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WELCOMING ADDRESS 

Colonel William Cameron III, USAF 
Chairman 

Armed Services Explosives Safety Board 

Good afternoon ladies and gentlemen.    Welcome   to  the Twelfth Annual 
Explosives Safety Seminar.     It  is good  to see  so many old friends and 
familiar faces. 

As many of  you know,  the Armed Services Explosives Safety Board was 
established by an Act  of Congress  in 1928 after a disastrous accidental 
explosion at the Naval Ammunition Depot,  Lake Denmark,   New Jersey.    The 
Board presently functions under a charter signed by the   Secretary of 
Defense,    One of the duties assigned the Board by  this charter,  and I 
quote,   is to  "provide  impartial and objective advice to  the Secretary 
of Defense and the Secretaries of the Military Departments on ammunition 
and explosives manufacturing,   testing,  handling,   transportation,   storage, 
and siting with special attention  to preventing conditiord that will 
endanger life and property within and outside DOD installations" end 
of quote. ' 

In 1958 the  Board Members  discussed the many new problems associated 
with the manufacture of solid propellants for  rocket motors.     It was 
at that  time   that this Safety Seminar was conceived.    The  basic idea 
was to discuss explosives safety problems and exchange  ideas on possible 
solutions which would improve safety.     These seminars have continued 
annually with this the twelfth.     For the common good,  we have gathered 
together  to study and improve  explosives safety.     Therefore,  our motto 
for this year's seminar is "Explosives Safety  - Government/industry 
Team Effort."    We share many mutual problems and  it  is  imperative that 
we,   both Government and private   industry, work together as a  team with 
a single goal - to reduce explosives accidents to an absolute minimum. 

The Board stands ready and willing to assist  in this team effort when 
and wherever possible. Through this effort we are carrying out our 
first  responsibility - preventing conditions that will endanger life 
and property. 

Each year we find ourselves faced with new and different  problems 
associated with explosives and ammunition.    We hope  that  through the 
free exchange of ideas during  this seminar,   the  solutions to  these 
problems will be found or at  least  that this exchange will form the 
basis for further thought  and study,  new approaches or methods developed 
to eliminate possible hazardous  situations. 

In accordance with our Charter,   the Board is comprised of three senior 
military officers, one from each Military Department,   and a Chairman. 
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Laiti Military  Di-partment   also  has an plternate  Board Member.    The 
Chairman and  the  Hoard have a full-time  Secretariat who support  the 
Hoard   in   its activities.     The  Secretariat  consists of   two military 
officers and  tt-n civilian engineers. 

Our Civil  hngincer Consultant   is Mr.  George Wigger,  Office,  Chief of 
Engineers,  Department   of   the Army.    Our legal  advisor   is Mr.   Robert 
McKay  of   the Army General  Counsel's Office. 

This year we are  honored  to  have with us  representatives from several 
countries;  Norway,  France,  Australia,   Brazil,   and Canada. 

All of us deal  with many   types  and kinds of ammunition and explosives; 
fortunately,  few of us  are  closely associated with a major accident. 
I  have  a film which  I would like  to use  to  set   the  tone for our  Seminar. 

This accident  occurred at Ammunition Supply Point One,   Da Nang,  Republic 
of Vietnam on 27  April  1969.     This supply point  was designed for  the 
safe  storage of approximately 25,000 short  tons  of ammunition but a 
waiver   to store  50,000 short   tons had been  issued due  to  combat  needs. 
At   the   time of  the accident  about  39,000 short  tons of  ammunition were 
stored.     This ASP was  comprised of both USAF and Marine Corps portions 
which are contiguous but  have entirely separate  identities. 

In one  corner  of  the ASP an area had been designated for  the  storage 
of retrograde  ammunition.     It was in this  vicinity  that  a fire  started. 
The fire quickly  spread  into  the ASP despite attempts by 30-40 men 
using field firefighting equipment and later a 400-gallon pumper.    The 
first munitions   items  involved  in the fire were  retrograde 3.5" white 

hosphorus rockets  in wooden boxes, also parachute flares.    These  items 
eventually exploded spreading fire throughout  both the Marine Corps and 
Air Force areas.     In all,   about  39,000 short   tons  of ammunition were 
lost,   approximately $106,000,000 lost   in this accident.     Fortunately, 
casualties were minimal,   two people killed and 78  injured.    These 
numbers would have  been much greater had it  not  been for the sound 
judgment  and prompt actions  initiated by  responsible persons. 

Film 

Gentlemen,   this   is our  business - and exactly what we are  trying  to 
prevent. 

I  sincerely hope   that  everyone will enjoy  this  seminar. 



"MUNITIONS SAFETY IN THE 

AGE OF DISSENT - 

A PRIVATE  CITIZEN'S VIEWPOINT" 

By 

J., E. SETTLES 

A Private Citizen 



It is a very personal and sincere pleasure to have an opportunity to 

attend this Twelfth Annual Explosives Safety Seminar of the Armed Services 

Explosives Safety Board. I was unable to attend the very first seminar 12 

years ago. I did participate in Seminars No. 2, No. 3, No. A, No. 5, No. 6, 

No. 7, and No. 8. More diverse responsibilities prevented me from attending 

the last three.  It is a very real pleasure to be back with you. 

As your program indicates, the subject of this discussion will be 

"Munitions Safety in the Age of Dissent." There is not an individual in 

this audience who is unaware of the upsurge of unrest in our society today. 

You may be conscious of this unrest only as a sort of nagging worry or un- 

easiness in the back of your mind. It may not be visibly evident that this 

social unrest could affect you to an extent beyond mental uneasiness. 

It is a confusing situation. What Is going on? Why is it happening? 

What's back of it all? What is going to happen in the future? What is the 

potential for this unrest to affect you and your life beyond just mental 

worry? 

I am not going to insult your intelligence by telling you I have the 

answer to all of these questions. I do not have the "all-seeing" eye. I 

am going to give you one person's viewpoint about a portion of this unrest. 

It is just barely possible this upsurge of unrest could have been 

predicted. Consider it from this viewpoint: 

Our solar system functions in cycles. The earth rotates in cycles. 

With such majestic influence it bnould not be surprising if human behavior 

is a cyclic consideration. If such reasoning has any validity, then the 
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portion of this cyclic human behavior which affects safety will be the subject 

of this discussion. 

Most of you are familiar with a cyclic phenomenon of human behavior that 

is associated with Industrial lost-time injuries.    A specific example:    At the 

plant where I work we just can't get past the mark of twelve and one-half 

million accident-free man-hours despite our most intensive efforts.    Time after 

time, as we have approached this plant all-time record, we have  launched special 

safety campaigns,  increased our safety publicity,  planend special safety meetings, 

and a lot of other things.    To date,  there has always been another lost-time 

accident. 

The reason; A cyclic phenomenon of human behavior.    The day after a manu- 

facturing plant experiences a spectacular lost-time injury will probably be 

the safest day of operations which the plant will experience.    Everyone knows 

about the accident,  they are talking about it, they are saying,  "Gosh, why 

did that happen?"    Everyone is unusually careful. 

However,  as the shock wears off,  as things quiet down, normal routines - 

including mental habits - are reestablished.    A euphoria takes  over which is 

associated with the "it can't happen to me" attitude.    This gradual mental 

relaxation,  accompanied by increased  carelessness,  is an Imperceptible and 

insidious thing.    It continues to worsen until the next lost-time accident 

becomes inevitable. 

There is another cyclic aspect of human behavior that is - right now - a 

very serious problem to all of us who are concerned about munitions safety. 

It is a potentially serious problem to you, personally,  regardless of whether 



your interest  in munitions safety is manufacturing,  transportation,  research, 

administration,   or whatever. 

This  cyclic   "thing" about which we must become concerned is  a social 

evolvement that  is both nation-wide and world-wide in scope.    An accurate 

description of  this social cycle would be  to call it "The Age of  the Dissenter," 

A more charitable viewpoint might  lahel  the participants  in this movement 

simply  "objectors."    They are described by emotional individuals  as  "radicals,," 

It is obvious  that "dissenters," "objectors," and "radicals" are with us 

at all time.     The greater scope and intensity of present-day activities 

justify  calling  the movement a social cycle. 

And I believe it is a cycle.    There  is an "ebb and flow" to  this sort of 

social emotionalism.    A well known time in American history that saw dissenter 

activity at a peak was marked by the Boston Tea Party.    That "age of dissent" 

culminated in the American Revolution.     England found at that time that when 

dissenter activity is improperly handled  It can have tremendous  social 

reperc issions. 

Some may consider it an "alarmist" viewpoint to compare todays dissenter 

activities with  the Boston Tea Party and   the American Revolution»     Consider 

these factors: 

1. The popularity of "dissent" in our society today, 

2. The unnatural influence of the vociferous minorities  (and  there 

are many of them.) 

3. The sensitivity of members of Congress to these pressure groups. 
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4. The proliferation of the "Ralph Nadar" types on the national scene. 

5. The obvious Intoxication of young people as they take their first 

sip of social power In such activities as Nadar*s Raiders and such 

radical organizations  as the SDS,  the Weathermen, and others. 

The relationship between these social problems and munitions safety is 

not an obscure consideration.    To get the connection,   it  is only necessary 

to remember that accidents involving explosives, munitions, and other 

dangerous materials are frequently spectacular.    They get the headlines. 

The descriptive reports of these accidents by the news media, both written 

and oral,  are always  couched In lurid terms.    The mitigating circumstances 

are seldom mentioned. 

The news media,   the dissenters, the radical groups   in our society 

avidly seize upon the details of these unplanned events.    With such details 

even the most languid dissenter organization can,  overnight, become a 

rigorous,  fire-breathing, self-righteous minority group which can cause 

very  large waves on the ocean of public opinion and large repercussions  in 

the Halls of Congress. 

Think a moment.    You are here today as a result of  society's  reaction 

to a spectacular accident Involving munitions  and explosives.    It was  the 

violent  public and congressional reaction to  the Lake Denmark explosion a 

number of years  ago which resulted in the Armed  Services  Explosives Safety 

Board being authorized.    Had ASESB never been authorized,   there obviously 

would be no annual seminar and you would not be here today. 
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That action which resulted from those reactions years ago was well 

Justified.    Some of the actions which are being proposed In response to the 

social agitation in this "age of dissent" are not well justified. 

I want to emphasize two aspects  of the problem.    One is the publicity 

aspect.    The other is  the legislative aspect.    I will discuss  the publicity 

aspect first. 

In May of this year that general circulation magazine which claims a 

larger reader  acceptance than any other American publication carried an 

article on transportation accidents  involving explosives and other dangerous 

materials.    The article did not cite the qualifications of the author or his 

background and I, personally, never heard of him. 

I do know he picked up one accident that occurred 11 years ago and 

represented it  as a recent occurrence.    This author attributed all of his 

conclusions  to a U. S.  Senate Subcommittee that is investigating the problem. 

The Senators were represented as originators of a 5-point congressional 

program that would seem to give the Department of Transportation major ad- 

ditional authority in the field of munitions safety. 

Recently,   in discussing the article with a member of the Department of 

Transportation,  it was made very clear to me that the actual details of the 

proposed congressional program are not intended to and actually do not — 

encroach upon any other Governmental agency's area of vested  interest.    I was 

very glad to get that information. 

However,  with that clarification in mind,  the article is  an example of 

how distortions can be injected into reports by the news media.    From that 
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viewpoint, It is worthwhile looking at the five points proposed in the program. 

X have a comment about each point. 

Point No.  1 - "Empower the Secretary of Transportation to set safety 

regulations for all railroad operations, tracks and 

\ roadbeds,  as well as for hazardous materials." 
t 

My comment;    Notice that those words  from the magazine 

article do not restrict the safety regulations to 

hazardous materials during transportation. 

i 
j Point No.  2 - "That a super-agency be set up in the Department of 

1 Transportation with power to fix safety standards for 

i the transportation of all hazardous materials and 

their shipping containers." 

My comment!    There is no distortion here.    This is a 

legitimate function of the Department of Transportation. 

Agent George's tariff, and a number of similar documents, 

already provide a tremendously voluminous base upon 

which the super-agency could build.     It is a tremendously 

complicated subject. 

Point No.  3 - "That the Department of Transportation establish a board 

of top men in science and transportation to undertake a 

thorough review and updating of all hazardous materials 

standards  and regulations." 

My comment;    The review and updating would be very good. 

It apparently was a distortion when they put in the 

phrase "ALL hazardous materials standards and regulations." 
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Point No. A - "That the Department of Transportation launch a concerted, 

systematic research drive Into the cause and prevention of 

hazardous material accidents." 

My  comment;     Research Into the cause and prevention of 

hazardous material accidents during transportation would 

obviously be a  legitimate function of the Department of 

Transportation.     The magazine article did not use the 

phrase "during  transportation." 

Point No„  5 - "That a permanent joint congressional committee be set up 

to oversee the transportation of hazardous materials, and 

to Inform the American people whenever anyone Is taking 

unnecessary risks with their lives." 

There is no distortion here, but I have this comment; 

Down through the years the "risk factor"  in munitions 

safety has always been a point of big discussion.    And 

the Senators should remember that it is  certain the dis- 

senter groups among the American people will always dis- 

agree with any congressional committee on interpretation 

of the phrase "unnecessary risk." 

Now let me direct your attention to the legislative aspect for a few 

minutes. 

For the last two or thvee years there have been versions of a Federal 

Safety Law pending in Congress,    There have been many versions of this bill 

and a number of  them would open  the door for the Department of Labor to move 

into the field of munitions safety to an extent which would force one of two 

major eventualities. 
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The move to the Department of Labor would have to be either extremely 

effective or it - inevitably - would be extremely disruptive - disruptive 

to an extent that could seriously jeopardize those improvement goals which 

are the stated objective of the change. 

It is to be noted the disruptive aspects overwhelmingly predominate 

in a proposed bill that will be debated in the House of Representatives, 

probably some time in September„ 

Any legislation which makes it possible for a manufacturing plant 

which is in full compliance with every written standard to still be 

penalized is certain to be wrong! 

Any legislation that permits labor strikes with full pay for the 

strikers is certain to be wrong! 

These are just t »o of the more generalized disruptive potentials  in 

the present legislative activities.    I will comment on the disruptive 

potentials for munitions safety in just a moment. 

The complexities and internal workings of the congressional legislative 

mills are great.    The general public has  little awareness of  the ultimate 

possibilities until  those "possibilities" suddenly become "realitiesv"    It 

is a point of considerable concern that if there is inadequate challenge of 

those undesirable portions of a bill,  the unwise aspects,  the potential for 

disruption of our economic and social balances,  the unclear and contro- 

versial phrases may get included in the text which becomes law. 
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I would like  it  to be clearly understood that I have nothing against 

the Department of Labor,  the Department of Transportation,  the Interstate 

Commerce Commission,   the Bureau of Explosives  of  the Association of American 

Railroads,   the House of Representatives,   the United States Senate,  or any 

other organization  that,  is   trying  to improve safety in the field of munitions 

and dangerous materials. 

I have nothing against these groups-    However,  in order  to be completely 

candid,  I will admit  that  in the field of munition safety I am strongly 

biased in favor of  the Armed Services Explosives Safety Board. 

But regardless of  the opinions,  desires or politics of any Individual, 

including myself,   there are very Important considerations that should  in- 

fluence conclusions and congressional action.    One of these Important con- 

siderations  is a warning: 

In matters involving munitions,  explosives,  and hazardous materials, 

the results can be disastrous If legislative action makes it possible for 

unknowledgeable people  to superimpose their untrained judgment upon those 

decisions which are supported by years of exposure to such problems and 

judgment that has been tempered in the fires  of personal experience. 

There are no "ninety-day wonders" in the field  of munitions safety» 

Having a sign hanging across his chest with the word "Scientist" on 

it  does not make a man an expert in the field  of munitions  safety.    Don't 

misunderstand me.     There are a number of respected  and authoritative 

scientists  in the field of munitions safety.     But  their stature is the 

result of years of experience,  devoted study,  and research. 
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Some universities now offer courses which lead to a degree in safety 

engineering.    There is no college curriculum that can offer the experience 

of digging through the rubble of a hundred thousand pound detonation - or 

even a thousand pound detonation - to pin-point the reason the disastrous 

reaction occurred. 

There is no college semester's work that can offer the shock of picking 

up broken human bodies, chunks of limbs, bones and brains. 

I assure you that a graduate from the College of Bitter Experience will 

have far greater regard for the welfare of the American people than any 

dissenter organization can possibly feel.    There are a number of individuals 

in this audience who appreciate - from their own experience - the point I am 

making. 

The important point is this: All of those Governmental organizations I 

mentioned a few minutes ago that I am not mad at include on their staffs 

individuals who are expert in some phase of munitions safety.    Any federal 

legislation which makes  it Impossible for that expert knowledge to be brought 

to bear upon our pressing problems  is doin«, the nation a serious disservice. 

This is a vital consideration and it is true regardless of what organization 

the expert knowledge Is now assigned tc. 

Another very Important point of concern is "cost."    And this is one 

context of  the munitions  safety problem in which  the word "cost" does not 

refer to money considerations. 
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There are   those "Idealists"  in this nation - particularly among the 

dissenter groups - who would  achieve munition safety by going the abandon- 

ment   route.     It   is  their oversimplified point of view that there  Is  no 

safety problem with munitions  or explosives  that do not  exist.    They would 

have  us  solve the problem by  attempting  to eliminate ail munitions and 

hazardous materials.    A corollary part of  this   idealistic philosophy  is 

that  aggressor nations  no  longer exist  in this world.     Realistically, we 

know  that until human nature   itself changes,   there will be aggressor nations, 

If  this country's majority permits  itself  to be unduly influenced by 

these minority distortions,   the ultimate "cost"  is certain to be defeat  v.f 

this  ration by a well prepared aggressor.    In this age of dissent the danger 

of  that occurring is more real  than many people  imagine. 

As  I pointed out,   in the  18th century  the English underestimated dis- 

senter Influence in the American colonies.    The American Revolution resulted 

and the strongest nation in the world evolved.    A similar underestimate of 

dissenter Influence in this   20th century could bring  this same strongest 

nation back to  its knees. 

Some of you may have a detached feeling about all of  this agitation 

and potential  for change.    You may be thinking,   "My future is secure.     Let 

them  change.     It won't  affect me."    And maybe you are right. 

It probably would be an accurate assumption  that  the Department of 

Defense will always have responsibility for military airfield and cockpit 

safety,   for shipboard safety,   and for battlefield safety.    However,  a fair 

14 

■ü—M!—■■!■ ,m,——a^-MM--,,-,^-^--^. 



■■ 

percentage of people In this audience are employed In munitions manufacture. j 

storage,  transportation, research or related activities.    These are  the 

activities  that are In the forefront of the discussions about  change. 

It should be  expected  that any  "takeover" agency, with  agitator proding 

and  congressional backing, will be strongly motivated  to demonstrate vigorous 

action.    There will be much fanfare and publicity about the new organization; 

news releases and public statements will abound. 

As a part of  the fever,  it should be expected that the "takeover" agency 

will add personnel "hand over fist" - and It is a point of serious concern 

that there are not that many safety men in this country who are really 

knowledgeable about munitions and hazardous materials.    That point was proved 

during the build-up for the Vietnam conflict. 

You should expect something like this  to happen: 

As a part of  the takeover activity there probably will be a swarm of 

untrained,   inexperienced "know-it-all" types who will descend upon us.    Two- 

thirds of our time - yours and mine - will probably be spent generating 

official answers  to unimportant questions.    And in the meantime,  those vital 

considerations which really prevent accidents will not receive the attention 

they should. 

By its very nature, this meeting is strongly oriented toward technical 

matters.    Most of us have felt the magnitude of our technical problems was 

so great and the need for solution to these problems so pressing that our 

social difficulties should be left to someone else.    And a few years ago 

such an analysis of  the problem was justified. 
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However, despite our desires, the present day situation shouts forth 

another admonition, particularly to those of us who are most likely to be 

affected.    Let me put that admonition into words: 

Get involved I     If you have it within your capability to exert  even a 

little influence at any point of decision,  do it!    Don't miss  the 

opportunity! 
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HAZARDOUS MATERIAL IN TRANSIT — WHY REGULATE? 

William A.  Brobst 
Office of Hazardous Materials 
Department  of Transportation 

You will notice that   the  title of my talk is  itself a question.    You 
know,  many times it  is easier to ask a question than it  is  to answer 
a question.     I had a very inquisitive engineer working for me one time 
who had a bad habit of answering a question with another question. 
After listening to this type of repartee for a few weeks  I finally 
asked him "Alan, how come you always  answer a question with a question?" 
He replied,   "Why not?" 

We are in an era of asking questions.    We ask questions now that we 
never would have asked twenty  or thirty years ago.    Our children are 
questioning us.    We are questioning  our parents and all of us are 
questioning our government.    As Jim Settles pointed out   in his keynote 
speech, we are living in an age  of dissention.     Now normally, when we 
think of dissention, we  think of the hippie groups with their long 
dirty hair and their  signs and  their  ragged clothes.     But   there are 
other dissenters as well.    Senators Hatfield and McGovern are 
constantly questioning our involvement in the Vietnam War,    Secretary 
Laird is questioning Congress on its less than overwhelming  support 
for the ABM program.    Ralph Nader is  dissenting with  regard  to the 
attitude of  industry and government  on consumer affairs.     The Department 
of Transportation is dissenting with  regard to accident  rates  involving 
hazardous materials. 

But things have become very complicated lately.     Let's  look at  the 
recent phosgene shipments as an example of this growing  complexity. 
Phosgene  is a material which has moved in commerce  in great  bulk quan- 
tities for many years.    The usual  container for this material  is a 
very heavy steel tank.     Our regulations contain a number of  provisions 
which these tanks must meet.    Generally,  the tanks are strong enough 
to withstand the type of serious transportation accident  that you might 
expect  to happen.    But when we started talking about   the  shipment of 
the surplus war gas phosgene  coming out  of Colorado,   suddenly the 
monster changed its color.    Surplus war gas phosgene must   be much a 
greater hazard than just plain old ordinary phosgene,  and so the plain 
old ordinary  safety precautions  just  didn't seem to be enough.    Why? 
Because there was a serious concern that some of  the activist dis- 
sention groups might try to blow up  the trains or shoot holes  in the 
tanks with high powered rifle bullets.    Now the transportation safety 
standards were never set up to provide protection against   that kind 
of accident.     Even the  railroad safety bill now under consideration by 
Congress does not contemplate Federal action to prevent  that  kind of 
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envirorunental stress. Well, this example was just to point out the 
confusion which we face in our governmental regulatory programs for 
transportation of hazardous  materials. 

The  real  question  to look at   this morning  is  "why  should  the   Federal 
Government   regulate   the   transportation of hazardous materials?"    What 
good will   come from regulation?    Will  the safety   record be  better? 
Why  can't   industry  regulate  itself?    Why does  the Government  have  to 
hold industry's hand?    More  basically,  what  is a  regulation? 

Webster's  dictionary defines  regulate   to mean "to  govern or direct 
according   to   rule;   to   bring  under  the   control  of law or  constituted 
authority;   to  reduce  to  order,   method,   or uniformity;   to fix or adjust 
the   time,   amount,  degree,   or  rate of   something."    When we  in the Office 
of Hazardous Materials talk about   a regulation, we  are  talking about 
a rule  or  order,  having   the force  of  law,   issued by an executive 
authority  of the Government.    That phrase,   too,   comes from Webster. 
In applying that phrase,  we are  looking primarily at  incorporating 
some  sort  of safety standards  into a regulation.    A safety standard 
simplified,   is merely  the formalization of a level of performance. 
Webster says  that a standard is "something established by authority, 
custom,   or general consent;   as a model  or example;  or  as a rule for 
the measure  of quantity, weight,   extent,  value,  or  quality."     So the 
question of "why regulate"   resolves  itself into the following  question: 
"Should  the Government establish safety standards   in the field of 
hazardous materials transportation?" 

Yesterday your keynote speaker  referred to the May 19,   1970,   issue of 
the Readers  Digest.    On page 177 of  that magazine  you will find an 
article   by Don Robinson entitled "Danger! Hazardous Materials   in Transit." 
In that  article Mr.  Robinson has described a number of serious  accidents 
involving  hazardous materials,   accidents that bordered on a catastrophe. 
That article explains  in relatively clear,  although somewhat emotional, 
tones,   just exactly why the Federal Government needs to  set  safety 
standards   in  this area.     It has  become increasingly obvious   that self- 
regulation by  the industry is not  going to be in the public  interest. 
The public must  therefore suffer for  the convenience of the  industry. 
Rather  than go through all of the details here this morning   I commend 
that article   to your study and evaluation.    The article  is factual and 
I   think,   after  reading it,   you will agree that "somebody has  to do 
something." 

That somebody is a man named Smith.    Adniral Willard J.   Smith, former 
Commandant  of  the U. S.  Coast Guard,   has just been nominated by 
President Nixon to serve as the Department of Transportation's new 
Assistant  Secretary for Safety and Consumer Affairs.    This  is  a new 
secretarial  position created by  the President to provide a focal point 
for emphasis  on the Department's safety programs for all modes of 
transportation.    Although this  is not  the super-agency  referred to in 
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the Readers Digest article,   the appointment of Admiral Smith to this 
new post should certainly make  it obvious  to everyone   that the 
Department of Transportation is going to move  in the field of trans- 
portation safety. 

One  area of change in which you might  all  be  interested is a new 
working relationship between  the Office of Hazardous Materials of DOT 
and the Armed Services Explosives Safety Board of DOD.    For a number 
of reasons, with which I will not bore  you here,   the DOD and DOT have 
not  had a great deal  of communication in the past   in  the area of 
transportation of explosives.    We have had some  communication involving 
military explosives or in  resolving some particularly  knotty questions 
that  the Services  themselves were unable   to solve,   but,  other  than 
that,   our relationship was not particularly close.     We are now looking 
at   the results of an organizational study performed by the ASESB  in 
which the study proposed a number of changes  in  the working relation- 
ship between the Office of Hazardous Materials and the ASESB.     I am 
sometimes hesitant  to use  the  "OHM" to describe  our  office since those 
letters also spell   the word "ohm."   Most of you know,   I'm sure,   that 
in the field of electricity,   the ohm is  the unit  of  resistance.  Although 
we have sometimes  been accused of fulfilling this  role  in the past,   I 
assure you it is not our  intention to function  that way in the future. 
We expect to be working  very closely with  the ASESB  in looking  at hazard 
classification and testing for explosives and some  of  the other hazardous 
materials over which that  Board has cognizance.     The  DOD has a great 
deal of experience  in  this  area,  experience which we  can't afford to 
pass up.    We believe  that   we can make use of this  experience  in directing 
us along the  route of developing a cohesive and meaningful hazard 
classification system for explosives. 

One  question that keeps recurring when we  talk about   transportaticn 
safety is,  "How much safety do we really get for  the  dollars we spend?'* 
I  am sure you all  realize we  can buy as much safety  as we want  to pay 
for.    Absolute safety may be  obtained but   the cost   is  often prohibitive. 
For example, we  can provide absolute  safety in  the   transportation of 
500 lb.  bombs,   by not allowing  them to be  shipped at   all.    This ought 
to  reduce our accident  rate   to zero.    But  the cost would not be accep- 
table.    The recent nerve gas shipments  through the eastern states can 
give  you an indication of how much it  sometimes  costs  to provide an 
adequate level of safety.     The real crux of the  matter comes in deter- 
mining how much safety is adequate safety.     In the case of the nerve gas 
shipments,  the  Department  of Defense and the public had quite different 
ideas of how much safety was  adequate.     Closing that  gap cost  the 
Department of Defense  a great deal of money.    Was  it  worth it?    I don't 
know.    No accidents happened,   but then perhaps no accidents would have 
happened with much less safety as well.     But those of  you in the  safety 
business know that  it   is very difficult   to  count   the  accidents that 
don't happen.    You never really know just how safe you are until you 
start having accidents. 
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We in the Department of Transportation are willing to spend what funds 
we have  in developing  safety standards that are meaningful  and practical. 
We can not  afford to spend money  unless some  increase  in safety will 
result.    What we have to decide,   then,  is how much safety we are going 
to get for  the dollars we spend.     You know,  "a dollar's worth of safety 
for a dollar spent."    For that reason we plan to spend our dollars in 
the areas  that seem to be causing us  the most problems.    Again,  "the 
squeakiest wheel gets  the grease,"    We really don't have much grease 
and we  are  surrounded with squeaky wheels,  so we have  to  pick and choose 
in selecting which projects we are  going to emphasize  in order to obtain 
tie most  satisfactory ratio of  cost-tu-benefit. 

At  the  present time,   the  Department   is continuing its  case-by-case 
evaluation and action program  in the field of hazardous materials trans- 
portation safety.    We have a  tremendous backlog of regulatory proposals 
in this area.    We are  trying  to handle that backlog and at  the same time 
to develop the tools with which to set some meaningful  safety standards. 
Each evaluation is carried out  now using regulatory examples as a basis 
for comparison.    But most of  these examples were written by  industry in 
years past,   and reflect  in many cases an economic  bias rather than a 
safety bias. 

Over the past few years,  we have reached out on a spot basis to look 
underneath a few of the large boulders that exist in this aspect of the 
safety field.    Under each one  that we examined we found a very wormy 
situation indeed.    Examples of these projects,  which were   initiated by 
our staff on a spare time basis,   include pesticides leakage,  stress 
corrosion of tank trailers, and piggy back transportation of tank trailers. 
Each  time we turn over a stone we find a new batch of worms, worms which 
we didn't even know were  there.    Right now we don't have the capacity  to 
turn over any more stones.    For this reason, we need your help.    We 
believe  that  it is wasteful of public dollars to  keep this case-by-case 
function going, as well as being bad government.    What we need is a 
cohesive system of safety performance standards.    We can then evaluate 
the  various situations against   a standard rather  than against some 
empirical examples.    What kinds of things are we looking at here? 

Until we define the various environmental stress factors which affect 
a package or vehicle containing hazardous materials, we can hardly be 
expected to  set meaningful standards on the necessary degree of integrity 
of the packaging.    We will either   set standards which do not reflect an 
adequate degree of safety and which will result in losses due to injury 
or property damage,  or we will  set  standards which are too stringent 
resulting  in economic penalties due to high packaging and shipment costs. 
We have a responsibility to establish an appropriate  level of safety for 
transportation of hazardous materials and we must make  these standards 
meaningful. 

The present  hazard classification system is arbitrary.     Perhaps that's 
being  complimentary;   it  is also archaic.    Instead of being based on 
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hazards in transportation,  it is based upon laboratory hazards,  physical 
form, or guess.    Many of the classification categories are undefined 
except in generalities.    For example,  our regulations define a corrosive 
liquid as a liquid that  is corrosive.    They define a flammable solid as 
a solid that  is flammable.    They define Class  A,  B, and C explosives by 
examples rather than by standards.    There are no benchmarks by which a 
member of the public can determine whether he  is subject  to Federal Law. 
Judgments as to whether the regulations apply are largely  intuitive. 
We need a meaningful classification scheme  to  establish benchmarks for 
evaluation of hazards,   distinguishing between different degrees and types 
of hazards,   and providing for multiple hazards.     Without  such  a system, 
materials such as  chlorine,  anhydrous  ammonia,  and hydrogen sulfide will 
continue to be transported without any indication to  the public as   to 
their toxicity.     Liquids will continue to  be  defined as gases (such as 
phosgene and nerve agents).    The hazards of transportation of cryogenic 
materials,  and new unstable propellants,   and materials subject to 
polymerization will  continue to go unrecognized and uncontrolled by  the 
Department. 

The ultimate control  in the transportation of hazardous materials  is  in 
the packaging.    There are essentially no packaging standards at the 
present time.    There are only a number of examples of packaging methods 
which have been memorialized in the regulations at the request of 
industry.    Each segment of the affected industry developed its own 
packaging methods with no parallel development of a basic system for 
setting different  levels of package integrity.     The regulations continue 
to tell package manufacturers how many nails  to use, how long the  nails 
should be, and how far apart they should be.    There is a dearth of 
information in the regulations on methods by which a manufacturer might 
test his package  to determine  its degree of integrity.    At  the present 
time, we do not even have information on all of the industrial testing 
methods used within the  industry. 

New packaging standards must be developed on an intermodal basis.    The 
present engineering design specifications generally do not  take into 
account air and water transportation at all.     For example,   tank trailer 
specifications were developed primarily upon the highway environment 
and never took into consideration  the  completely different  dynamic 
loading picture encountered in rail transportation.    Yet these  trailers 
are now being transported piggy-back. 

Transportation of pesticides is a good example of the consequences of 
our failure to have a meaningful packaging performance standard system. 
Because of the failure of industry to use packages with an adequate 
degree of integrity,  the number of leakages of pesticides in transpor- 
tation over the past  two or three years has been astounding.    The 
situation is so bad that  the industry,  all on  its own,  has set  up full 
time decontamination teams to clean up these messes as they occur.    As a 
Department,  we have  a responsibility here,   but we can meet  it  only   throug' 
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better packaging  standards.     On the other hand,   packaging of radio- 
active materials has required such a high level of package integrity 
that   there has not   been a single death or   injury in 25 years of trans- 
portation of these materials.     Somehow we must  resolve   these inequities. 

We  know that accidents  happen; we occasionally hear about  them;  but we 
don't get any   information on   them.    We are  trying to set up an accident 
reporting system so that  we  can collect data on accidents.    Without 
this data, we  cannot predict   the reaction of packages to an accident 
environment.    We must  have  this data in order to prove out the  theoretical 
standards which we  are   trying  to develop.    Many materials are so hazar- 
dous   that even  in the event of an accident we  can not  afford to allow 
them to be  released.     Yet how can we protect them against an accident 
if we don't know how to   translate accident  conditions  into quantified, 
benchmarks?    Without the  information on accidents we cannot correlate 
the  two.    As a result,   we would continue to live with over-packaging 
and under-packaging.     Both are extremely costly. 

In  trying to look at   this  kind of regulatory program, we must ask our- 
selves "how much safer will   things really be if we make all of these 
changes?"    How can we quantify  the degree of  safety in terms of  injuries 
to people and losses to  property?    We all know  that  it is very difficult 
to   try and project  quantified changes in accident rates when we don't 
even have the base data on accident rates.    We have no data collection 
system,  and the industry figures are sparse,  unrelated,  and often 
unavailable.    We have not had either the resources or  the capacity in 
the past to attempt  to generate this data on our own.    This situation 
is  changing, however,  and we are beginning to collect data.    We have 
seen  the results of some of our actions in the  reduction of accidents. 
The shipment of pesticides is a good example of  this.    We have taken 
some  short term but positive actions to reduce  the effect of leakage of 
pesticides.    We have let the  industry know that we are going to  take 
further action with regard to packaging standards.    One result of this 
minimum level study has  been a reduction of the dollar loss from pesti- 
cide leakage during the   last  six to eight months. 

When we are looking at   i   serious potential hazard such as the rail de- 
railment problem,   it  is difficult to quantify the potential results 
of your regulatory action.    Most derailments happen to have occurred 
in remote or rural areas.     It might be  that all future derailments will 
continue to occur in remote  or rural areas  regardless of any regulatory 
action we might take,  but   this seems hardly  rational.    To us it repre- 
sents good fortune not good government.    Yet  because so few major 
derailments have actually occurred in the midst   of densely populated 
areas,   it will be difficult   to significantly reduce the number of deaths 
in such instances.    We can only hope that by establishing better safety 
standards, we might well prevent  the catastrophe from happening.    As I 
mentioned earlier,   it  is always difficult  to count  the accidents that 
don't happen. 
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One of the specific areas that we are going to look at   involves the 
hazard classification system for explosives.    As you probably know, 
a number of hazard classification systems are now in use.    We prescribe 
one in our DOT Regulations.    The Department of Defense has another 
system that they use for classifying explosives  in Tß-700-2.    The 
United Nations has developed a different hazard classification system 
for explosives transportation.    A lot of people complain about   the 
shortcomings of our system.    We complain about  the shortcomings of  the 
DOD system.    But then both of those systems were devised for somewhat 
different  purposes.     Now we have the   impact of the United Nations system 
to  consider.     We are going to have  to make up our mind just which way 
we are going  to go,   and then put  some  effort  into developing that 
system to make  it what  it needs to  be.     We are primarily concerned 
about  the hazard of an item that  is shipped.     There are a  lot of  things 
that you can do  to an explosive item in order  to   reduce the hazard during 
transportation.    Perhaps our biggest difficulty here is one of  semantics. 
What do we mean by classification system?    Certainly we need some scheme 
to  analyze the potential hazard of the raw ingredients of  an item to be 
shipped.    But perhaps that hazard is not the one that ought to  be  indi- 
cated by labels and markings on the outside of the package.    We feel  that 
the inherent hazard of the material should dictate the type of packaging 
and transportation control necessary to insure safety.    The labels, 
placards,  and other markings then should indicate the actual hazard to 
the public after those other controls have been imposed.     So perhaps 
we are really  talking about  two classification systems, one  to  determine 
packaging requirements,  one to determine labeling requirements.     I 
think a lot of our difficulty  in the past has arisen because we have 
tried to combine these two under the  assumption that they were  non- 
separable.    We believe that they are separable and we  intend to  separate 
them.    We have asked the ASESB to assist us  in evaluating the  propriety 
of the United Nations explosive classification system.    A number of you 
are likely to become involved in this  classification effort.     We  really 
need the benefit of your wisdom and experience in helping us to make 
some sense out  of this presently very  confused picture. 

You may have seen a recent notice of proposed rule making which would 
convert our existing hazard labeling system over into the  United Nations 
system.     Under the U.N.  scheme,  labels would be required for packages 
of explosives.    At the present time,  most explosives are not required 
to have labels in transportation.    Under the proposal,  labels would be 
required.    Some people have said "Well that's ridiculous to put a label 
on a bomb;  it's obvious from looking at  it what it   is."    But   is  it 
really so obvious?    What is that  bomb  loaded with?    Does  it  contain high 
explosives,   incendiary materials,  or  is it  inert?    The hazard to the 
public is different  in every  case.    We haven't absolutely made up our 
minds yet that bombs should be labeled,  but   these are some of the points 
we will have  to consider.    We are convinced,   however,   that we  need the 
same labeling and identification system for military  shipments that we 
use for civilian shipments.    The firmen or policemen ought not  to have 
to determine who sent the shipment before he determines what  he has to 
do with it. 
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These are  some of  the problems that face us   in carrying out  our  respon- 
sibilities to  establish a meaningful safety  standards program for 
transportation of hazardous materials.     It seems clear to us that we 
have a responsibility  to provide guidance to  the public  in this area. 
We want  to provide   this guidance in the form of clear and consistent 
safety standards.     Under the present  schane of things,  there seems no 
choice but  to  issue  these standards as regulations having the force 
of law.    Congress has directed us  to do so.     Experience directs us to 
do so,  and conscience directs us  to do so.     By taking advantage  of  the 
best experience and the best expert advice that we can get, we are 
convinced that we can develop a regulatory program in this area that 
will provide a level of safety which the public has a right to expect 
of its government.    Other branches of government are sometimes criti- 
cized by  the  public for not doing an adequate job in developing safety 
standards.    We  intend to do our job,   and, with your help, we will. 

24 

*-    ■'       —■■  ■     ■   --■    -■  ■■       -■-■      ■!■  II i 



^—■———■■——■——^———i^        

RELATIVE EVALIATION OP 
PUBLIC HAZARD IN TRANSPORTATION 

PHd = f  fa     «     D     •     Q     »     ES     .    TD     »     PR     »     Es) 
\Pk    .   PO   •       TC    •      EA    •     Id     •     Cp       / 

Phd: Degree of potential public hazard 

DH  : Inherent degree of potential hazard of lading 

D    : Dispersability of lading (gas> liquid> solid) 

Q    : Quantity of lading (weight,  volume,  pressure) 

ES   : Expected environmental stress 

TD : Distance of transportation 

PR  : Potential adverse public or political  relations 

FS  : Frequency of shipments 

Pk  : Degree of packaging integrity 

PO  : Packaging operations control 

TC : Transport controls (speed,  routing,   sole use) 

EA : Ease of emergency actions 

Id : Ease of hazard identification 

Cp  : Degree of compliance with regulations 
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HOW  TO RhSOLVh   IJNRBSOLVMD  LXPLOSI'/ES  SAFETY   PROBLEMS 

Moderator: 

K. S. Skaar 
Naval Weapons Center 

China Lake, California 
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How to Resolve Unresolved Explosives Safety Problems 

by 

K.  S.  Skaar 
Safety Director 

Naval Weapons Center 
China Lake, California 

Introduction: 

The Naval Weapons Center has worked on a wide variety of development 
projects involving all types of explosive materials and ordnance items 
intended for Navy and Department of Defense use. These projects are 
managed by scientific and engineering personnel who must op&rate with a 
great amount of freedom to make decisions and judgments in order to en- 
courage maximum use of creative innovations and solutions to problems. 
It has been found that it is very easy to arouse conflict between a safety 
staff and technical organizations whenever technical personnel are not 
convinced of the need to follow safety regulations that have been imposed 

j by higher management levels. 

The Safety Staff of the Naval Weapons Center has for a number of 
years been experimenting with various participative techniques for re- 
solving safety problems of the Center with the objective of reducing 
conflict between technical and safety personnel. Usually consensus is 
reached on proposed actions, and a much higher commitment is obtained in 
carrying out solutions than is obtained with the nonparticipative processes. 
The people involved have been found to work together more hannoniously. 
While there are many possible variations of a basic technique, the purpose 
of this presentation is to show the audience a relatively simple discussion 
method that has proven successful as a staff training technique for reducing 
conflict and has also proven successful as a method for solving difficult 
problems encountered in the field. 

Appendix A shows the five slides that constituted the outline fol- 
lowed in the seminar presentation at Memphis. This presentation was 
designed to acquaint the audience with a discussion method, which was 
thereafter to be used by the audience and the discussion leader. 

The discussion method was demonstrated at the conference by selecting 
a problem suggested by the group at the first session and using the same 
problem in a modified form at the second session. However, time was not 
adequate to completely resolve either problem. 
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Some basic p.round rules for the discussion were 

1. Win/lose discussions should be minimized by not allowing 
anyone in the proup to attack the ideas of another person in the Rroup. 
(This may be difficult, but it is very important.) 

2. The discussion leader must attempt to hear all suggestions 
and write down a very brief statement of each suggestion. 

3. One of the most important functions of the discussion leader 
is to keep the discussion on the appropriate subject and to record all 
ideas, suggestions, problems, etc., pertaining to the particular phase 
of the discussion. 

U. Evaluations of solutions to problems may be made when 
developing a definite course of action, but they should be discouraged 
prior to this time.  If a person disagrees, he can propose the course 
of action that he thinks is most appropriate. 

5. The discussion leader should not be too concerned about 
recording a certain amount of redundancy. 

Appendix B summarizes the discussions on the two demonstration 
problems. Note that the two parts of the appendix are in outline form 
based on the outline given in the fifth slide shown in Appendix A. 
The intent of Appendix B is to demonstrate the kinds of communication 
generated, but it should be kept in mind that the process was not com- 
pleted because of time limitations. 

It can readily be seen that there may be more than one solution to 
the problems in Appendix B. For example, in an explosives-processing 
building used for full scale processing, a scientist might be required 
to wear the same basic protective equipment as an ordnance man. In the 
laboratory, however, a variety of solutions might be permitted as long 
as the requirements for the safety of personnel are met, especially if 
it can be determined that the rule in question was written for a production 
operation. Thus safety can be achieved, satisfying the safety man and the 
scientist without violation of Department of Defense or service directives. 

30 

J 



Appendix A 

Discussion Outline 
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NATURE OF PROBLEMS 

• NONCOMPLIANCE WITH REGULATIONS 

• ANIMOSITY BETWEEN LINE AND SAFETY 

• BAD ATTITUDES 

• LACK OF SUPPORT FROM MANAGEMENT 

• BUCK PASSING 
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POSSIBLE REASONS FOR THE PROBLEMS 

• MISUNDERSTANDING 

• THE PRESSURE TO PRODUCE AND MEET DEADLINES 

• NOT LIKING TO BE TOLD WHAT TO DO 

• UNREASONABLE DEMANDS 
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THE NATURE OF PEOPLE 

• WANT TO BE RESPECTED 

• DON'T LIKE PERSONAL EVALUATIONS 

• WANT TO ACHIEVE IF THERE IS AN INCENTIVE 

• RESENTFUL OF CRITICISM 

• DON'T LIKE TO CARRY OUT ARBITRARY DECISIONS 
MADE BY OTHERS 

• MORE LIKELY TO SUPPORT THEIR OWN SOLUTIONS 
TO PROBLEMS 

• LIKE TO PARTICIPATE IN DECISIONS 

• LIKE TO HAVE ORGANIZATION SUCCESSFUL 
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AN APPROACH THAT HAS WORKED AT NWC 

• IDENTIFY PROBLEMS 

• GET LINE PEOPLE TO OFFER THEIR SOLUTIONS 
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A METHOD USED FOR TRAINING AND PROBLEM SOLVING 

• STATEMENT OF GOAL OR PROBLEM 

WHAT DOES THIS MEAN? 

• WHAT ARE THE OBSTACLES? 

TAKE ALL SUGGESTIONS 

MAKE CONDENSED LIST 

• OBSTACLE #1 

WHAT DOES THIS MEAN? 

WHAT MIGHT BE DONE TO OVERCOME THIS 
OBSTACLE? 

ACTION WE CAN TAKE 

ASSIGNMENT OF RESPONSIBILITY, FOLLOW UP, 
COMPLETION DATE, ETC, 
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Appendix B 

1. Problem discussed - 25 August  1970 

Getting Scientific Experts to Abide by Simple Safety Rules 

2. Problem discussed - 26 August 1970 

A Scientific Expert Refuses to Wear Conductive Safety Shoes 

in Accordance with Plant Safety Rules 
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Twelfth  Annual  Fxplosives  Safety Seminar' 
ASESB 

Session A 
?5  August   1^70 

i"CTTINOJJCILNTI PIC  F:.XPF:RTS TO ABIDE BY  SIMPLE SAFETY RULES 

I.    He can   jeonardize  th« safety of others  and himself. 

?,    He may not   have developed a need within himself   for following  rules. 

T.    You have to r^uard against your own envy of his expertise. 

u.    Proper ventilation  is an example of a simple safety rule.    Wearinr, 
protective devices   is  another example. 

5. He must know what he is working with  and what the potential is. 

6. The expert has worked with  this material 20 years and someone  (safety 
people)  want  to  improve his methods. 

7. Anyone who has worked on something  fot   JO years has undoubtedly  fonned 
bad habits. 

8. Instead of scientific expert we should use the tenn self-appointed 
expert. 

WHAT  DÜ WE SEE  AS  OBSTACLES  IN THE WAY OF OVERCOMING THIS PROBLEM? 

1. To convince  the experts they have a problem. 

2. To convince  them the simple safety rules are p,oinp, to solve the 
problems. 

3. The expert  is  at a superior level in  the manaRement chain. 

u.    The safety expert has a sellinp,  job. 

6.    Defining  the  hazards. 

6. There  is  a communication barrier. 

7. The scientists   fear of losinc his  creativity. 

H.     If vou try to eliminate one obstacle,  you may create one or more  larger 
ones. 
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WHAT DO WE SEC AS OBSTACLES IN THE WAY OF OVERCOMING THIS PROBLEM?  (Cont'd) 

9. One of the obstacles may be money. 

10. A 20-year accident-free record may be an obstacle. 

11. The scientist mip,ht quit ic you insist on the rule. 

12. The difficulty of the scientist convincing the safety man. 

Consolidated list of obstacles 

1. People don't understand each others viewpoint - communication problem. 

2. Do we have a problem? 

3. Establishing the value and pertiner.ee of the safety rule. 

OBSTACLE NO. 1 - PEOPLE DON'T UNDERSTAND EACH OTHERS VIEWPOINTS - 
COMMUNICATION PROBLEM? 

What does this mean to you? 

