

h e a t i n g  elements. The data  are r e c o r d e d  ou a s t r i p  c h a r t .  

This is a v e r y  s e n s i t i v e  m e t h o d .  I t  c a n  detect changes 

s u c h  a s  loss of water o f . h y d r a t i a n ,  phase changes, e t c .  

I t  w i l l  give i n d f c a t i o n s  of  i n n o c u o u s  e v e n t s  as w e l l  as  s e v e r e  

ones. Endo- o r  e x o t h e r m i c  r e a c t i o n s  are c l e a r l y  indicated 

by changes in t h e  r e c o r d e d  t e m p e r a t u r e  curves .  

3 .  	 S u p p l e m e n t a l  General C i m m e n t s  (These cornneats are those 

p r o v i d e d  by t h e  t w o  l a b o r a t o r i e s  p a r t i c i p a t i n g  in the 

t e s t i n g  p r o g r a m )  

1) 	 Wood's meta l  i s  composed  o f  b i s n u t h  ( S O . O S % ) ,  lead ( 2 5 % ) ,  

t i n  (12.52), a n d  cadmium (12.5%). The use o f  a molten 

metal  b a t h  c o u l d  r e ' s u l t  i n  p o t e n t i a i  OSHA violations 

b e c a u s e  of  t h e  t o x i c  n a t u r e  o f  the metal f u z e s .  

2 )  	 The proposed method is archaic and t h e  results a r e  h i g h l y  

s u b j e c t i v e  r a t h e r  t h a n  o b j e c t i v e ,  The n&Zhod is t i m . e  

consumingr A t h e r m a l  analysis (i.e., d i f f e r e n t i a l  tem

p e r a t u r e  a n a l y s i s )  is r a p i d l y  p e r f o r m e d  and the t h e r a a l  

p r o p e r t i e s  a r e  easily i d e n t i f i e d .  T e s t i n g  results are 

r e p r o d u c i b l e  and  many commercial, l a b o r a t o r i e s  p r o v i d e  

t h e s e  a n a l y t i c a l  services at r e a s o n a b l e  f e e s e  

3 )  Determining if a r e a c t i o n  h a s  t a k e n  place b y  v i s u a l  

- o b s e r v a t i o n s  	i s  v e r y  sub j e c t f v e ,  One laboratory s e a l e d  

the  copper tubes w i t h  v i s e - g r i p  pliers and i n m e r s e d  t h e  

t u b e s  i n  t h e  b a t h .  A r e a c t i o n  was judged t o  have taken 



TABLE I V - I  

EXPLOSION TEMPERATURE 

. .  . . _  
s a m p l e  iaboratory 

Ferromanganese Dust R 

L 

Ammoafum R i t t a t e  K 

L 


TEST RESULTS 

. - . .  .

Tes , t in i  Resalts 

, 5 mfn. at 350O6, uo r e a c t i o n  

Z 0 7 ° C ,  s l i g h t  r e a c t i o n  

Between 300OC and 325'C, . 
major reaction (sample de
composed, smoke visible) 

210'6, major r e a c t i o n  



APPENDIX IV 


The infornation contained in t h i s  Appendix was extracted 

f r o m  "Evaluation O S  Solid Waste E x t r a c t i o n  Procedures aad 

Various Hazard f d e n t i f i c a t i o n  T e s t s  (Final Report)", NOS 

Carp o rat i o n ,  September 1979 
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. . . . . . . . . . . . . .  . . . . .  . . .  . . . .  . . .  
R e a c t i v i t y :  Explosion Temperature  Test T e s t i n g  M e t h o d  

The Explosion T e m p e r a t u r e  Test, which is d e s c r i b e d  in 

A-

Attachment B t o  t h i s  A p p e n d i x ,  was u s e d  b y  two i n d e p e n d e n t  

laboratories ( S a f e t y  Consulting Engineers, I n c ,  of Rosemont, 

L l l i n o l s  and U n i t e d  S t a t e s  T e s t i n g  Corrpany, Ioc.) to d e t e r n i n e  

r e a c t i v i t y ,  The p u r p o s e  o f  this t e s t  i s  t o  d e t e r m i a e  the 

t e m p e r a t u r e  a t  which a u a t e r i a f  e x p l o d e s ,  ignites, o r  d e c o n p o s e s  

i n  a Wood's m e t a l  b a t h  after b e i n g  immersed for f i v e  m i n u t e s ,  

Table IV-I g i v e s  t h e  t e s t i n g  results o b t a i n e d  from t h e  Explosion 

T e m p e r a t u r e  T e s t  

-. . . . . . . . . . . . . . . . . . .  
2 .  	 C o n c l u s i o n s  a n d  R e c o m m e n d a t i o n s ' o f  t h e  Explosion 

. . .  
T e m p e r a t u r e ' T e s t  

.....The p r o p o s e d  E x p l o s i o n  T e m p e r a t u r e  Tes t  is u n a c c e p t a b l e  

o n  the b a s i s  o f  the t e s t i n g  r e s u l t s ,  . I n t e r p r e t a t i o n  o f  rbe 

testing results is t o o  subjective, 

As a r e p l a c e m e n t  for t he  Explosion T e m p e r a t u r e  t e s t ,  i t  

is r ecommended  that d i f f e r e n t i a l  temperature n e r h o d s  b e  

c o n s i d e r e d .  For e x a m p l e ;  d i f f e r e n r i a l  s c a n n i n g  calorimeter 

r e s t i n g  ( i . e , ,  d f f f e r e n t i a l  t e n p e r a t u r e  a n a l y s i s )  is a quick 

and a c c u r a t e  means for o b j e c r i v e l y  determining the t e m p e r a t u r e  

a t  whfch a m a t e r i a l  w i l l  d e c o m p o s e  o r  react w i t h  o t h e r  m a t e r i a l s ,  

' T h i s  s y s t e m  is c o m p o s e d  o f  a s e n s i t i v e  a r r a y  o f  t e n p a r a t u r e  

sensors, an adiabatic c h a m b e r ,  s e v e r a l  snal l  h e a t i n g  e l e m e n t s ,  

- and a d a t a  processing a n d  recording spsrema 

To determine t h e  amount o f  e n e r g y  a b s o r b e d  o r  given up 

by a substance, a O m 1  to 5 - 0  mg sample is p l a c e d  i n t o  t h e  