1. The scientist doesn't understand the need for the Mickey Mouse rule. 

2. There has to be an SOP. 

3. The scientist doesn't realize he has to follow an SOP. 

1. The scientist is dealing with technical data, and the safety man is 
dealing with regulations which may be incompatible. 

5. The safety man may not understand the reason for the safety rule himself. 

What might wo do to overcome or resolve this obstacle? 

1. Schedule a conference about 45 minutes before it is time to go home. 

2. Compromise. 

3. Identify the specific rule. 

U.    Have safety officer and scientist each explain what he  is trying to do. 

5.     Make a solid determination of the importance of the  safety rule. 
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What mle>it we do to overcome  or resolve this obstacle?    (Cont'd) 

b.     Detf»mine whether or not   the man at the workbench  can understand the 
repulatinn pronerlv. 

7.     Txplain  the philonophv  behind safety  rules. 

fl.     Have the  scientist »'.enerMte the data that  supports his position. 

f).     Update the  rer.ulfltion. 
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Twelfth Annual Explosives Safety Seminar 
ASESB 

Session A 
26  August  1970 

A SCIENTIFIC  EXPERT  IN EXPLOSIVES  REFUSES TO WEAR CONDUCTIVE  SAFETY 
SHOES   IN ACCORDANCE WITH  PLANT SAFETY RULES.     WHAT DO WE DO ABOUT THIS? 

What does this mean to you? 

1. Not enforcing a rule would be a breakdown in disciDline. 

2. I  would  like to know why  he can't wear safety shoes. 

3. One of the reasons  for refusal was because safety shoes hurt his feet. 

U.     It  is possible there is no technical reason  for the shoes. 

5. There is a question of whether he goes in other areas where shoes are 
needed. 

6. Maybe the rule is not needed in this situation. 

7. Could he  jeopardize others by not wearing safety shoes? 

8. A question:    Do the rules  apply to everyone alike? 

9. The expert had worked with this material 20 years without an accident. 

10. If there is a hazard, there might be alternate solutions. 

Vi.AT OBSTACLES MIGHT WE ENCOUNTER  IN SOLVING THIS PROBLEM? 

1. His refusing to work. 

2. Other employees might refuse to work. 

3. If he does not wear safety shoes, shoes might start "hurting" other 
employees also. 

4. The rules may have no meaning  if not enforced in every case. 

5. The safety officer may feel his  power is undermined if he grants an 
exception. 

6. His physical discomfort could have an adverse effect on his progress 
in his assignment. 
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WHAT Oi';;TACLK_r.   M^'1fnil',T  I'?''COnNTCR  IN  SOLVING  THIS PROBLEM?   (Cont'd) 

To   leter hi-,   .idvancement of   work mip.ht  have  a pRycholop.ical  effect 

T:,»"1  :'.itetv  rule mav  he arbitrary. 

K     Tii*1  neod  frr   the  rule  for safety   i0^  questionable. 

P.  Scientific  experts   rlon't   like  to be  told what to do. 

11. There may he  a disagreement  rep.ardinr,  the  real hazard. 

1?.  Tho  Most  practical   answer may  be  too  costly. 

Condensed   llr.t  of  obstacles 

1.    The  validity  of  the  rule. 

?.    Possible disfruntlement of  the employee.) 
^>     Discuss as part of 

3.    The effect  of noncompliance on others.     ) Obstacle No.   U 

u.    The  ultimate   cost. 

OBSTACLE NO.   1   -  THE  VALIDITY OF THE RULE 

What  does  thi;;  mean  to you? 

1. Can you  live with  this regulation,  or should it be eliminated or 
changed? 

2. We  need to know the basic reason behind the regulation. 

3. We must recor.nize   the unpredicability of explosives. 

u.    The rule may be  too general. 

■>.     Is  compliance with  this rule the only way  to eliminate the hazard? 

6. We mav need  to evaluate all our regulations concerninp explosives. 

7. Generally  tho rules are not written  for  laboratory situations. 
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What might we do to overcome  this  obstacle? 

1. Give a new interpretation to this rule. 

2. You can except a rule  in a laboratory situation. 

3. Buy  custom made safety sho?s   that fit. 

u. Use other means of proundinp,. 

5. Have  expert demonstrate  and  prove there  is  nn hazard. 

6. Get a third party to express  his expert opinion. 

7. Write new rules applicable  to  laboratories. 

8. Let  the laboratory p.roup write  its own rules. 

OBSTACLE NO.  i» - THE ULTIMATE COST 

What does this mean to you? 

1. We can lose the whole plant  if we don't enforce  the rule. 

2. We can lose an individual   if we do enforce  it. 

3. We need to consider the  cost  of all alternatives;. 

u.     We can lose the whole safety program if we don't  enforce the rule. 

5. The  significance of the expert's work has  a bearing  en the solution. 

6. It may influence whether or not we go on with  the project. 

What mi^ht we do? 

1.    Enforce the rule. 

?.    Make an exception to the rule. 

3.     Ü? plus alternate means. 

Session  leaders note:     One  can readily see the possibility that  the 
solutions that emerga at various  activities could be quite different 
without violation of higher level regulations  and directives.    A 
solution at a giv^n place would be dependent on the situations and 
management philosophies of the organization. 
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TKANSl'ORTATION OF   HAZARDOUS MATERIAL 

Moderator: 

William A.  Brobst 
Office  of Hazardous Materials 
Department   of  Transportation 
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INTRODUCTORY REMARKS 

William A.   Brobsl 
Department   of Transportation 

As many of you know,   the Department of Transportation is  attempting to 

convert  the existing detailed engineering design specifications in  its 

regulations to a system of packaging performance standards.    One of  the 

primary benefits that we expect  to see from this change  is a more con- 

sistent  approach to defining levels of safety  for packaging of different 

hazardous materials,   including explosives.    We believe that the safety 

standards setting responsibility of the Federal Government are limited 

to telling the affected public what it expects of them in terms of ultimate 

performance and not how to do it.    At the present  time, we in DOT have had 

a great deal of difficulty  in trying to equate the comparative levels of 

safety of different regulatory requirements in different proposals from 

the shippers or carriers.     In order to be sure that one method is as safe 

as another, we must first define the various factors  involved in both methods. 

What we really have to try to determine is some accepted degree of potential 

public hazard.    Once we have done this we can then use  it as a basis for 

comparing other proposals or methods.    We have had some rather severe problems 

in trying to establish a single acceptable level of potential public hazard 

because the public reacts  to different types of hazards  in different ways. 

The public tends to accept gasoline, for instance,   as a common hazard about 

which they are not too concerned.    On the other hand,   they feel that nerve 

gas or phosgene present unacceptable levels of potential hazard.    It is 

interesting to note that the transportation of gasoline by truck kills 

about 60 people a year, but the transportation of such allegedly horrible 
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thing!  •• nerve gas,  phosgene,  or radioactive materials has yet to claim 

its first death or injury victim in transportation.     Now this is not quite 

true because there was one case where two workers had one of the heavy 

containers fall on them causing some broken bones.1 

In trying to determine what the potential public hazard is in a given trans- 

portation situation, we do have to consider many different things.     In 

listing them we have gone  through a pleasant  little exercise in trying 

to express all of these different factors in a type of mathematical formula. 

We recognize the difficulties  In trying to quantify the various factors 

in this formula,  but  it has been useful to us in reminding us of the 

various  things to be considered  in determining when a certain transportation 

situation will provide an adequate level of safety.    For example,  in some 

way, we have to consider  the inherent degree of hazard of the material being 

transported, along with the form and quantity of that material.    We must 

look at the different environmental stresses that shipments might be subjected 

to over some given distance and frequency of shipment.     Public and political 

reactions must be considered.    The integrity of Che package, along with the 

degree of control in the packaging and transportation operations, can offset 

some of the disadvantages.    The ease of emergency actions and the identifi- 

cation of the hazard will play an important part in determining the overall 

hazard to the public.    Even the probable degree of compliance with the regu- 

lations must he looked at in some way.    Because we have been unable to quantify 

these factors, we instead Just point out that the potential public hazard is 
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function of many things.    In mathematics Che symbol "f" Is used to signify 

the term "function."    The following series of slides will show you how we 

examine these functions for all of the things discussed above.    The last 

slide puts it all  together. 
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KIl.ATIVli   hVAl.llATluN  OP    I'UULIC 
HAZARD  IN TRANS PURTATION 

I'i't fill ial   put»! ic  hazard  is a Tune t ion of many  things 

Plld=f (many   tilings) 
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Plld=f   (DU) 

Where Dll=Inherent  degree  of potential 
hazard of  lading 

IIÜW MHASURliD 

Flash Point 
Degree  of Tuxicity 
Explosive Limits   in Air 
Tendency Towards Hazardous Self-Polymerization 
Ease  of Detonat ion 
Corrosion Rate 
Radio Toxicity 
Gas Density 

51 

 — in  in urn—MlilMaiMa— 



p^^" mmm 

1 

PHd=f   (DH-Ü) 

Where  D=üispersability of  the   Lading 

GAS>LIQUID>S0L1D>CAPSULE 
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PHd=f   (DH.D.Q) 

Where Q  = Quality of Lading 

1. Stored energy     

weight 

volume 

pressure )relates also to DH and to D) 

2. Curies 

3. Number of packages per vehicle 

4. Bulk vs packaged 
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PHd=f(DH.D.Q.F,S) 

Where liS ■■ Hxpected Hnvironment.il Stresses to be Imposed 
on the Package 

Heat 
Cold 
Vibrat ion 
Shock/Impact 
Puncture 
Moisture 
Compression (Stacking) 
Reduced Pressure 

Careful Handling 
Rough Handling 
Minor Mishaps 
Serious Accidents 
Maximum Credible Accidents 
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PHd=f(DH'D.Q«ES'TD) 

Where TD= Distance  of 
Transportation 

Short Trip vs Long Trip -  Days 

vs Weeks -  Direct vs In-Transit 

Storage 
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PHd=(DH'D-Q«ES«TD-PR) 

Where PR Degree of Adverse Public Relations 
or Political Factors 

. Surplus War Gas - Phosgene 

. Nerve Gas 

. Munitions 

. Anhydrous Ammonia - Crete, Nebraska 

. Sabotage - Yippies and Peaceniks 

PHd not necessarily actually increased, but 
has some effect — original PHd no longer 
acceptable. 
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PHd=f(DH.D.Q.ES.TD.PR.PS) 

Where PS = Frequency of Shipments 

1000 shipments per year is greater 

potential hazard than 1 shipment 

per year,   in terms of exposure to 

transportation risks. 
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VI ld=f ( DH«D»Q.£S»TD»PR«FS ) 
PK 

Where  PK = Degree of Packaging Integrity 

o Higher pressure rating 

o Thicker  container walls 

o Stronger materials of construction 

o More corrosion-resistant materials 

o Greater impact resistance 

o  Better welding techniques 

o Better pressure relief devices 

o Better quality control  testing 

o Better maintenance and inspection 

of used packages 
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PHdgffDH-D'Q'ESTD'PR'FS ) 
PK • PO 

Where PO = Degree of Control in 
Packaging Operations 

Cleaning containers before shipment 

Attachment of seals and caps 

Securing of locking rings 

Replacement of gaskets 

Removal of previous product 

Right product in right can 

Attachment of labels 
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PK'PO.TC 

Where TC = Degree of Transport Control 

* Speed of  vehicle 

* Routing - 
High accident rate  routes 
Population centers 
Traffic congestion 

* Sole use of vehicle 
Escorts 
Comingling of packages 
Incompatibility of ladings 

* Tie - down and stocking 

* Application of placards 
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PHd=f (DH'D'Q'ES'TD'PR'PS ) 
FK.PO'TC-EA 

Where EA = Ease of Emergency Action 

o Detection of Leakage - 
Odor 
Color 
Physical appearance 
Fuming nature 
Pressure or weight loss 

o Firefighting Requirements - Water vs Foam 
Solubility in water 
Water pollution 
Dilution 

o Likelihood of Explosion in Fire 

o Are Emergency Action Instructions Provided? 
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PK.PO.TC.EA.Id 

Where IP = Ease of Identification 

Do Labels identify hazard? 

Do Placards Identify Hazard? 

Is the Name of th^ Poison Included 

in Papers cr on Placards/Labels? 
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PHrl=ffDH'D»Q'ES»TD»PR»PS ) 
PK.PQ.TC'EA.ID.Cp 

Where Cp - Degree of Compliance With 
Regulations 

o Classifications 

o Packaging 

o Loading 

o Handling 

o Identification 

o Transportation 

o Unloading 
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Pil.l=aL)'l'D'0,£S«TD«t>R-FS) 
PK-PO.TC.EA.ID-Cp 

[' d = Potential  Public Hazard 

1)H = Inherent  Hazard of  Lading 

U = Dispersability  of   Lading 

Q = Quantity of  Lading 

liS = Environmental   Stresses 

TD = Distance  of Transportation 

PR = Public/Political   Reaction 

FS = Frequency of  Shipments 

PK = Integrity of Packaging Operation 

TO = Control  of Packaging Operations 

TC = Control  of Transport Operations 

LA = Läse of  Emergency Actions 

Id = Ease of  Identification of Hazard 

Cp = Compliance With Regulations 
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NEW APPLICATIONS   OF  AMMONIUM NITRATE 
SLURRY EXPLOSIVES | 

V 

Moderator: 

Dr.   W.   E.  McQuistion 
Naval  Ordnance Station 

Indian Head, Md. 
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New Applications of Ammonium Nitrate Explosives 

W.  E.  McQuistion,  Chairman 
Naval Ordnance Station 
Indian Head, Maryland 

Ammonium nitrate-fuel oil mixtures  and aqueous gelled 
slurry explosives have been used extensively in the mining 
industry.     In these applications they are effective and 
inexpensive.    The safety and convenience of mixing the com- 
ponents at the site of application are additional advantages 
of these explosives. 

For various reasons  ammonium nitrate explosives have been 
used to only a limited extent as military explosives.     However, 
in recent years they have been undergoing evaluation for 
certain applications.    Mr.   Lippe D.   Sadwin of the Naval 
Ordnance Laboratory,* White Onk described experiments evaluating 
ammonium nitrate-fuel oil as an airblast source for nuclear 
blast simulation.    Mr.  Theodore J.  Sullivan of the Naval 
Ordnance Station,   Indian Head discussed part  of the evaluation 
of ammonium nitrate gelled slurry explosives   for possible use 
in munitions. 

Following are abstracts  from these presentations: 

Ammonium Nitrate/Fuel Oil,   (AN/FC),  a Safer Airblast Source 

by L.   D.   Sadwin 
Ü.  S.  Naval Ordnance Laboratory 

AN/FO is being developed as an airblast  energy source  for 
nuclear blast simulation.     Results  of recently completed blast 
measurements on AN/FO charges weighing up to  100  tons have 
been published in a  technical report,  NOLTR  70-32,   "Blast 
characteristics  of 20- and  100- Ton Hemispherical AN/FO Charges, 
NOL Data Report,"  17 March 1970.    These results   indicate  that 
the AN/FO blast performance closely approximates   that of TNT. 
NOLTR 70-32 also contains   thermal stability data  on AN/FO which 
indicate no self-heating of the explosive  in  these  large si^es. 
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The safety advantages  of AN/FO over the use of TNT or 
other explosives used for large explosions  are numerous. 
The ease of handling factor becomes quite significant when 
large  explosions are contemplated.    AN/FO explosive placement 
operations take about one  fourth of the time required for 
a comparable size,  cast block, TNT charge.     Bulk handling 
systems  developed by industry for AN/FO mixing and placement 
reduce  the personnel requirement considerably.    Thus,  fewer 
men for a shorter time are exposed to the explosive hazard. 
Additionally,  since the  fuel oil is not mixed with the ferti- 
lizer grade ammonium nitrate until placement,   the hazards during 
transport to the firing site are far less  than for any other 
known explosive system.     Further information on AN/FO charge 
preparation has been published in NOLTR 70-205,   "AN/FO Charge 
Preparation for Large Scale Tests," 8 October 1970. 
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Characteristics of Aqueous Gelled Slurry Explosives 

T. J. Sullivan 
Naval Ordnance Station 

Indian Head, Md. 

As part of a program to evaluate alternate explosives for military , 
ordnance,  the stability and low temperature boostering of three types 
of ammonium nitrate gelled slurry explosives were examined: 

(1) GSX Type   I - Containing no metal fuels or  condensed 
explosives (RDX,  TNT) [ 

I 

(2) GSX Type   II - Containing metal fuels but no condensed 
explosives 

(3) GSX Type   III - Containing both metal fuels and con- 
densed explosives. 

All GSX compositions examined were thermally unstable and changed 
composition,  particularly water content,   on storage Types I and II 
also exhibited mechanical  instability with separation of liquid from 
the gel matrices.     This was a source of difficulty  in loading and 
storage of  test containers,  as the liquids tend to  leak and contaminate 
magazine areas. 

Sensitivity to initiation decreased with temperature for all types 
with Type  I being  the most difficult  and Type III the least difficult 
to initiate. 
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PREFACE 

Since the work repork'd herein was conducted by five discrete brandies within the organizational 
structure of the Naval Ordnance Station at Indian Head, this report has been divided into five sections for 
clarity and ease of presentation. 

Section 1. Volumetric Stability of Candidate Gelled Slurry Explosives, relates the work performed by 
Dr. Alan Roberts on the dilatometcr tests and of Joseph Mastroianni on coefficients of cubical expansion. 

Section 2, Thermal Stability of Candidate Gelled Slurry Explosives, is the result of work conducted by 
W. Ci. Gougli, R. D. Barefoot, and C. L. Whitman of the Applied Science Department. 

Section 3, Field Testinc of Candidate Gelled Slurry Explosives, summarizes work done by J. S. Ervin 
and L. D. Korkia on low-temperature booster sensitivity. 

Section 4, Analytical Method of Determining Gelled Slurry Explosives Compositions, presents proce- 
dures developed by Mrs. A. C. Richardson and Mrs. P. P. Wheeler. 

Section 5, LoadingCandidate Fxplo^iveslntoTest Confipurptions, is d.-voted to the mmngofGSX Type 111 
and PBXW-112 and the loading procedures used in preparing test samples for the other agencies involved in 
liiis program. This work was performed by L. D. Henderson and J. P. McDevitt in our Pilot Plant. 

Overall prosrajn management was the responsibility of T. J. Sullivan, L. A. Dickinson, and W. E. 
McQuistion. Mr. W. F. Holden was responsible for coordinating the efforts of the different groups involved 
in this program. 
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ABSTRACT 

The effort of Naval Ordnance Station, Indian Head, in relation to the Alternate Munitions Fill Program 
has been directed in the following major areas; 

(1) Loading of candidate gelled slurry explosives (GSX) into appropriate test configurations for the 
many other agencies conducting tests in this program. 

(2) Evaluation of the thermal and physical stability of the candidate GSX. 

(3) Evaluation of low temperature boostering requirements of the candidate GSX in the Bomb Mk 82 
Mod 1. 

It has been found that all the GSX candidates arc composilioiKilly unstable particularly with regard to 
their water content. Types I and II also exhibit mechanical instability by the presence of liquid phases 
not retained in their pel matrices. This has been a source of great difficulty in loading test sample containers, 
particularly bombs, as the liquids lend to run out of the bombs and contaminate maga/.ine areas. No diffi- 
culties of this nature were encountered with Type III. 

It was found that the sensitivity to initiation decreased with temperature for all types and that 
GSX Type I was most difficult and GSX Type III least difficult to initiate. 
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INIRODUC ilON 

Tlu- ohii\t;vi' of ilk' AlKrimlc Mmiitidiis i'ill I'ros-Mam lias been tin.' dcvclopnicnt of an alternate explo- 
sive till fui piisM!>lf use in piiiuipal niilil.iiy ouinaiue items or the ailapla'ion of available industrial explo- 
sives to that piupnse. 

hour candidates were originally suggested: 

(1) Celled Slurry Hxplosive ((ISX) Type 1, a GSX not containing metal fuels or condensed explosives 
in the form of KDX or TNT 

(2) CISX Type II, a CSX containing metal fuels but not condensed explosives 

(3) CSX Type III, i CSX comaining both metal fuels and condensed explosives 

(4) FHXVV. a castablc explosive developed by the Naval Ordnance Laboratory, White Oak. 

The Naval Ordnance Station, Indian Head, was charged with the responsibilities of loading test-sample 
containers with candidate CSX for all participating laboratories in the Alternale Munitions Fill Program, 
evaluating the thermal and physical stability of the candidate GSX, and conducting booster-sensitivity tests 
at low temperatures. 

This report describes the results of the effort of the Naval Ordnance Staion, Indian Head on this 
program. 
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Section 1 

VOLUMETRIC STABILITY OF CANDIDATE GELLED SLURRY EXPLOSIVES (U) 

1.1 INTRODUCTION. 

In volume limited systems such as bombs, mines, and warheads, changes in volume of the explosive fill 
with temperature and/or age determine the magnitude of any internal pressure changes wliich could result in 
rupture of the case or exudation of material through ports. Two simple tests were carried out on candidate 
explosive fills to detenninc changes in volume with age at 125° F and changes in volume with temperature 
between the limits of -40° and 70° C. These tests are described and results and conclusions reported below. 

1.2 DETERMINATION OF VOLUME CHANGES DURING LONG-TERM STORAGE AT ELEVATED 
TEMPERATURE. 

Vohnnetiic stability tests were carried out on samples of each candidate in accordance with the follow- 
ing lest specification. 

1.2.1 Test Specification. 

Materials Required: 

(1) Three 50-ml glass flasks, each with a neck ground to accept a glass tilting which includes a stopcock 
and a honzonlal length of calibrated capillary tubing. The capillary tubing had a bore diameter as close to 
2 millimeters as possible and a length of approxhnaU'ly 1 meter. 

(2) Three clips for the ground glass joints. 

(3) An oven with a mean temperature of 125° * 1/2° F. Periodic temperature fluctuations up to *50 F 
with a time period less than half an hour may be permitted. 

(4) Foamed polystyrene blocks shaped to contain the glass flasks and surround them with a '1-inch-lhick 
wall of the siimv materials. 

(5) Silicone stopcock grease. 

(6) Mercury. 

(7) Three thermocouples conncctul to a suitable rccordmg instrument. 

Pfotedure: 

Tests shall be carried out in triplicate on each candidate in the following manner: 
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Load Ihc flasks with SO-ml of il»c candidale explosive; denn lire ground portion of the fiask necks and 
grease them with silicoiu; grease. Then insert the slopcoik aiul capillary fittings and clip them firmly into 
place. Place the flasks in the oven along with the foamed polystyrene containers. After 8 hours, place the 
flasks inside the foamed polystyrene cgntaincrs and insert a thermocouple through each container wall so 
that it is in contact with the flask wall.   The lenvpcratuie recoiding instrument should indicate a constant 

. 125° * 1/2° l:. Open the stopcocks and introduce a short bead of mercury into each capillary tube. Close 
the stopcocks and mark the injsitions of the surface of the meicury closest to the sample, ensuring that the 
capillary tubes arc all horizontal.  The distance travelled by the mercury beads should then be measured at 
weekly intervals. 

The expansion rate of the maletial as indicated by the movement of the mercury bead should not exceed 
2% it) 90 days. Over the 00-day test period, fluctuations of volume resulting from changes in atmospheric 
pressure will be averaged out when plotting the results. 

1.2.2 Results. 

The results of the tests were averaged for each candidate and plotted (Figure 1). As Type III was 
developed only recently by Indian Mead, results were only obtained over a period of 27 days so that the 
tests were not completed for this candidate. The CSX Type 1 (without aluminum) and GSX Type II (with 
aluminum) samples expanded an average of 2.4% and 1.8%, respectively, after 90 days at 125° F. 
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FIGURE 1. GSX VOLUMETRIC STABILITY TEST RESULTS 

1.2.3 Discussion of Results. 

Comparison of the results for individual test samples shows that the results arc reproducible to within 
±107?.. Inspection of the samples at the end of the tests indicntcd no apparent change for Type II but 
showed that gas bubbles that were entrained in Type I migrated to the surface. Increases in the volume of 
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the contents of the test apparatus containing GSX.Type \ may result therefore from entrapped gas bubbles 
rising to the surface and bursting. The released gases would expand as they would have been at a sllghUy 
higher pressure in microscopic sized bubbles because of surface tension effects. Tests should be repealed 
on samples without entrained gas bubbles to eliminate, this possible source of error. 

1.3 DETERMINATION OF COEFFICIENT OF THERMAL EXPANSION. 

1.3.1 Procedure. 

The thermal volumetric expansion characteristics of samples of candidate GSX were determined using 
a dilatomctric method. 

A dilatometer consisting of a 25-nil round bottomed flask fitted with a calibrated and graduated 
capillary tube was filled with an accurately determined volume of bilicone oil. 'Die dilatomdar was then 
immersed completely in a series of baths conlrollcd to temperatures ranging from -40" to 70° C. The 
volume of the oil indicated by the level in the graduated tube was recorded at each bath temperature after 
the system had come to equilibrium. The procedure described above was then repeated with a weighed 
sample of a GSX candidate replacing a portion of the silicone oil. (The volume of the explosive sample 
was determined using, previously derived density data for the materials.) As the whole test for cacli sample 
was conducted over a period of only 3 days, there was insufficient time for expansion produced by chemical 
reaction to become significant. 

1.3.2 Results. 

The results of the tests are plotted in Figure 2, silicone oil alone, Figure 3, silicone oil plus GSX Type 1, 
Figure 4, silicone oil plus GSX Type II, and Figure 5, silicone oil plus GSX Type III. It was considered 
that the data could be represented by a linear function within the limits of experimental error. Thermal 
coefficients of cubical expansion calculated from the data shown in the figures are given below: 

Thermal Coefficient of Cubical Expansion 
Between -40° and -70° C (ml/ml-0C) 

GSX Type 1 7.1 X ICT4 

GSX Type 11 12 X in"4 

GSX Type 111 8.4 X ICT4 

Typical higli explosive SXIO-4 

1.3.3 Discussion of Results. 

The calculation«; are quite straight forward and need not be reported in detail. The results arc coimkrcd 
to be accurate to within ±3%, as determined by this procedure. 

The explosive sample appeared to be unchanged when inspected at the complction of ihc tests but 
there may be some distribution of explosive in the oil or absorption of oil by the explosive. 
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1.4 CONCLUSIONS AND RECOMMENDATIONS. 

Boll» GSX Type I and GSX Type II were seen to expand in volume by about 2% over a period of 
90 days when stored at a constant temperature of 125° F. Results were obtained for GSX Ty pe III over a 
period of 27 days. However, over the period, the results appear to be very similar to those of GSX Type 1. 

Further tests should be carried out to check the reproducibility of the results, and tests should 
be carried out on degassed samples of GSX Type 1 for the reasons discussed in Section 2.2.3. 
Tests should also be carried out at other temperatures to determine the effect of temperature on the pro- 
cesses producing the observed volume changes. 

The decrease in volume exhibited by GSX Type II over the first 20 to 30 days of the test has been observed 
with all samples tested and appears to be a real effect which may result from changes in the gel structure 
over this period. 

The coefficients ofvolumetric expansion ofGSX Types 1,11, and HI were found to be 7.1 X 10-4 

12 X lO'4 and 8.4 X lO-4 ml/inl-0C, respectively, between the limits of-40° and 70° C. These coefficients 
appear to vary very little, and no discontinuities were observed in the volume versus temperature data 
between the quoted temperature limits. 

Further work needs to be done to determine the mutual solubilities of the explosive candidates and 
the liquid used in the dilatometer. 
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Section 2 

THERMAL STABILITY OF CANDIDATE GELLED SLURRY EXPLOSIVES (U) 

2.1 INTRODUCTION. 

Explosive fills for ordnance items should be thermally stable for reasons of safety and weapons effec- 
tiveness. The following tests were made on all GSX candidates to assure that they would be both safe and 
effective after encountering elevated temperature and high humidity in an environment that might exist in 
the supply system: 

(1) Differential thermal analysis 
(2) Time-to ignition at constant temperature 
(3) Weight loss at constant temperature 
(4) Hygroscopicity. 

2.2 DIFFERENTIAL THERMAL ANALYSIS (DTA). 

This test enables one to determine the temperature at which phase changes, reactions, or decomposition 
take place in the explosive. 

2.2.1 Procedure. 

A 2-gram sample of the explosive to be tested is placed in a glass test tube (15 X 125 mm). An equiva- 
lent amount of 120-micron glass beads is placed in another test tube. This is the thermally inert tempera- 
ture reference. Iron versus constantan thermocouples, enclosed in very-thin-wall glass capillaries, arc 
immersed in the test and reference samples. They are held in proper position by Teflon spacers and tape. 
The two test tubes are then placed in a large aluminum heat sink. This in turn is placed in a temperaturc- 
programmed oven. 

After connecting the thermocouples to a suitable recording device, the oven is closed and the heating 
.ate set, usually 1° C per minute. Data arc plotted as thermograms in which the temperature of the 
reference sample is the abscissa and the difference in temperature between the test and reference sample 
is the ordinate. 

2.2.2 Results. 

The DTA results are shown in Figures 6 through 8. 
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2.2.3 Discussion. 

The shape of the DTA curves varies consideiably with the water content of tin? explosive; as these 
samples are quite hygroscopic, the water content can vary from 0% to 35% by weight depending on 
humidity. The evaporation of water during the heating of the sample tends to depress the curve a few 
degrese below the reference temperature; this is clearly demonstrated in Figure 6 between 40° to I !0o C. 
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This effect bus also been observed in CSX Type II and GSX Typ.' Ill, although Figures 7 and 8 don't show 
it because the samples were relatively dry. The physical chemistry of evaporation and boiling in ihesc systems 
is complicated because the explosive contains a watcr/cthyleneglycol mixture with a high dissolvcd-solids 
content. Hoilingof these explosives occurs at about 150° C for GSX Type I. 1 25° C for GSX Type 11, ami at 

• 130° C for GSX Type 111. All these cxplosivcscontnin entrained air bubbles which, due to lessenal viscosity 
and bubble exiTansion, migrate to the sini'ace of the sample and give the appeal ance ofboiling. In GSX Type 1 
this occurs at about 120' C, while in GSX Type II and GSX Type 111 it occurs just before genuine boilir , 
begins. The ability to hold entrained air bubbles at higher temperature is probably due to the stronger gw 
systcmsofGSXTypellandGSX Type III. Should the explosives encounter these temperatures during their 
manufacture or in the supply cycle, a resultant loss of sensitivity might occur due to loss of entrained air. 

Decomposition of these explosives begins at about 185° C for GSX Type 1, 160° C for GSX Type II. and 
160° C for GSX Type 111 in dry samples. In samples of GSX Type 11 and GSX Type 111 with average or higher 
water content, the beginning of the decomposition exotherm is masked by the endotherms associated with boiling. 

Figures 9, 10, and 11 show the results of DTA runs on GSX Type I, GSX Type II, and GSX Type 111 after 
being dried for 60 hours at 165° F. Figure 9 clearly shows the endotherm of melting (probably assiocated with 
the amine nitrates of the GSX Type 1) noted during drying. (See "Weight Loss at 165° F.") Figures ] 0 and 11 
clearly show the usual ammonium nitrate crystal transformations, and Figure 1 1 shows the melting endotherm 
for TNT. The exotherms of decomposition begin at around 160° C for GSX Type II and GSX Type 111. 
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FIGURE 11. DTA RESULTS OF 2 GRAMS OF GSX TYPE III 

2.3  TIME-TO-IGNITION TESTS. 

These tests give a relative indication of an explosive's ability to withstand constant elevated tem- 
perature. 

2.3.1   Procedure. 

These tests arc conducted like the DTA with one exception:,   the temperalure of the reference 
sample is held constant instead of being increased uniformly.  This tempcratUH' r elected by obscrvinp, 
the behavior of the explosive as indicated by the DTA thcrniogram.  A temperature just below the 
lowest exotherm is usually selected. This gives one the "worst-case" condition for thermal stability over 
a given period of time. 
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2.3.2   Results. 

The ivsulls dl lite tests ;il KiO" C are shown in Figures 12, 13, ami 14.  The icsiilts of the tests at 
150° C .ire slioun in Figures 15, 16, and 17. 
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FIGURE 12.  160° C TIME-TO-IGNITION TEST RESULTS OF GSX TYPE I 
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F1GURE 17.  150° C TIME-TO-IGNITION TEST RESULTS OF GSX TYPE III 

2.3.3  Discussion. 

GSX Type I and GSX Type II appear to be relatively stable at 160° C since no exothermic behavior 
was observed. However botii samples showed evidence of having boiled off their volatile components. 
GSX Type III exhibited exothermic behavior at both temperatures. The sample container used in the test 
at 160° C showed evidence of rapid decomposition by the remaining residue. The residue in the 150 B C 
test also indicated that decomposition had taken place though not as fast as at 160° C. 

2.4  WEIGHT LOSS AT 165° F. 

This test determines the compositional stability of the explosive with regard to its volatile component 
at elevated temperatures which might be encountered during the supply cycle. 

2.4.1  Procedure. 

Tin-, is a very simple test in which a precisely weighed amount of explosive is placed in a large oven 
a( constant temperature (165° F in this case) and removed and weighed periodically for determination of 
weight loss.  The container holding the explosive should have a close-fitting cover so that the sample can 
be sealed from atmospheric humidity during weighing.   This precludes the pick-up of moisture due to the 

88 



T 

hygroscopic properties of the explosive. The cover is of course removed while the sample is in the own. 
A large ovtfn should be used so thai evaporation of voiatilcs does not increase, to any mcasurnblc extent, 
the partial pressures of (he vapor phases in the oven atmosphere. 

2.4.2  Results. 

The volatile components of these formulations consist of water and ethylenc glycol. After heating 
for 60 hours at 165° F, GSX Type I and GSX Type II lost 88% of these comp-ments, while GSX Type III 
lost 80%. These results are presented graphicallly in Figure 18. 
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When removed from the oven the CSX Type I was in a liquid state but solidified us it cooled during 
Ihr weighing opeiation. Al room temperature its appearance was that of a solid white amorphous mass 
with a uystalline cast to the surface. Crystals of ammoniimi nitrate had formed on the lumpy surface 
texture of CSX Type II and CiSX Type Ul. 

2.4.3   Discussion. 

The moiling of GSX Type 1 at 115° F could cause problems in ordnance not scaled for liquid 
e xplosive. The liquid would probably seep out of the case and contaminate magazine areas. 

2.5   HYGROSCOPICITY TESTS 

These tests deiCimine the effects of high (90%) and low (20%) relative humidity (RH) on the explo- 
sive in question. 

2.5.1   Procedure. 

Precisely weighed amounts of explosive arc placed in a weighing dish which should have a close 
filliiu', cover.  The controlled humidity environment is prepared in a large desiccator by placing an aqueous 
solution of sulluric acid in the bottom where the desiccant normally would be.   For 90% RH, a 59.2% 
solution of H2SÜ4 is used; for 20% RH, an 18.6% solution is used. The covers are removed from the 
wett'itin}» dishes, and then the dishes arc placed in the desiccators. Periodicnlly the samples ore removed 
for weighing, during which time the covers are tightly replaced to avoid pick-up oi" uimosphciio mol'tiuc. 

2.5.2  Results. 

The results of these tests are presented in Figures 19 and 20. After 264 hours at 20% RH, the 
weight losses were 6.1%, 17.5%, and 10.5% for GSX Type I, GSX Type 11, and GSX Type III, respec- 
tively, while at 90% RH the weight gains were 54%, 36%, and 39.5%. The physical appearances of 
the samples after testing were as follows: 

(1) GSX Type I at 20% RH - Viscosity of the sample increased from a quite fluid gel to a semi- 
solid gelatinous mass. 

(2) GSX Type II and GSX Type 111 at 20% RH - Ammonium nitrate crystals formed on surface 
of the samples. 

(3) GSX Type I at 90% RH - Sample became completely fluid with small entrapped air bubbles 
at the surface. 

(4) GSX Type II and GSX Type 111 at 90% RH - Samples exhibited a marked decrease in viscosity 
with a local segregation of gelatinous fluid. These characteristics were much more pronounced in the 
GSX Type II. 
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2.5.3  Discussion. 

It will be noted that the weight loss at 20% RH of GSX Type III (10.5%) is greater than the postu- 
lated fornuilation content (8,8%). This may be due to the sulfuric acid reacting with the cthylcnc 
glycol vapors or due to the possible pickup of additional water prior to testing by the hydroscopic 
nature of this explosive. 

8. 
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— — — GSX Type III 
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**•••••.,,„#.« 
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FIGURE 19. HYGROSCOP1CITY TEST RESULTS AT 
30° C AND 20% RELATIVE HUMIDITY 
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FIGURE 20. HYGROSCOPICITY TEST RESULTS Af 30° C 
AND 90% RELATIVE HUMIDITY 

2.6   CONCLUSIONS. 

All candidates arc compositionally unstable in regard to their water content showing drastic 
fluctuations with both temperature and humidity. At 165° F and at 90% RU, GSX Type 1 becomes 
completely fluid and will require watertight ordnance cases. GSX Type II and GSX Type III are signifi- 
cantly better in this regard. 

GSX Type III undergoes decomposition at 150° C while GSX Type 1 and GSX Type 11 arc stable 
at 165° C. No difficulties are expected at temperatures lower than these. 
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Section 3 

FIELD TESTING OF CANDIDATE GELLED SLURRY EXPLOSIVES 

3.1  INTRODUCTION. 

The field testing for the Alternate Bomb Fill Program was conducted at Camp A. P. Hill, Bowling 
Green, Va. A. P. Hill is a training camp set up for instruction and practice in the use of Army weapons. 
Our use of the testing area was on a noninterference basis with the regular range firings. Hence no perma- 
nent testing facility could be set up; all equipment had to be removed at V'.e end of each test series. 

3.2 FRAGMENTATION AND AIR-BLAST TESTS. 

3.2.1 Test Description. 

Two different types of tests were conducted-small scale fragmentation and large scale cold boostering tests. 
Initially, arena type tests determined average fragment velocity and the relative number of fragments for each 
candidate. Detonation velocity and over-pressure data were also obtained. Fragment data were obtained using 
three or four 4-foot X 12-foot X 0.02-inch thick aluminum witness plates located 20 feet from ground zero 
(Figure 21). Two high-speed cameras, a Fastax and a Hi-Cam, were used lorccurd the Uckmii lion and the sub- 
sequent flash of the fragments penetrating the witness plates. The Fastax, running at 5,000 frames per second, j 
gave good quality pictures for observing the shot while the Hi-Cam, at 10,000 frames per second, was used to ;• 
determine the average fragment velocity. Timing marks were placed on both films at l-insec intervals using a ' 
Wollensak pulse generator. 

Side-on overpressure data were taken in the Mach Stem shock region using Kistlcr 701A pressure ' 
transducers with a model 553A miniature charge amplifier. Transducers were shock mounted in Delrin 637F j 
adapters to reduce the effects of vibration. The output of the charge amplifier was displayed on a Hewlett- 
Packard 180A oscilloscope in the control trailer (2000 feet away) and photographed with a Polaroid camera. 
The oscilloscope was triggered at the time of detonation; both arrival time and peak overpressure were recorded. 

I 
Detonation velocity was recorded using DuPont T-2 taigel swilclicä located 4 inches apart. As cadi 

switch closed, a capacitor was discharged through it; the resultant voluige output was displayed on I 
Tektronix 545A oscilloscope and photographed. Timing marks were generated on the Z-a\is of the oscil- 
loscope at l-/isec intervals using a Tektronix Type 181 time mark generator. 

The explosives were loaded into steel pipes 20 inches long and closed at one erd. These pipes, 
4-1/2-inch ID by 5-1/2-inch OD, were manufactured from Type MT 1015 seamless steel tubing with an 
elongation of 24% in 2 inches. A plane wave penolitc booster, manufactured by the Naval Ordnance 
Laboratory at White Oak, Md., was used with an engineer's special blasting cap to initiate the explosives. 
Charges were detonated in the vertical position with the center being 6 feet above giound level: 
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FIGURE 21. TEST SET-UP 

3.2.2 Results. 

The relative number of fragments produced was determined by counting tlic number of holes in cadi 
witness plate. Tiie lioles were grouped into four classes according to size. Class 1 was for holes too 
small to permit the passage of a l/4-inch rod. Class 2 was for holes which were larger than 1/4 inch 
but would not permit passage of a 3/4-inch rod. Class 3 holes were larp-er than 3/4 inch but would 
not allow passage of a wooden block which was 3/4 inch wide by 1-1/2 inches long with corners rour.ded 
to 3/8 inch. Class 4 included all holes which would admit the wooden block. 

Gurney constants were obtained using the equation 

G c/m 
0.5" in 

I  1/2 
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where 

Vo 
G 
c 
m 

= initial fragment velocity (m/scc) 
= Gurney constant (m/scc) 
= cross-sectional area of the explosive times tlie. dcnsiiy o\ the explosive 
= cross-sectional area of the metal times the density uf the metal. 

Initial fragment velocity was determined by measuring the average velocity of the first fragment to 
strike the witness plates. It is the opinion of experts(') in the field that this technique should be accurate 
to within 100 m/sec. 

A sample of the arena data is presented in Tables I and II. Most of these tests were conducted at 
Camp A. P. Hill, Bowling Green, Va., on 19 through 28 November 1969. 

Table 1 

ARENA TEST DATA 

Test no. Number of fmpjncnts 

and explosive Class 1 Class 2 Class 3 Class A 

(l)GSXTypell — — - - 

(2) GSX Type HI 52 39 21 11 
(3) GSX Type I - - - - 

(5) H6 89 69 42 9 

(6)H6 67 98 23 17 

Table II 
TEST DATA SUMMARY 

Test no. 
and explosive 

Date 
Temperature 

(approx) 
CF) 

Detonation 
velocity 
(m/sec) 

Normalized no. 
of fragments(') 

Normalised 
ovcrprcssmcO) 

(psi) 

Gurney 
constant 
(m/scc) 

(1) GSX Type 11 
(2)GSXTypclll 
(3) GSX Type 1 
(5)H6 
(6)H6 

1/28/69 
11/25/69 

2/4/69 
11/26/69 
11/26/69 

35 

45 

35 

45 

45 

3200 

50R0 

7340 

7430 

0.590 

0.795 

0.470 

1.000 

1.000 

1.066 

1.000 

1,000 

19S0 

2190 

1990 

2555 

2.VJ1) 

3.3 COLD ROOSTER-SENSITIVITY TESTS. 

3.3.1 Test Procedure. 

Cold boostcring tests with Bombs Mk 82 Mod 1 were corulucU'd at Camp A. \'. Hill. TIICNC bombs 
were tempcraluro aiiKliUonvd to -75° F ;:t the W.w! Weapons l.iibn.-ifnr.. I);,!;'; ivn, Va, On I'K mornin;.! 
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of the U-sts, bcMiibs were removed from Hu" cold boxes and put into special insulated contciincrs for shipment 
to A. P. Hill. Just prior lo lii in;-,, bomb temperature ineasiiiements were taken by InserlinR thciinocouplcs 
through llie nose fn/.e into the internal nlumhinftof the bomb. Homb temperatures varied from -55" to 
-67° ¥. 

Throe types of fu/in;', systems were used. In the first tests, the Air Force FZU-2/B boosters were used 
with a wooden plup to stimulate the I Ml) seiics fuze. Later tests used FMU-35/D fuzes modified for static 
firing by Honeywell, Inc., Hopkins, Minn. The third type oi" fuze system used was the Navy M904B2 fuze 
with a T45H2 adapter booster modified for static firing with a blasting cap. The Air Force FZU-2/B booster 
contained 4S prams of HDX while the Navy fuze contained 270 grains of tetryl. Postfiring inspection after 
no-go tests indicated that all three fuzing systems had sufficient energy to shatter at least one-half of the 
bomb casing and scatter explosives over a wide area. On those tests which were not high order and required 
a clean-up shot, C-4 explosive was packed into the tail fuze well and detonated. 

3.3.2 Results. 

1 he GSX Type I with no aluminum and no high explosive (HE) was most difficult to initiate. The 
lowest temperature at which it could be made to detonate was 0° F. The test diameter was greater than 
8 inches. Type 11 initiation became questionable at -40° F while GSX Type 111 with both HE and 
aluminum detonated at -65° F. The fourth material tried was the PBXVV which could not be made to 
detonate even at 70° F. For comparison purposes, Minol-2 and Tritonal are easier to initiate than GSX. 
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Section 4 

ANALYTICAL METHOD OF DETERMINING GELLED SLURRY 
EXPLOSIVE COMPOSITION 

4.1   INTRODUCTION. 

Attempts were made to develop analytical techniques to determine the compositions of gelled slurry 
explosives which could be used to determine the compositions of candidate formulations or to check for 
compliance with specifications. 

The procedures developed to date are described below. Procedures were developed specifically for 
GSX Type I and GSX Type III types of formulations only. However, a procedure could be developed 
for GSX Type II by combining those of GSX Type I and GSX Type III. 

4.2  PROCEDURE FOR THE SEPARATION AND ANALYSIS OF GSX TYPE 111. 

4.2.1  Nominal Composition. 

Possible ingredients 

Ammonium nitrate (NH4N03) 
Cyclonite (RDX) 
Trinitrotoluene (TNT) 
Ethylene glycol (EG) 
Water 
Aluminum 
Gum 
Boric acid 

4.2.2 Sample Handling. 

The sample is stored in a nonconductive container in a loic bjiric; cic bdiinu ;: safely sliidd.  A 
nonconductive spatula is used to transfer the sample inlo a laa-d weithin« botilc equipp.d with a stopper. 

4.2.3 Volatiles. 

Five grams of the sample are weighed accurately to the nearest tenth of a milligram into a tared 
weighing bottle and placed into a vacuum desiccator o\er silica gel for 2A hours, or until constant weight 
is maintained. The weight loss is calculated as the percentage of water. 
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4.2.4   SrpitKiliun of liij;rcdiiats 

1 ilnitrofoliu nc    'I IK- (IIKHI sample of hl.r.tin!' fd is placed into 20 ml of spectrogi«".vie benzene aiul 
aliowvii io sl.riil Im 30 niir.uh - tir until the Irinitrotoluene K completely ilissolvcil.   'ilic sample is cie.:iiile(l 
throw.'Ii Whatman no. -11 lilt'i papei.   Two nune  10-inl aiiquois of ben/.ene are added to the sample to 
ciiMia  lumplete sululion of llu ti milrolohieiu.   The residue is placed on the filler paper and pulled dry 
by jU'iitle suction,    i In   ^amplj may be removal from the filter paper and placed into a tared dish to 
cstiin; 1c the amount of trinitiuloluene removed from the sample.   Residual benzene may be removed by 
placbn; the sample into the w.euum desiccator.   The benzene and trinitrotoluene are made up to 50-inl 
volum ■ a:ul an:!;,/ed by I'loceduie A. 

C'ydonile (RHX):   The ■..unple is removed from the vacuum desiccator and 20 ml of acetone arc 
addeil to lemove the KDX.   The sample is stirred peutly with the nonconductive spatula until the RDX 
is completely dissolved    After allowini', the renmining ingredients to settle Io the bottom of the container, 
the accione is decanted throus.h the previously used filter paper.   Add two 10-inl aliquots and repeal the 
procedure.  The total volume is made up to 50 ml with acetone and Procedures I), C, and 1) are followed 
for Hie delennmalions of RDX, elhylene plycol, and boric acid. 

Ammoniinn Nilrale:   The residual acetone is removed from the residue on the paper by using gentle 
sucli'.'M.   The sample is then nlaeed into 20 ml of absolute metbanol and allowed to stand for 30 minutes 
or until all of the ammonium mliate has completely dissolved leaving the a'mnimim anil the gum.  The 
cxtnuilon is repeated with two KMn! aliquots of absolute methanol and filiercd.   The final volume is 
made up to 50 ml.    The detenninatton of ammonium nitrate is made by Procedure K. 

Aluminum and '.lujm   Since these are the only ingredients remaining, they are placed into 1:1 hydro- 
chloric acid (11(1) to ui-solvc lie "'luniinum.   About 25 nil of 1:1 11CT should be added ceiitiously, diop- 
wise until passini" sul^sides and llie aluniinum is completely in solution.   The gum may be filiercd off at 
this stage, dried, and wetgl.ed,   I IK reniin'ning fihiaic is taken to ICO-ml -...l.^.ie .,.,.! V:\ ,. -'..:v '" .:.- ' '- 
lowed lor the aluininum detenninaiion. 

4.2.5  Analytical Proeeduies for CSX lypclll Ingredients. 

Procedure A.   Dclcrminatiui! of Triiiitiotoiiioiie: 

Reagents and l-'quipinent 

(1)   Sp.-eli. . ;  de 1 ,■.!■.■ ■• 
(21    ()"•■  .   ,;;  \   ; 1 •■,;;   .;J ,..,.11 

(.1)   I;il:..i.' : -. ■ .l;opm ;■ ■,;,■!:! 

(!)    hi!",  ,•,,:■;,•:■,■. 

Civan;;-; ■■: i   '' •   il',." i'i;iv<   ,'';•'.■■ ■'br]. ,■ \''s,s mp/ird of Irinilrotoiuene in Ivn'/ene esi!^;1 v, 
()()■,    ,"iie;|     I'.e ,■! .,!   ;•, .;i \'. •.. I, ■.;■;!''■  1 .'• ' ■, ui1"1.    The com eti'i'.tiitMs ol I'ic M.MIU,.; ,i shoii'vl be 
1- -i ■ ■    : in ,,-   '■■.,'     ■; i (e ;.,;;:'  !•. nt in nv. an ,iS-oi he nee ol 0.2 to ().•!     1 lie ;:, tmpk i, nuuti d to 
rive : i   ali'.vM'I;K e n, !he sairee i.e: v . nd IIK iiie'M.ienienl is nia.le a   m llie lalihial'.on.    1 i:.' coiKen- 
trati 1:1 of Ihc simjilc '• i. id :'■].■■ ll> from ii.e cMnalio:. curve in iVig/ml. 

»'S 
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Calculation: 

% TNT = -JY]m- or lö-r 

where 

C = Conccntiatioii in nig/ml as read from tlic calibration curve 

_,     n-i *■      r   , i     i v/     filial volume D = Di ution factor-onainal vol X -rrt~: r : tliluuoiT ainiuot 

S = Sample weijlil in gramr X 100 = mg. 

Procedure B.  Dcterminntion of RDX:C2) 

Reagents 

(1) Concentrated sulfuric acid, 95% to 987c, ACS 

(2) Sulfuric acid (10:3)- add 1000 ml concentrated sulfuric acid to 300 ml di;,ti!k'd water; 
cool to room temperature 

(3) Ferrous sulphate reagent-add 3 g of FeSCVTI^O to a mixture of 55 ml distilled water ; 
5 ml concentrated sulfuric pJd; stir until dissolved; r>dd 200 ml concentrated sulfuric acid and cool to 
room temperature (Rei'.pcnt will be good for 2 days.) 

(4) Sodium hydroxide solution, 2.5% 

(5) RDX washed with alcohol and dried at 80" C for 1 hour. 

Prepare four 3U-ml pyrcx beakers.   In two of the beakers, accurately weigh 5 lo 10 mu s'.miples (.> 
standaid RDX.   Into the third beaker, pipct a 1-ml aliquol of a 50-ml volume acetone extract of the 
gelled slurry explosive (5 g sample).  The fourth beaker is for the blank dctermin.ition.  Take the aceto 
solution to dryncss on a steam bath.   Add 5 ml of the 2.5/f sodium hydroxide solution lo cadi beaker 
and heat on a steam hath without a cover glass until completely dry.   Cool to room tempeuture.   Add 
10 ml of sulfuric acid (10.3), stir, warm to a temperature of 35" to 50" C until snlution is complete. 
Cool to room temperatme.   Decant into a 25-ml volumetric flask (previously rinsed with 10:3 sulfuric 
acid).   Rinse the beaker with 5 ml ferrous sulphate reagent and add to the volumetric fk^k.   Repeat 
rinsing action with several small portions of ferrous sulphate to bring the flask to 25-nil vulumc.   Mc;isi 
the absorbance of the standard and the sample after 10 to 60 minutes at 525 in/i with a spectrophoto- 
mctcr set at 10UX' tivnsiitittance with the blank. 

Calculation: 

r/ niN\/ absorbr.r.ce oi s..nmlc X   I OU 
absorp.A'iiy lactoi >. n:g ol sum] k 

.,        ...     r   ,        absoibanee of R.l>\ siaiul.ird 
Absorptivuv factor =  —;. ... .. 

' • IDA ol  K    .\ 
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Procedure C.   Dctcrminalion of Klhylcnc Glycul (Ilydroxyl)^-^ 

Reagents 

(1) Staiuliiril O.IN sotliuni tliiosulCate. 

(2) IViioilio aciil rtMr.int   dissolve 5 grams of pi-riodic acid in 200 ml distilled water; add 800 ml 
)f glacial acetic acid; store in a dark hottlc. 

(3) I'olassium iodide, 200 grams/liter. 

(4) Staich indicator solution, 0.1%. 

Take a 5 ml aliquot of the acetone solution containing the RDX, cthylcnc glycol, and boric acid to 
tiryness.   Wash the dried residue into a stoi)pcrcd iodine flask with water.  Add 50 ml of the periodic acid 
solution.   Let it stand for 30 minutes at room temperature.   Add 20 ml of potassium iodide solution and 
titrate the liberated iodine with 0.1N sodium thiosulfatc.   Set up two blank determinations. 

Calculation: 

«...        ,     .    ml of titer (b ank samp e) X 62.07 
% cthylene g yco = S r?"T"i~^n  '        b J sample wt (g) X ?.U 

Procedure D.   Dctcrminalion of Boric Acid:^) 

Reagents and Hquipment 

(1) Standard 0.1N NaOH solution 
(2) Phcnolphthalcin indicator 
(3) Mannitol 
(4) pi I meter 
(5) Glass  calomel electrode pair. 

Take the icmainder of the acetone solution to dryncss.   Add 50 ml of distilled water to the weighed 
residue.   Adjusit the pH to 4.0 and boil the solution for 3 minutes to remove and carbonate.  Add 2 grams 
of mannitol, stopper, and cool to room tcmrerature.  Titrate to end point or to pH 11 with the pll meter 
md plot the titration curve of ml of NaOH verses pH. 

One ml of IN NaOH is equivalent to 0.06184 g of ll.tliO.,. 

%11 bG  - "i* NaOH X normality X 0.06184 X 100 
sample wt 

Procedure1 l£.   Dctcnninalion of Ammnnium Nitrate:^! 

Reagent s ji n ci[ P(|viipm c nt 

(1) Reagent grade ammonium nitrate 
(2) Absolute metlnnol 

100 
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(3) 1.0 cm matched silica cells 
(4) Bausch and Lomb 505 spcctropliotomclei- or equivalent visible-ultraviolet instrument, 

Tiic absolute mcthanol solution contains most of the mnmoniuni nitrate except for the small amount 
that dissolved into the acetone,  This can be calculated from the solubility of ammonium nitrate in acetone 
(0.145 p in 100 ml). 

Construct a calibration curve of mg/ml of NII4NO3 in mcthanol using approximately 3 to 6 mg/ml 
or enough to obtain an absorbance of 0.3 to 0.5 at 302 mp wavelength.  The sample is dilutee! to give the 
concentration in the same range.  The concentration of Nli^NOj in mcthanol is read from the calibration 
curve in mg/ml. 

Calculation: 

w MM wn  _CX DX I00_CX D 
% Nii,N03 - -s-xTööo Tos" 

where 

S = Sample weight X 1000 = mg. 

Procedure F.  Determination of Aluminum: 

Reagents and Equipment 

(1) Hydrochloric acid (1:1) 
(2) Platinum crucible 
(3) Ammonium hydroxide 
(4) Ammonium chloride wash solution, 2% in water. 

Pipette a 10-ml aliquot of the sample solution into a 200-ml beaker.   Add 100 ml of distilled water. 
Heat to nearly boilinp,.  Neutralize to a methyl red end point with Nll.,01i, added dropwisc with stirring. 
Remove from heat, allow precipitate of AKOII)., lo settle, lilur hot on nK-i'ünn paper and -.vy-h will: hoi 
NlliCl wash solution.   Transfer filler paper to an ignited tared platinum enseibic and iimile ;il 1100" C. 
Cool in a desiccator and weiiiji lo constant weight,   AljOj is 52.l).',.' aluiniiunn, 

„,   . wt of precipitate X 0.52^2 X  100 
% aluminum = x ' 7—,-    Siiinplc vvl 

101 

C = Concentration in mg/ml of NH4NO3 from the calibration curve ] 

r.    „..  ..     ,            original vol X final volume j 
D = Dilution factor = —^—JTT T ;  ' dilulion aliquot ; 
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.< mocuDURi: i OR TMI: SI-PARAI IUN AND ANALYSIS OF GSX TYPE I. 

.1   Norniiinl CoiiiiT(tsitioii. 

Possible ingrctiiunts 

Ammonium nitrate 
Sodium nitrate 
Organic nitrate 
Water 
Gellant 

The sample is handled and dried by the same procedure as used for GSX Type III. However, the 
sample si/.c may be reduced to 3 grams since a longer time is required for drying. There are three very 
hygroscopic ingredients present. 

4.3.2 Separation of Ingredients 

The mixed organic nitrates were separated from the remaining ingredients.  Since the constituents 
ol (he organic nitrate mixture are very similar in solubility properties a separation of them was not made. 
Tv.enlylivc ml of acetone arc added to the dried sample.   Two liquid phases will appear.   Both phases 
.•'u' (iMered through Whatman no. 41 filter paper.   Add two more 10-m! aliquots of acetone to the residue 
in KMove completely the organic nitrates.   After filtering, the top phase containing the acetone and 
ori'.n,;: nitrates is removed.  Add 20 ml more of acetone to the bottom layer until the white crystals 
arc llmiwn out of solution.   Filter off the acetone and add the crystals to the residue for further wash- 
in!'.   Follow Procedure A for the analysis of amine nitrates.  The final volume may be made up to 100 ml. 

Ammonium Nitrate: The residue is extracted with 20 ml of absolute methanol to remove the 
ammonium nitrate.  Two 10-ml aliquots more are used to coinplctc the extraction.  The sample is 
fillein! through Whatman no. 41 filter paper, and the filtrate is made up to 50-nil volume.   Follow 
Procedure li for analysis. 

Sodium Nitmle: The remaining residue contains the gellant and sodium nitrate.   Remove the sodium 
nitrate by using 25 ml of 95% methanol.   Repeat the extraction until all of the sodium nitrate has been 
removed.   Final volume may be made to 100 ml.   Follow Procedure C for analysis. 

(Itllitit: After removal of the other ingredients, the gcl'ant may he pulled dry under vacuum, placed 
into a tared weighing bottle, and dried at 150° C to conslani weight. 

4.3.3 Analytical Procedures for GSX Type I Ingredients. 

I'rueeduie A.   Detci minaliun of Amine Nitrates: 

^-I-  Determination of Ammc_by Tctraphcnyl Boron Precipitation^) 

Reagents and Fquiimienl 

(I)   Sodium letiaphenyl boron (3% in distilled water, filtered) 
(?)   Ilyduvh!   ; >■■ :. ';J (1:1, v.illi (.■ liii-.-.i W.^.T) 

(?)   ,"' 'i vi1'     ■," (.]■ i" '.! ■   ■' ■ :■!'!,■:,■•'■,! v,!!li   i'iuitnuiii'n t;'ir!PP"i;yl boron) 

(■i I    (.. .K ;;;... i. ,.,..   in.> ;. 
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Pipct two 5-jnl aliquots 01 Uic acetone solnbius whicli have been taken to a total volume of 100 ml 
into 100 ml beakers.  Evaporate the acetone from the sample in a vacuum desiccaloi.  Dissolve the residue 
in 25 ml distilled water.   Add 1 drop 1:1 hydrochloric acid.  Add 25 ml freshly fillcred 3% aqueous 
sodium tctraphenyl boron solution.   Let stand 20 10*30 minutes before filtering through a tared extra 
fine crucible.   Wash precipitate with distilled, water saturated with ammonium tetraphenyl boron, freshly 
filtered.   Dry at 105° C for 1-1/2 hours, cool, and weigh. 

-w wt precipitate X 0.0535 X   100 
% amine = ' •—.—f—-.—r. :— sample wt in 5-ml aliquot 

A-3.   Peterrnination of Carbon and Hydrogen by Elemental Analysis 

, The dried sample of amine nitrate is analyzed for carbon and hydrogen using the Coleman Carbon- 
Hydrogen Analy/.er. About 3 to 5 mg of the sample arc required. The samples must be completely dry 
and without residual solvent. 

Procedure B.  Determination of Ammonium Nitrate: 

B-l.   Ammonium Determination 

Take a 2.0-ml aliquot of the ammonium nitrate-absolute mclhanol solution to drync^s and follcv 
Procedure A-l. 

B-2.   Nitrate Determination 

A-2.   Determination of Nitrate by Nitron Precipitation^') 

Reagents ! 
i 

(1) Nitron reagent (10-g nitron in 100 nil of 50% acetic acid) 
(2) Dilute sulfuric acid (10%) 
(3) Crucibles (medium porosity). 

Take a 10-ml aliquot of acetone solubles to dryness in a 150-ml beaker.   Dissolve in 100-ml distilled I 
water.   Add 10 drops of dilute sulfuric acid.  Heat nearly to boiling.   Add 20-inl nitron recent.  Cool at ! 
least 2 hours or preferably overnight in a refrigerator.    Filler through a medium porosity tared crucible | 
and wash with ice water.   Dry to constant weight at 110° C.   Nitron is diphenylcmiiamlohydrotriazole, " 
The composition of the precipitate is C20H16N4-I1N03. ( 

a/ MO  - wt precipitate X 0.1652 X  100 i % NO3 = c-—1——,—r-—— — 
sample wt in lü-ml aliquot i 

Take a 10-ml aliquot of the ammonium nUrale-molhanol so'ution to dryncf-''. or the equivalent cf not 
more, than 0.1 gram of IINO3.   Follow Procedure A-2 for determination of nitrate.  The nitrate may ;lso 
be determined by ultraviolet spectroscopy as shown in the analysis of CSX Type III, Procedure Ii. 
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I'romlurc C.   Deferntimition of Sodium Nilnifc: 

C-l.  Sodimn Dcilerminalion by Alomic Ahsoiplton 

llcagcnts and luiiiipm'M][ 

(1) Standard >odiiim solution in 95% mrthanol, 1 ppm stock solution 
(2) IVikin-HliiKT 30.? atomic absorption spectropholometer or equivalent instrument 
(3) Double distilled water. 

Take an aluiuol of the 95';; mellianol-sodium nitrate solution to volume, sufficient to give Irom 
0.1 to 1.0 ppm sodium.   Construct a calibration curve using from 0.1 to 1.0 ppm sodium in ^5% mcthanol. 
The concentration of sodium is read directly from the calibration curve. 

Calculation: 

CX DX 100 % sodium = c 

where 

C = Concentration in ppm (pg/ml) 
D ~ Dilution factor 
S = Sample weight g X  IX 106 =/iig. 

C-2.   Determination of Nitrate by Nitron Precipitation 

Take an aliquot of the sodium mtrale-95> mclliauoi sululiuu that would lie cquival;'"! (o !ccs i'-an 
0.1 gram of 1INGV   Follow Procedure A-2 for analysis of nitrate or use the ultraviolet method as in 
CSX Type 111, Procedure t. 

4.4  DISCUSSION, CONCLUSIONS, AND RECOMMENDATIONS. 

The analytical procedures described are suitable for GSX Types I and III. A procedure for GSX 
Type II would include portions of each of the procedures described above and should require no further 
development. The accuracy of the methods is about 127c of the quantity of each constituent. 

Tlie residue after ;itl the extractions hiivc been carried out is the remainin;' portion of the cros^'inked 
gcll s>\s':(.!i).   l,\pciiciKV has sluuvii iluit this residue coiitaliis tiKi.il of ihc üiij'iiui! yell malcjii:!.  Fuiilier 
work \.i)',ild be roquiivd to develop lechniqnes to identify gcll and stabilizer systems oilier than the boric 
acid systems used in (1S.X Type III. 

If it is assumed that the organic nitrate of GSX Type I is a mixture of methyl and ethyl amine nitraies, 
the relative proportions of the two constituents could be dcteniimcd from the amine or nitrate aaahsis 
and the carbon and hydrogen determination.   If the mixture is more complex, an analytical method 
would be required for each component. 
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Section 5 

LOADING CANDIDATE EXPLOSIVES INTO TEST CONFIGURATIONS 

5.1 PROCEDURE FOR MIXING GSX. 

Most GSX can be mixed by combining the dry ingredients (usually metal powder, prilled ammonium 
nitrate, and sensitizing agents) with a hot (140° F) solution of ammonium and/or sodium nitrate in any 
type of vessel under agitation. The gellants are added in the amount and at the appropriate time in the 
mixing cycle to obtain the desired end product. 

5.2 PROCEDURE FOR MIXING PBXW. 

The mixture is made in five cycles, each at 90° F and slow mixer speed (approximately 17-1/2 rpm). 
A typical mixer would be a 150-gallon Baker-Perkins vertical. 

5.3 PREPARATION AND LOADING OF SAMPLE CONTAINERS. 

S.3.1 Preparation of Sample Containers. 

Wall thickness measurements were made ultrasonically on all bomb cases to be used for fragmentation 
testing. Likewise the radii of curvature for the ogive and boattnil sections of the Mk 82 case were incasurcd. 
These data arc of no value to tiiis report but arc available al Indian licacl should a need arise. 

Hot melts, epoxy coatings, thermocouples, and other instrumentation were installed in sample con- 
tainers, when required, according to the instructions of the laboratory conducting the tests on the particular 
samples. 

Bomb cases were strapped into special loading carls which held them in a vertical, nose-down position 
and permitted movement from one building to another. Base rings were removed, and exposed threads 
were taped to prevent contamination with explosive. 

5.3.2 Loading Sample Containers. 

Samples were loaded by pouring the required amount into the container and iillbwing them to harden. 
The GSX Type I, however, does not harden and can be poured out of the container if desired. The fluidity 
of the CSX Type I has presented problems by leaking out of some containers, particularly bombs. 
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5.3.3 Postloading Procedures. 

(Containers were sealed in accordance with special intructions from the reccring laboratories. No 
special sealing methods were used with bombs. The base rings were simply replaced and properly tightened. 
They were then painted, stenciled, am! appropriately packaged for shipment to the requesting laboratories. 

5.3.4 Results. 

Only Types I and 11 were observed to leak from bombs. Since the PBXW is a castable explosive with 
a plastic binder no leakage was expected. Type 111 benefits from a very stiff gellant and, thus, did not give 
any leakage.   Leakage of Type 1 can be attributed to its fluidity. The cause of the leakage of Type 11 is 
more obscure since il also lias relatively siiff gellant. It is rurrently felt that the leakage was caused by a 
phenomenon talU'd :ynercsis, vvherebv excessive cross-ünking of the gellant causes llie gel-matrix to shriiK, 
(hereby squee/ing out the wale: "ul suiue water soluble products. This supernataiu liquid can then leak i ..i 
of nomvaterti^li! containers.  A number of solutions to this problem are possible. The most desirable would 
be a slight refoimulalion of the gcll-syjicin to eliminate liquid phases. Others, would be modificaiions to the 
bomb case aiul/or loading technitiues to make the finished product watertight; llii.-> might include wax pads 
ovei the explosive and O-iing seals at tiie base rings. 
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SAFETY TESTS OF   EXPLOSIVES TRANSPORT TRUCKS 

Moderator: 

Alvin D. Wiruth 
Naval Weapons Center 

China Lake,  California 
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TESTS OP EXPLOSIVES TRUCKS 

For many years explosives,  propellants and other hazardous materials 
have been transported aboard the Naval Weapons Center  in trucks modi- 
fied to provide added protection to personnel hauling such materials. 
A protective flash shield constructed of  1/4 inch steel plate has been 
placed between the cab and the truck bed.    The effectiveness of this 
shield has not been tested.     It has become of increasing concern to 
personnel of the Safety Department  that  too much faith is being placed 
in the protection that these shields might provide  in event of  inadver- 
tent  ignition of explosives materials being transported. 

To determine,   at  least quantitively,   the amount of  protection these 
shields would give, a series of tests were planned.     Various amounts of 
several materials placed in trucks under conditions that occur daily in 
transporting explosives materials aboard the Center were  ignited or 
detonated and the results assessed. 

Five trucks that had been "surveyed" were obtained from the Transportation 
Division of Public Works,    These trucks were fitted with beds and shields 
as are required for all explosives hauling vehicles.    The  trucks were 
placed in a semicircular array in the test area of the Explosives Ordnance 
Evaluation Branch of the Propulsion Development Department. 

A series of 5 tests were planned 

(1) Burn - 
C2) Burn - 
(3) Detonation - 
(4) Detonation - 
(5) Detonation - 

600 pounds, bulk propellant 
50 pounds, pyrotechnic flare 

2 pounds, H.E.   (comp C-3 block) 
10 pounds, H.E. fragmentation warhead (nmp c-3) 
50 pounds, H.E.   (PBXC-104) fragmentation warhead 

On the day before the tests were to be run, mannequins dressed in cover- 
alls,   safety  glasses and hard hats, were placed in the drivers seat of 
four of the trucks and an anthropomorphic dummy was placed in the other 
truck (Test ^5).    Thermocouples were installed in the truck cab for the 
two burn tests and pressure pickups were placed in the truck cab for the 
2 pound detonation.    The test charges were placed in each of the trucks 
in turn and photographic coverage (still and motion) made of conditions 
for the tests.    Photographic coverage was also made during the  test and 
showing damage after the  tests. 

Test Conditions and Results 

All tests used a 1/2 ton pickup truck except No. 4 which was a 3/4 ton 
truck.    All trucks had gasoline in the  tanks except the truck in Test 
No.  5 from which the gas tank had been removed.    All trucks had 1/4" 
thick steel  shields between the cab and the bed of the truck that 
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extended the lull height of the cab.  The shield was 4 feet wide for 
Tests 1, i  and 4 and 4 1/2 feet wide for Tests 2 and 5. 

Fi r i ng 

All test firings were done in accordance with the General Operating 
Procedure for the test area.  All personnel were located inside the 
Control Building during firing, and remained in the building until the 
area was cleared by the test conductor.  The firing and all cameras were 
actuated at the control panel,  ihe tests were observed by means of two 
closed circuit TV monitors. 

Test No. 1 

Burn test   of  bUU pounds of bulk propellant,  double base and fluoro- 
carbon   in wooden  boxes with lids. 

Method  of   Ignition 

Make two spirals of quickmatch.     Attach  to   two  Electric Matches, 
limbed  in fluorocarbon propellant.    Also wrap  two or more wraps of Quick 
Match around double  base 1"  x  30"  rods,   2 each ani  connect  to  two  Electric 
Matches and place  rod in bottom of each of  two  boxes. 

Instrumentation 

Three thermocouples were installed inside the cab of the truck (1) 
on seat beside mannequin, (2) taped to face of mannequin and (3) taped 
to hand of mannequin. 

Results 

After  ignition,   burning continued for 2 or  3 seconds «dien an explo- 
sion or low order detonation occurred.     Propellant was scattered over a 
wide  area -  up  to 298 feet from the  truck,  much of it  did not burn.     The 
bed of  the  truck was destroyed with pieces being thrown as far as 234 
feet.     The steel  shield was blown against  the  back of  the cab and then 
slid down onto  the  bed of  the  truck.     The   inside of the cab was completely 
gutted by fire   including the mannequin.    The   thermocouple attached to 
the face of  the mannequin rose  to  5290F  in 4 seconds and then failed 
mechanically.     The  thermocouple attached to the hand rose nearly as 
rapidly  to  3000F,  dipped slightly and then reached to 410oF about  10 
seconds after   the  start of the   test.     The   thermocouple on the seat 
beside  the mannequin  reached 1300F  in four seconds, then decayed slowly. 

The  right   rear wheel was blown off;   the left  rear burned on the 
truck.     Neither of   the front wheels or   tires were damaged.    There was 
little evidence  of fire in the engine  compartment or front  of  the  truck 
even though   the hood was blown open by   the  blast. 
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Discussion 

It is doubtful that persons  in the cab could have escaped without 
rather severe burns,   if at all.     There was no measurement  of blast 
pressure  since only a burn was  desired.    This  test,  however,   gave good 
evidence  that we cannot expect  hazardous materials to   react  in accordance 
with  our plans.    The unplanned  reaction was due either  to  too  strong 
ignition or  too great  a confinement  of the  propellant. 

Camera Coverage 

24 frames per second 
64 frames per second 
400 frames per second 
20 frames per second    Hulcher 
black and white  stills before and after 
35nm color before and after 

Test No.  2 

Burn test of 50 pounds of pyrotechnic material - 1 Briteye Flare 
candle in a wooden box placed near the rear of the bed in the normal 
hauling location. 

Method of Ignition 

Electric match. 

Instrumentation 

Same as for Test No. 1. 

Camera Coverage 

Same as for Test No. 1. 

Results 

The flare burned for about  five minutes.     It burned through the 
aluminum truck bed but  there was little evidence of any other materials 
burning.    The steel shield appeared tobe undamaged.    The  truck was 
observed on the TV monitors for  about 15 minutes after  the flare stepped 
burning and since there was no further evidence of burning all personnel 
left the area for lunch.    A short time later (estimated to be less than 
15 minutes)  the  residual heat  again ignited combustible materials of 
the  truck,   including  cab interior,  engine compartment  and tires.    The 
truck was completely burned when personnel returned to  the  area about 
1  1/2 hours later.    The three  thermocouples in the cab did not  show any 
temperature rise during the time the flare was burning. 
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Dl SttlSü 1<<U 

It    is  , er i.i in   thai   pfrsonntl   cuulil  have   safely Jell   the  cab without 
■ml i c r i im  any  sevfto  Imins,     II   the iiari'  liad been locatetl near   the 
(iiint   ul    tin-   tii^k   heil   the  possibility   of  sustained  burns  would   have 
been  greatly   nurcased. 

TVM   No.   .< 

Uetonat ion,   2  pound demolition  block of  Comp.  C-.3  in box placed on 
bed  ot    trink    just   behind   the   driver.      The width  of   the   shield will   be 
limited  to  a  width   that  would not   create a hazard to  normal  driving. 

Method  of   Initiation 

One  linj'ineers  Special Ulasting Cap. 

Ins t ruraent at ion 

j pressure   transducers were   installed  in  the cab,   (1)   on back of 
seat   behind  driver,   (2)   one  on seat  beside  driver and  (3)   one  on dash- 
tuard   in front   of   steering wheel. 

Camera Coverage 

See Test No. 5. 

Results 

Detonation was  high order and complete.     The  complete  left   side of 
the bed was   torn  loose  and peeled back  from  the bed.     The  right   side 
rear pulled  back  to  the fender area.     The  tail gate was torn loose and 
blown 68 feet   to   the  rear of the  truck.     Other pieces of the  truck metal 
were  blown up  to  70 feet from  the   truck.    The   lower corner  of   the steel 
shield was  pushed  into the cab below the drivers seat with  sufficient 
energy  to   tear a hole  in the metal of  the cab.    The welded aluminum bed 
wa.'i  torn and  pulled back at   the front   cameras.    A 32  sq.   inch hole was 
blown through  the  bed of  the  truck  in   the location where  the block had 
boen.     Although  the  pressure  transducers didn't  show any pressure  there 
was evidence  of severe pressure rise within  the cab.     The window  in the 
rear of the  cab was pushed outward and several cracked.     It was  still  in 
place.but  torn loose from bottom mounting.     The windshield was  cracked 
and   the frame pulled loose.    The mannequin was thrown against  the 
steering column,   the hard hat had been  turn  loose from  the head band 
that was still on  the mannequin.    The   roof of  the cab showed evidence 
of being pushed up slightly and buckled at  the  right front cover. 
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Discussion ji 

There   is no doubt   that   personnel   in the cab would have  sustained 
some   injury due  to  displacement  in position.     Although   the   transducer 
showed no  pressure  there was   indication of pressure  in   the  cab that might 
have  caused ear damage  or at   least   discomfort. 

Test No.   4 

Detonation.     Sidewinder  Fragmentation Warhead loaded with 10 pounds 
of  Comp.   C-3 in a wooden box   located near  the  rear of   the  truck  bed. 

Method of Initiation 

A 3/4"  x  3/4"   tetryl  booster  and Engineers Special   Blasting Cap. 

Instrumentation 

None 

Camera Coverage 

See Test No.  5, 

Results 

The  truck bed was completely  blown from  the  truck.     both  rear wheels 
and tires were severely damaged.     The s'.eel barriers shield was torn 
loose and pushed in the back of the  track cab forcing  the mannequin 
against  the steering column with  sufficient force  to  break  the  steering 
column.     The  back of  the  seat was  blown partially  through the windshield 
which was almost completely  blown out.    The gas cap was blown off, the 
gas tank punctured near  top with evidence  that some gas had spilled out 
-md burned on the ground beside the  truck.    There was  no other evidence 

."  burning in this  test.    The  hood was blown off.    Pieces of  the truck 
were blown up to 262 feet from the  truck. 

Discussion 

There is little doubt  that any  persons  in the  truck cab would have 
been fatally injured. 

Test No.   5 

Detonation, Shrike Fragmentation Warhead loaded with 50 pounds of 
PBXC-104,   in a wooden box located near the rear of  the  truck bed. 

Method of Initiation 

A 1" x 1" tetryl booster  and Engineers Special Blasting Cap. 
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Inst ruinent at ion 

Nune. 

Camera Coverage 

24 frames  per  second 
04 frames  per  second 
400 frames  per  second 
400Ü frames  per  second 
80ÜU frames  per second 
70 frames  per  second 
Black  and White  stills before and after 
35mm color   before and after 

Results 

All of  the   truck aft of  the cab was completely blown apart with 
pieces blown up to a distance of 681 feet from the location.     The  re- 
mainder of   the   truck and the mannequin were  completely burned by the 
fire resulting from the blast. 

Discussion 

Any personnel   in or adjacent  to  the truck would have been fatally 
injured. 

Conclusions 

1. Whenever possible the material being hauled should be located to 
the  rear of  the  bed of the  truck. 

2. The  shield will offer some  protection in event  the material burns 
and probably provide additional  time for persons to leave the  truck cab. 

3. A shield of greater width would probably provide some more pro- 
tection against  larger fires. 

4. The  shield offers some protection from a detonation of small 
amounts of explosives. 

5. With the  cab windows closed additional protection would be pro- 
vided from the  initial flash and flames curling around the shield and cab. 

6. A  truck with doors opening  toward the front of the  vehicle would 
provide additional protection during exit from the cab. 

7. Wing panels on each side of the  shield extending toward the  rear 
of the truck bed could help deflect flames away from the cab doors. 

116 

MU 



I 

1 

8.    When the  results of ignition are directional,   the  items may be 
oriented in the truck bed to  reduce expos   re  to persons in or leaving 
the truck bed. 

1 

9.    The  shield will not  protect against large  amounts of material 
but  is useful for smaller quantities. 

10.    Additional   tests will be necessary to determine maximum amounts 
for which the shields will offer protection.     Other parameters such as 
the wing panels mentioned in No.  7 above should be  tested. 

Discussion 

Discussions after the presentation indicated that very little work 
has been done in this area.    Many attendees have asked for information 
and the loan of the slide presentation.    One person had done some 
limited work on protection of operating personnel.    He had used several 
layers of cyclone fencing that was held only at the top allowinp, the 
bottom to swing free.    He said he had initiated an explosion attempting 
to penetrate the fencing with 100 3/8" bolts.     He indicated the fencing 
did not allow the penetration of any bolts. 

This concept may be attempted along with the other possible tests 
outlined in the paper. 
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OONTAINERIZATION OF  EXPLOSIVES 

Moderator: 

John R. Warren 
Military Traffic Management and Terminal  Service 

Washington,  D. C, 
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CONTAINERIZATION OF EXPLOSIVES 

(Progress - Problems - Prospects) 

SUMMARY PART 1 

Growth of ContainerIzatIon 

Mr, H, K. Holman, Transportation Engineering Agency, Military Traffic 
Management and Terminal Service 

During the past few years the rapid growth in the use of intermodal 
containers by private Industry has been paralleled by a tremendous expan- 
sion in the use of container services by the Department of Defense (DOD). 
During the past two fiscal years, the percentage of DOD export cargo 
moving in containers has Increased from about 12 percent to over 30 percent. 
Currently, about 33 percent of the total dry and reefer export cargo Is 
shipped in containers.    This represents about 13,000 containers per month 
transporting 400,000 measurement tons of cargo to deployed forces overseas. 
By the end of FY 71 approximately 50 percent of all containerizable export 
cargo will be moving in containers.    This amounts to over 50,000 containers 
per quarter.    In the long run, nearly all contalnerizable cargo will move 
in containers.    80 percent of all DOD dry and reefer export cargo potentially 
falls in this category. 

Ammunition mates up the largest percentage of contalnerizable cargo, 
about 12 percent of the total.    While currently, this commodity moves in 
breakbulk ships,  all agencies of the DOD concerned with ammunition shipments 
are now engaged in a coordinated effort to develop a system for the safe 
and economical movement of ammunition in containers.    The potential benefits 
to the Government  include reduced pipeline time due to reduced port handling 
and transit times, increased port capability and ship utilization, and 
reduced loss and damage. 

SUMMARY PART II 

Project TOCSA (Test of Containerized Shipments for Ammunition) 

Mr. R. A. Shrlver, Headquarters, Military Traffic Management and Terminal 
Service 

Project TOCSA constituted the first overseas movement of ammunition in 
intermodal containers.    The test was conducted as a joint endeavor by the 
Army and Navy and took place over the period 5 December 1969 through 20 
January 1970. 
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The concept   employed   for   this  test  shipment   entailed direct delivery 
ot  22b container  loads  of artillery projectiles  and powder charges,  rockets, 
and   small  arms  ammunition  from CONUS  sources of  supply   to ammunition depots 
and  supply points  in Vietnam.     Containers were  loaded and extensively blocked 
and  braced   In CONUS  at   four Army ammunition plants  and one depot  for move- 
ment   by highway  to  the  Naval Weapons Station,  Concord   (Port Chicago California). 
The  containers were  loaded aboard the self-sustaining containership SS AZALEA 
CITY   (Sea-Land,  Inc.),   transported to Cam Ranh Bay, Vietnam and further dis- 
tributed by highway convoy and barge to ammunition supply depots and forward 
supply points within Vietnam.     In every  instance  the ammunition was received 
in  perfect order. 

Project TOCSA clearly demonstrated the feasibility of shipping ammuni- 
tion  in containers  to forward  supply points  in a combat  zone overseas.  From 
an operational standpoint,  results of the test were most  favorable from the 
point  of terminal  handling activities  in CONUS  through to final delivery at 
forward ASPs.    The container  ship loading/unloading was accomplished  in less 
than one day as opposed  to 5  to 7 days  for  loading/unloading a breakbulk 
ammunition ship.    This   fast port handling not only reduces safety hazards  in 
the  terminal area  but also affords great potential  in increasing port capa- 
bilities, particularly  during contingencies.    Economically the most significant 
results were achieved  in terminal operations with potential reductions evident 
in pipeline costs  and overseas depot operations.     The  1st Logistical Command 
in Vietnam reported that handling of the containerized ammunition was 2-8 
times  less than that   for breakbulk ammunition shipments.    Particularly 
appealing was  the  fact   that all ammunition was  received at the depots and 
forward gun sites  in perfect  order. 

On the other hand,   cost and operational disadvantages were evident  in 
the  following areas: 

1. Use of the  35-foot container coupled with the Coast Guard 
imposed 15 LT  load  limit  resulted in poor cube utilization (26%)  of the con- 
tainers. 

2. High costs  in terms of material and mauhours for extensive 
blocking and bracing of container contents to satisfy Coast Guard requirements. 
Also contributing to these high costs was the extra handling required at the 
ammunition plants because of their rail oriented loading facilities. 

3. High CONUS  line haul costs were incurred since loaded containers 
did not satisfy requirements of the Bureau of Explosives for rail movement. 
Accordingly, we had to negotiate motor carrier rates to encompass "deadhead" 
return of tractors to their home terminals. 

4. Removal of the extensive blocking and bracing at destination 
was a formidable and time-consuming task.    It took an average of 45 minutes 
to unload a container.     Conventionally shipped ammunition delivered to 
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forward areas via Army stake and platform trailer is unloaded  in only 
15 minutes. 

In view of the operational  success of Project TOCSA the Assistant 
Secretary of the Army (I&L)  directed the Army to start immediately on 
development and implementation of a  total  system technique for the con- 
tainerized shipment of ammunition from CONUS sources  to overseas consumption 
points.    The Army Materiel Command  (AMC)  was tasked with development of the 
Operations Plan  (OPLAN)  for this total  system approach.    This OPLAN was 
approved by the Assistant Secretary of  the Army on 27 July 1970.    The plan 
envisions  a three-phase accomplishment  of the total  system concept by  1975 
as follows: 

Phase 1  (Dec-Jan 1970):    Move ammunition in rail boxcars   (plants are not 
geared to economically load containers)   to a port for stuffing into Army- 
owned 20 foot MILVAN containers equipped with mechanical dunnage.     Containers 
will be  loaded aboard a self-sustaining container ship for movement  to 
Vietnam and distributed to inland depots and supply points. 

Phage II   (1972:     Have capability to stuff M1LVANS at some ammunition plants 
to permit use of container on flat car  (COFC)/trailer on flat  car  (TOFC) 
service to port.    Load on self-sustaining ship. 

Phase III  (1973-1975):    Modernization of ammunition plants  to permit 
efficient container loading for either motor or C0FC/T0FC movement to the 
port.    Modernization of ammunition plants to permit full container handling 
capability.    Use of a specially designed ammunition container to facilitate 
field transportability.    World-wide intermodal movement capability. 

SUMMARY PART III 

Mr.  H.  K,  Holman, Transportation Engineering Agency, Military Traffic 
Management and Terminal Service 

The Transportation Engineering Agency recently completed a study 
designed to set forth the transportability characteristics  that a container 
should have for the safe and economical transportation of ammunition.    The 
study analyzed ammunition dimensioning and flow data, various container 
configurations, cube and weight utilizations; transportability criteria for 
all modes; road, rail, and ship limitations; and safety regulatory require- 
ments.     Conclusions were that a Department of Defense ammunition container 
should meet the following criteria: 

a.    A rugged 8-foot by 8-foot by 20-foot demountable van that can 
be transported intermodally. 
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b. Minimum   internal volume of 990 cubic feet with minimum door 
widths nnd heights  of  90  inches and 85 inches,   respectively, 

c. Gross   loaded maximum weitht  of 44,800 pounds with a tare 
weight not   tu exceed  6,400 pounds,  including  the internal restraint  system. 

unit. 
d. Capable  of coupling together  in units of two to form a A0-foot 

e. Compatible with the M1LVAN chassis for over-the-road movement. 

£.    Knd  loading and side loading on both sides. 

g.     United  States  of America Standards Institute  (USASI)  corner 
fittings on all  corners. 

h.     Structured  in steel, aluminum,  fiberglass reinforced plywood, 
or reinforced plastic. 

i.    Sufficient structural strength to withstand appropriate static 
and dynamic  load and  impact shock and racking stress  tests.    Capable of 
with-standing the weight of  five like containers,  loaded to gross weight 
capacity,  in a  stacked configuration. 

j.    Ventilated, weatherproof, and corrosion resistant. 

k.    Internal mechanical load restraint system. 

1.    Door  locking device handles with provisions for padlocking and 
customs sealing. 

m.    Capable of use with a detachable,  cushioned underframe for 
road and rail movement. 
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EXPLOSIVE CLASSIFICATION AND HAZARD HVALllATION i 
OF  PYROTECHNIC COMPOUNDS AND END  ITEMS j 

UNDER TRANSPORT.   PROCESSIhG.  AND STORAGE CONDITIONS * 

Moderator: 

W. P.  Henderson 
Bdgewood Arsenal 

Maryland 
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DATA SYSTEMS FOK H.^.AUDS TF.STING 

William T.   Stone 

General  Electric  Company 
Management and Technical  Services   Department 

A detailed study  of General  Electric Management   and  Technical  Services, 

Materiel  Testing and  Research Subsection  (GE-MTSD-MTR),   instrumentation  and 

data acquisition,   reduction,   and processing requirements   needed to support 

the hazards testing of pyrotechnic and explosive materials,   resulted in  the 

development of two systems  - a   telemetry data system and a hardwire  transient 

data system: 

o        The Telemetry Data System which is utilized  for medium to slow 

speed acquisition,  consists of a standard IRIG  telemetry system. 

The output  of  the portable VHF transmitter  is  communicated  to  the 

telemetry receiving station and then routed to either an analog 

magnetic tape recorder or through an analog to digital converter 

(ADC)  on to a SDS-930  computer.     This  system enables data analysis 

to be performed In real time, 

o        The Hardwire Transient Data System is utilized for acquiring high 

speed data  (e.g., pressure data resulting  from a high-order detonation). 

This system consists  of a Biomation Model  610 Transient Recorder 

which gathers and holds input data  from applicable transducers and 

then transfers  the data via com   rsion equipment  to punched paper 

tape which  is eventually input  Lv.to the SDS-930 computer  for analysis. 

Both systems utilize a SDS-930 special purpose computer and the necessary 

peripheral equipment   for  simultaneous and independent data reduction on a 

priority interrupt basis.     Data processing may be accomplished in real  time 
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Lrom telemetry receivers   (or quick look purposes or  In pseudo-real time 

uU Uztny computer  controlled playback of wideband telemetry tapes.    Alsc 

post data reduction and analysis can be performed in batch processing mode. 

Data processing outputs consist  of digital tapes and line printer tabulations. 

The Strombcrg-CarIson Film Plotter  (SC 4020)   independent processing subsystem, 

usinj; the off-line   film plot preparation program, outputs data in the form of 

annotated plots and alphanumeric  tabulations on 35mm film and hard copy paper. 

This subsystem has  the capability to generate extensive and many varied plots 

and crossplots of massive quantities of data which are salient concepts to 

performing data analyses.    The software consists of an integrated multiple 

program system capable of sequentially receiving, handling,  storing,  and 

outputting large quantities of data to automatically generate fully correlated 

engineering analysis. 
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INTRODUCflON 

A detailed study of General Electric Management and Technical Services, 

Materiel Testing and Research Subsection (GE-MTSD-MTR), instrumentation and 

data acquisition, reduction, and processing requirements needed to support 

the hazards testing of pyrotechnic and explosive materials, resulted in the 

development of two systems - a telemetry data system and a hardwire transient 

data system: 

o   The Telemetry Data System which Is utilized for medium to slow 

speed acquisition, consists of a standard IRIG telemetry system. 

The output of the portable VHF transmitter is communicated to the 

telemetry receiving station and then routed to either an analog 

magnetic tape recorder or through an analog to digital converter 

(ADC) on to a SDS-930 computer. This system enables data analysis 

to be performed In real time, 

o   The Hardwire Transient Data System is utilized for acquiring high 

speed data (e.g., pressure data resulting from a high-order detonation). 

This system consists of a Blomatton Model 610 Transient Recorder 

which gathers and holds input data from applicable transducers and 

then transfers the data via conversion equipment to punched paper 

tape which is eventually input into the SDS-930 computer for analysis. 

Both systems utilize a SDS-930 special purpose computer and the necessary 

peripheral equipment for simultaneous and independent data reduction on a 

priority Interrupt basis.  Data processing may be accomplished in real time 
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from tokmt'try receivtrrs  for quick look purposes or  In psoudo-rcal  time 

at. i li;'.iii>; campucor  coiUrollcd playback of  wideband telemetry  tapes.     Also 

pDst  data  reduction and analysis  can be  performed In batch processing mode. 

Data procossliv,  outputs consist   of digital  tapes and  line printer  tabulations. 

The  Strombcrg-CarIson  Film Plotter   (SC 4020)  independent processing subsystem, 

using the  off-line   film plot  preparation program,  outputs  data in  the  form of 

annotated plots  and alphanumeric  tabulations  on 35mm  film and hard  copy paper. 

This  subsystem has  the capability  to generate extensive and many varied plots 

.md  crossplots  of massive quantities of data which are salient  concepts  to 

performing data  analyses.     The software  consists of an integrated multiple 

program system capable of sequentially receiving, handling,  storing,  and 

outputtlng  large quantities of data to automatically generate  fully correlated 

engineering analysis. 

DATA HANDLING SYSTEM  (FIGURE  1) 

The  Data  Handling  System (DHS)  consists  of  two high speed  SDS-930  special 

purpose  computers  and the necessary peripheral equipment  for simultaneous 

and independent  data acquisition and reduction on a priority  (Interrupt) 

basis.     The computers may be programmed  to  operate  in a master/slave or 

independent mode  and are capable  of sharing their  individual  16K memories. 

Equipment  setup  and checkout  is accomplished,  under program control,  prior 

to  any acquisition or processing ot data. 

The primary   function of the  DHS  is  the  conversion and recording of  PAM,   PCM, 

:\i-d  FM/continuous  analog  telemetry data   for  subsequent evaluation  and data 

aualyHLj.     Data  processing tray  be  accomplished  in real  time  from 

t ■.■ : ..■' tH ry  reci'l vcr;;   tor quirk   l("K>k purposes,   or  in  pseudo real   time  utilizing 
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computer controlled playback of wideband telemetry tapes.    Also post data 

reduction and processing can be performed In a batch processing mode. 

The total application is  limited by software capability.    Any data recorded 

on analog tape,   IBM compatible digital tape,  paper tape,   or cards can be input 

and processed.    Present DHS hardware and software processes and outputs data 

in such  form as: 

o        Annotated plots of amplitude versus  frequency. 

o        Annotated point plots  as a function of time or as a function of 

data from cnother channel. 

o        Alphanumeric tabulations of Jata in forms of averages,  limits, 

discretes,  standard deviations,  tolerances,  etc. 

TELEMETRY DATA SYSTEM CFIGURE 2) 

The Telemetry Data System is utilized for medium to slow speed data acquisition 

in support of GE-MTSD-MTR's Pyrotechnic Hazards Classification and Evaluation 

Program.    The system consists of a standard IRIG telemetry system Interfaced 

with a SDS-930 computer.    The primary function of this  system is the con- 

version and recording of continuous analog telemetry data  for the subsequent 

engineering analysis and evaluation.    Also data processing is achieved in 

real  time for quick-look purposes and in pseudo real time utilizing computer 

controlled playback. 

REMOTE-TELEMETRY-CONTROL ACQUISITION SYSTEM (FIGURE 3) 

GE-MTSD-MTR data acquisition requirements consists of unique data sampling 
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FIGURE  3.      REMOTE-TELEMETRY-CONTROL ACQUISITION SYSTEM 
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requirements of events which occur at random Intervals over an expanded 

period of time.    The method of data acquisition Involves instrumenting the 

transducers and the detonation command switch to a FM transmitter  located 

at  the test range and transmit the data to the DI1S.    The DHS may record the 

data on wideband tape or go directly into the SDS-930 computer   for real time 

acquisition.     Whether the computer is  used real time or  latter  in a wideband 

playback mode does not affect the method of dcL.ction and digital recording. 

Theory of Operation 

Whether playback mode cr real time,  the computer will digitize the Incoming 

data at 10,000 or 1000 sawples per second (sps) and monitor the detonation 

command swi  ch and record digital data only when the switch has been activated. 

The digital recording will stop when the detonation command switch is turned 

off.    This method allows the test conductor in the field to control the 

Digital Acquisition System without operator Intervention at the DHS. 

System Advantages 

The Remote-Telemetry-Control Acquisition System limits  the amount of digital 

data tapes recorded for reduction.    At the high sample rate required to 

observe the experiment (1000 sps),  the amount of digital tape required for 

total  (eight hours) of recording is not  feasible.    However,  by using the 

remote control method of monitoring the command switch,   the digital recording 

will be active only during the brief periods of experiments,  and without 

close coordination between the test conductor in the field and the DHS. 

TELEMETRY SOFTWARE 

The software capability presently exists which provides  the remote control 
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acquislLlon capability.     Sottwaro capability also exists to convert   the data 

to LMiyineoring units and provide plots and  tabulations with one-millisecond 

resolution.    A more detailed description of related Data Acquisition Programs 

is available. 

TKLEMETRY OUTPUTS 

The SDS-930 outputs  consist  of a permanent  storage  file for  the engineering 

units data on IBM 729 II and IV compatible digital tapes and a complete line 

printer  tabulation  of  the data in engineering units as a function of  time. 

In addition to the above,   the data is plotted and tabulated in the form of 

35mm film and hardcopy utilizing the Stromberg-Carlson Film Plotter   (SC 4020). 

CONCLUSIONS 

The Telemetry Data System proves beneficial  for recording data from such 

long duration tests   (i.e.,  a test  that  lasts  longer than several seconds). 

The transmitter requires  little setup and  the DHS receivers and computers 

require only 15 minutes  lead time.    The data can be rapidly reduced,  converted 

to engineering units and displayed for analysis.    Additional programming could 

enable complete data analysis and evaluation along with a finalized data 

presentation to be accomplished in a short turnaround time. 

HARDWIRE TRANSIENT  DATA SYSTEM (FIGURE 4) 

Recording transient signals with magnetic  tape or paper strip chart machines 

involves a  considerable expenditure in material and equipment.    Very  short 

duration transients are even more difficult  to record because,  they tax  the 

abilities  of  these machines  in the area of  frequency response.     In order  to 
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,u onüi" ul.it i' tvqu i rvnu'iit .s lor liii;ti frequency respDiisi', osci I loficopes are 

i. '::.; i MI 1 ■, mip I i>)\-«J. Iho "locoriling wüidow" is, liowover, llmiLod and data 

fi-trii'val   ni.th'd;;   ati'   liiiiitod u phatngraphic methods. 

CK-MISD-MTK lias   recent ly  begun an   insLrumenlation  program wliich  is   intended 

to combine  Llie extollont   electronic capabilities  of the oscilloscope  with 

the ease  al   data  handling available  in digital  acquisition systems.     Such a 

sysUir.  is  outlined  in  the   following paragraphs. 

TRANSIENT KKCORDER 

A Biumation Digital Transient Recorder, Model 610,   stores a  fast,   one-shot 

signal   ^or viewing on any scope or  chart recorder and  for digital  output  to 

a 8055-930 computer via a paper tape Interface.    This equipment, by means of 

analog to digital  conversion and storage in a solid state memory,  plays  the 

part of an oscilloscope. 

F< itures 

The Transient Recorder is a new and basic tool for  the electronic measurement 

of  transient electrical  signals.    It  Is a simple,   low cost Instrument  that 

was made  specifically  for   the purpose of recording single events or   low 

repetition rate signals  and presenting these  signals  for continuous  CRT 

display and plotter  records.     In addition,   the instrument maintains  the 

sli-'nal  history as  a  series  of digital  numbers,  and  these digital outputs are 

available  for external   use  In a computer or  other digital recorder.     Features 

ine lüde: 

o        MOS  solid  state memory 

o 128 six bit.  digital words 
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o Differential  inputs;  ran^e  50 mV  to 50 V  full scale 

o Sweep  time of  10 sec  to 5.0 sec 

o Input  impedance compatible with oscilloscope probes 

o Frequency  response  of DC to  1 MHz 

o Analog output  for  oscilloscopes,  X-Y or strip  chart  recorders 

o Buffered digital output   for  computer  interface or  digital  recorders 

o Record single short  transients or  recurring signals 

o Record signals starting before or  after  trigger  is  received 

o Digital  output smoothing 

Output Displays 

Readout of  the transient recorder may be accomplished in two analog modes 

for  quick  look presentation of the data.     The stored digital  information can 

be output  on command and displayed on  the  following equipmant: 

o Oscilloscopes can be used  for X-Y presentation in the normal Y-time 

(triggered) mode of operation. 

o        X-Y recorders can be utilised for  slowed down plots. 

o SDS-930 computers  interfaced via paper tape utilize  the  transient 

recorder  to gather and hold input  information;   thus  enabling all 

the SDS-930 peripherals  to be utilized. 

DHS REDUCTION AND PROCESSING 

The SDS-930,  as described in the DHS,   is utilized in batch mode  for  data 

reduction and processing of  the  transient  data stored  on paper  tape.     Engineering 

Units  Data   is permanently stored  on a master  file and  is  presented  in  the 
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form of  line printer tabulations and SC 4020 annotated plots and alphanumeric 

tabulations on 35mm film and hardcopy paper. 

HAZARDS  CLASSIFICATION AND EVALUATION PROGRAM 

The GE-MTSD-MTR project involves detonating pyrotechnic samples to determine 

the peak pressures,   time duration,  and impulse from which additional phenomena 

can be calculated to determine hazards classification and evaluation.    More 

information on this program is contained in GE-MTSD-MTR's  "Pyrotechnic Hazards 

Classification and Evaluation Program",  Phase I Final Report,   Contract NAS8-23524, 

May  1970, 

TNT EQUIVALENCY ANALYSIS 

TNT Equivalency is defined as the energy released (determined by the blast 

pressures and impulses)  from the detonation or explosion of a test material 

in terms of the amount of TNT which would release the same amount of energy 

when exploded.     It  is important to note that  the pyrotechnic mixtures tested 

do not detonate but burn; however,  under total confinement the test mixtures 

burst the sample container yielding an energy release which creates a time- 

pressure profile similar to that generated by a detonation of TNT. 

Data collected during the TNT Equivalency test program was analyzed in three 

basic phases.     In the first phase, mathematical techniques were applied to 

obtain a relationship between the pyrotechnic materials  tested and TNT, by 

computing percent TNT equivalency values based on side-on peak overpressure 

and side-on positive impulse for each pyrotechnic material tested.    The 

second phase utilized basic statistical procedures for organizing,  summariz- 

ing,   presenting,  and analyzing data, as well as drawing valid conclusions 
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and making reasonable decision", on the basis of such analyses.    The third 

phase was  the engineering analysis of the TNT equivalent values from which 

general  observations and conclusions evolved. 

DATA REDUCTION AND ANALYSIS * 

The computer software is an integrated multiple program system capable of 

sequentially handling large quantities of experimental  data  to automatically ) 
i 

generate  fully correlated data presentations.    A key   feature is the capability i 

to generate extensive and many varied plots and crossplots  of data utilizing 

the SC 4020 hardware/software.    Multivariate interpolation  features are salient 

concepts to the manipulative processes of the system. \ 

STATISTICAL ANALYSIS 

Statistical techniques are utilized to obtain, analyze and present the digital 

data.    The statistical elements utilized include: 

o The collection and assembling of data 

o Classification and condensation of data 

o Presentation of data in a textular,  tabular,  and graphic form 

o Analysis of data 

Regression analysis techniques resulted in a least square polynomoal in In Z 

(scaled distance) being applied to the data for the best  fit curve. 

CONCIJSIONS AND RECOMMENDATIONS 

It is believed that the two data systems (Telemetry and Transient) have 

advanced the current state-of-the-art in the areas of instrumentation, 
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succeeded  by  the acquisition,   reduction,  analysis and display of data required 

to support   the hazards  testing of pyroteclinic and explosive materials.    The 

systems are  currently undergoing modifications which greatly increase the 

euginucring and/or data analysis  capabilities. 

In addition  to the Telemetry and     i.ansient Data System,  there exists several 

other applications where the current  state-of-Lhe-art can be advanced by 

applying  the systems approach.     Several recommended applications are: 

o        A complete systems analysts of the current hazards evaluation 

program by looking at  the overall situation rather than the narrow 

implications of the task at hand; particularly,  looking for inter- 

relationships between the task at hand and the other functions 

which relate to it. 

o        A hazards data retrieval system which will consist of the network 

of all communication and/or data processing methods available 

within an organization for cataloging vast amounts of data (all 

related to a particular field of interest)  so that  the information 

can be filed, stored,  located,  and displayed (via applicable 

peripheral equipment). 
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INSTRUMENTATION TlvCllNIQUES  FOR PYROTECHNIC TMSTING 

William H.  Rchmann 

General Electric  Company 
Management and Technical Services Department 

Testing of pyrotechnic and explosive materials require a diversity of 

instrumentation unlike other testing situations.     Where is no "steadystate" 

data.    The data to be recorded occurs one time for a short period and may 

even occur unexpectedly.    This kind of response is typical of high and low 

order detonations.     On the other hand burning tests create a very low response 

situation yielding data of a few cycle per second bandwidth.     Finally,  both 

responses may be required in the event of a runup reaction where burning 

becomes deflagration and detonation follows. 

As in any form of testing,  a measurement philosophy must be developed in which 

the balance is struck between a few highly Instrumented tests and many tests 

with simple measurement requirements.    As Is usually the case, economics 

plays th3  largest role In determining this point of balance. 

The Materiel Testing and Research subsection has been using piezoelectric 

pressure transducers,  charge amplifiers, oscilloscopes and Polaroid cameras 

for the acquisition of high speed transient data.     For medium to slow speed 

acquisition,  a standard IRIG telemetry system Is employed.    The output of the 

telemetry receiver Is handled by a SDS-930 computer.    Figure 1 depicts,  in 

block diagram,  the functioning of the telemetry system.    This mode of data 

acquisition is very advantageous because it  lends Itself to minimum setup 

time, minimum equipment at the test site, maximum flexibility of input  sensors 

and a rapid turn around time in the data reduction due to the use of the 

computer and its peripheral equipment. 
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The use of oscilloscopes  for the recording of high speed transients  is a 

very common but not altogether satisfact-ory  technique.    The trouble  lies 

not in the electronic aspects of the circuitry but in the  limited  format 

in which the data is presented.     Specifically,  oscilloscope phosphors are 

either to "slow"  to catch the writing speed of the electron beam or  they 

are to "fast" to prevent blurring of the quiescent portions of the  trace. 

Finally the scope presentation does not  lend itself to any data reduction 

techniques other  than photographic.    These photographs may be treated 

manually or on relatively expensive telereading equipment. 

Magnetic tape recording equipment has been used by some testing groups but 

it is also expensive if satisfactory bandwidth capabilities are employed. 

Materiel Testing and Research subsection has recently begun an instrumentation 

program which Is intended to combine the excellent electronic capabilities 

of the oscilloscope with the ease of data handling available in digital 

acquisition systems.     Such a system is outlined in Figure 2.    The heart of 

this equipment is a digital transient recorder built by Biomr.tion Incorporated 

of Palo Alto,  California.    This remarkable new unit has the controls and input 

features of an cjcilloscope.    However,  the signals are digitized and stored 

in an MOS solid state memory.    This memory holds  128 six-bit digital words. 

Readout of the transient recorder may be accomplished in two analog modes 

for quick look presentation of the data.     One mode is suitable for X-Y 

chart or tlmebase X-Y recorders.    Finally the digital memory may be interrogated 

in terms of the Individual digital words  for digital data reduction by computer. 

Looking at the overall picture,  the countdown and firing circuits  initiate a 

transient phenomena and may be used to trigger the recorders.    Transducers 
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measure  some parameter of the  transient and after amplification it  records 
v 

one  of  the  Biomation recorders.     The measurements are  now in memory and will 

bo retained  there until a new trigger  is  delivered. 

A simple  switching circuit permits  visual  presentation on a  sequential basis 

of each recorder memory on  the X-Y  oscilloscope or in  the  timebase X-Y plotter. 

In the  future a peak and integrating  voltmeter will be installed to present 

peak over  pressure and impulse  data  directly. 
i 

Finally each recorders memory will  be  interrogated and its  contents  transferred 

via  the conversion equipment  to a punched paper  tape.    This paper  tape will 

then be reduced by  the 930 computer  at  the Data Handling Center. 
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EDCKWOOD ARSENAL PYROTECHNIC HAZARDS  EVALUATION 
AND CLASSIFICATION PROGRAM - PHASE I 

D.  M.   Koger, Program Manager 
General electric Company 

Management and Technical Services Department 

Described in this report are the abstract, conclusions and recommendations 

of the Phase I Edgewood Arsenal's three-phase Pyrotechnics Hazards Evaluation 

and Classification Program,    The Phase I program was conducted by the General 

Electric  Company, Management  and Technical Services Department   (GE-MTSD), 

Bay Saint  Louis, Mississippi,   under National Aeronautics and Space Administration 

(NASA)  Contract NAS8-23524 for  the Engineering Test and Evaluation Section, 

Process Technology Branch,   Chemical Process Laboratory,   Weapons Development 

and Engineering Laboratory,  Edgewood Arsenal,  Edgewood, Maryland. 

An experimental investigation was conducted to determine the potential hazards 

associated with pyrotechnic compounds,  both in the bulk granular state and the 

finished end item configuration.    Potential hazards were defined by two basic 

criteria:     U.  S. Army Technical Bulletin 700-2  (TB 700-2)  classification, and 

TNT Equivalency or energy release characteristics relative to the energy release 

characteristics of TNT.    This program,  entitled Phase I, was thus divided into 

two segments of work:    Segment  1, which entailed TB 700-2 classification; and 

Segment 2,  which provided for TNT Equivalency classification and evaluation. 

During Segment 1, eleven bulk pyrotechnic smoke compounds and seven bulk 

pyrotechnic starter compounds were subjected to TB 700-2 tests.    Seven smoke 

compounds and two starter mixes met the criteria for a probable Class 7 

classification.    The pcobable Class  7 classifications were based on paragraph 

3-13 of TB  700-2 which states  that a material is Class  7 if an impact sensitivity 

test produces an explosion above four inches of drop height. 
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UoLoiuiLion  was  HOC  experienced  in any of  the  three tests  to which  the six end 

items were subjected.     Five smoke grenade items  tested showed no ttorn-to-itern 

or  case-to-case propagation.     Propagation was experienced between the lOSmm 

I1C smoke canisters  only. 

Segment 2 tests resulted in TNT Equivalency values  for ten of the eleven bulk 

smoke samples  in a range from 3.72 percent to 10.88 percent.    The bulk HC sample 

tailed all attempts  to produce a detonation-type reaction; I.e., a measurable 

blast overpressure and Impulse. 

.wo general  conclusions were drawn from these tests: 

a. The required test for classifying hazardous materials in the U.  S. 

Army Technical Bulletin 700-2,  "Explosive Hazards Classification 

Procedures",  does not provide for an adequate classification of 

pyrotechnics. 

b. A meaningful criteria with respect to energy release and damage 

potential may be established by TNT Equivalency testing or damage 

index of pyrotechnics compounds In a 100 percent confining container. 

Therefore,  It Is recommended that action be Initiated to provide a separate and 

distinct specification  for pyrotechnics  testing to Include TNT Equivalency or 

damage index test procedures and criteria which will result in an adequate 

classification of pyrotechnics. 
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GENERAL 

All of the TB 700-2 tests were obviously designed for materials generally classified as explosive 

or high explosive materials.   Pyrotechnics, which are basically designed to bum under various 

conditions at various rates, certainly cannot be expected to react to the stimuli specified by 

TB 700-2 in a manner pi'oviding conclusive data on a "go-no-go" test.    Nor would they be ex- 

pected to react "go-no-go" as a typical high explosive. 

A more meaningful criteria by which to classify and/or evaluate a pyrotechnic material is by 

determining the degree of sensitivity, the hazard or damage potential, and the tendency of the 

material to transition from Ignition to deflagration to detonation.   In the following specific con- 

clusions, each of the Segment 1 and Segment 2 tests and test methods will be examined with 

respect to these determinations. 
DETONATION TEST 

All testing to date confirms the desirability of appropriate revisions of TB 700-2 for application 

to pyrotechnic compounds.   For example, the Standard Detonation Test does not lend itself to I 

meaningful testing and evaluation of granular materials.   Additionally, the testing procedure j 

does not provide for containment of the granular sample nor for standard compression, tamping, i 

or confinement of the material.   During the test program, laboratory filter paper was used to l 

construct a cube shaped box to hold the required 2-inch cube sample. 

It was found that in the case of pyrotechnic materials, mushrooming of the lead cylinder did not j 

occur.   If it had occurred, thera was no provision in TB 700-2 to describe whether the "mush- 

rooming" was 1/16 inches or 2 inches, etc.   In an effort to detect any minute distortions in the 

lead cylinders, a "go-no-go" gage with 1/16 inch   clearance was constructed to check for "mush- 
1 rooming". 

To answer the question as to whether the sample "fragmented", it was found necessary to supply 

a footnote to Form AG0793/A to explain that the action of the blasting cap "scattered" rather than 

fragmenting the sample mateiial. 

IGNITION AND UNCONFINED BURNING TEST 

The observed effects of minimal scattering and complete burning of the sample material indicates 

only that the pyrotechnic material performs the function it is generally intended to perform, i.e., 

burn at a designed rate.   Any other use of the test is inconclusive since TB 700-2 does not con- 

tain criteria or requirements for the burning rate; therefore, there is no apparent relationship 

between burning rat«. p;id classification. 

Again the problem exists in the preparation of a typical granular sample for testing using the 

2-lnch cube criteria.   The specification should provide for granular bulk samples as well as con- 

solidated samples.   It is apparent that the specification is written for a typical high explosive 

or propellant which is generally a solid material that can be cut or machined into the required 

2-inch cube. 
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THERMAL STABILITY TEST 

It is difficult to ascertain from the small number of pyrotechnic materials that were subjected 

to the thermal stability test whether or not the test provides conclusive data with respect to 
these materials.   The only positive results obtained from the 11 smoke sample compounds and 

seven starter mixes was a "change in configuration" (n the HC smoke mix   and Starter Mix V 

caused by a loss in volatile chemicals.   The change was actually a change in weight and a slight 
reduction in the size of the sample. 

Although the sample cube was provided with a thermocouple, no unusual temperature deviations 

were observed on the strip chart recorder data sheets.   Dual thermocouple should be imperative 

for any type of material where an exothermic or endothermic reaction might be expected to 
occur. 

IMPACT SENSITIVITY TEST 

The conclusions derived during this test program relative to the impact sensitivity test were 

made with respect to the factors of blending, screening, and mixing of the samples as a primary 
consideration.   The size of sample and the capability to duplicate the identical mixture of a 

particular sample during the test sequence is unpredictable and warrants further examination. 

It is safe to assume  that the probability of drawing a sample representative of the total mix or 

lot (bulk) each time a 10 milligram sample is taken is infinlteslmaily low.   Increasing tne size 

of the sample tested may increase the validity of the results. 

Statistically the results taken from a 20 test drop sampling are inconclusive.   The population 

(quantity) of tests should be increased to permit better statistical correlation.   It would also be 

advisable to examine this test In terms of degree of sensitivity by performing the test drop at an 

increasing height until detonation is exhibited or a maximum limit is reached.   Computation 

could then be oriented to a degree of sensitivity. 

CARD GAP TEST 

GENERAL 

The card gap test, by observation of test results performed on pyrotechnics, is another in the 

series of "go-no-go" tests characteristic of the TB 700-2 specification.   The violent reaction of 

the two pentolite pellets, as demonstrated by the fragmentation of the card gap tube and the hole 

punched in the witness plate (when fired independent of any sample material), makes measure- 

ment of any reaction less than a detonation by the donor sample difficult.   The fact that the wit- 
ness plate is only deformed in the pyrotechnic tests tends to confirm the relative stability of the 

pyrotechnic and would indicate an attenua^fon of the pentolite reaction.   The difficulty in relating 

deformation of the witness plate to other factors, such as TNT equivalency, is further proof of 
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the relative stability of the samples. The slight variance in the recorded overpressure and 

impulse data from the instrumented card gap tests when compared to the open air bursts of 

pentolite indicates that there is little additive reaction from the sample to the pentulite. 

The "go-no-go" characteristics of the card gap test warrants further examination with respect 

to its use as a means of determining degree of sensitivity.   When testing high explosives, the 

introduction of cellulose acetate cards between the sample and the pentolite does offer a sensi- 

tivity range computation capability.   Without detonation, as occurs with the types of pyrotechnics 

tested in this program, the sensitivity measurement Is not possible. 

WITNESS PLATE MATERIAL 

After performing the special tests with the different witness plate materials, It must be 

concluded that the specification requirements with regard to the steel plate must be more 

explicitly defined.   If, In fact a witness plate can shatter and void a test; a witness plate 

could also fall to produce valid "go-no-go" results due to variations In the properties of 

the steel within the specification. 

WITNESS PLATE VOLUMETRIC AND DEFORMATION MEASUREMENT 

Based on the relatively limited potential energy range of materials tested, the work performed 

In linear and volumetric measurement of card gap witness plate deformation was rather Incon- 

clusive.   An effort to correlate deformation data with TNT equivalency with little or no 

conclusions obtained.   Until more exact measurement techniques are employed, such as 

burning rate probes and pressure transducers Inside the pipe, the slight variations In energy 

release in the card gap configuration will be difficult to determine. 

ORIENTATION 

Card gap tests were fired in a 90° and 180° orientation from that specified by TB 700-2 to deter- 

mine primarily the efforts on the blast pressure data.   It was determined that the overpressure 

distortions caused by the previously discussed asymmetric rupturing of the sample pipe were 

only exaggerated by reorientation.   It was also found that the Inverted or the horizontal card 

gap test setup only resulted In difficult recovery of the witness plate.   An additional hazard Is 

also Introduced into the test program caused by a large size fragment In the form of the witness 

plate. 

INERT SAMPLE TESTS 

Card gap tests run with an empty sample tube and the normal configuration showed greater 

plate distortion than any of the pyrotechnic samples tested.   Conversely, ordinary sand tested 

In the card gap configuration exhibited little or no distortion of the plate.   It can be concluded 

from these results that the pyrotechnic material only serves to attenuate the blast pressure wave 

front.   The denser the material the greater degree of attentuation that Is experienced. 
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TNT EQUIVALENCY 

riio proof of any pyrotechnics compound's "damage potential" lies in its capability to cause de- 

struction hy moans of explosion or firo.   Since the pyrotechnics tested were not intended to ex- 

plode, but were designed to burn at a prescribed rate, it is apparent that a test is warranted that 

would intentionally cause the sample to detonate, thereby   providing a basis for measuring the 

damage potential and the tendency of the material to communicate from ignition to deflagration 

to detonation.    The TNT equivalency test developed and reported in this document tends to satisfy 

the 'damage potential" requirement. 

The tests performed in Segment 2 of Phase I of this program must only be taken as a beginning 

in this area of pyrotechnic testing.   The TNT equivalency values derived from the overpressures 

and impulses recorded for various materials must be suspected as being on the low side.   There 

are a number of factors which caused these values to be lower than that which was originally 

expected.   Some of these reasons are: 

• Nonuniform rupturing of the pipe containing the sample caused a corresponding 

nonuniform shock front.     This phenomena in turn created a situation in which 

much of the energy released during the explosion reaction was not "seen" (sensed) 

by the pressure transducer. 

• It appeared from the high speed films of the TNT equivalency tests that incomplete 

combustion occurred inside the test cylinder.   The films showed colored smoke 

resulting from the explosion rather than the black smoke that should occur If all of 

the hydrocarbons were reduced to their basic chemical constituents. 

• Much of the energy released by the explosion was disipated in energy required 

to rupture the pipe.   In future TNT equivalency tests to be conducted in Phase 

III of the program, attention will be directed toward correcting the factors which 

may have detracted from the adequacy of data.   Some of the areas of investigation 

are discussed in Section 5, Recommendations. 

END ITEM TESTS 

DETONATION TESTS A AND B 

The primary conclusion which was derived from end items tests (Detonation Tests) A and B was 

that the packing materials employed in end item containers contributed significantly to the inhi- 

biting of propagation within a container as well as container to container.   This conclusion is 

based on the results of the five M-18 smoke grenade end item tests where each of the M-18 

grenades are individually packaged in cardboard containers.   These containers served to prevent 

propagation within the container from one item to another.   The HC canisters, which are not 

individually packaged, showed total propagation in all A and B tests. 
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To provide significant data for evaluation by ASESB or the testing agency, GE-MTSD inatru- 

mented all end item tests for blast overpressure and impulse.   Additionally,   an optical pyro- 

meter wf'S utilized for flame temperature readings. 

It appeared from film records and observations in HC canister tests that mass contributed signi- 

ficantly to the rate of reaction; i. e. ,  there may be an exponential increase in burning rate as 

the mass of the sample materials increases, 

END ITEM TEST C (EXTERNAL HEAT ThtiT) 

As stated in the discussion on Tests A and B, the Test C TB 700-2 specification did not require 

blast instrumentation or thermal measurements.   However, it is felt that data which would re- 

sult from this instrumentation would provide significant data relative to mass, geometrio con- 

figuration, and synergistic effects. 
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RECOMMENDATIONS 

GENERAL 

Based on the conclusions expressed previously, literature search material, 

Phase I test data, and observations and evaluations by GE-MTSD and Edgewood 

Arsenal personnel, many definite recommendations can be made. 

A summary of the recommendations based solely on the Phase I work is as 

follows: 

a. Revise TB 700-2 to accommodate tests appropriate for pyrotechnics 

(more definitive recommendations in regard to new tests, test methods 

and procedures will be derived from Phase III testing. 

b. As the damage/hazard potential of pyrotechnics and pyrotechnic raw 

materials can be defined in terms of TNT equivalency, Phase n testing 

should be directed to determination of those stimuli, confinements, 

environments, and other physical and chemical variables which can 

create haz i rds and potentially hazardous conditions in pyrotechnic 

operations, transportation and storage. 

DETONATION TEST 

The following recommendations are offered with respect to the TB 700-2 Detonation 

Test: 

a.    This test should be deleted as a requirement for pyrotechnics classification, 

since it has been demonstrated that pyrotechnics are not susceptible to 

detonation in the unconfined state. 
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b. The test procedure as applied to other mnterinls should specify the method of 

containment for bulk materials, as well as a requirement for consolidation of these 

materials if the material is consolidated as an end item. 

c. A specific definition of "mushrooming of the lead cylinder" must be included in the 

specification.   Additionally, the definition of "fragmented" must be more cxplici* 

for bulk or loose materials. 

IGNITION AND UNCONFINED BURNING TEST 

The following recommendations are offered with respect to the TB 700-2 Ignition and Uncon- 

fined Burning Test: 

a. This test should be deleted as a requirement for pyrotechnics since this does not 

provide a definitive enough basis for determining burning rate.   Additionally, the 

chance of detonation of the pyrotechnic is extremely remote as tests have shown 

that these materials are not susceptible to a detonation reaction. 

b. Explicit specifications should be called out for the kerosene and sawdust materials 

used in this test for other materials.   Consideration should be given to using alcohol 

as the flame supporting medium. 

c. As stated previously relative to the Detonation Test, confinement and configuration 

should be more specifically defined for bulk, loose materials. 

THERMAL STABILITY 

The following recommendations are made relative to the TB 700-2 Thermal Stability Test: 

a. Consideration should be given to requiring a thermocouple in the sample cube to 

record possible temperature deviations as a function of time.   The thermocouple and 

recorder would also provide a means of determining the point in time and temperature 

when an explosion or fire occurred. 

b. Consideration must be given to utilizing differential thermal analysis (DTA) and 

thermogravimetric analysis (TGA) for sensitivity/classification determinations of 

pyrotechnics.   These laboratory techniques provide greater accuracy and control 

than the present system. 

c. The definition of a "change in configuration" should be more clearly defined in TB 700-2. 

d. In lieu of a DTA or TGA type test, a thermal stability test should be considered which 

would provide data as to what magnitude of thermal environment the material could 

endure without explosion, detonation, or burning; i.e., an autoignition type test 

would provide more meaningful, usable data than a simple "go-no-go" constant 

temperature test. 
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e. Comments made previously with regard to cnnfiguratlon and confinement of the 
sample also apply to the Thermal Stability Test. 

IMPACT SFN'SITIVITV TEST 

The following recommendations are made relative to the TB 700-2 Impact Sensitivity Test: 

a. The specified sample size should be increased.   The existing TB 700-2 specified 

sample size (10 mg) precludes an assurance that a representative sample will be drawn 

with any significant degree of probability.   For many pyrotechnic materials, a few 

granules of a single constituent may weigh the required 10 mgs.   If the few granules 

are the more sensitive of the constituents, the sample material may detonate.   A 

single detonation induced by the factors described above can cause the material to be 
classified Military Class 7 instead of Class 2.   Increasing sample size could provide 

a positive statistical factor in assuring that a representative sample is selected. 

b. An increase in the number of samples run on each compound would provide a greater 
statistical probability that the reaction occurring represents to some degree the 
reaction that you would expect from the whole. 

c. TB 700-2 should call out procedure methods and standards for blending or reblending 
samples to be tested, particle size requirements for the sample, and special 
preparation provisions for certain types and classes of materials. 

d. There should be some investigation into the merits of using the Bureau of Explosives 

impact apparatus as an entirely different concept may be required for pyrotechnics. 

e. If impact tests are to be a requirement for classification testing of pyrotechnics, 

some consideration should be given to testing the materials at varying weights and/ 

or heights until a positive reaction of some kind occurs. 

f. Because of the relative importance of temperature to the test environment, test 

equipment and materials, TB 700-2 temperature control requirements should be 

tightened.   Additionally, conditions of humidity must also be specified in order to 

provide valid, reliable and accurate test data. 

g. For any impact test, there must be a more clearly defined method for stabilizing 

the apparatus.   It is very probable that the impact test results could be biased by the 

method that was employed to restrain or cushion the apparatus. 

h. Increasing sample weight   or providing instrumentation to detect the reaction should 

be investigated as difficulty was often experienced while running Impact sensitivity 

tests in either hearing or seeing the reaction that occurred.   This was usually true 
on a marginal test and might require a rerun of the sample to confirm the reaction. 
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CARD GAP TEST 

For the Card Gap Test to be effective, sympathetic detonation must occur in the acceptor 

material, but pyrotechnics have shown no indication of this.   Therefore, because tho Card 

Gap Test does not provide a valid means of classifying or measuring the sensitivity of a pyro- 

technic material, it is recommended with respect to the Card Gap Test as specified by TB 

700-2 that, for materials that could meet the sympathetic detonation criteria, the Card Gap 

Test procedure be more clearly defined with respect to:  (1) witness plate materials - too 

hard or brittle a plate could bias the test by shattering rather than having a hole punched In 

the plate; (2) witness plate stand configuration - the stand is specified as being required to 

support the plate on two edges, whereas the picture in the specification (TB 700-2) shows a 

stand which supports the plate at four corners. 

TNT EQUIVALENCY 

The TNT equivalency test as performed by GE-MTSD is not conclusive with respect to 

providing exact data with respect to the number of pounds of the pyrotechnic that are 

equivalent to some quantity of TNT.   However, the TNT equivalency test proved conclusively j 

that: I 

a. Pyrotechnics can be made to detonate if properly confined and initiated by the proper ] 

stimuli.                                                                                                                                                            \ 

b. Pyrotechnics have a "damage potential" which can be measured in terms of blast ; 

overpressure, impulse, and fragmentation. 

With respect to the TNT equivalency test it is recommended that: 

a. The TNT equivalency test be included as one of the TB 700-2 type sensitivity/ 

classification tests.   The test would necessarily have to be refined, modified, and 

checked out. 

b. The TNT equivalency test should be thoroughly Investigated and a technically 

acceptable test be specified which will provide for reliability, reproducibility, 

and accuracy over a wide range of "Z" (lambda) values. 

c. Pressure and burning rate probes be installed as part of the test investigation 

conducted in b above. 

END ITEM TESTS 

The following recommendations are made with       pect to the End Item Tests A, B, and C 

in TB 700-2; 

a. The test procedure should require additional instrumentation to the extent that 

blast overpressure and Impulse can be recorded for all pyrotechnics and item tests. 

t 
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b. The procedure should also require Instrumentation for recording of temperatures 

during all of the pyrotechnic end Item tests. 

c. To record the s'gnificant teat events such as explosion and subsequent fragment 

dispersion, it would he judicious to require color motion picture coverage for end item 

tests.   Camera speeds in the neighborhood of 500-3000 frames per second are 

recommended for this application. 

d. Although it may be beyond the scope of TB 700-2 testing, consideration must be 

given to packaging and packaging methods employed for pyrotechnic end items. 

The results of the end item tests discussed previously indicate that Dame attentuation 

is possible for pyrotechnics. 
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EFFECTS  OF COPPER AND HEAVY METALS 
ON SENSITIVITY OF PYROTECHNIC MATERIALS 

J.  F.  Pankow 
General Electric Company 

Management and Technical Services Department 

Concern about the use of copper and copper alloy tools and equipment in the 

production processes for pyrotechnic mixes containing potassium chlorate (KCIO3) 

resulted from experimentation where an aqueous solution of potassium chlorate 

was doped with crystalline copper chlorate and ground with sulfur. The resultant 

mixture spontaneously combusted. This experimentation led to the recommendation 

that copper and copper alloy tools and screens be removed from KCIO3 operations 

as a safety measure. 

The objectives of this study were to investigate, test, and evaluate the effects 

of the addition of copper chlorate and other heavy metal salts on the sensitivity 

of KCIO3-S and KClOo-S based pyrotechnic compositions. More than twenty-five 

references were surveyed to determine that production environments were not 

conductive to the formation of copper chlorate. 

Laboratory chemical analysis of the raw materials, bulk compounds and end items 

associated with this study indicated trace quantities of copper in all materials 

except raw sulfur. Laboratory differential thermal analyses were performed and 

indicated an increase in the copper and heavy metal salts but a decrease in 

sensitivity with increased quantities of raw copper, iron and their oxides. 

Field testing of the materials and the contaminants by means of a specially 

designed test method enabled computation of a TNT Equivalency value.  Results 

of these tests showed a marked decrease of sensitivity in the pyrotechnic 

material with the addition of copper and iron contamincnts. 
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K.iüL'd '>n   thi;:   study   it   is   roconmu nJed   that   copper  and copper   tools  and  screens 

ti-m.iin  in  pyrottHlmica  production plants  because  neither  the oxidation product 

lit   oipiuT   :u»r  ci'iivr   it sell   causes  a  significant   Increase  In  the sensitivity 

öl   KClO-j-S mixes   nor  is   it   foncuivablo  that  any of  the contaminants  causing 

increased  sensitivity will   be   lormed   in   the  production process. 
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BACKGROUND 

Concern about the use of copper and copper alloy tools and equipment in the 

production processes for pyrotechnic mixes  containing potassium chlorate and 

potassium chlorate-sulfur resulted from the findings reported by Washington 

College under Contract DA-AMC-18-03507(
7F and resultant reports  Nos.   WCDC 6465 

and 6667.     These reports conclude,  based on experimentation where an aqueous 

solution of potassium chlorate was doped with crystalline copper chlorate 

and ground with sulfur,  that the presence of copper ions in potassium chlorate- 

sulfur mixes greatly increases the sensitivity of such products.    This conclusion 

led to the recommendation that copper and copper alloy tools and screens be 

removed from KCIO3 operations as a safety measure. 

OBJECTIVES 

The major objectives of this study were to investigate,  test,   and evaluate 

the effects  of the addition of copper chlorate and other heavy metal  salts 

(as contaminants)  on the sensitivity of potassium chlorate-sulfur and potassiuir 

chlorate-sulfur based pyrotechnic compositions. 

COPPER CHLORATE  (CuCC^^^I^O)  PRODUCTION 

To produce  copper  chlorate either on a laboratory basis  or on  a production 

plant basis,   the  following definite  controlled conditions must  exist: 

lo.i 
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o        Copper must be taken into solution with a strong acid such as nitric 

(HNO3)  or sulfuric (l^SO^)  to form cupric nitrate (CuCN^^'SI^O) 

or cupric sulfate (CuSO^'SH^O). 

o        An alkali such as sodium hydroxide (NaOH), potassium hydroxide (KOH), 

or ammonium hydroxide  (N%OH) must be Introduced Into the solution 

containing the copper salt to produce cupric hydroxide (CuCOH)?)« 

0        Chlorine must be passed through a hot cupric hydroxide slurry In 

the presence of an oxygen rich atmosphere for several hours to 

finally produce copper chlorate (01(0103)2'öIUO). 

More than twenty-five references were surveyed to determine that the above 

conditions must exist before copper chlorate could be formed.    No other method 

for the production of copper chlorate was found In the surveyed literature. 

IAKORATORY CHEMICAL ANALYSIS 

Quantitative chemical analysis of the raw materials, bulk compounds,  dyes, 

starter mixes and end items for the concentrations of suspect contaminants 

of copper and other heavy metals, was carried out utilizing atomic absorption 

spectrophotometrlc analysis. 

Concentration of copper and Iron Impurities  Is shown In Table  1. 

LABORATORY DIFFERENTIAL THERMAL ANALYSIS 

Sensitivity of the potassium chlorate-sulfur mixes and the M-18 Sulfur Red 

was  further  examined in the laboratory using a Fischer Series 200 Differential 

Thermal Analysis   (DTA) apparatus. 
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Table 1.     Copper and Iron Impurity Range 

MATERIALS 
1 PERCENTAGE 1 
1                     COPPER 1                      IRON                     | 

1             Raw Materials 0-.012 0-.436 

1              Bulk Compounds 0-.015 0-.104             j 

1             End Items 0-.006 .002-.049              j 

1             Starter Mixes .005-.038 .018-.03fe              1 

|            Dyed 0-.077 .019-.047 

KCIO3 .0012 0 

Sulfur 0 0 

DTA measurements are used extensively to detect any exothermic or endothermlc 

changes that might occur In a chemical system by measuring the temperature 

difference between a sample and a thermally Inert reference material.    When 

a temperature difference Is plotted as a function of Increasing temperature, 

a curve known as a thermogram is produced.    A typical recorder tract (thermogram) 

is shown in Figure 1. 

IMPACT SENSITIVITY 

Sensitivity of the KC10.-S mix and a selected KC10--S based pyrotechnic (M-18 

Sulfur Red) was examined using the Impact Sensitivity tests as defined in the 

U.  S. Army Technical Bulletin 700-2,  "Explosives Hazards  Classification 

Procedure". 

It was observed that the sensitivity of the KC103-S was such that further use 

of this test would be inconclusive.    The test did,  however,  provide some insight 

Into the change of sensitivity on a KCICL-S based pyrotechnic composition. 
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As  the concentration of copper chlorate In the  Sulfur Red compound increased, 

the number of decomposition indications also  Increased. 

BLENDING AMD MIXING 

The blending and testing of the effects of copper chlorate on KCIO3 and  S 

were performed in three separate and distinct processes: 

0        Dried crystalline copper chlorate was blended with KC1CL  and sulfur 

in a special blending apparatus and stored at room temperature. 

0        Copper chlorate and KCIO^ were prepared in an aqueous solution, 

dried, blended with sulfur by grinding with a mortar and pestle, 

and stored at room temperature. 

0        Copper chlorate and KCIO, were prepared as above and subjected to 

a humidity of 60 percent for three days before being blended with 

sulfur by grinding ^rLth a mortar and pestle, and stored at room 

temperature. 

In eac1" process,   the concentrations of copper chlorate were retained at 

1.0, 5.0,   10.0,   17.5,  and 25.0 percent. 

Results of blending are shown in Tables 2 through 5. 

ORDER OF SENSITIVITY 

Testing of select  pyrotechnic production materials by means of a specially 

designed test method enabled computation of a TNT equivalency value. 

167 

n 



Table 2.    Dried Crystalline Copper Chlorate 
Mixed with RCIO3-S 

CONCENTRATION REACTION 

1.07. 

5.07. 
10.07. 
17.57, 

25.07. 

No reaction 
r 

"Y       Spontaneously combusted after 26 days 
storage at 750F in an explosion proof 

J       oven. 

Spontaneously combusted after 25 
minutes In the oven. 

Table 3.    25 Percent Dried Copper Chlorate 
Blending with KC103-S 

RUN NO. 

ATMOSPHERIC 

OVEN TEMPERATURE REACTION TIME TEMPERATURE HUMIDITY 

1 80 55 75° 25 minutes 

2 Unknown Unknown 75° 46 hours 30 minutes 

3 37 64 75° 2 hours 20 minutes 

4 37 64 75° 2 hours    3 minutes 

5 37 64 75° 35 minutes 

6 Unknown Unknown 75° 8-16 hours  (during 
the night when un- 
observed 
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Table 4. Aqueous Copper Chlorate and Potassium Chlorate 
Blending with Sulfur - 0 Percent RH 

SAMPLE 
CONCENTRATION 
01(0103)2 ^HgO 

REACTION 
DURING BLENDING 

REACTION DURING 
STORAGE  (750F) 

1 1.0% Popping noise noticed No reaction 

2 5.0% No reaction No reaction. 
Sample deteriorated to 
brownish crystals after 
21 days in storage. 

3 10.0% No reaction Spontaneous combustion 
2 hours after blending 

4 17.5% Popping noise noticed Spontaneous  combustion 
42 minutes after blending 

5 25.0% Violent reaction 
2/3 of sample burned 

Spontaneous  combustion 
48 minutes after blending 

Table 5. Aqueous Copper Chlorate - Potassium Chlorate 
Blended with Sulfur - 60 Percent RH 

CONCENTRATION REACTION RESULTS DTA LONG TERM 
Oi(C103)2

J6}i20 FROM BLENDING TEMPERATURE STORAGE RESULTS 

1.0% No reaction 173.80C No change 

5.0% No reaction 148.30C No change 

10.0% No reaction 140.30C No change 

17.5% No reaction 90.0oC No change 

25.0% No reaction 10 days - reacted 
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TNT Equivalency Is defined as  the amount of weight of pyrotechnic material 

to produce an explosion overpressure at a point equal  to that caused by one 

pound of TNT. 

Results of the testing are shown in Table 6. 

SIGNIFICANT OBSERVATIONS  OF ENVIRONMENT CONDUCIVE TO COPPER CHLORATE FORMATION 

During the literature survey into conditions conducive to copper chlorate 

formation, it was  found that copper chlorate could be formed during an 

electrolytic process.     For the electrolytic reaction to proceed,  the following 

electrolysis requirements must be met: 

o       A conductor or an electrolyte which will allow the mobility of 

electrons from one point to another must exist. 

o       A cathode and an anode must be present  in some form before 

electrolytic action can proceed. 

Table 6.    TNT Equivalency 

IMPURITY ENERGY RELEAST 
MATERIAL COMPOUND I OVERPRESSURE VALUE(%) 

KCIO3-S None 0 12.36 35.46 

KCIO3-S Cu 17.5 10.58 28.26 

KC103-S Fe 17.5 9.36 27.29 

KCIO3-S Fe203 5.0 8.51 20.47 

KCIO3-S Fe203 17.5 6.55 13.67 

M-18SR None 0 3.71 5.35 

M-18SR Fe203 5.0 2.00 1.39 

SMV1 None 0 8.36 20.21 
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o        An electrical charge of some form must be present before electrolysis 

can exist. 

By taking two probable cases prevalent In a production proceed and attempting 

to relate the situation to the potential for production of copper chlorate, 
j 

the following would be observed: \ 

o        Case 1 - a bad ground where electrolytic reaction between two 

dissimilar metals,  such a.i copper and iron,  causes buildup of j 

li 
reaction product. 

Observation - in the presence of water, potassium hydroxides 

would be formed regenerating to potassium chlorate,  causing 

a buildup of potassium chlorate to occur. 

Potential to produce copper chlorate - none. 

o        Case 2 - a buildup of products on a copper vessel or a vessel 

containing copper. 

Observation - patina and/or verdigris,   formed by corrosive 

action of copper,  as either copper sulfate or  copper chloride. 

Potential to produce copper chlorate - none. 

There are more accidental conditions which come to mind which would appear 

to permit development of copper chlorate; however,  the conditions and/or 

changes in environment would themselves cause ignition of the pyrotechnic. 
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CONCLUSIONS 

The following conclusions can be drawn  from the results of tais  study: 

o        Copper chlorate (CuCClOOo'ß^O)  increases the sensitivity of 

potassium chlorate-sulfur and M-18SR mixtures. 

o        Copper chlorate causes spontaneous combustion when mixed with 

potassium chlorate-sulfur in concentrations of 5,   10,   17.5,  and 

25 percent at 0 percent relative humidity. 

o        Copper chlorate does not cause spontaneous combustion when mixed 

with M-18SR in concentrations of 1,  5,  10,  17.5, and 25 percent. 

o        Differential Thermal Analysis shows that copper and copper oxide 

have no profound effects upon the sensitivity of potassium chlorate- 

sulfur and M-18SR mixtures when mixed in concentrations of 1,  5, 

10,   17.5,  and 25 percent. 

o        Other metals such as nickel,   chromium,  and manganese do not increase 

the sensitivity of the potassium chlorate-sulfur mixture. 

o        Oxides of iron, chromium,  cobalt, manganese and nickel do not cause 

large Increases In sensitivity of the KC10,-S mixture,  but some 

sensitivity Increase was observed by Differential Thermal Analysis 

for each metal oxide.    The increase shown by iron oxide is so slight 

that  Fe203 would not be capable of causing spontaneous  combustion. 

o        Cobalt caused increased sensitivity when added in concentrations of 

5,   10,   17.5,  and 25 percent  to the potassium chlorate-sulfur mixture. 
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o       Stainless steel filings did not Increase sensitivity when added In 

concentrations of 1,  5,  10,   17.5 and 25 percent to the potassium 

chlorate-sulfur mixture. 

o        Recrystalllzed potassium chlorate from aqueous solutions doped with 

copper chlorate,  cuprlc nitrate, cuprlc sulfate, barium chlorate, 

and chromic chloride showed greatly Increased sensitivity when mixed 

with stoichlometrlc amounts of sulfur. 

o       Aqueous potassium chlorate doped with copper chlorate at concentrations 

of 1, 5,  10, and 17.5 percent did not spontaneously combust at a 

relative humidity of 60 percent when mixed with stoichlometrlc 

amounts of sulfur. 

o       The likelihood of the formation of copper chlorate in a production 

plant constructed of copper or copper alloy Is negligible. 

o        Copper salts such as  supric nitrate, cuprlc sulfate, and basic cuprlc 

carbonate Increase the sensitivity of the potassium chlorate-sulfur 

mixture. 

RECOMMENDATIONS 

Based on the scope of this study it Is recommended that copper and copper 

alloy tools and screens remain in pyrotechnics production plants because 

neither the oxidation products of copper (CuO or Cuo (OfOoCO-i) nor copper 

Itself causes a significant increase in the sensitivity of a KCIO3-S mix, 

nor Is it conceivable that any of the contaminants causing increased sensitivit.; 

(CuCNO^, CUSO^, CU(C102)2) will be formed in the production process for 

reasons previously stated. 
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It  Is also recommended that a thorough review and, if necessary, revision of 

existing pyrotechnic procurement and manufacturing specifications to conducted 

to ensure the existence of regulations restricting the incidental incorporation 

of any amount of foreign compound In the end product which might Increase the 

specified product sensitivity. 
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SUPPRESSIVE STRUCTURES  FOR  OPERATIONAL SHIELDING 

Paul V.  King 
General  Electric  Company 

Bay St.  Louis, Mississippi 

ABSTRACT: A requirement exists to provide operational  shielding 

for a new production line  for 4.2  WP chemical shells. 

Because of  limitations of space and moiiey,   an attempt 

has been made to develop a "Suppressive" concept of 

operational shielding. 

Shielding design requirements are to  (1)  contain frag- 

ments of rounds and filler,   (2)  suppress  fireball,   (3) 

minimize afterburning.    Results achieved to date indicate 

that the concepts applied are both economically feasible 

and safe. 

ACKNOWLEDGMENT A number of persons have contributed ideas to the 

resolution of this problem.    Special thanks are offered 

to Messrs S. Vogelein, G.  DeRoy, P. Henderson, of 

Edgewood Arsenal,  and Mr.  W.  Stone,  General Electric 

Company. 
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INTRODUCTION; The development of new production processes for manufac- 

ture of WP rounds has resulted in a requirement for 

parallel development of new concepts of operational 

shielding. The work reported on herein is the result 

of attempts to develop a suitable shield to protect an 

operator at an adjacent station of a 4.2 WP mortar line 

in the event of an accidental initiation of the round 

in question. 

At the present time various configurations have been 

developed and tested with the final prototype test 

scheduled for the week of September 8. 

Experiments to date indicate that this concept is feasible 

and meets the objectives established. 

PROBLEM; The requirements of the new production line are such 

that a very limited amount of space Is available between 

adjacent operations. Although every attempt has been 

made to assure maximum safety for all personnel, there 

are several locations where it has been deemed necessary 

to provide a shield to protect personnel at adjacent 

locations. 

The arrangement of the line is essentially one of stations 

occupying approximately five feet of width located on 

ten feet centers so that an operator might be as close 

as five feet from the 4.2 round. 
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This situation precludes the use of conventional rein- 

forced concrete types of structures,  and also the various 

types of vented or blowout panel designs. 

It was decided that a different approach was needed for 

this application.    The approach taken was based on the 

following assumptions and conditions. 

HAZARDS ENCOUNTERED; Static firing of  the 4.2 rounds indicated the following: 

Fragment Hazard 

o        Severe - large  fragments of excellent pene- 

trating qualities resulting from shell case. 

o       Moderate fragment hazard from burster tube and 

from small pieces of WP. 

Fire Hazard 

o   Severe - (Initial fireball) plus WP spray. 

Blast Hazard 

o   Slight - no permanent Injury to personnel 

located at five feet or more away. 

In view of the limitations of space, and the need to 

prevent dispersal of WP spray, it was decided to attempt 

to design a structure which would permit excape of gases 

and venting of overpressure, while stopping fragments, 

and suppressing the fireball. 
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AnuLlier  (irimary caiisidcration was  tlio need  for a  llght- 

uvi^lu,   i-asily  diümanLled   facility  to permit  easy access 

tu   : hi'   lino. 

Briefly   Llie problem appeared   to break down  into  three 

basic  design  considerations, 

a. Offer minimum resistance to blast  overpressure 

(maximum venting). 

b. Stop  large fragments on inner wall surfaces. 

c. Stop WP spray and suppress  fire by utilizing 

the  flash screen principle (as seen in the 

conventional flamable  liquid dispensers). 

d. Maximum utilization of off the shelf materials. 

Initially it was  felt that   the side wall panels could be 

"free hung" to move with the blast and relieve pressure. 

The  first few tests were made of layers of chain link 

fence,  asbestos cloth and similar materials but were 

found  to be relatively ineffective in suppressing flames. 

Expanded metal panels of various geometries were next 

tried,  and while effective in stopping major fragments, 

they did little to prevent dispersion of very small 

fragments. 

Initial  free air tests of the rounds established the 

basic blast,  fragmentation and fireball parameters 

(Table I). 
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Table  I.     WP Operational  Shield Tests 
4.2 WI' Mortar  Round 

® TRANSDUCER 
Round Weight = 32 pounds 0 POSITIONS 
Burster  Weight = 0.21 pounds 
Booster  Weight = 0.04 pounds r--i 
WP Filler  Weight = 8. 14 pounds 

(D® 

SCALED 

"1®® 

®' 
® 

PEAK PERCENT 
TRANSDUCER DISTANCE           OVERPRESSURE REDUCTION 

CONFIGURATION TRANSDUCER NO. DISTANCE  (R) (R/W 1/3) 'PSI-SIDE ON) (PSI)  _ 

7 8.0 12.72 6.6 mm 

1 8.5 13.51 7.2 -- 
5 8.5 13.51 6.8 -- 

Burster 3 9.5 15.10 4.0   
Only 8 11.0 17.49 4.5   
(Free Air) 2 11.5 18.28 2.5 -- 

6 11.5 18.28 3.0 -- 
4 12.5 19.87 3.4 ""• 

7 8.0 12.72 2.3 —— 

1 8.5 13.51 1.9 -- 
5 8.5 13.51 3.2   

Complete 3 9.5 15.10 2.0   
Round 8 11.0 17.49 1.8   
(Free Air) 2 11.5 18.28 1.2 -- 

6 11.5 18.23 1.7   
4 12.5 19.87 1.55 •" 

7 8.0 12.72 0.65 72 
1 8.5 13.51 0.8 58 

Complete 5 8.5 13.51 0.8 75 
Round in 3 9.5 15.10 1.2 40 
Operational 8 11.0 17.49 0.75 58 
Shield 2 11.5 18.28 0.65 46 
Cubicle 6 11.5 18.28 0.5 71 

4 12.5 19.87 0.92 41 

*From complete round free air value 
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Briefly the blast overpressure measured at a scaled 

distance of 8.6 (burster charge weight 0.21 pounds 

+ 0.04 pounds  booster weight),   (distance  five feet) was 

felt  to be of  little concern (3 PSI). 

The fireball diameter in free air was approximately 

ten feet and afterburning (assumed to be from UP spray) 

extended to approximately thirty feet  (Figure 1). 

The fragmentation characteristics were somewhat of a 

surprise.    Although the fragmentation pattern was fairly 

uniform and predictable,  the penetrating qualities of 

the major fragments exceeded our estimation (based on 

celotex penetration formula developed for wound ballistic 

criteria).    Typical fragment penetrations In celotex are 

given in Table II. 

Early shielding tests were performed In our UTF (universal 

test fixture) which is simply a three sided structure 

with test panels on the fourth side. 

Since we were funnelling everything out the open side, 

the bias resulting served to provide a safety factor for 

early tests. 

After we discarded the free hanging panel approach, we 

regrouped and went to the perforated wall approach, 

adopting as our initial design criteria the fundamentals 

of spaced laminar construction,  lightweight materials, 
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and staggered openings with approximately 30-40 percent 

of the surface open. 

Various geometrical configurations were tested before 

we realized that at least for the parameters we had 

established - namely 30-40 percent of venting area, 

uniform hole geometry,  etc.   - there was always one point 

at which the openings  lined up to permit a direct  line 

of sight however small and however flat the angle. 

Realizing then that we had to interrupt the symetry and * 

that by working in the horizontal plane,  our working 
f 

"line of sight" would be limited by the floor and ceiling, ) 
I 

we tried various configurations settling on a back to I 

back louvre wall design (Figure 2). { 

The end wall of tests 11 and 12 consisted of the louvred 

concept with the remaining walls consisting of various 

other laminar configurations (Figure 3).    The materials 

utilized Included perforated steel sheets,  expanded sheets, 

gratings,  and ordinary copper window screen. 

Results, as shown here, and as indicated by our passive 

sensors, have been highly gratifying. 

Based on our last test (Table I), the environment seen 

by an operator five feet from the center of the round 

would look like this: 

Blast Pressure approximately 0.6 PSI side on. 
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OPERATIONAL SHIELDING 

LOUVERED WALL 

DETAIL 

1" GKATIN6 

Figure 2 

184 

"       



I  I   CS. SM«T 
EXISTING 

O00 

<7) i u pciiro«»Tro »wttT 

Q , I   .f»FOUATfO SMtfT 

Q  CX»*HO«OBMKT 

Q | It   LOUVMEO SMMT 

Figure 3.    Test 11 and 12 Suppressive Structure 
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IV-iprraUiri'   loss   (hau  200oK  (radiant   lu-at,   no 

icsii.iii.sf  on  temperature  tab sensors). 

■ ra»'iik'iits   -  none 

UT Spray  - none 

At terburning  -  insufficient  to discolor or displace 

toiliet  tissue,   ham slices,  bread. 

Fireball Duration  -   10 milliseconds 

Afterburning -  1.2   seconds 

NOTE:     Additional validation  tests conducted since  date 

of presentation have indicated  the  following: 

Fireball expansion,   at  final test panel,  reduced 

by 56 percent.     Based on the observation that  the 

fireball was suppressed by the test panel  five  feet 

away,  as compared  to a free air diameter of approx- 

imately 11.5 feet. 

Afterburning  (Glow Ball)  reduced by 80 percent  from 

a  free air value of 33 feet  to a diameter of 6.5 

feet at test panel   (1.5  feet beyond panel).     It 

should be noted that  these distances were based on 

the observed effectiveness of the final test panel 

configuration In retaining the  fireball,  and in 

permitting only a slight penetration of the  "glow 

ball",  or afterburning.    Although the panel might 
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IN SUMMARY! 

be more cCCoctivc at oven closer distances, other 

desLgn considerations would have to be evaluated, 

before any lesser distances wore recommended. 

The "suppressive" or "breathing wall" construction 

developed for this operation is effective in modifying 

the environment seen by an adjacent operator to tolerable 

levels.  The materials utilized for this construction 

are lightweight, relatively inexpensive, and easily 

removed or modified for service.  Since the wall thickness 

required is less than three inches, the construction 

constraints have been complied with. 

This concept may be applied to liquid and solid proptllant 

exposures. 
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lUHHINUlNT.   C)l:   IIXI'LOS IVES  LOADINC;  AND STORAGE  FACILITIES 

Moderator: 

Ray Coyle 
Naval  Ammunition Production  Engineering  Center 

Crane,   Indiana 
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VERIFYING  BUILDING GROUNDING SYSTEMS 

Prepared By 
Ray Coyle 

Naval Ammunition  Production  Engineering Center 
Crane,   Indiana 

SECTION  I 

A.    Scope.   This document provides guidelines for verifying building 
grounding systems of Navy type ammunition production, renovation, handling, 
and storage buildings 
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SECTION  II 

A.    Applicable Publications 

1. National  Electrical  Code  -- Grounding Sections 

2. National Fire Protection Association Code 

3. Army Material Comnand, AMC Safety Manual, AMC Regulation AMCR 
385-224,  Section  7 and 8 

4. UP 5 (Volume 1), Chapter 41, Ammunition Ashore Handling, 
Stowing and Shipping 

NAVFAC 1-4, Change  2, April   1969 

6. National Bureau of Standards Technological  Paper No.  108.    Ground 
Connections  for Electrical  Systems 

7. NAPEC Sketch §ls 69, 70,  72 and 73 

8. WPEC Instruction, 01-03,  Operation Instruction for Checking 
Building Grounding Systems 
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SECTION III 

A. Lightning Protection.    The purpose of lightning protection is to 
safeguard ammunition buildings and their contents by providing a 
conductive path of low resistance for the discharge of electrical 
current caused by electrical storms or static discharge of the clouds. 
Two types of protective systems are described in this document.    They 
are the "primary" system, intended to prevent damage from direct strokes 
of lightning and the "secondary" system to prevent the metal parts of 
a building or its contents from accumulating charges of electricity which 
rnay cause sparks upon discharge.    A production building should have both 
systems.    Storage and some test buildings will have a secondary system 
only. 

B. Primary System.    The primary system consists of four or more masts 
each of which is twice the height of the building it protects.    When 
four masts are used, they are placed at the corners of the building a 
distance of at least half the height of the mast from the building.    The 
masts are metallic rod type of slip joint design topped with a non- 
corrosive metal cap.    A 2/0 AWG bare copper cable is welded to the 
nasts and to the ground terminal  to form a closed loop about the building. 
The cable used to connect the masts and the ground terminal is called the 
"girdle" and is placed at least 18 inches below the grade.    (See Sketch 
69).   The ground terminal, or earth terminal, as it is sometimes called, 
may be made of a large copper plate located below the water level of the 
subsoil  and surrounded by charcoal.    Ground rods may be used if moist 
soil cannot be reached.    Any underground water pipe or other metal work 
near the primary girdle must be connected to the girdle by a similar 
cable using corrosion-resistant clamps. 

C. Secondary System.    Secondary protection is designed to prevent 
metal parts of buildings, building contents or other types of structures 
from accumulating electrical charges that can cause sparking.    This 
system consists of a buried ground girdle to which all metal parts, 
including reinforcing steel of the building or other structure, are 
connected.    An interior grounding bus may be utilized for the grounding 
of building contents.    (See Sketch 70).    The ground girdle for this 
system is of 2/0 AWG bare copper cable located at least 18 incnes below 
the grade and three feet from the building.    The ends of the girdle are 
connected together to form a closed loop about the building.    The girdle 
should be fixed by driven ground rods.    Connections to the ground rods 
are made by a clamp type device to facilitate disconnection of the 
girdle from the ground rod for periodic testing.    These are copper-clad 
steel rods driven  into the ground to reacn  permanently moist soil. 
Connections to the secondary girdle vr  interior" grounding bus are   laüc 
with #6 AWG copper wire.    Bonding con ..ctions from one grounded pert 
to one to be grounded must not exceed 4Ü feet in length. 
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D. A primary system is used to protect production buildings or other 
upright structures containing explosives.    Secondary grounding is used 
for earth covered mayazines or non-production buildings. 

E. Railroad tracks extending into buildings or alongside the building 
are independently grounded  10  feet or more outside the building.    (See 
Sketch  73).    A 2/0 AWG cable is welded to the tracks, buried a minimum 
of 18" under   the grade  level  and connected to a ground in accordance 
with Sketch 73. 

F. If the building under consideration is  located in a wooded area, no 
trees may be  left standing within a primary protection system.    Beyond 
this area, but not closer  than 50 feet or a distance equal to the height 
of the tree,  trees  are desirable. 

G. If a single ground wire is to be used to ground more than one object, 
the connections  to them must be made progressively lower in the direction 
of the ground rod.    This  is done because the very high voltage encountered 
when lightning hits will   prevent the discharge from following the cable 
if the cable runs back  toward the ceiling. 
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SECTION IV 

A.    Instrumentation.    The most controversial subject in lightning grounding 
and testing is the method or the type instrument used.   Some of the experts 
say only a three point system using 500 volts or more should be used.    Others 
say a tv/o point system should be used.    We have found very little references 
to this subject but here are the facts in accordance with OP 5 and NAVFAC DMA, 

1. OP 5 (Volume 1 - Page 41-3) states that a conmercial instrument 
such as an ohmmeter or megger should be used. The instrument used must 
make use of a separate (or "test") ground. 

2. Empressed Voltage:   The National  Bureau of Standards Report Ho.  108, 
page 163, shows a series of measurements of relatively low resistance 
grounds in which practically the same values of resistance were obtained 
with currents from about 60 amperes down tc a few mi Hi-amperes.    From 
this we can see that the impressed voltage,  (or current) has very little, 
if any, effect on the resistance readings. 

3. The equipment used for grounding checks should be of the type 
capable of testing electrical wire insulation, earth ground, continuity, 
and circuit testing.    The test equipment should have at least three 
ranges for measuring resistance. 
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SECTION V 

A. Inspection and Test of Lightning Protection Systems.   The resistance 
to ground of a primary system shall not exceed 10 ohms.   A conmercial 
Instrument, such as  an ohnineter or a megger,  should be used.    The 
instrument used must make use of a separate  (or test) ground.    The 
manufacturer's  instruction should be carefully followed in order to 
avoid damage to the instrument and insure valid results. 

NOTE:    The building  to be tested for grounding status shall be completely 
and thorougnly cleaned/oecontaminated of any explosive material 
prior to testing.    A local  fire permit should be issued prior 
to a grounding test. 

B. The first and most important step when checking the condition of 
a grounding system is to establish a ground test point.   This is done 
by driving a copper-covered steel  rod having a diameter of from 3/8 
inch to one inch sufficiently deep in the earth to reach permanently 
moist soil. 

C. When testing a primary system, each mast shall have no more than 
10 ohms resistance to ground,  (test ground).    When a secondary system 
and a primary system both are used, the secondary must also read 10 ohms 
or less to ground.    However, when a secondary system is used alone, a 
reading of 25 ohms  is acceptable when testing the resistance from the 
grounding girdle to the test ground. 

D. In paragraph C, section III, we have stated that no more than 40 feet 
of #6 cable shall be used to connect metallic items within the building 
to the grounding girdle.    From the copper wire table, we find that 1,000 
feet of ff6 copper wire has a resistance of .4028 ohms.    This would mean 
that the resistance to ground from a metal  table within a building would 
have no more than the 10 ohms resistance permitted by the requirement 
of primary system plus the resistance of 40 feet of #6 wire or about 
10,0016 ohms.    Only very elaborate lab type test equipment wojld 
be able to measure  resistance to four decimal  places.    It is reasonable 
to assume that the resistance from any metallic point, within a building 
protected by a primary grounding system, to the test ground (true ground), 
will be 10 ohms or  less.    In a building having only a secondary system, 
a reading of 25 ohms  to true ground is acceptable. 

E. Semi-annual   Inspection.    The primary and secondary system shall be 
visually inspected semi-annually for evidence of corrosion and broken 
connections. 

F. Annual  Test.    Once each year the system shall be tested electrically. 
The results of these tests,  together with the description of the defects 
noted and the repairs made, shall be submitted to the person responsible 
for the efficient operation of the lightning protection systems and entered 
in the station records. 
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G.   Unsatisfactory conditions are occasionally revealed as the result 
of inspection and/or tests of the grounding system that are not 
remediable by the station personnel.    When such an unsatisfactory 
condition is observed, the report of inspection should be submitted 
to the safety section, NAVORDSYSCÜM. 
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OPERATION  INSTRUCTION POR CHECKING OF   BUILDING 
PRIMARY AND SliCONDARY GROUNDING SYSTEMS 

Prepared Hy 
Ray Coyle 

Naval Ammunition Production Engineering Center 
Crane, Indiana 
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SECTION I 

A.    SCOPt:   The purpose of this instruction is to provide a specific 
guideline for use in checkinq/verifying building grounding systems 
of Navy type Anmunition production, renovation, handling, and storage 
buildings.    This  instruction provides a step-by-step procedure with 
a typical builrlinq grounding system layout on WPEC Drawing No. 2222 
and also describes the equipment recommended for use in this check. 
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SECTION II 

A. APPLICABLE PUBLICATIONS 

1. National Electric Code—Grounding Sections 

2. National Fire Protection Association Code 

3. Army Material Command, AMC Safety Manual, AMC Regualtion AMCR 
385-224 Sections 7 and 8 

4. Operation Instruction Manual for Biddle Catalog 822 Battery 
"Megger" Tester, James G. Biddle Co., Plymouth Meeting, Penn.    19462 

5. OP 5 (Volume 1) Chapter 41, Ammunition Ashore Handling, Stowing 
and Shipping 

B. Drawings 

1.    WPEC Drawing No. 2222 
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SECTION III 

A. OPERATION/TEST PROCEDURE 

1. Reference WPEC Drawing No. 2222 for the reference points used 
in making the required building grounding checks. 

2. The building to be checked for grounding status shall be 
completely and thoroughly cleaned/decontaminated of any explosive 
material prior to checking.    A local  fire permit should be issued 
prior to a grounding check. 

B. PROCEDURE 

1. The equipment or equipments used for grounding checks shall be 
of the type capable of testing electrical wire insulation, earth ground, 
continuity, and circuit testing.   The test equipment shall have at least 
three resistance ranges with three different testing voltages.    The 
instrument shall  have a low range capable of reading .1  to 1 OHM in 
.1 OHM increments with a test voltage of 4,5 volts D.C. or less.    Suggested 
low range is 0-200 OHM's. 

2. A medium resistance range of 0-5 megohms and infinity with a 
testing voltage of 7.5 volts D.C. or less is recommended. 

3. A higher resistance range of 0-200 megohms and infinity with 
a testing voltage of 500 volts D.C. is recommended. 

4. An example of one recommended test instrument is the Biddle 
Catalog 822 Battery "Megger' Tester (see Appendix). 

5. For checking components of equipment and internal building 
grounding system,  volt-ohm meters similar to the Simpson 260 are 
recommended. 

6. Prior to making an electrical check of the building grounding 
system, the test instruments such as the Biddle Catalog 822 Battery 
"Megger" Test or Simpson 260 volt OHM meter shall be calibrated and the 
leads checked for continuity. 

7. Resistance (maximum allowable in a 50 foot lead length of 2 OHM's). 
The person making this test shall be familiar with fundamental electrical 
principles and the Navy building grounding systems. 
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8. The first step required 1n this check shall  be to establish 
a "Standard Ground Reference" point at the building site.    This 
procedure is outlined in the instructions accompanying the Biddle 
Catalog 822 Battery "Megger" Tester.    The accuracy of all subsequent 
readings are dependent upon the exact/precise location of this "Standard 
Ground Reference." 

9. Points "D" and "E" on WPEC Drawing No. .''222 shall be used as 
"Standard Ground Reference." For the benefit of this document, point 
"D" shall be considered as absolute ground. 

10. Points "1" through  "6" are the "Air Terminals" and are connected 
electrically by cable according to Chapter 41  of OP 5  (Volume 1).    These 
points are the "Primary System" for building lightning protection and 
shall be connected to the "Secondary System"  (point 8) which   is used 
for static grounding for the building and eguipment in the    building 
(for test purposes only and shall be removed following test). 

11. With Point "D" as absolute ground, a resistance reading shall be 
made from point "D" to each of the "Air Terminals"  (points  "1", "2", 
"3", "4",  "5", and "6").    A reading of 10 OHM's or less shall  be required 
on each  leg.    Readings greater than 10 OHM's shall  be cause for disapproval 
of the "Primary" grounding system. 

12. The resistance readings from points "D': to "E" shall also be 
10 OHM's or less to be acceptable or satisfactory. 

13. This established point "E" as a reference point that is 10 OHM's 
or less above true or absolute ground.    With this established reference 
point "E" known, the next step shall be to start checking the grounding 
system within the building. 

14. Attach one lead of the test instrument to point "D" and check 
the resistance from point "D" to point "C."    The resistance reading 
from point "D" to point "C" shall be 10 OHM's or less to be acceptable. 

15. All of the above resistance readings shall be made to assure 
point "C" within the building is within 10 OHM's or  less of true or 
absolute ground.    The grounding "Standard" as described in paragraph 8 
to the Inside building grounding system as a test reference point. 
Use point "C" as a tie point for one lead of the test instrument and 
check all points within area 11  for ground. 

Note:    The lead from the test instrument to point "C" shall  be a large 
insulated conductor having enough length to allow all   points within the 
area to be reached and have a resistance of less than one OHM throughout 

210 



WPEC-OI-3 
February 1969 

the lead length when checked seoarately.    All equipment (machines, tools, 
equipment  frames, equipment components) and metal  items connected within 
area 11  shall  have a resistance read-ng of three OHM's or less when checked 
to point "C" to be acceptable.    (A more realistic reading would be 1.5 OHM's.) 

16. Use point "C" again as a ground reference point and establish point 
"B" in another part of the building as a new ground reference point.    The 
resistance between point "C" and point "B" shall be one OHM or less to be 
acceptable.    This depends on the internal  resistance of the lead lengths 
of the test instrument which shall be considered. 

17. With the establishment of point "B" as a ground reference point, 
all equipment within area 10 shall  be measured for resistance to ground 
and continuity as was done in area 11 using point "C" as a reference. 

18. Area 9 shall  be checked in an identical manner as would all 
building areas within any building. 

19     All  resistance readings taken shall be recorded on a form data 
sheet and dated.    All  future tests then can be compared with previous 
test with any grounding deterioration being evident. 
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AUTOMATION OF  DEFUZING OPERATIONS 

Moderator: 

C.  R. Goff 
Day & Zimmermann,  Inc. 

Lone  Star Division 
Texarkana,  Texas 
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THE AMORTIZATION OF AUTOMATING HAND OPERATIONS 

C. R. Goff 
Day & Zimmermann, Inc., Texarkana, Texas 

There is an old saying in safety that you can't put 
a dollar value on safety. This is, of course, a very true 
statement, but in many cases it is used as an alibi to keep 
from having to actually analyze production problems. All of 
us are prone to resist change, especially if it involves a 
considerable amount of work or requires a complete change 
from accepted methods of doing work. There is also another 
time honored quotation that deserves attention, and that is 
that nothing can remain status quo but must either advance 
or retard. Day 6 Zimmermann, Inc., contract operators of 
the Lone Star Army Ammunition Plant, being basically an engi- 
neering firm, believes that advancement is a day by day and 
a vital and energetic part of any successful business. 

It is true that at times in order to improve the 
safety factors of certain operations, that costs may in- 
crease, but it is equally true that in the majority of 
cases that safety can be greatly improved at the same time 
that production and quality are Improved with a resulting 
substantial decrease in over-all costs. 

A vigorous safety program can, when properly guided, 
inject into the lower echelon of management which is the group 
that is to develop new methods, the positive belief that prop- 
er consideration of safety problems reduces costs and rarely, 
if ever, increases ultimate cost.  It is recognized that this 
statement could generate considerable disagreement, but for 
the moment let's analyze how this may work. Motivation is a 
great thing, but in order for it to be more than just a word, 
it requires action and safety can be the spark plug to inject 
into the personnel responsible for new ideas.  Since injuries 
to personnel must always remain the prime concern of safety, 
there are two basic ways of eliminating injuries.  One is to 
adequately shield the individual by either material or dist- 
ance or remove the individual and have that portion of the 
work done mechanically.  Since the shielding of an operator 
can only increase the cost, the obvious solution is to re- 
place the operator with a mechanical device. 

Amortization must be considered in the replacement 
of the individual in order to insure that engineering efforts 
expended provide a sufficient dollar return.  In other words, 
if the safety risk was minimal and the amortization cost of 
the mechanical device was to extend for 5 years, the engineer- 
ing effort required would not be good business.  Fortunately, 
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there are many areas where the cost of amortization can be 
realized in a relatively short time span, thereby not only 
iwpruvinp, tne safety posture and in many cases improving the 
quality and production capabilities but also affording long 
range acrual of dollar savings. 

I have several examples of changes to equipment 
that not only were amortized in a relatively short time, but 
are now and will continue to return a substantial dividend 
in reduced costs. 
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The 81MM Mortar final assembly requires inserting 
and torquing the M82   Primer in the tail assembly.     This 
torquing is done through positioning of an adapter with two 
pins that match holes  in the base of the  primer and should 
one of these pins accidentally contact the center of  the 
primer,  it could and has caused the primer to fire.     In 
order to eliminate the possibility of human error and pos- 
sible subsequent injury, a dial type machine was designed 
that automatically torqued the primer in the tail fin assemb- 
ly.    Since the possibility of an incident would be a flash 
fire and not an explosion, the machine is  shielded with 1/2" 
plexi-glass and each mortar is shielded from the adjacent 
mortar to prevent propagation.   Figures 1 and i-A. 

As a result of unfavorable storage problems over- 
seas, it became necessary to jungle wrap the completed 
mortar to insure that moisture did not cause a hang-up in 
the mortar tube.    An automatic chain conveying system with 
a dual hot dip type tank arrangement was added to the system 
to reduce personnel exposure and at the same time increase 
production capabilities.    This equipment was amortized in 
June of 1968, and at  that time showed a cost savings of 
$629,000.     It is still in use and the subsequent cost sav- 
ings and increased protection of personnel values are still 
being realized.   Figures 1-B and 1-C. 
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Figure  1 

Figure 1-A 
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Figure   1-B 

Figure  1-C 
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The loading of hand grenades, because of the minimum 
safety that has to be built into the grenade fuze, has always 
been considered a hazardous operation especially while the 
grenade fuze is being assembled and torqued to the grenade 
body. 

In order to reduce to an absolute minimum, the haz- 
ards related with fuze insertion and torquing to the grenade 
body, a rotating dial was designed to match the station spac- 
ing of the cup conveyor utilized in the hand grenade assembly» 
This rotating dial is located behind a 1" thick steel barri- 
cade of sufficient size to insure that should something occur 
to the fuze during the torquing operation, the fuzed grenade 
would remain in the steel barricade for a minimum of 15 sec- 
onds or over twice the length of time required for the delay 
portion of the fuze to function. There is a steel access 
door that is automatically locked with an air cylinder any 
time the machine is in operation, and this door cannot be 
opened for a minimum of 12 seconds after the torquing mach- 
ine has stopped*  This also is to prevent an injury should 
an incident occur due to the delay portion functioning of 
the grenade fuze. 

The torquing machine itself consists of individual 
torquing stations that are spring loaded and are cammed down, 
synchronized with the grenade conveyor chain, and so timed 
that the grenade fuze torquing operation is complete before 
the cam releases the grenade fuze.  Built into these indi- 
vidual torquing stations is an automatic slip clutch arrange- 
ment that prevents over-torquing of the grenade fuze. This 
equipment was amortized in 200 shifts and has been in oper- 
ation for nearly three years during which time not only are 
we realizing continued cost savings, but have entirely elim- 
inated the possibility of employee injuries during grenade 
fuze torquing operations. Figure 2 
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Figure 2 
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The  M-19  and M-47   Burster operation was  originally 
set   up  on  a   hand   line  using a  series  of operational  steel 
barricades   for  the  consolidation  of  tne  pellets.     The  expos- 
ure  of   the   personnel  working   in  that   bay to a  possible   explo- 
sion  even  thouph   shielded  by a   steel  barricade  was of  con- 
siderable  concern. 

On   the  original  hand  line,   we   started  out  with  a 
production   level   of   1,800  per  shift  utilizing  19 operators 
and   this  production  level  eventually reached  6,000  per  shift, 
and  even  thouph  our cost  per  burster was  at  an acceptable 
level,   the   personnel  exposure  was   not. 

A machine  was designed   that  would automatically 
feed   the   necessary  number of  pellets   into  the  steel   burster 
tube  and  consolidate  these  pellets,   two  at a  time  until   the 
required   number  of   pellets   filled   the   burster  tube.     The 
machine  was   located  behind  the  concrete  dividing  wall  with 
automatic   feed   for  the  empty  burster  tubes and automatic 
ejection and   returned  through the  concrete dividing  wall 
of  the   loaded   burster tubes.     This  one  piece of equipment 
replaced  all   7   operators who  had  previously been operating 
the   individual   steel  barricaded  reconsolidating  presses, 
thereby  reducing  the  personnel  exposure  to  zero.     The  produc- 
tion  rate  of   6,000   per  shift  was  quickly reached and  can  be 
increased  to   7,200  per  shift   if  necessary.     The machine 
amortized   itself   in  53   shifts  at  a  cost   savings of  $223,000. 

This  was  over a  year and  a  half ago and obviously 
cost   savings  are   still  being  realized.     This  one  piece  of 
eauipment   craphicallv demonstrates  the  value of  examining  an 
operation  with  the  thought   in mind  of  not only reducing   but 
eliminating  completely the  primary  safety hazard,   and   instead 
of  thinking   how much money will  this  cost,   the  thought  was 
how much money  can  we  save  by  the  elimination of unnecessary 
operators.      Figure  :\. 
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Figure  3 
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Loading of the XM9 Relay was being done on a hand 
line system. Twenty-eight operators on a three-shift, two- 
bay basis were  being used  to meet production requirements. 

Semi-automating  by using a barricaded Chamlee  Load- 
er to dispense  the  initiating explosives,  and a Ferguson 
Intermitter   (a dial   indexing machine) to cut the closing 
disc,   place  the closing disc,  crimp US0  and 90°  and  selection 
abilities  provided  an immediate  effect of  improved quality, 
more  quantity,   and a reduction of   5  people per shift.     This 
all amounted  to a  total cost  savings of  $87,000.     The  equip- 
ment and  installation costs were amortized  in 20  shifts   in 
production  savings. 

Full  automation using a  Ferguson Transomator tooled 
for the XM9  Relay element  provided  for a  considerable re- 
duction  in personnel  exposure.     From a three-shift,  two-bay 
semi-automatic  loading method,  using a total of 123 operators, 
to a two-shift,  one  bay fully automatic operation using  18 
operators.     The product quality went up,   personnel exposure 
went down and  the  total cost  savings amounted to just  over 
$900,000.     The  amortization for retooling of the Transomator 
occurred  in  7.5   shifts  in  labor costs.     The equipment  is  still 
in production and  is maintaining  its record of cost  savings. 

The real  benefit  comes  in personnel exposure.     While 
not minimizing  production cost  savings,   safety engineering 
must  be concerned  first with reducing the number of people 
exposed to a  potential hazard.   Figures 4 and 4-A. 
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Figure 4 

Figure  4-A 
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Production started with one single action press to 
manufacture M904  Booster Pellets.     Production  schedules in- 
creased,   so eventually five  single action presses were in 
operation.     This required  14  operators.     Installing one 
Colton 918  Rotary Press eliminated four presses,  eleven oper- 
ators,  and  four potentially dangerous explosives operations. 
The  one rotary press  produced more pellets  per  shift than all 
five  of the  single action ones combined.     The rotary press, 
its associated automatic  powder feeder,  and the conveyorized 
pellet  exiting  system amortized  in 24  shifts,   eighteen months 
a^o and  is  still  in production today.    Cost savings amounted 
to  $136,000,   but look at  the reduction in personnel  exposure, 
from  fourteen to three. 

Figure  5 
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The loading of the M-9 Delay Element was being done 
on a hand line setup using 13 people per shift on a two shift 
basis.  Converting to a modified Jones Loading Machine with a 
Cargile Scooper to load Delay Mix, an automatic percussion 
element loading system, plus the consolidation, crimping, and 
an ejection system that was selective for good or reject parts, 
provided an immediate safety benefit by reducing the personnel 
required to four operators per shift. 

Further benefits proved to be better quality, and in 
a short time, more production. The total savings in money 
value turned out to be $123,000 in round numbers.  The equip- 
ment costs were amortized in 80 shifts approximately 1-1/2 
years ago, and it is still in production at this time.  Fur- 
ther modernization of the M-9 Delay assembly system is being 
done now and personnel exposure and costs will be further re- 
duced. 

Figure 6 

227 



One of the ammunition component items that has con- 
tinually been of great concern is the loading of sensitive 
initiating devices*    A common machine used for this loading 
is the Jones Loader and as delivered from the manufacturer 
does not have any automatic feeding or ejection devices. 
Several years ago Day S  Zimmermann, Inc.  designed automatic 
metering devices for sensitive initiating explosives that 
materially reduced the injury potential associated with 
this machine.    There still remained the operation of manual 
removal of detonators from the ejection tray and placing 
such detonators into a packing carton of 50 detonators.  Fig. 7 

Several plants have experienced serious injuries 
at this point of operation and Day £ Zimmermann has design- 
ed and fabricated equipment that attaches to a standard 
Jones Loader that will automatically remove the loaded det- 
onator from the dial of the Jones loader and place it into 
a magazine containing SO holes.    This magazine is an exact 
reproduction of the required packing tray and it is a simple 
matter for the operator to place a packing tray over this 
magazine and invert the magazine permitting the detonators 
to slide into their proper position. 

Although this only resulted in the reduction of 
one employee which may not seem of great importance, it en- 
tirely removed personnel exposure to a hazardous item at a 
critical point in its production.    This attachment was 
amortized in 120 shifts over a year ago and we now have 
four in operation. 
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Figure  7 
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Not all cost savings or reduction of incident po- 
tential come just from automation.     For example, an engineer- 
ing design change  suggested by a mechanical  engineer in the 
primer holder of the M-2 Delay primer body,   by increasing 
the diameter of the primer hole  .005 + a ^S0  chamfer in the 
bottom of the primer hole,  improved production capabilities 
on this item so that a  syntron feed system  (barricaded)  for 
the M-54 Primers and another syntron feeder for the primer 
holder could be built around an automatic  seating punch -- 
then the good things happened.    The hand operation of six 
operators on three  shifts went to one operator per shift; 
quality went from  20% rejects on static  firings to just be- 
low 5% on static firing.     This had been a rather hazardous 
hand operation because of  ehe two-handed finger tip nature 
of the job.     The cost  savings of $963,000 on this item was 
considerable.     However,  removing the incident potential was 
even more important.     Amortization of this  equipment occur- 
red  in twelve shifts  nearly two years ago.     The equipment 
is  still in production today. 

Figure 8 
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The  IBM floating fixture  fuze machine equipment has 
been discussed at other sessions,  and its benefits to production 
and safety are fairly well known,   but during the operation of 
this nearly totally automatic  equipment,  improvements do  show 
up in pre-assembly of parts and further automation of  some 
semi-automatic stations.     For example,  production was required 
to assemble  some several hundred thousand fuze without a copper 
sealing disc   in the closing screw.     The operation started out 
as a mallet and hand tool operation,  using three operators per 
shift to keep the automatic assembly equipment  supplied.     A 
single modified Verduin Press was  installed to do this opera- 
tion on a one-operator p^r shift  basis.    The resulting cost 
savings amounted to $89,000,  and  six people were removed from 
a hand operation hazard.     Amortization for the press modifica- 
tion and installation occurred after 22 shifts.    Figure 9. 

The rear body assembly for the fuze was being  hand 
placed onto  the floating  fixture  pallet.    This required  two 
operators on a three-shift  basis.     When an automatic  body 
placing was   installed,  the two operators were replaced  and 
production  increased from 11,000  plus per shift  to  14,000 
plus per  shift.    The total cost  of the automatic body  station 
was  $8,000 and the resultant   savings amounted tc  $80,000. 
Again operator exposure  is a direct  benefit to  safety exper- 
ience.     Figure 9-A. 

The  setting sleeve assemblies for this fuze were 
being assembled on a hand line operation.    The very small 
springs had to be packed end to end on a wire to prevent 
spring entanglement.    This automation included an electromag- 
netic seperator which allowed the  springs to be bulk packed. 
Using an existing machine from a  previous fuze assembly oper- 
ation,  retooled to fit the  setting  sleeve requirements,   four 
operators of a three shift basis were no longer required. 
The  savings  in bulk packaging of the  springs alone  paid the 
amortization costs of the equipment and installation.     The 
savings  in labor amounted to  $220,000.    Again,   operator ex- 
posure was reduced to a bare minimum of one operator.    Fig. 9-B. 

Because of an embossing requirement  for lot  numbers 
and nomenclature in the fuze  body,   a sealing  lacquer opera- 
tion had to  be done.    At  first this was done by hand.     Not 
only was this messy,  it was crowded,  and there was  some  doubt- 
ful quality,   too.     So automatic   lacquering equipment was de- 
signed and  installed.     Promptly,   two operators were released, 
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quality improved,  housekeeping  improved and a potential  bottle- 
neck was eliminated.     Total  savings  here amounted to $32,000; 
amortization occurred after 30  shifts on this piece of equip- 
ment.    Fig.  y-c. 

M-125  Boosters were assembled and torqued,  by hand, 
to the  fuze  body.     An automatic  station of gear driven  "Vee" 
belts was assembled and put  into the  floating fixture  line. 
This station did all of the torquing requirements and two 
operators were relieved.    Again,   quantity at this station 
went up and a  bottleneck was removed.     Amortization of the 
station occurred  in fifty shifts and a  savings of $82,000 
resulted.     This may be a tiresome report,   but operator expos- 
ure again was  reduced.   Figures 9-D and 9-E. 

In these actions on these  units of assembly sys- 
tems,  a  savings of  $500,000 was realized.     All of the auto- 
mated  stations  have  been amortized  from six to ten months  and 
are in production today.    Best of all,  16 operators per shift 
were removed  from our potential  incident  projection. 
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Figure  9 

Figure  9-A 
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Figure  9-B 

Figure  9-C 
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Figure 9-D 

Figure 9-E 
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Automation of individual operations or a series of 
manual operations or improvement of production methods io 
not the only way to save money and reduce operator hazard 
exposure.  For example, the Black Powder loading facility at 
LSAAP is to be completely modernized in the near future. 

At present, semi-automatic or hand line loading is 
done on 17 items.  When the modernization project is com- 
pleted, most of these items will be automatically loaded and 
packed.  All of the items will benefit in one way or another 
from the modernization and automation. 

The project consists of two building modifications 
and nine new buildings. The new buildings are a receiving 
house, a heater house, powder drying house, powder storage 
magazine, primer loading building, two paint houses, a rest 
house, and a finished product storage and shipping house. 

The modernization will include conveyorized trans- 
fer of screened and dried Black Powder to the primer loading 
building. There it will be automatically transferred to the 
primer loading machines. 

Primer heads will be automatically produced in a 
present facility and transferred to a new rest house.  When 
needed, they will be transferred automatically to the new 
primer loading building. Primer bodies will be loaded into 
equipment that will inspect, insert paper liners, lacquer, 
dry and transfer to the powder loading machine automatically. 

Upon arrival of the body at the powder loading 
machine, it will be charged with powder, inspected for vol- 
ume, the primer head will be fed onto the body, torqued, 
staked or crimped and the completed primer gauged and fed 
onto the pack-out conveyor. 

Assembled primers will be packed into cardboard 
containers, then conveyed to the final packout bay in the 
storage and shipping building.  Room for palletizing, if 
needed, is provided in this building. 

Total cost of this entire project is just over 
$6,000,000 of which almost exactly half is for buildings 
and rehabilitation. The modernization and automation of the 
Black Powder facility at LSAAP will release 76 operators from 
exposure hazard. Amortization will occur in 5 years. 

It is estimated now that the entire project will be 
ready for use 21 months after receipt of funds. The oroject 
is funded as of this date. 
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TRAINING AVAIUBLE TO CONTRACTORS  PERSONNEL 
RESPONSIBLE FOR HAZARDS CONTROL 

Moderator: 

G. W. Marsischky 
Naval Ammunition Depot 

Crane,  Indiana 
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RESUME OF SPECIALIST SESSIONS 
MODERATED BY MR. G. W. MARSISCHKY, CODE 043, 

OF NAD CRANE, INDIANA 

1.  Presentations were given by Dr. John V. Grlmaldi, Ph.D., of 
New York University, and Mr. G. W. Marsischky of the NAVORDSYSCOM 
Safety School. 

a. Dr. Grlmaldi, Director of the Center for Safety at New 
York University, described the course offerings currently available 
at NYU ranping from special classes a,nd seminars to advanced de- 
grees in safety.  Dr. Grlmaldi also expressed a willingness to 
develop new programs to meet existing needs If a sufficient number 
of persons could be expected to enter the programs. Current pro- 
grams at NYU Include Independent Studies, Evening Courses, Under- 
graduate and Graduate courses in the philosophy, principles and 
techniques of motor vehicle safety. Industrial safety, and safety 
education. Typical course offerings Include the following: 

Foundations of Safety for the Modern Society 
Industrial Safety Program:  Organization, Administration 

and Supervision 
Industrial Safety Engineering 
Human Factors in Engineering Design 
Accident Prevention for Motor Vehicle Fleets 
Fire Prevention and Protection Inspection 

Dr. Grlmaldi asked that anyone interested In participating In the 
New York University Center for Safety's programs contact the 
Center directly: 

The Center for Safety 
New York University 
Washington Square 
New York, New York 10003 

b. Mr. Marsischky described the course offerings of the 
NAVORDSYSCOM Safety School which include one and two week classes 
in: 

Basic Explosives Hazard Control 
Explosives Safety - Transportation and Storage Operations 
Explosives Safety - Production Operations 
Explosives Safety - Laboratory, Research and Testing 

Operations 
Industrial Hazard Control 
Systems Safety Analysis 
Fire Protection 
Manager's Role in Hazard Control 
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All of the NAVORDSYSCOM Safety School's courses are open to DOD 
contractor personnel on a space available basis. The basic 
tuition cost for DOD contractor personnel for the courses is 
$175 per week. However, special fees may be negotiated on a 
reimbursable cost basis where a significant number of persons 
are to be trained. Questions regarding the course schedules, 
tuition, participation in the program, etc., should be directed 
to: 

Commanding Officer 
Naval Ammunition Depot (Code 0^3) 
Crane, Indiana ^»7522 

2. The discussions following the presentations centered on the 
goals of the safety training programs and the need for a DOD 
(ASESB) recognized or sponsored explosives safety training pro- 
gram. Mr, Ray Myers, Director of the Army Material Command 
Explosives Safety Training School, was present during the first 
session and expressed the Army Material Command's willingness 
to provide training for DOD contractor personnel. The general 
consensus of the discussions was that specific training for DOD 
contractor personnel was needed in the following areas: 

Interpretation and Use of DOD 41^5.26M, Contractors 
Safety Manual 

Special Hazards of Explosives Production Operations 
Hazard Control Management 

3. Only one specific recommendation was made by the participants 
and that was that the ASESB should sponsor or endorse training 
programs in explosives safety for DOD contractor personnel. 
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RKCENT RHSEARCH RELATIfG TO THE DEVELOPMEMT OF 
QUANTITY-DISTANCE STANDARDS 

Moderator: 

Dr. Thomas A.  Zaker 
Chief Explosives Scientist 

Armed Services Explosives Safety Board 
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Recent Research Relat ing  to  the Development of 
Quantity-Distance Standards 

Introduction 

Adequate quantity-distance standards are an essential feature of an 
effective explosives safety program,   inasmuch as  they determine the 
protection provided to the general public and to  operating personnel 
wherever concentrations of ammunition,  explosives,  and other hazardous 
materials are stored or handled. 

Existing standards of  the Department of Defense have evolved over years 
of experience with explosives  incidents,   supplemented by deliberate 
tests and analysis.    As the need for storage of new materials and 
devices develops,  the underlying technical basis of the standards must 
be extended,  so that  the resulting regulations reflect prescribed 
levels of protection.     Furthermore,   it  is necessary to understand the 
variation of level of protection with  distance for various targets, 
so that relative risks can be assessed adequately. 

The papers presented at  this session describe recent results of 
research programs undertaken to refine quantity-distance standards 
in the areas of blast and fragment effects and fire hazards.    The 
titles and authors of the papers are  as follows: 

l 
i 

"Blast Wave Diffraction Over Barricades" \ 
A. H. Wiedermann, IIT Research Institute, Chicago, 111. ; 

I 
"Building Damage  Surveys From Explosion Tests" j 

C. Wilton,  URS Research Company,  San Mateo,  Calif. 
i 

"Fragment Hazards  From Munition Stacks" 
D. I. Feinstein & H. H. Nagaoka,  IIT Research Institute ! 

"Review of Fire Hazard Distances" 
A. N. Takata,   IIT Research Institute I 

Texts of the presentations are reprinted on succeeding pages. 
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BIAST WAVE DIFFRACTION OVER BARRICADES 

A.  H. Wiedermann 
Scientific Advisor 

IIT Research Institute 
Chicago, Illinois    60616 

ABSTRACT 

This paper describes an analytical study of blast wave 
diffraction over barricades. The objective of the work was 
to provide a theoretical basis for evaluating the effective- 
ness of barricades in shielding accidental explosive blast. 
Results of three barricade calculations, representing the 
near field, intraline range and far field, are presented in 
the form of overpressure ratio contours in the shadow region 
behind the barricades. Impulse ratio data and a representa- 
tive overpressure waveform are given for a single revetted 
barricade located in the near field.  It was concluded that 
the current standards requiring a target separation distance 
from an unbarricaded explosive store to be as much as twice 
that from a barricaded store of the same explosive quantity 
is unrealistic with regard to blast effects and gives credit 
to generally nonexistent shielding effects. In fact, for 
special applications the presence of a barricade may produce 
increased target loads. 

Computer programs for both the spherically - symmetric 
free - air explosion problem and the two-dimensional blast 
diffraction problem were developed during the course of the 
research program. 
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BLAST WAVE DIFFRACTION OVER BARRICADES 

INTRODUCTION 

Current standards applicable to explosive processing 
and storage facilities require that separation distances 
from an unbarrlcaded store of mass-detonating materials be 
as much as twice those from a barricaded store of the same 
explosive quantity.  There Is no clear physical basis for 
this provision with regard to the protection afforded by a 
barricade against either the primary fragment hazard or the 
blast hazard from accidental explosion of a munition store. 

1* 
Recently conducted small-charge experiments  with 

model barricades indicate that the blast pressure field is 
perturbed for a distance of only a few barricade heights be- 
yond the barricade.  The zone of significant shielding depends 
on both the barricade design and its placement relative to 
the explosive source. The purpose of the presently reported 
work is to furnish a theoretical basis for understanding the 
performance and evaluating the effectiveness of barricades 
in shielding explosive blast. 

The case of blast diffraction over a barricade sur- 
rounding an accidentally detonated explosive store can be 
idealized to a problem of unsteady fluid flow with rotational 
symmetry about a vertical axis through the center of the 
charge. This represents the barricade as a torus at the 
ground surface surrounding the charge, and limits the number 
of Independent spatial variables to two, the radial and ver- 
tical position coordinates r and z in a meridian plane. A 
barricade far from the source thus approaches a straight, two- 
dimensional obstacle in a plane flow.  The blast diffraction 
phenomena can be visualized then as a two-dimensional diffrac- 
tion field surrounding the barricade expanding with time into 
an otherwise one-dimensional flow field centered about the 
explosive source. 

COMPUTATIONAL METHODS 

Various methods have been developed in recent years for 
the numerical solution of unsteady gasdynamic problems in 
two dimensions on a digital computer.  The choice of method 
depends on both the nature of the problem to be solved and 
the level of detail required in the results. 

lc  
Superscript numerals designate appended references. 
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Direct finite-difference techniques utilize a device 
known as an artificial viscosity^ a pressure term added to the 
momentum and energy equations when the compression rate is 
positive,  in the solution of difference equivalents of the 
partial differential equations with respect to a finite mesh 
of small cells.    This smears shocks typically over a few 
cells to preserve the continuous formulation of the problem. 

In a Lagrangian difference scheme the mesh of cells is 
embedded in the fluid and moves with it.    This  is useful for 
multifluid problems because material interfaces are clearly 
resolved; however,  fluid distortions must remain relatively 
small.    In an Eulerian scheme,  on the other hand,  the mesh 
of cells is fixed in space while the fluid moves through it. 
Thus  large fluid distortions can be accommodated,  but sur- 
faces of contact between dissimilar fluids cannot readily be 
resolved. 

Spherical Explosion in Air 

In order to obtain starting conditions for calculating 
the two-dimensional flow associated with diffraction of ex- 
plosive blast over a barricade, a numerical solution of one- 
dimensional spherical blast pulse propagation from detonation 
of a sphere of the solid explosive pentolite (50/50 TNT/PETN) 
was developed.    For this purpose a Lagrangian difference tech- 
nique was employed. 

Central difference equivalents of the equations of motion 
in a Lagrangian frame of reference, with initial radial dis- 
tance and time as the independent variables, were integrated 
numerically in a one-dimensional  (radial) array of cells.    In 
this method state variables are evaluated at the cell centers, 
while velocities and displacements are defined at the cell 
boundaries.    Central differencing with respect to time is 
secured by defining the velocity at the midpoint of each time 
step.    In the computations, an artificial viscous pressure 
term quadratic in the compression rate is added to the thermo- 
dynamic pressure when the compression rate is positive. 

The numerical solution proceeds from initial conditions 
provided by the flow profile in the detonation-product gas, 
called the Taylor wave, obtained by evaluation of an available 
similarity solution3 for central initiation of an explosive 
sphere.    The region in which the calculations are made is con- 
tinuously extended a few cells ahead of the main air shock 
as it propagates outward.    This process of cell addition leads 
to increasing storage requirements and computation time, and 
makes necessary periodic rezoning of the computed field as 
the calculation proceeds.    This is accomplished by periodically 
halving the number of computed cells. 
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The numerical solution was obtained for two representa- 
tions of the equation of state of the detonation-product gas. 
One, due to Walker and Sternberg-* for pentolite of initial 
density 1.65 g/cnw and detonation energy release 1402 cal/g, 
is given by 

(A1+A2p) pe+A3 p3 (1) 

with 
A1 - 0.35 

A2 = 0.1243 cin3/g 

A« - 0.01279 megabar-cm9/g3 

where p, p, and e are the pressure, density, and internal 
energy.  The surrounding air was represented as a perfect gas 
with a ratio of specific heats 7 = 1.4. 

The solution for the same charge weight and energy re- 
lease was also obtained with the detonation products described 
by the equation of state of a perfect gas with 7" 1.35, which 
is the low-density limit of Equation (1).  In this case the 
air was treated as a perfect gas with a specific heat ratio of 
1.35.  This accounts in an approximate way for real-gas ef- 
fects in the air, and rakes possible application of the one- 
dimensional results as initial and boundary conditions in 
the numerical solution of blast diffraction at a near-field 
barricade using an Eulerian finite-difference scheme. 

A comparison of the results obtained with the two repre- 
sentations of the equation of state is given in Figure 1, 
showing the paths of the main air shock and the material in- 
terface.  The distance and time in Figure 1 are scaled by the 
cube root of the TNT equivalent of the explosive weight in a 
standard atmosphere. The complete solutions in both cases 
were stored for subsequent use in initializing the two- 
dimensional computed fields immediately prior to interaction 
of the shock with the barricade. 

Explosive Blast Pulse Diffraction 

To treat analytically the effect of an earth barricade 
on an explosive blast wave, the idealization is made to a 
toroidal barricade surrounding a hemispherical explosive 
charge at a rigid ground surface.  Both the ground and barri- 
cade surfaces are assumed to be ideally reflective. 

The numerical solution technique employed in the present 
study was originally developed at the Los Alamos Scientific 
Laboratory.  It has been applied successfully to various shock 
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interaction and diffraction problems by Gentry, Martin and 
Daly^ and to the transient loading of blunt obstacles by 
Butlerr The present application to the diffraction of blast 
waves over barricades is unique in that the boundary and ini- 
tial conditions on the computations are furnished by the free- 
air (hemispherical) explosion blast field, which varies both 
spatially and with time. 

The equations of fluid dynamics are written with respect 
to the Eulerian frame of reference in which the independent 
variables are the cylindrical radial coordinate r and vertical 
coordinate z, and the time t.  Conservation of mass and momen- 
tum are expressed by the relations 

öp/ät + V • (pu) = 0 (2) 

pöu/c^t + p(u-V) u = -Vp (3) 

where u is the velocity vector with components u and v in the 
z and r directions, respectively. 

In terms of the specific total energy eT defined by 

eT = e+u • u/2 (4) 

the energy equation for adiabatic flow without friction can 
be written as 

pöeT/dt + f(u • V) eT = -V-(pu) (5) 

The  ideal gas  equation of state applies, with 7 = 1.35  for 
a barricade located  in the near field and 7 = 1.4 otherwise. 

The  left-hand sides  of the momentum and energy equations 
are seen to be all of  the same form.     The first  term in each 
equation is a  local rate of change of the dependent variable, 
while the second represents convective transport of the same 
quantity.     In the numerical scheme employed  in the present 
study,  local changes  and  transport effects  are calculated sep- 
arately in two stages  of the computations  at each time step. 

The region through which the fluid flows  is divided into 
a  fixed mesh of rectangular cells  in a meridian plane of the 
rotationally symmetric  problem geometry.     Each cell  is  identi- 
fied by indices  i and j   in the z and r directions,  respectively. 

All properties   in each rectangular cell  ij , of dimen- 
sions  Az and Ar, are assumed to be known at  time t = tn.     The 
computation procedure  to determine the state  in each cell at 
tn+1 = tn + At is as  follows: 
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First,   intermediate values  of the velocity components 
and the energy are computed  from their  local rates of change 
neglecting  the  transport terms  in the field equations.     The 
pressure is modified by the addition of an artificial vis- 
cous pressure at cell boundaries across which a negative 
velocity gradient  exists at  the beginning of the time step, 
provided  the   local Mach number does not exceed a  fixed 
value prescribed  in  input data.     The viscous pressure term 
is proportional  to  the velocity difference between adjoining 
cells  at  the  boundary where  it  is  applied. 

Next,   the mass  flow across cell boundaries  is calcula- 
ted assuming  the density transported across each cell boundary 
to be  that  of   the donor cell  (the cell from which fluid  is 
flowing)   rather  than the cell boundary average of the density. 
This  is called donor-cell mass  flow differencing.     Using  the 
mass  transport so calculated,  the density at tn^  is obtained 
from the difference  equivalent of  the first term in Equa- 
tion  (2) . 

Finally,   local changes and  transport effects are summed 
to obtain the values  of u, v and ex at  the end of the time 
step, and  the  pressure p is  obtained from the equation of 
state.     The next  time step At  is determined from a Courant- 
type stability condition: 

At  = £ Min 
MinCAz^Ar.) 

MaxCu^ .v^ Jcjp (6) 

where c..   is  the sound speed  in cell  ij. 

The two  types  of boundaries   that occur in exterior  flow 
problems of this  type are reflective surfaces and continuative 
boundaries.     The first represent rigid surfaces at which the 
normal velocity component and pressure gradient vanish.     Con- 
tinuative boundaries, on the other hand, appear as  surfaces 
in the fluid medium chosen to limit  the extent of the com- 
puting mesh;   flow may occur across  such boundaries. 

During the early stages of blast diffraction,  the con- 
tinuative boundary conditions are prescribed by the free-air 
explosion solution and ambient air conditions.    Specification 
of these data   in a control zone three cells in thickness at 
each continuative boundary permits  the assignment of state 
variables  and  their gradients  in sufficient detail to be com- 
patible with two-dimensional calculations  in the enclosed 
computed  field.     To avoid introducing extraneous  reflected 
signals   into the region of interest,   the continuative bound- 
aries were kept sufficiently far removed by zoning the computed 
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field nonuniformly, with resolution decreasing away from the 
immediate vicinity of the barricade. A typical grid config- 
uration is presented in Figure 2. 

Computations were performed in terms of dimensionless 
variables  involving the cube root of the charge weight.    How- 
ever, a given barricade geometry is defined by at  least two 
independent cross-sectional dimensions  (height and crest 
width)   in addition to the distance from the source.     There- 
fore some care must be exercised in applying  the computed 
results   to widely different charge weights,  since  the scaling 
laws  for blast imply conditions of strict geometric  similarity, 

DISCUSSION OF RESULTS 

Four barricade shock diffraction calculations were made 
corresponding to  the following configurations: 

• Single-revetted barricade at 2.5  ft/lb  '3 

with vertical face toward the explosive 
source 

1 A 
• Mound barricade at 2.5 ft/lb /J 

• Single-revetted barricade at 9 ft/lb  /J 

with the vertical face toward the explo- 
sive source 

■i/o 

• Single-revetted barricade at 40 ft/lb ' 
with the vertical face away from the 
explosive source. 

All of the above barricades have the same height and crest 
width, 0.5 and 0.075 ft/lb1'3, respectively, and the inclina- 
tions of their sloping faces are all 2.5.    Partial results of 
three of these calculations are summarized herein. 

Review of Shock Diffraction Phenomena 

In order to better interpret the results of the present 
numerical calculations, discussion of the shock interaction 
is presented. 

This is accomplished by examining an interferometric 
photograph" of a flow at the time the incident shock front has 
just passed the top of a mount-shaped obstacle.    Figure 3 pre- 
sents a schematic representation of the interferometric photo- 
graph showing contours  of constant overpressure ratio as well 
as various wavefronts. 

At an earlier time the incident shock interacted with 
the front slope of the mound, and a localized high pressure 
zone was created at this surface.    This region was bounded 
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in part by a reflected shock that propagates away from the 
obstacle.     The  reflected and incident waves may coalesce to 
form a Mach stem bounding  the front of this region.     At  the 
later time shown by the figure,   the wavefront contacting 
the mound surface has diffracted around its crest. 

A rarefaction wavefront propagates back into the re- 
flected high pressure region resulting in a  lower pressure in 
the neighborhood of the crest.    Due to the sharp corner of 
the crest a vortex of extremely  low central pressure  is pro- 
duced which then slowly migrates  into  the region behind the 
mound while  it grows in size.    At a  later time,  the diffrac- 
ted shock will interact with the  level surface behind the 
mound and another high pressure region is thereby created. 
This  high pressure region expands upward and outward behind 
this  second reflected shock.    A complex flow field is  estab- 
lished as  these primary disturbance fronts interact with each 
other and  the reflective surfaces.     The fluctuations  in this 
region are continually weakened and diffused until it ap- 
proaches a quiescent state. 

Figure 4 presents a contour plot showing curves of con- 
stant overpressure ratio corresponding to the experimental 
series associated with Figure 3.     The normalizing factor used 
was the overpressure of the incident step wave.    Also illus- 
trated by Figure 4 are the regions where the maximum pressure 
are caused by the various  interaction mechanisms discussed 
above.     In regions I and II the maximum pressure is due to 
reflection of the incident wave;   in region III, the combined 
effect of the reflected shock and rarefaction wave;  in 
region IV,   the diffraction process; and in region V,  the 
reflection of the diffracted shock. 

Of particular interest is  the region having an over- 
pressure ratio smaller than unity, depicted in Figure 4 as 
the shadowed zone.    Within this zone the lowest value attained 
is 0.55 at  the central portion of the back surface.    The con- 
tours that extend into this zone increase as the distance 
from the obstacle increases.    Thus significant overpressure 
reductions are seen to occur only in the immediate vicinity 
of the obstacle.     The overpressure ratios along the level 
surface behind the obstacle are slightly larger than unity 
in this particular case. 

Results of the Numerical Calculations 

The shielding effectiveness  of barricades is determined 
by comparing the results obtained in the shadow region with 
a barricade present to the results  that would be obtained 
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without a barricade.     The former results are obtained from 
the two-dimensional barricade calculations, while the latter 
can be obtained by either a full two-dimensional treatment 
with no barricade present or by the one-dimensional free- 
air solution.    In the near field region,  these two methods 
of computing the spherically-symmetric blast wave yield 
results which, although qualitatively similar, differ some- 
what quantitatively due to the different calculational 
methods.    The proper reference is  that  provided by the two- 
dimensional treatment since both the barricaded and un- 
barricaded solutions would then be subjected  to the same 
numerical procedure.     For the intraline and far field regions, 
the one-dimensional computational treatment  if? adequate. 
The results are presented graphically and  include overpres- 
sure waveforms,  peak overpressure ratio contours, and meas- 
urement of positive phase impulse. 

A comparison between free-air waveforms computed at 
the same near-field distance by the two-dimensional method 
and by the more precise one-dimensional calculation is 
given in Figure 5.     The difference in peak overpressure cal- 
culated by the two methods is due to the  finer mesh resolu- 
tion possible in the simpler one-dimensional problem. 

A typical overpressure waveform in the shielded region 
behind a near-fieId barricade is compared with the corre- 
sponding unbarricaded result in Figure 6.     The extent of the 
shielding effect of the near-field barricade is shown in 
the contour map of Figure 7.    It may be noted that along 
the ground surface the overpressure never drops below 90 
percent of the unbarricaded value.    A comparison of impulses 
at selected points  in this problem are presented in Figure 8 
and show that not more than a 30 percent reduction below 
unbarricaded values occurs.    This is consistent with impulse 
measurements  in a near-field barricade experiment3- 

1 A Similarly,  for a barricade at intraline range (9 ft/lb  ') 
the contours of overpressure ratio in Figure 9 show the extent 
to which the barricade provides some measure of shielding. 
The overpressure ratios along the ground behind the barri- 
cade are always equal to or slightly greater than unity. 
The lowest computed value of the overpressure ratio was 0.72 
in this problem. 

Finally,  in the case of a  far-field barricade,  the 
contour map of Figure  10 shows  that, with the exception of 
a  small region near the rear edge  of the barricade,  the 
shielding effects are very small. 
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CONCLUSIONS 

The accuracy of target  response calculations  to blast 
loading  is  of the order of  10 percent or more.     Therefore, 
a barricaded to unbarricaded raaximum overpressure or posi- 
tive phase  impulse ratio of 0.8 or less provides a reason- 
able criterion of effective blast shielding. 

Applying this criterion  in each of the four cases 
presented, we conclude that   the barricades  considered are 
not effective in affording protection from blast effects 
for general target applications.     This  is  particularly true 
for  targets near the ground. 

There are regions  of effective shielding,  but  these 
typically begin in the vicinity of the barricade backside 
and extend upward and outward beyond the barricade.     Thus, 
some very special applications may exist for which this 
limited shielding effect  is useful. 

These conclusions are  in general agreement with the 
limited experimental  information currently available. 

The current standards  requiring a target separation 
distance from an unbarricaded explosive store to be as much 
as  twice  that from a barricaded store of the same explosive 
quantity  is unrealistic with regard to blast effects and 
gives  credit to generally nonexistent shielding effects.    In 
fact,  for special applications  the presence of a barricade 
may produce increased target  loads. 

ACKNOWLEDGEMENTS 

This study was performed under Contract DAHC04-70-C- 
0013 for the Armed Services Explosive Safety Board, super- 
vised by Mr. R, C. Perkins, Safety Engineer, and Dr. T. A. 
Zaker,  Chief Explosives Scientist. 

Several IIT Research Institute staff members  contributed 
significantly to this work.     Mr.  T. V.  Eichler performed the 
computer programming, while the author assisted  in the in- 
terpretation of the results.     Dr.  T. A.  Zaker  (formerly 
Science Advisor,  IITRI)  directed the initial stages  of this 
work. 

254 



REFERENCES 

1. Wenzel, A. B. , et al, "Barricaded and Unbarricaded Blast 
Measurements," Southwest Research Institute, Subcontract 
1-00-431,  Contract DAHC04-69-C-0028,  October 1969. 

2. von Neumann,  J.  and Richtmyer,  R.   D.,  "A Method for 
the Numerical Calculation of Hydrodynamic Shock," J.  Appl. 
Phys.   21,  232. 

3. Gentry,  R.  A., Martin, R.  E.  and Daly,  B.  J. ,  "An 
Eulerian Differencing Method for Unsteady Compressible 
Flow Problems," J. Comp.   Phys.   1,  87-118,  (1966). 

4. Walker, W.  A.  and Steinberg,  H.  M. ,   "The Chapman - 
Jouduet Isentrope and the Underwater Shockwave Performance 
of Tentolite," Proceedings,  Fourth Symposium on Detonation 
Vol.   1,  B156-B169, NOL (October  1965). 

5. Butler, T. D. , "Numerical Calculation of the Transient 
Loading of Blunt Obstacles by Shocks in Air," AIAA J. , 
Vol.  4,  No.   3   (March 1966). 

6. Bleakney, W. ,   "The Diffraction of Shock Waves Around 
Obstacles and  the Transient Loading on Structures," 
Technical Report II-3, NR061-020,  Princeton University, 
March 1950. 

255 



\ 

\ 

• 

i; 
/i 

\ ■ i  i 

\ r4 

t 
c 
i 
0 

% 
o 
CO 

«w 
i u 
i  (U 

: c 
1 M 

1 
1 
1 

• 
CO              / 

3     / 

V 

co c 
• o 

3^ 
i-4 wiJ 
o CO 
r-i 

W
a
l
k
e
r
-
S
t
e
r
n
b
e
r
g
 

f 
P
e
n
t
o
l
i
t
e
 
D
e
t
o
n
 

o u o 
o o 
iH «W   CO 

CO 0) 
fl X!T3 
*^ AJ O 
^H COS 
^ O. 
H s-\ 
"v. ojm 
O ÜCO 
0) CO   • 
CO M-lr-l 

i 
U 
<U   11 

0) 4J 
Q C   ?- 

r-< •I-I H'-' 

o TJ  CO 
r  1 

A
i
r
 
S
h
o
c
k
 
an
 

an
d 

I
d
e
a
l
 
Ga
 

P
r
o
d
u
c
t
s
 

CN 
r-1 

O 
i-l (1) 

u 
3 
60 

o 
o 

e/T qT/^J-snxpBH 

;.-)ti 



JO 

2 
tu 

u 

u 
o 

IM 

c 
o 

CO 
M 
3 
&0 

»4-1 
c 
o 

CJ 

>s 
>-l 

§ 
o 

<N 

CD 
U 
3 
00 

(€/Tqi/5j) z 4
3M3TSH 

157 



o 
o 

w 
a 

• 
ro 8 .—t 

II II 

0) 
u 
3 
m 
en 
0) C 
VJ 0 
a i-i 
u u 
(U «J 
> ^ 
o 3 

G 
^ 
o 0) 
o > 
x; « 
00 3 

(0 
Q 

U u 

i o 
H 
0) 

iw 

(U 

c 
H 

C 
o u 
<u 
u 
c 
•^ 

cu 
I 

0) 
X) 
«0 
Ü 

•rl 

pa 

T3 
c 
3 

c 
o 

Ü 
cd 

(1) 

c 

o 
CO 

0) 

3 
M 

!58 



B-.- 

II i 

1.5 

1.4 

x z 
(a)  Pressure Regions 

1..0 

(b)  Maximum Pressure Contours 

Figure 4    Peak Pressure Contours  for Mound Barricade- 
Princeton  Interferometric Data 



Spherical Range - 2.80 ft/lb1^3 

ZOÜ r ̂ ^-1D 

_ L- ^^-.2D 

150 \)r 
11   ' 

/■^ 111 
•rl ' i 
CO ■ 11 
a \ t >-/ i u 
0) 1        1 
u I 1 
3   100 1         1 1 

1             1 cr \\ 0) V 
14 \\ 
a It 

I* 1 
u \\ 

> \\ 
O          i ^ 1 

50 ^ 
k 

•I 
V                                            1 

1 \ 

1 \. 

1 >v                                   | 

1 ^v^^^                           1 
0 

y\          i 
0.5 

Time   (ms/lb1/3) 

1.0 

Figure    "5 Comparison of Free Field Wave Forms 

i60 



■barricaded 

•unbarrlcaded 

R 
H 
r 
h 

- 2.5 ft/lb 1/3 
0.5 ft/lb1^ 

- 5.075 ft/lb 
- 1.025 ft/lb 

/3 
1/3 

Time (ms/lb1/3) 

Figure 6 Pressure Wave Forms-S.  R.  Barricade at 2.5  ft/lb 1/3 

261 



3 u 

E 
2 

(€/Tql/3')       ,M,1"H p,t,:'s 

^üJ 



m 

CM 

U 
m 

« 
o 
fl 

PQ 

O 

4J 

pi 

0) 
03 

r-l 
D 
a 
E 

oo 

[fa 

26 3 



r-l 

r-l 
•— 
U-l 

u 

n) 

i 

0) 

o 

g 

OS 

0) 
M 
3 « 

a 

V 
M 
3 
60 

(^11/33)       3M8TaH paTB3S 

2MM 



CO 

ft 

~-> 
4J 

o 

u u 
«6 

»5 

\ u 
c o u 

5 
« 

9! 
CO 

I 
SI 
o 

I 

(€/iqi/33)       3M8l3H P31B3S 



r; ..»->,...» n. 

n 
«ui/ 

! 

S1- 

BLANK PAGE 

1 i 

I 
ir I    -' i. 

■>    — 



BUILDING  DAMAGE  SURVEYS  FROM EXPLOSION TESTS 

C. Wilton 
URS  Research Company 
San Mateo,  California 

Introduction 

For many  years the quantity-distance regulations lor the separation 

between  potential  explosion  sources  and   sites  to  be   protected  have  been 

based on empirical  data   derived from accidental  explosions.     Recently,   a 

series  of  tests  was  conducted,   by  the Armed  Services   Explosive  Safety 

Board   (ASESB)   and  the  Defense Atomic  Support  Agency   (DASA),   to obtain 

experimental  test  data  to aid  in the verification   of   these quantity- 

distance regulations.     In  these tests,  wood-frame houses were exposed to 

shock waves  from high  explosive charges,   with the   incident  overpressure 

at  the test houses being  somewhat  larger than those   implied  In  the  regula- 

tions covering  inhabited  building quantity-distance  relationships  for 

unbarricaded charges.     Another purpose of  the teats was  to  investigate 

the effect  of charge size or pulse duration on structural damage. 

Tests which were conducted  in this  series  included:     two tests  at  the 

Naval Weapons Center  (NWC),   China   Lake   (Ref.   1),   one of which used  a  single 

10,000-lb hemispherical  charge exposing a  test house to a peak  incident 

overpressure of  0.9 psi,   and  the second  of which  used  two 5,000-lb hemis- 

pherical charges  detonated  24 milliseconds apart   exposing the test house  to 

a  peak incident  overpressure of 1.1 psi;   the 500-ton Prairie Flat  event  in 

which a  test house was  exposed  to approximately  1  psi   (Ref.   2);   a   100-ton 

Ammonium Nitrate/Fuel Oil   (AN/FO)  test  which exposed a test house  to a 

peak  incident  overpressure of  1.6  psi;   and the recent Dial  Pack  event   in 

which a  test house was  exposed to a peak  incident   overpressure of  approxi- 

mately 2.6 psi  from the  explosion of  500 tons of  TNT. 

The purpose of this paper is to summarize the data from these tests 

and to compare these data with the results from a Nuclear Weapon test in 

which a house was  exposed  to a peak   incident overpressure of  1.7 psi. 

Explosive parameters  and peak  incident overpressures at  the test 

houses  for all the tests   are summarized  in Table   1. 
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Table 1 

SOURCKS OK ÜATA 

CHARGE OVERPRESSURE 
TKST KXPLOSIVE SIZE   (PSI) 

V.W.C.   »1 TNT 10(0OO-lb 0.9 

N . W.C .   »2 TNT 2-5 ,000- ■lb 1.1 

AN iü Ammonium 
Fuel  Oil 

Nitrate/ 100-ton 1.6 

PliAHUb;   FLAT TNT 500-toii 1 

DIAL  PACK TNT 500-ton - 2.6 

UPSHOT  KNOTHOLE Nuclear 16.4-kt 1.7 
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Test House 

The frame house, used for all these tests, was a conventional two- 

story house — 33 ft 4 in. long by 24 ft 8 in. wide with full basement 

and gabled roof.  The house had three rooms on each floor and a brick 

fireplace in the living room. This house was built in accordance with 

the Office of the Chief of Engineers, Department of the Army, Drawing 

No. 60-08-45.  Floor plans of this house are shown in Fig. 1. 

House Damage 

The damage experienced by the test houses in the six tests varied 

considerably.  In all the tests, window destruction on the front sides of 

the houses (that side facing the blast) was virtually complete.  On the 

sides of the houses, window destruction varied from about 50% for the low 

incident overpressure tests to 1007o for the higher incident overpressure 

tests, and on the back side window destruction ranged from zero percent 

to 100%.  Similarly, stud and roof rafter damage ranged from virtually 

none broken to a significant number broken, and ceiling and wall plaster 

damage ranged from an insignificant amount to virtually complete damage 

in certain portions of the house. 

In Fig. 2 is shown an exterior view of one of the houses which suf- 

fered relatively little damage, and in Fig. 3 one of the houses which 

suffered most extensive damage.  Except for apparent window and door 

damage, the first house (exposed to 0.9 psl peak Incident overpressure 

from a 10,000-lb charge at NWC)ippears virtually intact.  Far more ex- 

tensive damage can be seen on the second house (exposed to 2.6 psi from 

a 500-ton charge at Dial Pack), with one window frame being blown out, 

the siding on both upper and lower floors showing obvious damage, and 

the roof being clearly dished and separated at the peak. 

Typical of the damage experienced on the Dial Pack test Is that of 

the studding near a first story window frame shown in Fig. 4.  Roof 

rafter breakage from the AN/FO test at an incident overpressure of 1.6 psi 

is shown in Fig. 5. 

The extent of house damage experienced during the six tests is sum- 

marized in Tables 2 through 7. 
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Fig.   4     STUDDING  DAMAGE  ON  FIRST FLOOR AFTER  DIAL  PACK  TEST 



Fig.   5    ROOF RAFTER  BREAKAGE AFTER AN/FO TEST 
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Table 2 

DAMAGE FROM N.W.C. TEST #1 

CHARGE SIZE    10 ,000-lb TNT 

OVERPRESSURE  - psl     0.9 

• WINDOWS   (% Destroyed) 

Front 90      Left 55      Right 30      Rear 2 

• STUDS   (Number Broken)  - 0 

• ROOF RAFTERS   (Number Broken) 

Front 0      Rear 0 

• CEILING PLASTER (% Destroyed) 

1st Floor 0  2nd Floor 0 

• WALL PLASTER (% Destroyed) 

1st Floor 5  2nd Floor 5 
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Table 3 

DAMAGE   FROM  N.W.C.   TEST #2 

CHARGE   SIZE     2-5,000-lb TNT 

OVERPRESSURE  - psl     1.1 

• WINDOWS   (% Destroyed) 

Front 98  Loft 70   Right 55  Rear 20 

• STUDS (Number Broken) - 0 

• ROOF RAFTERS (Number Broken) 

l-'ront 1      Rear 0 

• CEILING PLASTER   (% Destroyed) 

1st Floor C       2nd Floor 2 

• WALL PLASTER (% Destroyed) 

1st Floor 7  2nd Floor 7 
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Table 4 

DAMAGE FhOM PRAIRIE FLAT TEST 

CHARGE SIZE 500 ton 

OVERPRESSURE - psl  1 
\ 

• WINDOWS (% Destroyed) 

Front   TOO       Left  80      Right   10       Roar 0 

• STUDS   (Number Broken)  - 6 

• ROOF RAFTERS   (Number Broken) 

Front  19       Rear 0 

• CEILING PLASTER   (% Destroyed) 

1st  Floor 0       2nd FJoor 15 

• WALL PLASTER   (% Destroyed) 

1st Floor 13  2nd Floor 12 
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Table 5 

DAMAGE FROM AN/FO TEST 

CHARGE SIZE 100 ton 

OVERPRESSURE - psi  1.6 

• WINDOWS (% Destroyed) 

Front  100      Left  20      Right 100      Rear 0 

• STUDS   (Number Broken)   - 12 

• ROOF RAFTERS   (Number Broken) 

Front 23      Rear 1 

• CEILING PLASTER (% Destroyed) 

1st Floor 0  2nd Floor 20 

• WALL PLASTER (% Destroyed) 

1st Floor 15  2nd Floor 16 
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Table 6 

DAMAGE FROM DIAL PACK TEST 

CHARGE SIZE  500 ton 

OVERPRESSURE - psi  2.6 

• WINDOWS (% Destroyed) 

Fiont  85      Left  100      Right   100       Rear 1 

• STUDS   (Number Broken)   - 67 

• ROOF RAFTERS   (Number Broken) 

Front 2  Rear 23 

• CEILING PLASTER (% Destroyed) 

1st Floor 0  2nd Floor 100 i 

• WALL PLASTER (% Destroyed) i 

1st Floor 50  2nd Floor 50 
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Table 7 

DAMAGE FROM UPSHOT KNOTHOLE TEST (NUCLEAR) 

CHARGE SIZE 16.4 kt 

OVERPRESSURE - psi  1.7 

• WINDOWS (% Destroyed) 

Front 100  Left 100  Right 100  Rear 50 

• STUDS (Number Broken) - ~16 

• ROOF RAFTERS (Number Broken) 

Front 23  Rear 2 

• CEILING PLASTER  (% Destroyed) 

1st  Floor 0      2nd Floor   ~2 

• WALL PLASTER  (% Destroyed) 

1st  Floor   ~6      2nd Floor   ~8 
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Damage Comparlsona 

It  la difficult  If not Impoaslble to rank damage — In any quantita- 

tive way — from tabulations auch aa those shown In Tables 2 through 7. 

It Is clear that the damage shown In Table 6  (to a house which experienced 

2.6 pal peak  Incident overpressure from a SOO-ton burst)  Is greater than 

that shown In Table 2 (to a house which experienced 0.9 psl from a  10,000 

lb burst) but how much greater the damage Is cannot be simply deduced. 

Similarly,   It Is not  Immediately obvious that the damage shown  In Table 6 

Is significantly greater than that  In Table 7 (to a house which experienced 

1.7 psl from a 16.4 klloton nuclear burst.) 

However,  a simple, pragmatic method to make quantitative damage com- 

parisons   has   been developed,  and  In the remainder of this section the 

method will be described,  and preliminary results of its application will 

be given. 

The method is a cost oriented one,   and requires first that  plans for 

a structure being considered be examined in some detail to determine the 

relative costs of its various elements.    This has been done approximately 

for the house used in the six tests,   with the results shown in Table 8. 

Estimates are then made of the total cost of construction of the building, 

(which can vary from region to region)  through discussions with contractors, 

knowledge of construction practices and labor rates in an area,   etc.    This 

Information,   along with that In Table 8 makes  it possible to assign spe- 

cific costs to the various structural elements shown in Table 8. 

The final step can be done in one of two ways:     either the damage 

cost can be estimated from observed damage  (for example,   80% of windows 

were destroyed; windows account for 6% of the building cost;   therefore 

the cost of window damage is 4.8% of the total building cost);   or the 

repair cost can be estimated by assessing the cost of removing  and replac- 

ing damaged elements.    The latter parameter — repair costs  —  is con- 

sidered to be more meaningful a measure than damage costs. 

For the six tests under discussion,  preliminary estimates have been 

made of both damage and repair costs   (in terms of percentage of total 
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Tnlilu 8 

HELAT1VK COST OK HOUSK ELEMENTS 

1TKM % TOTAL COST 

• KXCAVAT10N, tüöNUATION 20% 
BASEMENT 

• FLOOR JOISTS  k FLOORING 10 

• WALL  FRAMING 11 

• ROOF 7 

• EXTERIOR WALLS 12 

• INTERIOR WALLS 21 

• DOORS 4 

• WINDOWS 6 

• MISCELLANEOUS   -  Stairs, 9 
Fireplace,  Paint, Trim 
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building costs).    These are plotted on Flg. 6 as a function of peak 

Incident overpressure;  both curves h«ve been extended to zero coat  for 

zero peak  Incident overpressure.     Included on that  figure  Is some pre- 

liminary  Information from a house  in the UPSHOT-KNOTHOLE series which 

experienced about 5 psl overpreasure,   and was virtually destroyed 

Including part of the foundations. 

It  Is clear that there Is a  strong correlation of both damage and 

repair costs with peak Incident  overpressure,  though the variability — 

seen at  the  lower end of  the overpressure range - was significant. 

Though  It has not yet been  done,   it would appear that correlation 

with either total impulse or dur3tion would be much  les3  satisfactory. 

For the three tests which give peak overpressures of about  1 psi,   impulse 

or duration should vary by a  factor of about 4.5,   far greater than the 

variability In costs for these tests,  and for the two tests which gave p^ak 

overpressures of about 1.6 psl,   impulse or duration should vary by a factor 

of about 5.5,   again far greater than  the observed cost variability. 

It should be noted that Fig.  6,  along with previously measured results 

from barricaded and unbarrlcaded charge geometries confirm the desirability 

of  eliminating the quantity-distance "credit" given to barricaded charge 

geometries over unbarrlcaded geometries.    The basic  "safe"  scaled Inhabited 

building distance (actual distance divided by the cube root of the charge 
1/3 weight)  is  currently 80 ft/lb        P. scaled distance which would give rise to 

an overpressure of about  0.5 psi.     In DOD Instruction 4145.23 this distance 

can be halved If barricades are employed.     In Ref.   5 It was shown that over- 

pressures at  Inhabited building distances are actually greater from barri- 

caded charge geometries than for unbarrlcaded geometries  (although closer 

to the charge — at Intermagazlne distances — the reverse is  true).    Even 

assuming equality of overpressures  at  inhabited building  distances from 
1/3 the tvo  geometries,  the 40 ft/lb        scaled distance permitted  for barri- 

caded geometries should give rise to about 1.2 psl at a  structure.    From 

Fig.  6,  repair costs at this overpressure should amount  to about 25% if 

the structure resembled the test house employed. 
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Conclusions  and Recommendations 

The results of the tests  reported  on here,  and  the method proposed 

for quantifying damage  (which when  applied  to the tests     appear  to indi- 

cate a  strong correlation  of  damage or  repair costs with  overpr' jsure) 

have significance for both  the Armed  Services  Explosives   Safety  Board 

(ASESB)  and  the Office of Civil Defense   (OCD),   and  also for evaluating 

effects  of  disasters  other than  those  caused  by explosion. 

For ASESB,   extension of  these results and methods would: 

• permit  cost  trade-off studies  to be made  to establish 

siting locations 

• allow possible re-evaluation of Quantity-Distance 

Criteria 

• aid  in establishing  legal  basis  for claims after an 

incident or accident 

For OCE^ extension of the  results  and methods proposed  should: 

• aid  in post-attack   recovery planning 

• improve inputs  to existing  structure evaluation  research 

• aid  in the development  of  casualty models 

As   indicated above the methods proposed can also be used  for 

evaluating the extent of damage from non-explosive disasters   (hurricanes, 

tornados,   etc.)  as well. 

It   is  recommended that   in the future: 

• additional data  on  structural component  and utilities 

damage be derived prior to conducting full-scale tests. 

• future full-scale tests use structures  employing more 

modern  types of construction,   and   include te&ts  on 

utilities  (costs of which can be quantified as  suggested 

in this paper). 

• damage survey teams be established to document  the effects 

of all types of disasters   in order to increase  the damage 

and repair cost data  base. 
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FRAGMENT HAZARDS FROM MUNITION STACKS 

i D. I. Feinstein 
and 

| H. H. Nagaoka 
IIT Research Institute 

Chicago, Illinois 60616 

ABSTRACT 

This paper describes an investigation of fragment hazards j 
from multiple munitions in open stores.  The objective of the study j 
was to estimate fragment hazards as a function of type and quantity ; 
of munitions, configuration of the store and location of detonation ! 
origin. 

A series of small and full scale tests, on a variety of stack        \ 
configurations, were conducted in support of developing an analytic 
model for simulating an ammunition stack. . , 

These experiments have tended to introduce complications in 
the development of an analytic stack model due to the observation of 
many unexpected results. The test results are being utilized in 
efforts to develop and validate an analytic procedure. 
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1 

FRAGMENT HAZARDS FROM MUNITION STACKS 

INTRODUCTION 

This paper describes the work conducted under Phase III 
of the FRAGMENTATION HAZARD STUDY by IIT Research Institute 
(IITRI)  under the  technical direction of the Armed Services Ex- 
plosives Safety Board  (ASESB)  under contract DAHC 04-69-C-0056 
issued by the U.S.  Army Research Office.    A full understanding 
of the current research program described below is only achieved 
in the context of  the  total continuing program. 

The overall objectives  of this continuing effort are: 

• To develop methodology for estimating 
risks of  injury and damage from fragments 

to a wide range of human,  mechanical 
and structural targets, 

at all ground ranges and orientations 
within the limit of vulnerability, 

from simultaneous and repetitive detona- 
tion of various  types and quantities of 
munitions, 

in open stores and in protective enclosures, 

expressing risk on a probability basis. 

• To apply  the methodology  in determining levels 
of risk  from fragments  for a series of actual 
real-world sites. 

• To conduct the analytical,  empirical,  and experi- 
mental studies required to fill gaps in current 
knowledge   in support of  the development of the 
methodology. 

Phase I of  the study was concerned with establishing 
quantitative damage criteria in terms  of fragment mass,  velocity 
and attack  angle   for various  targets  including standing personnel, 
vehicles,  aircraft,  buildings and open weapon stores.     In Phase 
II an analytic model was developed to predict the density of  frag- 
ments and  the probability of damage to  the targets considered  in 
Phase I  from explosion of individual munitions of various  types. 
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These Included gun shells and general-purpose bombs.    Here, 
damage probability contours were obtained In polar coordinates 
for a horizontal orientation of the munition axis In each case. 

In Phase III,  the current research activity,  the Intent 
has been to extend the fragment hazard model,   developed under 
Phase II for Individual munitions,   to the case of multiple 
munitions In open stores.     The objectives of the  study were: 

> 

•      To extend the fragment hazard model to estimate 
quantity-distance relationships for fragment hazards 
as a function of  type and quantity of munitions, 
configurations of  the store and location of detona- 

| tlon origin. 

I •      To conduct a full scale verification test to vali- 
date these quantity-distance relationships. 

I The analytic model for estimating fragment hazards In- 
! eludes  the following salient features: 
i 

>. 

• Input which defines the Initial spatial field of 
fragment masses,   velocities and elevation angles. 

• Application of trajectory analysis to determine 
terminal positions and terminal ballistic properties 
of fragments,  and 

• Utilization of vulnerability functions  derived from 
available data for  the determination of  Impact and 
damage probabilities. 

In extending the analysis to Include multiple munition sources 
(I.e., stacks) the only feature above which Is affected Is the 
Input describing the Initial spatial field. 

This Input,   for the  single munlton,  was obtained from 
existing test results describing the fragmentation effective- 
ness of various munitions.     No such similar Information exists 
for stack configurations of these munitions.    Therefore,   the 
major research task in the Phase III study has been to establish 
a means of transforming the  input data for a single munition into 
the corresponding input for a stack of  this munition.     This paper 
describes a series of small and full scale tests on stack configu- 
rations in support of developing an analytic stack model. 
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SMALL-SCALE EXPERIMENTS 

During the current program,  the fundamental Information 
concerning the mechanism of fragment Interaction was Investi- 
gated for simultaneously detonated clustered small-scale munitions. 
The paucity of data concerning fragmentation for clustered muni- 
tions  suggested that the basic explosive munition design be 
physically simple and predictable In behavior.    Based upon this 
premise,   the ball-type explosive munition configuration,  Illustrated 
In Fig.   1, was conceived with a simple cylindrical shape.    An 
efficient fabrication technique was devised In which an exact number 
of ball bearings with minimum spacing could be assembled on the 
munition well with non-metallic components.    An Initial exploratory 
experiment, with the munition model loaded with C-4 explosive, 
verified that the ball fragments could be projected with uniform 
distribution and negligible  loss due to shattered balls. 

To obtain meaningful fragment Interaction data for clustered 
munitions,  a sixteen-sided closed arena was designed utilizing 
standard 4x8 ft.  plywood panels that enclosed a diameter of about 
20 ft.     A schematic of the test arena Is shown In Fig.  2.    The 
arena design represented a compromise between the exoloslve model 
configuration (I.e.,   2 Inch diameter x 4 Inch length) and a manage- 
able arena structure which would provide full fragment Interaction 
data.     Heavy draft paper was  stapled to each plywood panel to pro- 
vide a portable data record of fragment interaction.    In addition, 
three Celotex recovery boxes with 2x2 ft.  surface were positioned 
45 degrees apart to record fragment penetration data and to provide 
physical recovery of impacting fragment samples. 

To further reduce the number of experimental variables, 
the munition clusters were detonated simultaneously.    A total of 
twenty diagnostic experiments were conducted in which 92 small 
scale experimental models were detonated with 10 distinct cluster 
configurations.    The resulting experimental data were processed 
in the following three categories: 

• Qualitative photographic data from the Impact witness 
panel paper. 

• Counts of fragment Impacts on the witness panel paper. 

• A count of fragment perforations in the witness paper 
located between each inch of Celotex in the fragment 
recovery boxes. 
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Plywood Witness Panels 
(4lx8,xl-2M) 
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Recovery 
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panel) 
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1 

8' 

1«       " 
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Fig.   2    SMALL-SCALE MUNITION ARENA FACILITY 
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The photographic data from the  impacted witness panel paper 
were used to reconstruct  the explosive model arena.    These  data 
provided conclusive evidence  that simultaneous detonation of the 
model cluster was obtained as evidenced by the regular cyclic 
patterns between shattered and intact  fragment zones. 

The high energy fragment  impacts   (i.e.,   those  fragments 
which projected an area greater  than one-half that of a 3/16  in. 
sphere) were counted for each 11.25 degree sector on all witness 
panel  sheets of  the area.    Table  1  indicates  the results  obtained 
for the 10 distinct cluster configurations.     Figs.   3,  4 and 5 give 
graphic  illustration of  the relationship between  the recovered 
balls and their corresponding position  in the arena.     It  is  readily 
apparent that  in zones where  interaction of fragments  takes I 
place  that a concentration or enhancement effect  takes place. j 
In the zones where the ball bearings  do not  interact  in flight, 
their behavior  is equivalent  to  that expected from a single munition. 
Concentration also seems  to be related  to munition spacing as 
witnessed by fragment concentrations  in an area sector angle of 
22.5 degrees and  15 degrees  for spaced and unspaced munitions 
respectively.     Also spacing seems  to affect  the magnitude  of con- 
centration;   that  is,  decreasing with separation. j 

The  three Celotex recovery boxes,   located 45 degrees i 
apart, behind the plywood witness panels, provided information | 
on fragment  impact density and penetration energy for each munition , 
of cluster.     High energy fragments here were defined arbitrarily as j 
those penetrating 5  inches of Celotex.     The count of these   fragment 
perforations showed good correlation with data obtained from 
corresponding arena witness panels.     The Celotex penetration data i 
also provided evidence that the  fragment velocity  is  increased 
proportional  to  the number of munitions  in the cluster.     Table 2 < 
summarizes  the  results of the Celotex recovery box data. 

Finally,   three experiments were conducted using naturally 
fragmenting steel cylinders  in place of the cylinders with preformed 
fragments.     The  steel cylinders were  designed to simulate  the 
performance characteristics of the preformed fragment models.    Results 
from these experiments verified that  the fragment interaction 
phenomena may be correlated between  the  test models and config- 
urations  found  in conventional ordnance  items  (i.e., with respect 
to side spray effects). 
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TABLE 2 

SMALL-SCALE CELOTEX RECOVERY BOX DATA 

Conflg. Angle 0 
Number 

1 
of balls through 

2   3   4 
sheets 

5 6 

90° 12 12 12 12 12 12 12 
o 45° 

0° 
12 
9 

12 
9 

90° 69 48 31 27 25 24 18 
o o 45° 

0° 
16 
15 

12 
10 

90° 46 28 26 23 23 23 20 
oo 45° 

0° 
12 
11 

10 
11 

ooo 

90° 118 
45° 13 
0° 14 

54 42        34        28 

ooo 
ooo 

90° 
45° 

117 
15 

ooo 0° 157 

69        46        39 

88        58        53 

22 
11 
11 

15 

90° 73 50 39 36 33 26 
ooo 45° 

0° 
12 
25 

9 
12 

90° 124 61 38 33 26 26 14 
O 0 
o o 45° 15 14 

0° 72 44 28 27 23 20 11 

90° 150 83 53 46 35 34 25 
ooo 
ooo 45° 12 12 

0° 48 33 25 22 18 17 11 

90° 145 81 41 31 26 22 
888 45° 13 12 

0° 111 58 35 30 24 17 

35 28 
12 
45 35 
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FULL SCALE Mil-7 BOMB TEST 

In order to validate the extended fragment hazard model a 
full-scale experiment,  utilizing stacked 750 lb M117A1E1 bombs, 
was conducted by the Naval Weapons Center (NWC)  at China Lake, 
California.    The experiment was conducted as  two test series 
consisting of a 6-bomb cluster and a 15-bomb cluster.    In each 
experiment all units were primed and detonated simultaneously. 
The 6-bomb cluster was configured as three-high and two-wide. 
This cluster had all bombs yielding some measure of unobstructed 
side-spray fragments.    The second configuration consisted of 
15 bombs  stacked three-high and five-wide.    This cluster provides 
six bombs entirely masked by the peripheral nine bombs.    These 
stack configurations are shown in Figs.  6 and 7 respectively. 
Fig.   8 Illustrates  the  test area at China Lake. 

Using a vehicle-mounted electromagnet, NWC collected case 
material fragments after each experiment in eight angular sectors, 
each subtending an angle of 80-36l.    Each sector was subdivided 
into eight cells between the 500-ft    and 2000-ft    radial distances 
from the location of the bomb cluster.    Fragments  in each of the 
64 cells throughout the test area were passed through a series of 
12 sieves.    The number of fragments retained in each sieve was 
counted and the total weight was also recorded.    The average frag- 
ment mass was readily obtained. 

Having the average fragment mass and the number of fragments 
in each cell of the recovery area provides for sufficient data 
to validate the extended fragmentation hazard model.    Table 3 
gives the total weight of fragments in each sector  for both the 
6 and 15 bomb tests. 

TABLE 3 

TOTAL WT.  TABLE -  CHINA LAKE 

Weight of Fragments,   lb. 

Sector                                                   3x2 5x3 

A                                                       6.58 15.95 
B                                                       23.77 42.17 
C                                                     15.67 49.19 
D                                                       12.26 119.94 
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These data Indicate that the basic experimental design structure 
was functional  In providing hazard Information.    More specifically, 
It was evident that fragment hazards  from the accidental detonation 
of munition stacks Is quite sensitive to  the physical configuration 
of the munition.    That Is,  the fragment hazard from stacked artil- 
lery munitions may differ significantly from stacked aerial bombs 
because of the difference in the metal case configuration and the 
explosive charge-to-metal mass ratio. 

FULL SCALE 155mm SHELL TESTS 

To ascertain the degree  to which physical configuration of 
munitions plays  a role  in the  fragment hazard study,  IITRI partic- 
ipated in two experiments conducted at Yuma Proving Ground. 

The first experiment consisted of 1000 units of 15mm shells 
stacked 10-high and 100-wide in a parallel array.    The stack 
was detonated by a single 15mm shell with the remainder of  the 
stack initiated by sympathetic detonation. 

The second experiment consisted of three rows of 155mm shells 
with 100 units each stacked 10-high and 100-wide.    The first two 
rows were aligned base-to-base, while the second and third rows 
were oriented nose-to-nose.    Each row was spaced 50 Inches apart 
with the middle row designated the donor  stack with primed munition. 

The fragment collection cell specifications are illustrated 
in Fig.  9.    Three sectors are shown spaced 90 degrees apart. 
Although the original intent was to have all three sectors  subtend 
an angle of 80-36l,   the magnitude of resulting fragments made it 
necessary to reduce  the collection areas  in the nose and base 
sectors as shown.    All fragments within each sector were collected 
from 500 ft to 2000  ft distances measured along the radial borders 
of the sector.     Each sector was divided Into eight cells.    As  in 
the bomb test at China Lake, a truck mounted electromagnet was 
utilized to collect the fragments in each of the 24 collection 
zones. 

It should be noted here that  the primary objective of  the Yuma 
program included the obtaining of blast measurements at strategic 
locations, photographic data on explosion propagation and fragment 
velocity,  and fragment recovery in Celotex boses.    The IITRI  frag- 
ment recovery program represented a secondary objective of the  test 
which in no way  Interfered with the  test's primary objective. 

Table 4 represents the results of the first test at Yuma. 
As shown in Fig.  9 and previously discussed,  the collection cells 
were not similar in size.    It was therefore necessary to normalize 
the results obtained. 
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Table 4 

YUMA FRAGMENT WEIGHT DATA FROM TEST 1 

Cell No. 
A 

Nose Sector 
B 

Base Sector 
C 

Side Sector 

1 88.8 165.6 12.0   i 

2 92.2 333.9 30.2 

!    3 281.2 259.3 -- 

4 237.3 359.0 38.2   1 

5 278.9 261.4 44.3 

6 428.1 280.4 44.4 

7 268.4 272.5 43.3   | 

8 229.5 186.1 45.1 
1 

TOTAL 1909.4 2118.8 262.5   ! 

Total Fragment Weight - 4290.7 lbs 
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Table 5 shows the results of normalizing the total fragment 
weights in the nose and side sectors to the base sector due to 
an area estimate. The results obtained from the first experiment 
at Yuma were totally unexpected.  Instead of obtaining a fragment 
pattern which is somewhat consistent with results obtained for a 
single munition, the shells in the stack seemed to fracture like 
a banana peeling.  That is, the nose plug was thrown into the 
nose sector as expected«, however, the majority of fragments in 
the base zone were large chunks of casing material (i.e., long 
9-18 inch and heavy in excess of 5 lb weight).  Furthermore, the 
large fragments in the base zone were extremely dense and this 
density did not seem to be falling off considerably at the 
maximum collection cell 2000 ft out.  Large fragments were found 
at distances in excess of 3200 ft.  The relatively small amount 
of material found in the side sector is consistent with the above 
results in that only the shells on the perimeter of the stack 
probably contributed to this sector. 

In the second test at Yuma, the fragment pattern was signi- 
ficantly different than the one obtained from the previous tests. 
Here, only the center stack detonated. The shells from the two 
adjoining stacks were distributed over a large area; as far as 
4500 feet from ground zero. The detonated shells fragmented in 
the same manner as before. However, a large number of fragments 
that would have been projected into the nose and base sector 
were effectively blocked by the adjoining stacks and remained at 
ground zero.  In these sectors the fragment density appeared to 
be less than a third of that previously observed. The density 
dropped off quite rapidly in cells 2 and 1. The side spray 
sector appeared to have the same pattern as before. The ends 
of the undetonated shells that were facing towards the center 
stack (i.e., bases of the base-to-base and the noses of the 
nose-to-nose) were considerably deformed from the impacts of the 
fragments from the detonated shells. 

EXTENDED FRAGMENT FIELD PREDICTION MODEL 

The series of experiments that were conducted has tended 
to complicate the task of developing an analytic stack model whicl: 
can predict the initial fragment field of a stack of munitions 
from the corresponding data for a single munition. These compli- 
cations are due to the following test observations: 

The small-scale test indicates zones of material and 
velocity enhancement which are dependent on stack 
configuration and spacing. 
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• Since the small-scale tests were conducted with 
cylinders,  this effect is only demonstrated for 
side spray.    However,   the bomb tests at China 
Lake also show enhancement zones in the base and 
nose sectors. 

• The full scale bomb tests at China Lake have 
shown that the fragment input data obtained for 
a single munition lacks adequate resolution for 
the heavier fragment weights. 

• The Yuma tests indicate that the fragment size may 
vary as a function of individual munition case 
design and the contact area of shells within a 
stack. 

Since the Yuma effect has been a rather recent and entirely 
unexpected phenomena and one which is presently not entirely 
understood,   the present discussion will be limited to the tech- 
niques now being employed to replicate the bomb results, obtained 
at China Lake, with the fragment hazard model. 

In the Fragmentation Hazard Study,  Phases I and II,  test 
results for single munitions were utilized.    These results defined 
the Initial spatial field of fragment masses,  velocities, and 
elevation angles.    The full-scale small-stack bomb tests at the 
NWC showed the importance of the heavy fragments.    However,  in the 

; model these heavy fragments were grouped into only the top two 
I categories. 

IITRI is presently obtaining raw data on single munition bomb j i 
\ fragment  tests from Eglin Air Force Base which will allow us to 
| redistribute the mass categories in a more representative table as 
; input to the model. 

The input table will be further refined to incorporate 
I material enhancement within the interval of polar angle representa- 
« tive of side-spray.     Since this angle is not spocifically known, 
; the problem will be treated parametrically.    That is, material 

enhancement rules, as observed from the small-scale tests, will 
be appropriately applied to the redistributed input table. 
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Table 5 

NORMALIZED YUMA RESULTS FROM TEST 1 

Area Estimate 
Recovered 
Fragment 
Weight 

Normalized 
Fragment 
Weight 

Relative 
Fragment 
Weight 

Base 1 2118.8 5932.6 22.6 

Nose 1.4 1909.4 3818.8 14.4  j 

Side 2.8 262.5 262.5 1    1 

(1)  Normalized fragment weight based upon 

i            estimated equivalent collection areas. 

j       (2)  Relative fragment weight as compared 

with weight collected in Side Sector > 
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CONCLUSIONS 

Based on the test results obtained In this study,  one 
may conclude the following: 

1) Zones of velocity '•nhancement and material en- 
hancement tend to develop within areas where 
one munition shades another In a stack.    This 
phenomena of enhancement Is shown to behave In 
a predictable manner for the small-scale tests 
corresponding to side effects. 

2) This enhancement Is confirmed and extended to 
nose and base effects as well as side effects. 

3) Current Input data for single munitions lacks 
sufficient resolution for heavier fragments  to 
be useful as input to the fragment hazard study. 

4) The Yuma tests Indicate that the fragment size 
may vary as a function of Individual munition 
case design and the contact area of munitions 
within a  stack. 

5) The Yuma tests also show that stacking techniques 
may be employed to minimize the fragment hazard 
effect. 

i 
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REVIEW OF FIRE HAZARD DISTANCES 

A. N. Takata 
Senior Research Engineer 
IIT Research Institute 

Chicago, Illinois 60616 

ABSTRACT 

This paper describes the results of an analytical 
study of the effect of thermal radiation from fires In 
magazines and liquid-fuel storage areas on various targets 
as well as the separation distances required to prevent 
serious damage. The study Included buildings with and 
without windows, trains, automobiles, aboveground magazines, 
aircraft and human beings.  It was concluded that the cur- 
rent separation distance requirements for solid-fuels are 
excessive and that the scaling of the distances to the one 
third power of the total weight of fuel Is incorrect. 
Furthermore, It was concluded that the separation distances 
for liquid-fuels should be based on the area over which the 
fuel may flow rather than on its total weight. Means for 
including the effect of fuel composition on the separation 
distances are also included. 
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REVIEW OF FIRE HAZARD DISTANCES 

I. INTRODUCTION 

Fires in magazines or in liquid-fuel storage areas 
can seriously damage targets either as a direct result 
of the radiant heating of sensitive target components or 
as a result of fires started within targets.    This  study 
is concerned with the quantity-distance requirements as- 
sociated with fire.    In this paper, we will discuss the 
principal factors that affect the radiation emitted by 
two types of fires, namely, 

• fires involving pools of liquid fuels, and 

• solid-fuel fires, 

and the radiant intensities necessary to damage or injure 
various types of targets, namely, 

• aircraft 

• magazines, 

• buildings, 

w vehicles, 

• trains, and 

• human beings. 

II. RADIATION PRODUCED BY  FIRE 

Here we are concerned with accidental fires in 
which the principal mechanism of damage is thermal radia- 
tion and not by blast, fragmentation, or the ejection of 
burning debris. The thermal damage varies from the 
ignition of targets such as buildings to the buckling of 
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aircraft skins and depends on the radiant Intensity and 
exposure time.    In most accidental fires,  the fire duration 
Is long compared to the times for thermal damage so that 
the damage Is primarily dependent on the intensity of the 
radiation.    Thus,  fires that generate intense radiation 
for short periods of tine are more hazardous to targets 
than fires which emit the same quantity of heat over longer 
periods of time.    Aside from distance,  there are four major 
factors that affect the radiant Intensity.    These are 
listed below in the order in which they affect the radiant 
intensity. 

1. Rate of heat generation by fire 

2. Fraction of heat radiated by flame 

3. Deflection of convection column by wind 

4. Transmissivity of atmosphere associated 
with emitted radiation. 

First we will discuss the last three items and then 
discuss the rate of heat generation.    The fraction of heat 
radiated by flames varies with the fuel and usually ranges 
from about 17 to 42 percent of the total heat depending on 
the composition of the fuel.1      On the other hand, wind 
can cause appreciable changes in the radiant field by de- j 
fleeting the flames either towards or away from targets. j 
In the downwind direction,  the wind may increase the radi- \ 
ant intensities by as much as 65 percent above those pro- 
duced under conditions of no wind while the radiant inten- 
sities in the upwind direction are decreased by as much as 
80 percent. 

The radiation emitted by fires incurs substantial 
attenuation enroute to a target and varies with the per- 
cent of water vapor and carbon dioxide in the air and the 
spectral distribution of radiation.    At 300 ft,  the re- 
ductions of the radiant intensities due to attenuation 
range from about 22 to 41 percent while at 900 ft the 
reductions of the^radiant intensities range from about 
33 to 46 percent.       Of all the factors,  the rate of heat 
generation is singly the most important and is a function 
of the rate of consumption of the fuel and the amount of 
heat generated per unit weight of fuel. 

H  
Numbers in superscript refer to "References" listed at 
the end of the text. 
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where 

2.1 Rate of Heat Generation by Liquid Fuel 
Burning In Fools 

For liquid-fuel fires,   the rate of fuel consumption 
is equivalent to the product of the total surface area of 
the burning pool and the rate of vaporization of fuel per 
unit area of surface.    The rate of vaporization varies with 
the fuel composition while the surface area of the liquid 
varies with the enclosure within which the liquid is con- 
fined.     The total quantity of fuel is important only inso- 
far as  it affects the surface area of the fuel exposed to 
fire.     Unfortunately,  the distance requirements of the 
present quantity-distance  tables are expressed in terms of 
the total quantity of fuel rather than on the availability 
of the fuel to participate in a fire. 

For pool  fires,  the rate of heat generation q    can 
be approximated by the following equation: 

qo - c.A-p-Q2/Qv (1) 

c - Constant of proportionality 

A " Surface area of pool 

p ■ Density of fuel 

Q ■ Heat of combustion of fuel 

Q    ■ Heat necessary to vaporize fuel. 

This equation is based on experiments which indicate 
that the rate of consumption of fuel is proportional to the 
ratio of the heat of combustion divided by the heat necessary 
to vaporize the fuel.1 

2.2 Rate of Heat Generation by Fires Involving Solid Fuels 

The rate of heat generation from fires involving 
solid fuels such as propellents, incendiary materials and 
certain explosive materials is difficult to ascertain be- 
cause the times to bum individual fuel elements are short 
compared to the times for fire spread.    This is a result 
of the very appreciable thermal protection^afforded fuel 
elements by packaging materials and cases.      The problem 
of predicting the rate of heat generation is further com- 
plicated by substantial variations in this protection. 
One means of assuring that targets are not seriously 
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damaged Is to consider the most severe fire In which all 
fuel elements  ignite simultaneously.     In the context of 
safety, such an approach will require one to locate poten- 
tial sources of fire at excessive distances from targets. 
This Is particularly true for the case of large fuel arrays 
since the times for fire spread through such arrays are apt 
to be substantial.    The principal argument for assuming 
that all fuel elements Ignite simultaneously Is that It 
will assure* targets are not seriously damaged regardless 
of how the fire starts or spreads.    A certain level of 
risk Is implied otherwise. 

For the case of simultaneous  Ignition,  the rate of 
heat generation   q   may be expressed as 

where 

A1.V1.Qi (2) 

Aj - Total surface area of 1-th 
fuel element 

V. Velocity of burning of 1-th fuel | 

Q. ■ Heat generated by burning of unit 
mass of 1-th fuel. 

III.     CRITICAL RADIATION EXPOSURES ASSOCIATED 
WITH VAklöüg 1M6ETS  

Four curves showing the minimum Incident radiant 
Intensities necessary to Ignite or seriously damage vari- 
ous types of targets are shown In Fig.  1.    The Interior 
fuel for buildings Is considered as black cotton cloth 
with a backing material which is located just behind a 
single window pane while the exterior fuel is considered 
as wood sidings that are painted black.    The curve asso- 
ciated with interior building fuels is also considered 
appropriate for automotive vehicles and trains.    For open 
stacks of ammunition or similar materials, we have con- 
sidered IMR propellent with a black coating directly ex- 
posed to the radiation.    For the case of human beings, 
the critical irradlance is associated with second degree 
bums of the bare skin of individuals whose skin has an 
absorptivity of 0.6 and who constantly turn    to ward off 
the painful effects of the heating.    In each of the above 

i 

If distance is required accordingly . 
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cases,  the affected surfaces are treated normal to the 
direction of the fire.    Except for human beings that are 
Immobilized, all other situations and fuels will require 
greater Irradiation to cause serious damage. 

IV.       DISTANCE REQUIREMENTS 

Throughout this paper, we have assumed a condition 
of no risk and,  hence,  have considered the most severe j 
fires and the most vulnerable targets.     Tables 1 through 5 
document the distance that various types of targets must be \ 
from the nearest edge of the area of fire.     Tables  1 and 2 
are for solid-fuel fires and present the distances  in terms 
of the duration of the fire and the weight of the fuel. 
Tables  3,  4 and 5 are for fires  involving liquid-fuel and 
present  the distances in terms of the surface area of the 
fuel and p-Q /Qv.     This group of parameters  is a measure 
of the rate of    heat generation by the fuel, where p and Q 
are the density and heat of combustion of the fuel,   re- 
spectively, and Q    is the heat necessary to vaporize the 
fuel. ' v 

Figures 2 and 3 summarize the more Important aspects 
of the fire problem.    These are that the threat of fire Is 
most appropriately a function of the rate of heat genera- 
tion by the fire.     For fires  involving solid fuels,   the 
rate of heat generation can be characterized by the total 
weight of fuel and the duration of the fire as shown in 
Fig.  2.     The importance of each of the two parameters is 
self-evident.    For fires Involving liquid fuels,  the rate 
of heat generation may be characterized by the surface area 
of the pool and the properties of the fuel as shown in 
Fig.  3.     Both parameters have an appreciable effect on the 
distances.     The quantity of liquid fuel is important only 
Insofar as  it affects the areas over which the fuel  is able 
to flow. 

4 
Unfortunately, existing quantity-distance Tables 

are developed solely on the bacis of total weight of fuel 
and make no provision for fire duration for the case of 
solid  fuels or for the surface area or fuel composition 
for the case of liquid fuels.     Furthermore,  there is no 
sound basis  for scaling the distances to the one-third 
power of the total weight. 
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REMARKS BY E.  E.  HARTON, JR. 
Office of Hazardous Materials 
Department of Transportation 

Washington,  D.  C. 

My first encounter with TB 700-2 was in  its  embryonic stage at Bob Herman's 
Minimum Test Critiera Work Group meeting the week after President  Kennedy 
was inaugurated.     As a result of the efforts of that Work Group,  TB 7 00-2 
came into existence.     Initially,   I was representing the Air Force   (1961-62); 
subsequently,   I represented NASA (1962-68),   and more recently,  the Office 
of Hazardous Materials—Department of Transportation.    In addition to  the 
Military Departments and NASA, the Bureau of Explosives,   as well  as the 
Interstate Commerce Commission had representation on the Work Group. 

I must admit that my understanding  of DOT Hazardous Materials Regulations 
is considerably greater now than it was at that particular  time.    Of 
necessity I have had to learn these Regulations.    I can assure you that I 
fully realize just how complex these Regulations are and their deficiencies. 

I also understand why it was not possible for  the ICC then and DOT now 
to buy off automatically on the criteria that the Work Group developed as ( 
TB 700-2 or any future revisions either.     There are very definite rule-making * 
procedures which must be followed irregardless of the desirability of 5 
adopting particular classification methods. ' 

We are moving toward a single or at  least a uniform classification  system | 
and corresponding test procedures for DOT,   DOD and the UN Organization. j 
The Office of Hazardous Materials and the ASESB are working closely i 
together informally to try to bring this about.    Yours truly and Bob Herman 
have directed assignments to lay the groundwork.    It should be recognized 
that even though there may be informal agreement on the technical   aspects, 
it will take some time to accomplish the desired changes through the 
regulatory process;  and the final product  (Regulation change) might  be 
some compromise. 

We expect that  the technical  agreement would go smoothly providing we 
can establish a sound,   legally-defensible classification system.     That is 
why the content of TB 700-2 is so  important.     It is intended for  storage, 
handling,  and transportation.    Let's face iti     It is not realistic enough 
for the latter in the area outside of conventional explosives,  and not 
completely so in that regard. 

DOT originally intended to reference this document in the Regulations. 
This requirement  was removed from the proposed rulamaking because the 
Bureau of Explosives did not have a written set of test procedures which 
could be referenced.     It is my understanding that DOD does use TB 7 00-2 
for determining the classification of new explosives and explosive  items. 
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Basically,   the difference between the DOT classification system and 
that   of tlu-  l)OD approach and the UNO  system is  that  DOT does not 
separate  true mass-detonating materials  from those which progressively 
detonate. 

Specifically,   with  respect   to TB 700-2,   I  believe the  following would 
be worth considering when   its revision  is undertaken: 

a. True mass-detonating materials vs progressive 
detonating/fragmetit-producing materials. 

b. Super  tire  (firebrands)  vs.   substantial  fire-producing 
mater Lais. 

c. Similarities and differences  between  firebrand 
producers  (e.g.  solid rocket propellants) and 
progressive detonating materials  . 

d. The  relationship and/or distinguishing features 
between  propellants,   oxidizing materials,  explosives 
and  pyrotechnics. 

e. Clarification of Class C explosives  (e.g. blasting 
cap dilemma) 

f. Tests that   relate to confinement. 

g. Meaningful   guidelines  for classification  by analogy. 

h.     Sub-scale critical geometry test for  solid propellants/ 
rockets. 

i.     Improved specifications for test materials (e.g.  hardness 
of  steel witness plates) 

j.     Impact  sensitivity based upon  reproducible non-human 
measurements. 

k.     Susceptibility to initiation     (electrostatic or electro- 
magnetic  influence^ 

1.     Establishment of an integrated peak over pressure-impulse 
duration  base line. 

in.    Tests with both liquid and  solid applicability (e.g. 
heavy confinement detonation and/or burning under pressure) 

n.     Terminology better than TNT equivalency. 

3M 
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In my opinion, we definitely need to determine the inherent hazards 
of materials as well as the hazards of the item as shipped. 

The ideal would be to have absolute tests,  but this is certainly not 
the present case.    Therefore, we have to rely on comparative tests. 
We must  still have some damage/injury yardstick to compare our results. 
I believe that an energy-time function is the common denominator that 
we should keep in mind and toward which we should direct our classification 
and test development efforts. ' 

In case there are those in the audience who do not know it,  we have a \ 
small  contract with the Safety Research Center of the Bureau  of Mines. 
The purpose is to obtain recommendations as to hazard classification test { 
procedures  in the areas of reactive chemicals such as water-reactive I 
materials,   oxidizing materials,  and  flammable materials.     It ioes not j 
involve at  the present time explosives.     If anyone is interested  in  knowing 
more about this particular project,   I  shall be happy to talk to them 
following this  session. 

It has been a real pleasure participating in this session.    Thank you 
for your kind attention. 
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INAliigi'/U V Ol' TH  700-.',   ll.STS AS APPLIED TO  PYROTECHNICS 

J.  Y-,  Vüoglein,  Jr. 
(••ligewuini Arsenal,  Md. 

ABSTRACT 

Tin' application oi'   Hie US Army Technical   Bulletin 70Ü-2 (TB 7ÜÜ-2) 
tests  ilurin^   Phase   I  of  the  l-d^ewooil Arsenal  Pyrotechnics Hazard 
Cla.ssit itat ion  and  Evaluation Program has   revealed that  they are 
inadequate lor  such  application because   they are designed to measure 
explosive parameters of detonable materials.     Therefore,   these  tests 
do not   reveal   the   true  hazards of pyrotechnics which are of a much 
lower  order  of  magnitude   than  those  of   explosives.     The  subsequent 
phases of   the   test   program must   include  the development  of exact  test 
procedures which will   identify and measure   the   true hazardous char- 
acteristics of   the   specific  compounds of   interest.     The end item 
tests have   proven more  valid but   require  some refinement with  the 
inclusion of   implicit  standards for evaluating  the   results.     One 
serious omission   is  the   absence of scaling for the  degree of hazard 
demonstrated by   the   intensity and magnitude  of the conflagrations 
generated by   the   tests.     The need for a method of evaluating  the 
effect  of  the  cargo conveyance configuration on  the magnitude of 
the  hazard has  also been demonstrated. 
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The Hdgewood Arsenal pyrotechnics hazards classification and evaluation 
program phase  1,  segment  1,  which entailed the  classification of certain 
pyrotechnic   compounds  in the  'iilk granular state  and the finished end 
items by subjecting them to the   tests prescribed in U.S.   Army Technical 
Bulletin  70U-2 (TB 7Ü0-2),   has  proved  these  tests  to  be   inadequate. 
A contributory factor to   this finding  is  the apparent   basic  premise 
that all pyrotechnic  compounds may  be detonable.    Therefore,   the  tests 
for explosives were applied  to  all  pyrotechnics without   benefit   of 
proof  by  test. 

The  test   to determine   the probability  of detonation   in free  air   is 
evaluated by measuring  the deformation  (mushrooming)  of  the  lead 
cylinder at   the end supporting  the  sample.    A two   inch  cube  of  the 
sample material  is placed on  top of the  cylinder and  initiated  by a 
blasting cap contained in a two   inch diameter  cylindrical  wood  block 
placed on  top of the sample.     The  test  does not   lend  itself  to   testing 
and evaluating granular materials,  neither does  it  provide standards 
for evaluation of degrees  of  distortion of  the  lead cylinder  if  a 
detonation did occur. 

The   ignition and unconfined burning  test   is performed   to determine 
the  probability of the  test material  propagating burning or deflagra- 
tion  to a detonation.    This  test  is  evaluated by determining whether 
a detonation took place and by  recording  burning time  in seconds. 
Again  there  are no standards of measurement upon which  to  base  a quan- 
titative evaluation of the hazard.    The results of  these  tests only 
verified that   the test material  burned at a designed rate,   the function 
which  it  is  intended to perform.    This  test also does not   provide for 
testing granular samples.     The  requirement for a two  inch cube of 
material makes it apparent  that   it  is  intended to  test  either  cast 
solid propellant or preformed high explosive. 

The   impact   sensitivity test   is   the most   inconclusive  of  tests  applied. 
It may be valid when applied  to explosives which are generally  homo- 
genous compounds.    The probability of obtaining a representative  sample 
of a bulk granular pyrotechnic  compound in the size used  ir   this  test 
(10 miligrams)   is infinitesimally low.     It  is possible  to  obtain a 
sample that  consists of only fuel and oxidizer which will  detonate 
but   is not   representative  of  the  total  mixture.     Conversely,   it   is 
possible  to  obtain a sample which does not contain any of  the reactive 
ingredients and is also not  representative.    Furthermore,   the  results 
a.-e determined by the human senses of  sight,  sound,   and smell  and not 
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'.Iimu  il    ii   m .t i ui'icnt .il   ini'ans  which iurtlier  negates  tlit;   validity 
1   i; .   lest   t.i  ii'-.iMii i-   h.i/.mlnu^   i. Iiarai. ItT ist i t s  of   the   pyrntechnic 

■ ii;     iiil'.  with wliuli   wi'   ,IM-   i uru i-rtjcd. 

ll.i       it I   : ip ir.si    i ■,   pt-i 1 i rmt'il   to de tiTiniru'   the  st-nsitivity uf  the 
I'I i . .i;   '       I' i   nil i   n  mi.lii   ,iii f\pl.isivi'   shuck  wave.     The   test   set-up 
n.i ■'        i    i     ir. i   pi,iti    six   nulu'S   square   by   .V^   inches  thick  sup- 

,    • ' i   I     n   .i   ■   . il 1   w.     I   i i .iru-   • i \   i in lies  aUi ve   the   ground   surface.     The 
. u.;l      i      pl.i..   I   1:1   .i   1     /.v    null   stffl   tube   5   1/2   inches   long  which   is 
'Mi   ,ill\   n.'iiiiir.i   ..ii   i  .in   pififs  I't   l/ln   inch  plastic  material over 

Hi"'   iriitiM   .'1    I in     ,iii ;   pi.itc.      Iw.i   pt-ntulite   pellets   two   inches   in 
11 .ii ii 11 i   i s I null ii ,tl   w.'.'.l    il .u k  hi t h a t'-.l  blast ing  cap   inserted in a 
.i-iiiti   !II|I    is  pi,nr.I  .HI   tup  nl   the   pi'iiti'lite   pellets  w i t li  the  end of 
the  i ,ip  i ■'Ui 1.1 ii;;  tin-   t.ip  pi'lirt.     Dct.inution  is   indicated when a clean 
bli    i .   .i.!    in   tin-   -.'ill   witness  plate.     The  fact   that   the witness plate 
i  .     iil\   .lit I'lnu-il   in   lite   pv 11't ei hm i    tests  tends   to  confirm  the   relative 
•. i i ' i 1 i t \   .'I    the   py rot ri ha u   i. ompounds.     Because  detonation does  not 
niiii   with   the   typos   ul   pyintechnics   tested   in   this  program,   the sensi- 
ttvtiy   i u asm inifiit    is   possibio.     lard gap   tests   run with an  empty  sample 
in  i   ..h.ivvil I.HMII'I   distortion  than any of   the  samples  tested.     Con- 
voisi iv,,   ordinary  s,iiiil  tosted   in  the card gap  configuration exhibited 
little    u   no distortion of   the witness plate.     Therefore,   it   can be 
i,oiuluiU.l  from   these   results   that   the pyrotechnic  material only  serves 
to   attenuate   the     last   pressure wave  front. 

S.'i'ie  signil icant   conclusions   to   !*■  drawn are: 

a.     The   tests  now  required for classification by TB 700-2 are not 
adequate  lot   classifying   the   characteristic  hazards  of  bulk granular 
pyrotechnic  compounds.     Therefore,   different   tests  should be  devised 
to   provide   the data upon which  to  base a proper classification. 

li.     Tests are   required  that  will   intentionally produce hazardous 
reactions,   thereby  providing  a basis for measuring  the  true  damage 
potential,   i.e.,   the capability to cause destruction by means of 
explosion or fire. 

c.     The   tests  prescribed  to determine  storage  and  transportation 
classifications  of  pyrotechnic end  items are  adequate   if slight modi- 
fications are made  to apply  them to  items which do not  detonate.    A 
significant  finding   in  the  end item tests was  the fact  that   the 
individual  packaging of  items prevents propagation within the container 
from one   item  to  the other,   whereas,   items not   individually  packaged 
showed  total  propagation   in  all A and B tests. 

There   is no means  provided  in  the external heat  test   of packaged end 
items  to evaluate   the   intensity and magnitude at  the  conflagration. 
Therefore,   the  significance   is  not   relatable  to a classification,  e.g., 
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is  the  item to be classed as a storage class 1 or class 2.    Alsu,  no 
test is  provided to determine  the magnitude of  the hazard when the 
burning  items are initiated while confined  in a freight car or  truck. 
When in  this configuration,   the end result  could be an explosion. 
The classification,  therefore, may  be more  than that  developed by the 
external heat  test. 
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RHVIHW OP  liXPLOSIVHS HAZARD CLASSIFICATION  .'ROCEDURES: 
ARMY TEGINICAL  HULLETIN  700-2 

G,  Weingarten 
Picatinny Arsenal 
Dover,   New Jersey 

It   is   the   intent  of Army Technical  Bulletin,  TB-700-2,   to  assure  that 
all DOD components use  identical  test procedures when determining  the 
hazard classification of ammunition,  explosives and propellants. 
Based on  the results of   these  tests assignments of appropriate hazard 
classification such as quantity-distance class,   storage  compatibility 
group,   ICC class  ICC markings would be made.    Criteria for classifica- 
tion would be  based on evidence of burning or detonation of  the 
composition when  initiated by  shock,  heat,   or impact.    Chapter  3 of  the 
subject  document  details  teiit  procedures for determining  the  hazard 
classification of  bulk ammunition prior  to  shipment as well as their 
stability  and sensitivity. 

Based on  the experience of  the  Pyrotechnics Laboratory at  Picatinny 
Arsenal with over  thirty  typical pyrotechnic compositions such as 
illuminants,  delays,   igniters and smokes,   it  is believed that the 
prescribed tests  are not  directly applicable  to pyrotechnics.    The 
Thermal Stability Test   (3-10)   is unnecessary as all pyrotechnic com- 
positions must  be  stable at 1700F for periods up to a year before  they 
are considered satisfactory.     It  is doubtful  that a pyrotechnic  compo- 
sition will detonate without  confinement,   therefore the  Detonation Test 
(3-8)   and Unconfined Burning  (3-'^   -re not  suitable especially with  the 
small  sample size used.     The Card ^ap Test   (3-12)   is not applicable  to 
pyrotechnics,  since  it was developed for materials  that detonate.     The 
value of  the  Impact Sensitivity Test   (3-11)   is questionable for storage 
and transportation. 

It  is suggested  that  these  tests be replaced with procedures in which 
a relatively large quantity of composition  (100-200 grams)  are heavily 
confined and initiated.     The confined item should be  instrumented to 
obtain ignition  temperature and pressure.     Detonation rates should 
also  be determined.    Those compositions that appear to detonate  should 
be tested for TNT equivalency  for damage evaluation. 
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HAZARDS OF PLASTIC PACKAGING MATERIALS 

Moderator: 

Anthony F.  Sliwa 
Naval Ordnance Systems Command 

Washington,   D.  C. 
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HAZARDS Of   PLASTIC  PACKAGING MATERIALS 

Introduct ion 
A.   F .   Sliwd 

NJVJI  Ordnance  Systems  Conmand 

K.iAnds  from pldstic packaging materials   ii explosives handling 
operations occur  both   to explosives which  can  oe detonated  from electro- 
static  discharge and   to personnel   handling  the material   (tor example, 
the  uncontrollable  reflex which makes a  person jump when  he  receives  a 
static   shock  can  be dangerous   in  certain  critical   areas).     Hazards  to 
ordnance and  personnel   may  also arise  from the   inadvertent  burning  of 
plastics,   both   from heat and  noxious combustion products. 

Mr.  Gordon  Mustin of   the Naval   Ordnance Systems Command,  Packaging 
and  Handlino  Division  sums   up  the status  of  plastic  packaging as   follows; 

"With plastics,  there  is doubt that we can ever achieve absolute 
safety.     We cannot  turn the  clock back  for we are  in  the age of   plastics, 
To Dan  these materials out of  hand  is simply to abolish the ammunition 
distribution system;   thereby destroying our nation's ability to fight". 

To  repeat,   safety problems with plastics are basically: 

a. Static Electricity 

b. They burn 

Fortunately,  some progress  ib being made In this field and the 
following papers will   provide an   indication of  the state of  the art. 

CONCLUSIONS 

As a result of discussions after the talks,   it was concluded that 
a definite electrostatic hazard exists to some munitions packaged   in 
untreated polyethylene barrier bags or untreated polystyrene. 

Further,  a  recommendation was made to include requirements for 
conductive plastic packaging materials  for ordnance  In the appropriate 
ordnance safety manuals,  such as the Navy's NAVORD OP 5. 

There was a general consensus that an open symposium,  possibly 
sponsored through the National   Security   Industrial  Association or 
American Ordnance Association,  could contribute to greater understanding 
of the "plastics for packaging" problems. 
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REMARKS   BY   P.  J.   SMITH 
Naval Ammunition Depot 

Crane,   Indiana 

The following  remarks are made from the position of a packaging engineer 
interested primarily with  the  packaging  of ordnance   items,   rather  than 
the  handling of raw or loose  explosive and pyrotechnic  composition. 

NAD Crane has developed and utilized a number of plastic   containers 
and materials for packaging pyrotechnic and explosive  items.    The 
plastic materials have   included beaded styrene,   foam  urethanes,   and 
plastic films of all   types. 

Before we  can discuss  the hazards of plastic  packaging  materials,  we 
must   take a brief look at  the   items we are packaging,   their  strengths, 
and potentially dangerous  characteristics. 

For  example -  the MK 25 Marine  Location Marker  or  the M17A1 Ground 
Illumination Signal  are pyrotechnic devices having complete metal 
bodies.     By this,   I mean there  are no openings  or  electrical  ignition 
points exposed during shipping  or handling. 

Such a metal encapsulated device  isn't susceptible to accidental 
initiation by static electricity.     In fact,  we  have discharged a 
Van der Graff generator  into  the MK 25 at various points with no effects. 
Therefore,  the static  charge which could be generated by  plastic packaging 
materials are unobjectionable   to  such metal  encapsulated ordnance. 

However, we recognize  that  it  would be unsafe   to tolerate  the build-up 
of large static charge on ordnance packaging simply because the contents 
were  resistant.    This would ignore the hazard to other  items in mixed 
shipments.    Therefore, we take  the precaution of requiring an antistatic 
coating on the containers to prevent the buildup of  static  charges. 

This type of packaging would not  be adequate for loose  composition or 
electrically  initiated detonators. 

Obviously the  type of plastic  packaging must  be matched to  the material 
or ordnance being packaged and  its intended life or distribution. 

The  other members of  the panel have covered the fundamental hazard of 
static electricity,   the progress of developing static free film,  and 
the hazards of hydrocarbon blowing agents. 

I would like briefly to  touch on just three areas and outline some of 
our experiences at NAD Crane.     The areas are: 
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I. 

II. 

III. 

DISCUSSION: 

Foam Styrt-ne Cuntainers  -   their long term physical per- 
lurmiince. 
The   lonj;  term performance of  the  antistatic   coating on 
styrene. 
The fire retardant foam study program currently underway 
at  NAÜ Crane. 

I. The   initial  design of a plastic  container must   insure  that 
adequate  strength  is provided to protect  the ordnance.     The hazards of 
drop and  rough handling must be overcome by the design,   the  plastic 
material   chosen and the manufacturing technique  used to mold  the unit. 

üur experience has shown   that  some molders do a better job of 
welding   the material   together,   thus making a stronger container.    These 
units do  withstand long  term exterior storage.    Containers have had 6 
years outside,  unprotected storage at  Indiana without  serious deterioration. 
Exposure  under tropical  conditions for 2 years has not shown any potential 
failure, 

II. Antistatic Coating 

How do antistatic coatings for styrene survive long term 
storage?    The answer is   they last  as long as necessary.     The coatings 
on the  inside surfaces which are protected from the sun appear to stand 
up indefinitely.    The coatings on  the outside surfaces,  exposed to the 
sun, gradually disappear.    However,   the nature of the surface changes. 
The flat  surface of the styrene  beads are broken down and the jagged 
cell side walls remain.    Apparently  these thin vertical walls do not 
facilitate   the accumulation of static charges or dissipate    any charges 
as  quickly  as they build up. 

The net result  is  that  the antistatic coatings on foam styrene 
have performed satisfactorily as long as needed. 

III. NAD Crane  is currently conducting an exploratory development 
program,  funded jointly by the Navy and the Air Force,  on fire resistant 
pnenolic foam.    The foam with a number of various fillers  appears to 
overcome  the  traditional  brittleness of phenolics. 

To date,  a 1  inch  thickness of foam withstands 20000F for 
1 hour without serious buildup of heat on the inside surface.    The 
foams are  being mixed on production type equipment  in batches.    The 
program should provide design parameters for fire resistant  ordnance 
packaging  in approximately one year. 

I hope  these  remarks have presented a slightly different  viewpoint about 
plastic packaging materials for ordnance. 
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SENSITIVITY CONSIDERATIONS FOR PLASTIC  PACKAGED ORDNANCE 

John T.   Petrick 
Naval Weapons Laboratory,   Dahlgren,  Va. 

imöDucTiori 

Tne free electron and band theories of solids load to a better-than- 
ever electrostatic theory. Contact char^inc can now be explained, at 
least qualitatively, by usins these theories and invokinc insulator surface 
states.1»2»3 This modern theory explains many heretofore anoioalou^; char^l:;^ 
effects, however, the theory has not yet led to any new methods of 
electrostatic hazard mitißation. 

Safe packajins of ordnance must still be ensured by usinc the conductive 
or antistatic plas ics, both of which simply increase the conductivity of 
the packaßinß material thus permitting rapid charce neutralization. The 
choice of antistatic or conductive plastics may be made from a knowledge 
of the electrostatic sensitivity of the ordnance and the resistivity of the 
tdastics under consideration. 

Ordnance sensitivity must be obtained by testing except in the few cases 
in which design features provide an obviously safe item. Sensitivity tests 
for ordnance must be tailored to the class of item undercoing test. For 
example, an ordinary electroexplosive device (EED) requires tests of pin-pin 
and pin-case firing modes whereas a weapon component may not have any 
external leads or pins, and therefore will require a special test procedure. 

The sensitivity tests may demonstrate that the ordnance is very 
sensitive. Then an electrostatic fix may be recommended, or if a fix is 
not feasible, the ordnance may be restricted in handling and be packaged 
in a highly conductive material to prevent an electrostatic hazard. 

SENSITIVITY AND FIRING MODES OF EED's 

EED's are available in several varieties such as the hot wire type, 
the carbon bridge type,' the exploding bridge type (SBW) and the 
conductive mix type. Tne basic configurations used are shown in figure 1. 

Sensitivity of the EED's differ considerably with the EBW being the 
least sensitive. 'Hie conductive mix and the carbon bridge types are the 
most sensitive, and the hot wire type may ha-««» a wide range of sensitivity 
depending on design. 

The modes in which an accidental electrostatic initiation can occur 
for the EBW and hot wire type are essentially similar. These modes are 
shown in figure-2. The firing modes for carbon bridge,types are shown 
In figure 3» There is only one mode for firing the conductive mix ESD's 
and it Is shown in figure k. 
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'•rEL-I-23o59 Initiators, Klcctric, Design and Kvaluation of, tavj  Lc 
i;:\ .o <_■■, vahiate KKO'c  Tor cleetrouUvlic  ziL'cly.    Care  should be  cu/.c: 
not  to ir.erca.K' Li.c  inductance OJ? tue disciiar^o circuit over i'.c value 
couiilctl.'; , of t.e iuuTian circuit of fijure ii.    Kxcessivo induetar.ce ^lov,-: 
pul:;e duralio:! and lowers peak current,  thus allowing a sensitive SUD 
to puss  tue  tcäjt« 

:;;,':'.'■ V^Y ':;;:;,:,J i-uii v/^\!^:;c /^D UJ-;APü:,S COM^ ^.i.,;,iO 

l.ic ijj.'.; l:)!^  Ir.cxvase in sensitivity oi" v/eaiions and veapor. 
coi.'iponi.'aiu over t-ie sensitivity oT the EüD's used requires a tc^z of 
ti'.e weapj:. or cci.-injaent itself.    Tae sensitivity test liable s:;o'..r.   in table 
1 is a preiimnary version of a table to be included in an electrostatic 
des!,,a juide presently in preparation.    Table 2 shows the test prc--u Iircs 
called for in table 1. 

Tiie sensitivity test table is used as follows: A particular v^oor. 
or cofspoueut is to be evaluated for electrostatic hazard. The following 
questions are then answered: 

(1) Is the case of the internal EED c^ounded? 

(2) Arc the internal parts conductive? Grounded? 

(3) Are there any external leads goinc to the E2D? 

(4) Is there an internal electronic firing circuit? 

(5) Are there external leads running to the internal electronic 
firing circuit? 

(6) How rauch (percentage) area of the outer surface is conductive? 

Answers to these questions will yield a test method for tae weapon 
or CGEiponent.    If there is more than one EED in the weapon or component, 
the test which has the highest letter (closest to A) should be used. 
For example, the fuze-warhead shown in figure 6 is to be evaluated. 
The answer to each question is as follows: 

(1) yes 

(2) yes, yes 

(3) no 

(k) yes 

(5) yes 

(6) 55* 
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Tlius the sensitivity test should be the B test which is a 500 pf 
capacitor charged to 25,000 volts discharged through a 5>000 o.r. | 
resistor and no more than 6 feet ol" connecting; wire.    The discharge is 
applied to all combinations of external leads and metal weapon case. 
This configuration is rated 3 on susceptibility, thus it is quite- 
susceptible . I 

ELECTROSTATIC TESTS FOR PLASTIC PACKAGING MATERTALS 

The resistivity tests seem to be tne most reliable methods for 
determining the electrostatic propensity of plastics.    Most of these 
tests involve charging the sample to a high voltage either by 
triboelectric charjinü or power supply charcin^ and allowing the 
sample to discharge through the air and grounded conductive clamps. 
Tliese tests are conducted under controlled teiiperature and relative j 
humidity conditions.    Tne discharge rate of the sample is then compared ; 
to the rates of known antistatic or conductive materials.    If the  sample 
takes a longer time to discharge,  its resistivity is high and it is less | 
than satisfactory.    If the sample discharges more quickly,  it is 
considered acceptable. 

Since the position of materials on a triboelectric series is no 
indication of the charge produced when materials are contacted,^- there 
is little if any benefit to be gained from triboelectric charging xn 
these tests. 

REFERENCES 

1. Montgomery,  D. J., "Static Electrification of Solids",  So?id State 
Physics, Academic Press, N. Y. 1959 Vol. 9, pp. 139-197 

2. Gonsalves,  V. E.,  "Some Fundamental Questions Concerninf the Stacic 
Electrification of Textile Yarns: Part I", Textile Research Journal, 
October 19531 pg. 711 

3. Van Ostenburg, D. 0. and Montgomery, D. J., "Charge Transfer Upon 
Contact Between Metals and Insulators", Textile Resec •ch Journal, 
January 195D, pg. 22 
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FIFE HAZARDS OP PLASTICS 
Em I I Thomas 

AFLC, Wright Patterson AFB 

Man has long sought the means of oarbating fire which down through 
the ages has deprived him of his possessions and frequently his life. 
His first attempts were through methods of control, »tore recent efforts 
have been ccnoentrated toward the development of more flame and heat 
resistant materials. 

Flame resistance in plastics is achieved by oottpounding flame re- 
tardants either by mechanical blending or by chonical combination into 
the basic polymer structure. 

With the mechanism by which flame retardants function not clearly 
understood, improvements in the flame resistance of plastics are 
largely enpirically achieved. 

The fire hazard of a material is a function of flannability, flash 
tenperature, ignition temperature, flame intensity, products of com- 
bustion, and perhaps other characteristics. No single test or series 
of tests has been developed to date capable of assessing conpletely the 
hazards of a material in an unscheduled fire. Nevertheless, the deter- 
mination of contributing characteristics can provide valuable information. 

Flanmability tests oortironly used consist of igniting a standard 
size specimen and determining the time required for extinction of the 
oonbustion reaction. 

The oxygen index method for determining the relative flatmability 
of plastics was introduced by Fenimore and Martin in 1966. It was 
adopted as an ASIN standard in the early part of 1970. The oxygen index 
of a naterial is the minimum volune percent oxygen in a mixture of 
oxygen and nitrogen which will just support carbustion in a candle-like 
manner. The method is reported to be reproducible to within 1% for 
materials with indices 21 and below and within 3% for rtaterials with 
indices above 21. terterials classified as slow burning by other methods 
correspond to oxygen indices of 20-27. Those classified as self- 
extinguishing correspond to indices of about 27 and above. 

As fire hazards, plastics are no worse than many other materials. 
Ignition tanperatures range fron about 700oF to 1400oF as oonpared to 
paper and seme wood products in the neiqhborhood of 500oF. Mast plastics 
have flanmability ratings of slow burning to self-extinguishing. 
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More than 501 of building fire fatalities are reported to result 
fron the effects of smoke and toxic oombustion products. Many authorities 
feel that the dangers fzon carbon monoxide are far greater than from 
other toxic deocnposition products. In carbon monoxide production, 
plastics are probably no worse than cellulosic products. 

Though considerable effort has been devoted toward the development 
of flams and fire resistant plastics/ much remains to be done. Greater 
en|jhasis is required en resoarch of a fundamental nature and development 
of better test procedures. 
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ELECTROSTATICS AND NEW PACKAGING MATERIALS 

BY 

IRVING H. CUSTIS 
NAVAL AIR DEVELOPMENT CENTER 

WARM1NSTER,  PENNSYLVANIA 18974 

Static electricity which was once a laboratory curiosity Is now 

a problem with the expanded us    of transparent thermo plastic materials 

in the form of flexible barriers around missiles and other electro- 

sensitive devices as protective wraps.    These materials are insulators 

and will generate and retain very high electrostatic charges, therefore, 

they should be modified so that they will be safe for these applications. 

The  Naval Air Development Center  Initiated a program to modify the presently 

available material through the use of  internal antistatic agents.    The 

initial effort was directed towards developing a test procedure for 

evaluating the performance of  these agents.    The procedure is  listed 

as Method 4046  in the Federal Test Method Standard  101b. 

Numerous materials were evaluated,  such as fatty acid derivatives, 

amines, diamlnes, pyrldines,  metal phosphlnates, metal pigments,  sulfonated 

compounds and phosphated esters, which are only a small  portion of  the 

materials tested.    These materials were milled  in low density polyethylene 

and the electrostatic properties of the modified polyethylene was determined 

in accordance with Method 4046.    Any material that dissipated a 5000 volt 

charge in one second or less  in a desiccated atmosphere was considered 

satisfactory.    Two materials,  one amlne and one phosphated ester exhibited 

satisfactory electrostatic properties. However,  they are affected by 
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direct Impingement of water and degraded by ultra violet radiation.    Work 

Is in progress  to produce an antistatic free film vhlch will not be 

degraded by water and/or sunlight. 

A Military Specification MIL-P-81705(AS), Plastic Sheets, Flexible, 

Electrostatic-Free, Heat Scalable, Heavy Duty For Packaging Applications, 

has been issued covering two tvoes of materials, Type I -  transparent 

and Type II  -  opaque.    An amendment to the specification changing the 

Type IX  thickness and elongation requirements has been submitted.     As 

soon as the amendment  is issued/ two materials manufactured by the Ludlow 

Corporation, Holyoke Massachusetts, will be available under the Type II 

category.    Work will continue  In an effort to produce a transparent, 

electrostatic free material. 

358 



POLYSTYRENH  INVKSTIGATION 

Robert Leonardi 
Picatinny Arsenal 

A report   rnvi, \,\\n Cl'iM 'iMrjerUiln^ i.h'« ;t|HHiLHnfi«.iu,i  Ifnll.lnti uf   romrjil 

polysfyi-eti« ilurliif  11 r: mpiok ^inf opuriMon oT   i curr<«ii l.y   JaployaM nmnl- 

l.lon n.V3<,<jni c^n l>« cro'lLl.fl'i Tur tbn miiklfit. iMinLlon p nvfA upon pul./sl.yr«nn 

nnd  ILi   Inliaront. woluMlft chapvcLflnsttC» 'iurini»  lt.9 'Iryinj' f,voJe. 

Kro'ii a ntudy ol' the  fuels r«portad on the Incident in question,  It 

n,ppe;ir3 'h'it Llic  rollowinj- acourred:    A  I'ielii optirator wus In lha prooü.i 

of unpacking n muiut.lnn ayst.am oonolatlng of a wooden box v^ilch inoinßol 

n '.arrier hap, containing -i munition component oantivriohed in polyatyraue. 

The cover vmr; rflinovod axpofllng the bnrrior bag.    V.'hen the barrier bag waa 

removed by the operntor,  he detected the presence of al title elaotriclty. 

He proceeded to opnu I ho hnc axpoalng the polyntyrone.    At thla pulnl.   In 

the opentioti, when the operator proceeded to remove tie pulyatyrmia cover, 

n hlBnln^: aoimd waa liaard md aponttuieoua i(trilLton of the polystyrene occurred. 

There are,  to date, many questions which have not. been answered. 

Some of the&n <ir»i: 

a. Did e. apark occur during the barrier bag openirg operation and, 

if ao, at what stngo in the operation? 

b. Was the operator touohlnp the polystyrene suppt rts when spon- 

t.nneous Ignition occurred? 

c. Was a spark noticed prior to combustion of the naterlal? 

In any event, spontaneous Ignition did occur and electrostatic dla- 

oh'irgos were obaervod.    Hence, orie has the Ingredients to nupport a large- 

aoalo investigation. 
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Th« primary questions to b« AnsMarsd war«: 

a. What tmro ths riamnablo eorvstltuonts of th« atmospher« lgnlt«4 

and what medium provided than? 

h. What oaused the electrostatic build-up in the packaging system? 

Beginning with a. above, It was oomnon knowledge that pentane la the 

expanding agent used In the formulation of the polystyrene.beada. 

Further, it was known that at the ooapletlon of the molding operation a 

pentane realdue in the order of 1% by wtlght of polystyrene could be 

axpeoied. It was normally presumed, however, that the pentane would 

eeoape during the air drying cycle. Since normal air drying cycles of 

five days duration could be expected between the polystyrene fabrication 

and the loading plant operation, it waa initially assumed that the poly- 

styrene sealed in the barrier bag was essentially a pentane free material, 

However, it was deoided that a test program be prepared that would determine i 

a. The degree of pentane loss during varying air drying oyolea, 

b. The extent to which flammable atmospheres could be achieved In 

sealed systems with polystyrene containing varying degrees of residual 

pentane. 

With this in mind, the test program shown in viewgraphs 1 and 2 

waa formulated. 
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Fron tht data shown on the vlawgraphs, It is not difficult to undar^ 

stand the possibility of achieving an explosive atmoshpere in a sealed 

system if Insufficiant time is allowed for the pentane to eaoape. 

The explosiv« range of pentane in air is 1,4 to 7»^ by voluse of 

pentane to air.    Theoretically, atmospheres falling within this range 

can be ignited by providing a spark of the right intensity, duration and 

magnitude.    It has been established that the least amount of energy 

required for pentane-alr atmosphere ignition eeoure at the stoich lame trio 

ratio which for pentane and air In In the 2.5£ by volume ringe. 

With Che above data In mind, laboratory procedures ware established 

that would permit the dleeharge of eleotroatatleally charged polystyrene 

material Into A .)ar containing the Ideal pentane air ratio using needle 

type electrodes.    Ignition could not be obtained under these oondltloni 

In the laboratory even though polystyrene material was charged to values 

of 20,000 volts.   Sparks produced by mechanically generated high voltage 

levels did result. In Ignition.    Ignition of the stolchlometrlo mix could 

also be obtained by draining the surface charge induced on antl-statlo 

treated polystyrans (coated by Immersion) under ideal laboratory oonditionst 

When consideration was given to the levels of electrostatic engergy 

that were required to cause Ignition under laboratory conditions, the maximum 

levels of electrostatic energy that have been meaeured in the polystyrene 
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•upporta in qunation, and iha hundreds of thousanda of munition packaging 

ayatama praaantiy daployad, tha oonsanaua was that tha haaard, if any, ia 

probably no mora tnat thai which would ba anoountarad dua to tha handling 

of tha ayatam during ita tranaportation eyola, 

NaTarthalaos, It waa oonaidarad aaaantial and paramount that an 

invaatigation ba conduotad to aalact a matarial that oould ba plaoad with» 

in a aaalad packaging ayatam that waa oapabla of nautraliaing and/or 

absorbing tha pentana that would avolva from tha polyatyrana.    Thv» aaaroh 

andad with the aalaotion of activated oharooal. 

There are currently aeveral grades of activated charcoal which are 

capable of abaorbing 30% of their weight of pentana.   Charcoal will retain 

the pentana at tha tamparaturea encountered at the extremea of the natural 

environment (160*P) and can be plaoad in bagged aystema containing deaiocant 

without degrading ita efficiency. 

For example, the pack in queation contained 1600 grama of polystyrene, 

Aasumlng that tha polyatyrana had a pentana realdual level of }% by weight, 

the total pentana to ba abaorbed - aaaumlng no affinity of the polystyrene 

for pentana - would ba 54 grama.    Hence, 180 grama of charcoal would 

absorb all of tha available pentana.    Thla would be a maxiimiM condition. 

With reference to the spark producing capability of polystyrene, It 

has been determined that this material properly immeraad in aolutlon of 
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Catnax or Zelac.   in preference  to previously employed spraying operations, 

„ill produce surface effects that will,  with a high assurance,  not   result 

in spark discharge. 
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P £ N T A N £ 

PERCEWT OF   LOWER EXPLOSIVE LIMIT 

HOURS 0 >90 
>90 

>90 
>90 

AT *16 >90 
>90 

130 F *20 >90 
>90 

*No measurable amount  of N2O (Dean Stark) 

Note A -  test program started 26 February 1970 

Figure 1 
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EXPLOSIVES EQUIVALQ4CIES 

Moderator: 

U.  J.  Belliveau 
Defense Atomic Support Agency 

Washington,   O. C. 
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SPECIALIST SESSION ON EXPLOSIVE EQUIVALENCIES 

Moderator: Mr. L. J. Belliveau 
Defense Atomic Support Agency 
Washington,  D.C.   20305 

Introductory Remarks by the Moderator; 

When Bob Herman, of the ASESB, asked me .0 act as moderator of this 
session, we discussed several possible speakers and the topics to be 
discussed.    He wondered at that time whether the title Explosive Equiv- 
alencies was the best title for the session.    The title seemed appropriate 
to me, so we let It ride. 

Bob's hesitation at the choice of title nagged at me for a while. 
As a long time member of the ASESB Hazards Reduction Working Group, 
I was well acquainted with the language gap between the explosive research 
scientist and the civil or mechanical engineer who designs and fabricates 
practical production, distribution, and storage facilities In a real 
world.    Since both groups might use the same dictionary,   I looked up 
equivalence In Webster's 3rd dictionary»    Unfortunately,  the exact meaning 
I wanted was missing.    So I guess the gap still exists, or can't be 
bridged by Webster's 3rd edition anyway. 

The way I understand explosive equivalence Is through equivalent weight 
or energy.    The definition that suited me the best, after a necessarily 
short investigation, was the  following: 
"The free air equivalent weight of a particular explosive gives the weight 
of standard explosive necessary to produce shock wave paraneter8( peak 
shock overpressure', 1 Impulse,  etc»)  of equal magnitude at the same test 
geometry." 
This definition comes from a    Naval Ordnance Laboratory Report, NOLTR 
65-218, and It contains only 34 words, counting etc. 

While this definition Is shorter than the Lord's Prayer, and all th3 
words are In the dictionary,  each of the underlined words needs to be 
qualified and many questions can be raised.    For example,  how is equiv- 
alent weight In water or rock defined? or measured? or calculated?    Can 
basically similar explosives such as the cyclotols,  be valldly compared 
to Ammonium Nitrate/Fuel Oil  Explosives?    Are equal pressures sufficient 
to make the comparison for equivalent weight,  or do both overpressure and 
impulse havf to be the same?    Can spheres of explosive be compared with 
hemispheres,cr cylinders,  or cubes, with any validity? 

The following speakers may net have answers to all such questions, but 
will,  I hope, discuss them Intelligently with us. 
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Comments by the Moderator on the sessions; 

As a result of remarks made by Mr.  Richard Rind ,er, of Plcatinny Arsenal, 
extra emphasis was placed on the specification of the explosive standard. 
The speakers  reported on effort that  is essentially completed,  with the 
exception of  the last presentation on Air Blast  from 155 mm Shell Stack 
Tests.    Several investigators expressed surprise and interest in the 
results.    Some of the speakers remarks  are available in outline only.    A 
summary of the session titles,  speakers,  and the extent of the available 
papers follows: 

9. Watch Your Equivalent Weight 
Joe Petes,  Naval Ordnance Laboratory   (NOL) 

b. Ammonium Nitrate/Fuel Oil  (AN/FO), A Safer 
Air Blast Source,    L.O. Sadwin  (NOL) 

c. Analysis and Correlation of Underwater Explosions 
Data at NOL,  D.E.  Phillips  (NOL) 

d. Equivalent Weights of Explosive Fill Candidates 
Charles Kingery, Ballistics Research Laboratory (BRL) 

e. Comparison of TNT and Cold Castable Mixed Explosive 
John Keefer,(BRL) 

f. Air blast  from 155 MM Stack Separation Tests 
Charles Kingery  (BRL) 

Pull Paper 

Outline Only 

Full pHper 

Outline Only 

Full Paper 

Outline with 
Charts and Figures 

Further information can be obtained by writing to the authors cited, within 
the limitations of security requirements  and disclosure of prpprletary 
Information. 
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WATCH YOUR EQUIVALENT WEIGHT 

J. Petes 
Naval Ordnance Laboratory 

Silver Spring, Md. 

This Is supposed to be an Informal session,  so I suppose I 

should provide tny own soap box.    I feel I could use a soap box 

because I have a message to import.    And the message is—when 

you want to determine the airblast eauivalent weight of any 

particular explosion or explosive, make sure you are comparing 

(1) similar charge configurations,   (2)  similar test geometries or 

geometries of interest, and that you are  (3) making comparisons 

over the same pressure range. 

And one more thing,   (4) make sure you indicate what you 

are equating to—otherwise you will not get an unequivocal 

answer. 

That's the message.    If you all accept this data, my talk 

is over.    But on the chance that some of you may wonder why these 

conclusions,  let me briefly go over a few details. 

During the past few years particularly,  I have been concerned 

with this thing called equivalent weight—what it means, how 

it is used,  and how it is misused,    I find that the equivalent 

weight concept is a good one and useful;  and it is properly used 

quite often.    But on the other hand,  I find it is improperly 

applied quite often too—Improperly applied    ani hence,  fraught with 

dangerous consequences. 
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Researchers Interested  in the practical side of things— 

like deslsnlng a protective structure—misapply It.    Safety 

engineers concerned with the hazards of large rocket motor 

explosions misapply it.    Warhead doslgnero looking for the 

biggest bang misapply it. 

And I find the same situation prevails In Industry and 

government—and even embarasslngly sometimes at ray own Lab; 

My concern is that when a researcher says that a particular 

rocket propellent has an equivalent weight of 200^ or more, 

tha^ someone, NASA maybe/ is going to go out and buy up all 

of Plorlda--wnen perhaps only 1/3 of Florida is needed. 

My concern Is that when another researcher says that a 

stack of ammunition has an equivalence of 125^ that someone— 

ASESB maybe—will go out and build a magazine to meet this 

equivalence—and then find It to be Inadequate. 

My concern. In short.  Is that we'll make costly mistakes- 

costly In terms of money and lives. 
Tot me be specific.    I have seen reports In which the 

equivalence of rocket motors based on blast data have been 

determined to be 200+?»,  and stacked munitions 125^ or so.    Boy, 

wouldn't the warhead people love to have an explosive which 

puts out twice as much oomph as present day warhead fills.    To- 

best we can do is get an explosive about bOfc better than TNT. 

Xjn other words, there is something screwy about the 2004fJ figure 

for the propellent, and as I will show, the 125^ figure for 

the munitions. 
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Let's see what the equivalent weicht for alrblast is for the 

one case I studied in some detail; 

The item of interest is a large rocket motor with solid 

propellent on the launch pad--so it's a ground burst that we 

are interested in.    But what is a ground burst?    It is only 

recently that we in the explosions game have really defined 

what we mean by a ground burst.    A ground burst is one in which 

a spherical charge Is half in and half out of the ground.    That 

is the center of gravity of the charge is at surface level. 

We found It necessary to be very specific about defining 

a ground burst because there is a world of difference between 

the pressure-distance curves for things that we previously had 

loosely lumped together as surface bursts. 

Por instance. Slide 2 compares the pressure-distance curves 

of several charge configurations.    The comparisons are for TNT 

charges weighing 1 lb and resting on the surface.    Notice, 

above the 10 psi level particularly,  the wide divergence of peak 

pressures for a given distance between half burled spheres, 

hemispheres,  spheres tangent to the ground and cylinders.    A 

factor of 4 in pressure at some ranges; a factor of 2 In distance 

at some pressures. 

Incidentally,  it should be ment'^ned that the curve for the 

cylinder is for a particular cylinder—one with a length to 

diameter (L/D) ratio of 5 to 1.    Por other L/D's we wo* id have 

other pressure distance curves. 

This figure gives the rationale for my first point in 

equivalence äetermlnatlons--dlfferent charge shapes of even the 
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same explosive material give drastically different pressure- 

distance curves. So for comparison purposes—and that's what 

equivalencies mean to do—compare the unknown or test explosion 

or explosive to the known one of the same shape. In other words, 

compare apples  to apples. 

I overlay on to this figure the data (scaled to 1 lb) for the 

solid propellent test explosions. If I have made myself clear 

thus far, I'm sure you know to which curve I should compare the 

propellent data to get its TNT equivalence—to the cylindrical 

curve. The propellent data was for a rocket configuration of 

an L/D of about 5. 

Now I can go through the arithmetic of calculating the 

equivalent weight of the propellent. I do It at several pressure 

levels and come up with Figure 3. Here we see two equivalent 

weight versus pressure curves—one for test data for a 60" diameter 

test rocket, the other for a 72" test rocket. Both curves indicate 

that at the lower pressures indeed the propellent has a blggor 

airblti,_ Kick than TNT. But above 5 to 7 psi, the propellent 

has an equivalent weight much less than TNT. I think that this 

variation of equivalent weight with pressure and the higher 

equivalent weight at low pressures is understandable in terns 

of the thermo chemistry of the rocket explosion. The propellent 

has a lower detonation velocity than TNT; hence, the Initial 

pressures are lower. Also, the propellent has a larger after- 

burning contribution to alrblast; hence, this late time pher.cT.cnon 

adds to the lover pressures and hence, give larger equivalences 

than TNT. 
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If all things were replicate in the experiments with 

the 60" and 72" rockets,  there would be but one curve on this 

figure.    But they weren't replicate situations;   the 60" rocket, 

did not achieve full detonation velocity—hence the lower output. 

Okay—that's the way to get a self consistant, physically 

meaningful, unequivocal equivalent weight.    What was done in the 

original report?    The propellent data were compared to the data 

obtained frcro a hemispherical charge sitting on the groundJ 

When this is done, you get a spectrum of equivalent weights as 

shown in Figure 4.    The equivalent weight varies from about 1.2 

to 2.3.    So to play it "safe"—the report quotes an equivalence of 

200-*^.    If I want a higher number,—play It safer—I could 

compare the propellent data to a true surface burst.    I could 

do this and be wronp;—lust as wrong as when T compared it to a 

hemlsphe re. 

I suppose If It were readily apparent as to what the basis 

of comparison is, things wouldn't be completely bad.    But one 

has to dig in the report—and it's references—to deteraine this 

basis.    And knowing this basis only gives you an inkling of 

the problem—not the solution.    I suggest that if we always 

maintain the basic tenets of similitude—same charge shape, 

same confinement,  same geometry of interest, between the standard 

and new explosion or explosive, we could skip stating the basis; 

we would Just know it as good engineers and scientists. 

I didn't do a detailed analysis on the stacked explosive 

equivalent weight study I ran across.    But I did determine that 

the basis of comparison for the cubically stacked munitions was 
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acain a hemispherical charge.    I know the answers are going to be 

wrong because I know that In close to the charge, at the distances 

of Interest to magazine design,  the pressure field around a 

cube Is different from that around a hemisphere.    In a line at 

right angles to the face of the cube, the pressures are going to 

be significantly higher than from an equivalent weight hemisphere. 

In line with the comers, the pressures again are going to be 

different than for a hemisphere.    You lust can't compare apples-   to 

turnips. 

I think there are at least two reasons for the confusion. 

One—some people don't know better; perhaps we in the pure explosions 

field, the    research field, haven't publicized our data sufficiently 

and addressed It to the user activities.    We're too wrapped up in 

the pure physics of the problem.    And second, really,  there may 

not be enough data for all the odd ball geometries found In real 

life.    We play around with simple geometric shapes—spheres and 

hemispheres on the grouivJ, and spheres In free air—but many 

safety people never run into these geometries.    So to get good, 

physically meaningful, unequivocal equivalent weight values,  we 

should do more research on the basic shapes and conditions of 

Interest to safety people—the stacking of munitions, the cased 

charge    warheads, and the different L/D's of rocket interest. 

Then we will have a basis for comparison.    And then, hopefully, 

we can observe the basic tenets of comparisons—as I said in my 

first figure, I say in my last—meaningful comparisons—equivalent 

weights--can be made only If we use the (l) same charge shapes 

(2) the same geometries of Interest and  (3) the same pressure ranges. 
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FOR EQUIVALENT WEIGKTS 

(1)    Same charge shape 

(2)    Same  test geometry 

(3)     Same  pressure  range 
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AMMONIUM MTRATE/iUEL OIL,   (AN/TO),  A SAFER AIIfflLAST SOURCE 

By L.  D. Sadwln 
U.  S. Naval Ordnance Laboratoi-y 

AK/FD IS being developed as an airblast source for nuclear blast sioalatlon. 

The results of recent blast measurements on Afl/PO charges weighing up to ICO 

toas will be px-esented in this paper.    These results indicate that the A;{/FO 

blast perfornance closely approximates that of TNT.    Thei-ml stability results 

will also be presented for the 20 and 100 ton hemispherical charges tested. 

The safety advantages of AM/FC over the use of TNT and other explosives 

used for large explosions az-e numerous.    The ease of handling factor becomes 

quite significant when large explosions are contemplated.    AH/FO explosive 

placement operations take about one fourth of the time required for a 

comparable size,  cast blocks TNT charge.    Bulk handling techniqvves developed 

by industry for M/FD mixing aiid placement reduce the personnel requirement 

considerably.    Fewer men are thus exposed to the explosive hazard.    In addition, 

Since the fuel oil is not mixed with the fertilizer grade ammonium nitrate until 

placement, the hazards during transport to the firing site are far less than 

for any other known explosive system. 

Ulis paper covers the applicable technical and safety aspects cf the 

handling, thermal stability,  sensitivity and airblast performance of large 

scale AM/FC charges. 

Note by Moderator;    As a result of attempting to make measurements  In 
the hlRh pressure range from AN/FO charges, NOL no longer gives a slnglo 
number  for the TNT equivalence of AN/FO.    A curve of equivalent  weight 
versus    overpressure was presented and discussed. 
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ANALYSIS AND CORRELATION OF 
UNDERWATER EXPLOSION DATA AT NOL 

By: 

Donald E.  Phillips 
Naval Ordnance Laboratory 
Silver Spring,  Maryland 

ABSTRACT: The methods used in acquiring, analyzing, and 

correlating data from underwater explosion tests are 

discussed. These Include preliminary tests of small (1-lb) 

charges of new compositions using diaphragm gages, and tests 

of larger charges using more elaborate instrumentation. 

Methods for computing equal weight and equal volume ratios, 

and for computing equivalent weights, are presented. The 

possible variation of these values with distance will be 

discussed, and methods of making estimates from limited data 

will also be given. 

NOTE:     Vugraphs were   received too  late  to   be  processed for  inclusion  in 
these minutes. 
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1. INTRODUCTION 

The assessment of the underwater perfonnance or output of 

a new explosive composition 1» of utmost Importance In 

determining Its suitability for use In Navy weapons.    Depend- 

ing on Its Intended use,  this assessment Is made in various 

forms, such as equal weight or equal volume ratios, or ex- 

pressed In terms of an equivalent weight of some standard 

high explosive, usually HBX-1 or Pentollte. 

These various methods are often used with the results 

appearing only as a number (Explosive X is so much better 

than HBX-1).    The manner In which this number Is arrived at, 

however. Is not well known, nor are Its limitations.    It Is 

the purpose of this paper to summarize these various assess- 

ment procedures, to derive the necessary equations, and to 

show the possible dependence of such values on distance from 

the charge. 

2. DETERMINATION OF RELATIVE PERFORMANCE USING 1-LB CHARGES 

In the development of new explosive compositions, initial 

underwater tests are usually made with 1-lb charges, using 

diaphragm gages to determine their shock wave perfonnance. 

Period and radius measurements are also made,  from which 

relative bubble energies are determined. 

(VUGRAPH 1)    The diaphragm gage is essentially on an air- 

backed  steel plate,  0.038 Inches thick and about six Inches 
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square. It is rigidly mounted and is permanently deformed 

by the action of the shock wave. Four gages are used on each 

test, and they are located on a ring about 42 inches (or ~ 33 

charge radii) from the charge. The depth of deformation of 

a diaphragm gage has been related to the shock wave energy. 

Thus, together with the bubble measurements, estimates of 

both shock wave and bubble energies are obtained on this type 

of test. 

As with all equivalencies which will be discussed in this 

paper, performance is determined relative to a standard fired 

as part of the same series. For 1-lb charge tests, the standard 

explosive used is Pentolite.  (VUORAPH 2). The diaphragm 

gage is calibrated by firing different weights of Pentollte 

and obtaining a plot of deformation as a function of charge 

weight. Using this plot, the defonnatlon obtained with the 

experimental charge is converted to an equivalent weight of 

Pentolite. The relative performance then is expressed in 

terms of an equivalent weight ratio, or VL..: 

Vf  - equiv wt. of Pentolite z,^ 
Dd ^ actual charge wt K   ' 

Since relatively large boosters are often used, the value of 
WDd 0^ten wust be corrected for the booster weight to obtain 

a realistic value for the experimental explosive. 

Bubble energies are determined from measurements of the 

bubble pulse and maximum bubble radius. Bubble pulse measure- 

ments are obtained by use of a piezoelectric gage, while radii 
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are measured using a resistance probe developed at NOL. 

(VUORAPH 3). Bubble energies relative to the Pentolite 

standards are then defined as: 

»5 -  (mA r (a) 

RI,BE -  (ftft) (3) 
J and K are defined In reference (1). The x and s In 

parenthesis refer to the experimental and standard explosive, 

respectively. 

The latter bubble energy (RPBfi) Is a recent addition to 

our testing procedure. It has been Included because NOL now 

believes this comparison represents a better evaluation of 

bubble energy than does RBE, as It reflects the available 

energy which Is capable of doing mechanical work. 

The evaluation of explosives using 1-lb charges has both 

Its advantages and limitations. These are (VUORAPH 4): 

Advantages: 

1. High firing rate; 

2. Rapid data analysis and access to results; 

3. Relatively low cost (because of simple Instrumentation, 
rapid firing rate). 

Limitations: 

1. Only a single shock wave parameter measured; 

2. Evaluation made at only one range; 

3. Comparison by weight only; 

4. Possible detonation problems with small charges; 

5. Relatively large boosters often required. 
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One-lb programs thus serve as a valuable screening method 

for new explosives.    Small charge programs are also useful for 

optimizing the underwater performance of a chemical matrix 

for studies of chemical processes involved with explosives such 

as boosterlng and density effects, and for studies of various 

enhancement techniques such as separated charges.    To fully 

evaluate the performance of an explosive for underwater use, 

however,  it is necessary to fire large charges and obtain 

detailed measurements of the shock wave. 

3.     EVALUATION OF PERFORMANCE USING LARGE CHARGES 

Once an explosive shows promise in 1-lb programs,  larger 

charges are fired and more detailed shock wave measurements are 

obtained.    Charge weights may vary from 10 lb up to actual 

warhead size, perhaps as great as 1000 lb.    For these tests, 

piezoelectric gages are used to obtain pressure histories at 

several distances from the explosive charge.    Bubble measure- 

ments are the same as those made for the 1-lb charges.    A 

typical charge-gage rig is shown in VUGRAPH 5.    Recording Is 

accomplished using either oscilloscopes, where the trace is 

recorded photographically, or magnetic tape recorders. 
•i/o 

Generally gages are located at reduced distances (W /-)/R) 

ranging from 0.72 to 0.072 lb 'Vft. This corresponds to 

pressure levels of from about 16,000 psl to about 1200 psl. 

3.1 Shock Wave Parameters 

Before discussing the determination of the various equivalency 

factors, let us first review briefly the parameters of interes:. 
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The shock wave emitted by an underwater explosion consists of 

a sharp (essentially Instantaneous) rise In pressure, followed 

by an Initially exponential decay.    Tue shock wave parameters, 

than are:    peak pressure, time constant (or decay time of the 

shock front).  Impulse (integral of pressure-time), and energy 

(integral of pressure squared-tlme). 

(VUGRAPH 6)    Based on several years of gathering experimental 

data, It has been found that these parameters can conveniently 

be expressed as functions of weight and distance by means of 

similitude equations.    The general forms of these equations are, 

Peak Pressure: Pm = cp (V-)^ m TT (4) 

Time Constant: e . cfl w1^ (i£-Ve (5) 

1/3. 
Energy Flux Density:        E = C- W1/3 (1L—)aE IT (6) 

Impulse: 

where: 

I = Cj ¥ 1/3 (W^aj (7) 

P   = peak pressure, psl 

9 = time constant, msec 
p 

E - energy flux density, in-lb/In 

I » Impulse, psl-sec 

W = charge weight,  lb 

R = distance or standoff from the charge,  ft 

■ C =* coefficient characteristic of a particular explosive 
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a = exponent of the similitude equation,  also in general 
characteristic of a given explosive 

(subscripts     P,   9,  E,  I    refer to the appropriate 
parameter). 

For a given experimental program,  similitude equations are 

obtained using the digital computer by applying leatt squares 

fits to the experimental data.    Because the data sample is small 

(perhaps only four shots of each explosive having been fired), 

these are not the similitude equations for a given explosive 

and not In themselves intended for use in describing the free 

water shock wave behavior of that explosive.    Rather, they form 

the basis from which the various comparisons are subsequently 

made.    Generally, the fits are made in reduced form of the 

similitude equations using values of P ,   9/W '   , I/W '  , and 

E/W '** to facilitate comparisons where weights are unequal, 

and for future use in developing final similitude equations 

for a composition utilizing data from several charge weights. 

3.2    Correlation of Data 

(VUORAPH 7)    Once the pressure-time records have been 

analyzed for the shock wave parameters and the similitude equations 

obtained, the manner in which these parameters are used to compare 

the output of the new explosive relative to the standard depends 

on the Intended use of the composition.    It  should be noted that 

these comparisons are made relative to data from standard charges 

fired in the same series, and not from the absolute similitude 

equations available for the standard,  such as those in reference 

(2).    The most generally used comparisons are (VUGRAPH 8): 

3« 9 
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(1) Equal Weight Ratio:    The ratio of the outputs with 

respect to a particular parameter (peak pressure, time constant, 

Impulse, or energy flux density) for equal weights of two 

explosives at the same distance.     (This Is of Interest In 

the design of weight-limited weapons.) 

(2) Equal Volume Ratio:    The ratio of outputs with respect 

to a particular parameter for equal volumes of two exploslvep 

as measured at the same distance.     (This Is of Interest In the 

design of volume-limited weapons.) 

(3) Equivalent Weight Ratio:    The ratio of weights of two 

explosives required to produce the same magnitude of a particular 

parameter at the same distance. 

(4) Equivalent Volume Ratio:    This has only recently 

become of Interest and will not be discussed today.    Its definition 

follows from the equivalent weight ratio. 

In order to keep the paper brief, we will derive these 

ratios only for peak pressure.    For the other parameters,  the 

approach is the same, although the final fonns of the equations 

may be somewhat different.    For those interested In greater 

detail, they are referred to TR 69-192 (reference 3) for this 

information. 

3.3   Computation of Equal Weight Ratios 

(VUORAPH 9).    Equal weight ratios describe the change of 

a given shock wave parameter of a new explosive compared with 

the standard explosive, for charges having the same weight. 

It is the ratio,   for example,  of the peak pressure measured 

from an experimental charge to that measured from the standard, 
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both at the same range and of the same weight, 

to the equal weight ratio,  then 

If DWd refers 

"VCKP) m 
for; 

W(x) - W(B) - W 

R(x) = R(s) » R 

(8) 

(9) 

(10) 

If the exponents of the similitude equations for the two 

explosives are not the same, no single value of equal weight 

ratio can be computed, as the ratio Is then a function of 

weight and distance. This can be shown by substituting the 

rlgh hand sides of the similitude equations for the experi- 

mental and standard explosives In Equation (8). For peak 

pressure: 

1/3. 
Vx) " cP(x) ^ R(x) > 

?m{s> - cp(s) ( RU) ^ 

(VUORAPH 10).    Using Equations (0) and  (10)   for weight and 

distance and the above two equations,  the following relation- 

ship for the equal weight ratio is obtained. 

JWd(P) « fJx\  = C?{x)   . W(aP(x)  "  aP(s)^/3.RaP(s) " aP(x) 
CP(s) VV 

Equation (11) shows a dependence of the equal weight ratio 

on both charge weight and distance. However, as was mentioned 

in Section 2,  for different charge weights, measurements are 

(11) 

t ■- 

391 



made at the same reduced distance, not at the same distance. 

Returning to equations (4) and (8), It can be seen that, at 

the same reduced distance, the magnitudes for each explosive, 

and thus the equal weight ratio, will be the same regardless 

of charge weight. Thus, from a practical standpoint, the 

Important variation In the equal weight ratio is with distance. 

If the exponents of the two similitude equations are 

equal (ctp/s\ = oWg) "' O» then equation (11) reduces to: 

W) =r$'&d (12) 

Likewise, the equal weight ratios for the other parameters can 

be expressed as ratios of the coefficients of the similitude 

equations. If the exponents of the two similitude equations 

are the same. 

3 A   Computation of Equal Volume Ratios 

(VUORAPH 11). The equal volume ratio, as the name Implies, 

refers to the change In output observed in a particular parameter 

from an experimental explosive relative to a standard explosive, 

both charges having the same volume. Such a comparison has been 

of considerable interest in recent years as many of the new 

weapons systems are volume-limited in the amount of explosive 

they can carry. Thus, letting Dv, indicate the equal volume 

ratio, 

\d(P) D^«^f| (13) 

where 
V(x) = V(s)(= V, volume, ft3) 

R(x) = R(s) = R 
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The similitude equation can be expressed as a function of 

volume by replacing W with oV. Thus 

P(x) = Cp(x) . «,(x)aP(x)/3 . (W(g)   ) ^(x) 

where: o 
p = experimental density,   lb/ft0 

(VUORAPH 12)    For non-equal exponents,  the following equation 

Is obtained: 

cp(s) 

If the exponents are equal,  this reduces to: 

It Is Interesting to note the relationship between the 

equal weight and equal volume ratios If the exponents are the 

same.    Comparing equation (12) and (15),  it can be seen that the 

equal volume ratio Is equal to the equal weight ratio multiplied 

by the ratio of densities raised to an exponent.    Such a 

relationship Is of Importance if it Is necessary to compute 

one ratio from the other. 

3.5    Computation of Equivalent Weight 

(VUORAPH 13)    It  is often useful to the engineer or designer 

to have the comparison made in terms of the weight required to 

produce the same magnitude In a particular parameter.    This is 

referred to as the equivalent weight, which for a given shock 

wave parameter expresses the number oi* pounds of a standard 
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explosive required to give the same magnitude of that parameter 

at the same range as does a given weight of experimental explosive. 

Letting WDd refer to the equivalent weight ratio, then 

WDd(P)=¥(l} (16) 
for P^s) = Pm(x)  = Pm (17) 

R(s)  = R(x)   = R (18) 

(VUQRAPH 14). Inserting the right sides of the similitude 

equations for Pm(s) and Pm(x) in equation (17) and solving for 

W(s),  the following relationship is obtained: 

C 
3Ar(S)    .P3(1-^)     ^(S W(s)  =IPi£i        (8)     -  R ^(s)       •  W(x)aP(s)/ (19) 

For equal exponents, equation (19) reduces to: 

W(s) =(^4)   ^ . W(x) (20) 

The equivalent weight ratio, then is simply the equal weight 

ratio raised to an exponent,  if the exponents of the similitude 

equations are the same. 

4.     ESTIMATES OF VARIABILITY 

We have attempted in Section 3 to define the various comparison 

methods and to show that,  if non-equal exponents exist between 

the similitude equations for the two explosives,  these ratios will 

vary with distance.    The engineer or weapons designer, however, 

is not interested in such complex relationships.    He needs a 

single value which tells him how much better one explosive is 

than another.    An average value for each parameter,  obtained over 
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the range of distances for which measurements were obtained, 

appears to best answer his needs,  except possibly In rare 

design problems where the designer Is trying to optimize a 

system for a particular pressure or distance level.    In such 

Instances the appropriate values should be used Instead of 

the average over the range of measurements.    It Is Important In 

using an average to realize Its limitations, a precaution that Is 

often neglected or misunderstood. 

To see how much variability might occur In such an average,, 

let us consider the effect of a five percent difference In 

exponent for the two similitude equations for each parameter. 

This seems to be a reasonable estimate as differences of this 

magnitude have been observed In experimental programs.    It 

may possibly be low for the time constant, where exponents 

from 0.18 to 0.29 have been observed (a difference of 45 

percent,    reference (2). 

The computations were made using the similitude equations 

for HBX-1 as given In reference (2) for the standard, and 

Increasing these exponents by five percent for the experimental 

explosive.    The exponents used then are: 

^(s) = 1.15 Vx)  = 1-21 

a
0(s) = -O'2? *o(x)  = -0-305 

^(s) = 0-85 ai(x) = 0-91 

^(s) = 2-00 ^(x) = 2-10 

o(s)    = 107 lb/ft3    o(x)    = 118 lb/ft3 
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VUORAPH 15 shows the percentage change In the various 

ratios over the range of reduced distances discussed In 

Section 2.    Note that both peak pressure and energy flux 

density show the greatest variation.    What this table says, 

for Instance, Is that based on peak pressure,  the equivalent 

weight ratio will show a difference of 29 percent between that 

needed to produce the required magnitude at the position where 

the curves are matched and that needed at another position 

where the exponents have caused the curves to diverge, for 

the same weight of experimental explosive. 

The variation shown In this Vugraph for the equal volume 

ratio Is somewhat misleading In that, as can be seen in 

equations (Ik) and  (15),  the change In the equal volume ratio 

Is dependent on densities as well as distance.    For the 

particular example chosen,  the effect of density tended to 

cancel the effect of distance, so that somewhat smaller 

variations were obtained.    That there Is a combined effect, 

however, should be kept In mind. 

5.    SUMMARY 

We have attempted to show, at least briefly, how new 

explosives for possible underwater use are evaluated at NOL. 

Data collection, analysis, and correlation have been discussed. 

It has been shown that the various methods of comparing the 

free water output of new compositions, while useful, must be 

applied with caution, as It Is likely that the correlation varies 
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with distance. While It is helpful to give the engineer or 

weapons designer a single number with which to work, that 

this number may vary by as much as 30 percent (depending 

on the range of Interest) has, in the past, not been fully 

appreciated. 
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EQUIVALSOT WEIGHTS  OF EXPLOSIVE  FILL CANDIDATES 

Charles Kingery 
Ballistic Research Laboratories 

USA Aberdeen Research and Development Center 1 

Peak shock overpressure and impulse were measured from sev ral explo- 
sive fill candidates. The methodology used and unclassified results 
will be presented. 

The results confirm the principle that equivalent weight is not a 
unique number, but must be specified ever a pressure range.  In spite 
of this, relative ranking of explosivf; fill candidates can be deter- 
mined unambiguously. Measurement situations peculiar to munitions 
were also briefly described. 
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COMPARISON OF TNT WITH A COLD CASTABLE MIXED EXPLOSIVE 

John H.  Keefer 
Ballistic Research Laboratories 

USA Aberdeen Research and Development  Center, Md. 

The application for the cold castablc mixed explosive that I 
am going to consider today is for nuclear simulation testing.    During 
the past six years,  considering only two test sites, over six million 
pounds of TNT have been used for nuclear simulation testing.   Casting 
cf TNT for large block built charges must be done   under controlled 
laboratory conditions and thus, is time consuming and expensive.    A 
long lead time is required in the preparation for a large scale test. 
Even though great care has been taken in the casting and building of 
these large charges, blast anomalies have occurred in the form of 
luminous jets eminating from the charge.    These luminous jets 
caused non-radial flow and thus,  can degrade the resulcs of target 
response studies. 

The major objective of this program was to find an explosive that 
would have the same air blast characteristics as TNT,  and at the same 
time have the following advantages: 

a. Field castable and self-supporting after forms are removed. 

b. A more homogeneous charge with less fireball and shock 
wave anomalies. 

c. Less expensive and available in large quantities. 

In trying to find an explosive with the advantages just mentioned, 
we contacted several large explosive manufacturers and found them 
all very helpful in trying to meet our requirements.    All of the com- 
mercial companies contacted have explosives that are field mixable. 
Most of these explosives are in slurry form and have been developed 
for mining applications.    Our requirements that the explosive be self- 
supporting and duplicate the airblast parameters of TNT were not met 
by most of the commercially available explosives.    One of the companies 
had produced an ammonia nitrate explosive that was castable and,  at 
the time of our inquiry the company had given a contract to evaluate 
this new explosive and their findings showed that this new explosive 
was essentially free of fireball anomalies and had a compressivc 
strength of over 200 psi.    After receiving the results of this independent 
study, the Ballistic Research Laboratories (BRL) purchased two,   1000 
pound spheres of this new exnlosive and had it shipped to the Defence 
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Research Establishment-Suffield (DRES),  Alberta,   Canada for 
testing.    The testing was included in a height-of-burst study that 
was- currently being carried out jointly by DRES and BRL.    This 
height-of-burst program included ten,   1000 pound TNT spherical 
charges detonated at eight different heights of burst. 

The twu new explosive 1000 pound charges were detonated at 
a height of 65 feet above the surface,  at a height the same as one 
of the TNT charges.    By detonating it at this height, both free air 
and free field air blast pressure parameters were obtained.    The 
free field pressure-time data,  recorded by Bytrex gages mounted 
in the surface,   are shown in Figure  1 and compared with TNT in 
Figure 3.    A comparison between the free   air pressure-time data 
is shown in Figure 2 and compared with TNT in Figure 4.    This 
new explosive shows excellent repeatability and agreement with TNT. 

The arrival time data from the new explosive and TNT are 
essentially the same as shown in Figure 5.    The overpressure 
comparison as shown in Figure 6,   shows good agreement at the 
higher pressure levels with slightly higher pressures being re- 
corded in the low pressure regions.    The positive phase duration, 
even though difficult to read,   shows good agreement in Figure 7. 
Overpressure impulse is probably the most significant air blast 
parameter for target analysis and it shows excellent agreement at 
all distances (Figure 8). 

In conclusion, I think you will agree the explosive equivalent 
weight for the cold caCfable explosive when compared with TNT, 
is one and the overall objectives of this program were achieved. 
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AIR BLAST FROM 155mm STACK SEPARATION TESTS 

Charles Kingery 
Ballistic Research Laboratories 

USA Aberdeen Research and Development Center,  Md. 

Objectives: 
Validate safe separation distances for stacked high explosive 

shell munition 
Determine explosive yield of a single  stack configuration 

based on a standard explosive 
Determine difference  in explosive yield between a single and 

triple stack configuration 

Procedure  Phase  1: 
Document   the  blast parameters from 1000,   155nun HE M101 shells 

stacked  in a field configuration and detonated at the geometric 
center 

Install Overpressure vs Time  instrumentation at  Distances of 
1010,   1380,   1800,  and 2200 feet from ground zero 

Procedure Phase 2 
Document   the  blast parameters from 3000,   155mm HE M101 shells   in 

a three stack field configuration and detonated at  the geometric 
center 

Record Overpressures vs Time at the  same ground ranges established 
for phase 1 

Results 
Compare blast parameters measured on single stack configuration 

with a standard (TNT hemisphere) 
Compare blast parameters measured on triple stack configuration 
with a standard (TNT hemisphere) 

Conclusions: 
No significant difference in peak overpressure or impulse between 

single and triple stack 
Donor stack detonated high order on both shots 
Acceptor stacks on shot two did not detonate 
Significant differences in peak overpressure and impulse recorded 

along the base, side, and nose line 
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APPLICATION OF  SYSTEMS HAZARD ANALYSIS 

Moderator: 

R.  J.   Firenze 
NOSC Safety School 

Crane,   Indiana 
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1.    R. H.   Richardson 
HERCULES   INCORPORATED 
Allegany Ballistics Laboratory 
Cumberland,   Maryland 

TOPIC:    "Hazards Analysis Through Quantitative Interpretation 
of Sensitivity Testing" 

SUMMARY:    Hazards Analysis Technique developed as a 
practical approach to evaluating processing 
hazards.    This technique  is essentially an 
accident investigation before it happens.   (HAT) 
emphasizes the quantitative assessment of process 
conditions in engineering terms and establishment 
of material response to stimuli  found in the process. 

This presentation was primarily devoted to the 
discussion of the technique by which to quantitize 
data in respect to safety, productivity, quantity, 
and cost. 

2.    B. J.  Garrick 
W.C. Gekler 
O.C.  Baldonado 
HOLMES  AND  NARVER  INC. 
Los Angeles,   California 

TOPIC: "Estimating the Risk Involved in the Transport of 
Hazardous Materials" 

SUMMARY:    paper attached 

3.     C.A.  O'Malley 
TRW Systems- San Bernardino Operations 
Norton Air Force Base 
California 

TOPIC:     "System Safety Design Considerations  for Toxic 
Liquid P rope Hants" 

SUMMARY:    Safety design considerations from a systems point 
of view affecting the Post Boost Propellant System 
Minuteraan III  (PBPS) 
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4.     R.J.  Firenze 
NAVORD Safety School 
Bloomington,   Indiana 

TOPIC:     "Hazard Analysis of Ordnance Production Systems' 

SUMMARY:    paper enclosed 
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APPLYING SYSTEMS ANALYSIS TO ORDNANCE PRODUCTION SYSTEMS 

Robert J.  Firenze 
NOSC Safety School 

Crane,   Indiana 

Systems Hazard Analysis has proven Itself to be an essential 

part of the control process.    Over the past decade,  this analysis 

technique has found acceptance by many Industrial and govern- 

mental agencies In their quest for the location and control of 

hazards within their operations.    The results obtained from the 

technique have contributed significantly to efficiency, effective- 

ness,  safety and overall mission capability. 

The term "systems analysis" suggests a sophisticated ana- 

lytical approach associated with complicated mathematics and 

engineering technology.    One who Interprets it this way Is cor- 

rect from the standpoint that the approach Is analytical.    How- 

ever,  one does not nave to be mathematics-oriented to use the 

theories and concepts of systems analysis effectively.    The only 

requisites are sound reasoning and logic coupled with an under- 

standing of the effect of hazards on a system's operation. 

Although systems safety analysis was originally developed 

as an engineering tool with which to discover potential failures 

and the effect of these failures on sophisticated mechanistic 

systems, the same theories and techniques can be readily applied 

to finding failures in management systems and, as we will dis- 

cuss them in this paper,  to ordnance production systems. 
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The primary objective of this paper Is to acquaint the 

hazard control specialist with the methods and techniques of 

systems analysis, and to describe how he may apply these tools 

to the evaluation of ordnance production systems.    To accomplish 

this objective, we will view operational systems In such a manner 

as to uncover hazards or potential hazards In work procedures, 

materials, equipment, man-machine Interfaces, etc., which have 

the capability of culminating in an accident and/or catastrophic 

situation. 

We will find that Systems Hazard Analysis is nothing more 

that a formalistic qualitative method for identifying those 

critical operational methods, techniques, procedures, etc., 

which have a profound effect upon the successful operation of 

a system. 

In the actual performance of a Systems Hazard Analysis we 

will be breaking a system (operation) down into its component 

steps or processes, closely examining these steps to discover 

potential failures, viewing these failures with respect to their 

effect on the effectiveness, efficiency and safety of the system, 

and finally, providing effective countermeasures as required to 

remedy the undesirable conditions. 

The thesis of the Systems Hazard Analysis approach is that 

hazards may be eliminated by the process of looking for undesired 

events in the system under study and then finding those failures 

which are responsible for these events.    Table 1 (undesired 

events checklist) lists undesired events peculiar to an ordnance 

production system, which are considered potentially injurious 
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or even catastrophic to the system's operation. These events 

may be responsible for accidents and system failures. 

We will purposely move the direction of the analysis toward 

finding those elements In the system which can cause problems 

(failures). We will be. In effect, failure oriented. We will 

be thinking In terms of failures because (1) It Is easier to get 

mutual agreement on what constitutes a failure, and (2) It Is 

easier to find "holes" or mistakes In something than It Is to 

find all the elements of success. 

riETHODS OP ACQUIRING INFORMATION 

Before we launch Into the discussion of the analysis proc- 

ess Itself, we will first discuss some of the "rhyme and reason" 

behind It. 

To begin with, we must understand how Information Is obtained, 

since the acquisition of "Information" concerning hazards Is the 

primary purpose of our mission. Four basic methods of Information 

acquisition will be discussed. They are: (1) experience, 

(2) testing, (3) conjecture and CO analysis. 

EXPERIENCE 

Information gathered as a result of direct past experience 

Is deemed the most highly desirable. Indeed, If we wanted to 

know exactly how an operation or part of an operation would fall, 

we would get our most reliable Information from the man or men 

who have operated with that system, who understand all Itncom- 

plexities and problems, and who have themselves discovered the 

failure and corrected Its cause. 
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Although direct past experience Is highly desirable.  It Is 

difficult to obtain, especially when we want Information either 

on a system which we are designing ourselves,  or one which has 

not been used sufficiently for data on Its Inherent hazards to 

have become known.    Since direct past experience Is not always 

available, we must choose the second alternative, that of related 

experience.    When we cannot find th«? man who has worked with 

systems exactly like ours, we must loo»' for those who have had 

experience with systems similar to the one wa seek Information 

on.    In each case,  experience Is the most desirable form of 

Information we can obtain. 

TESTING 

When neither direct nor related experience Is available, 

our second alternative Is to "test out" our system under actual 

conditions, looking for Information pertaining to Its behavior, 

and the modes where It may fall.    Unfortunately, testing has 

drawbacks.    To begxti with, we cannot simulate all the possible; 

failure modes which our system will undergo In actual operation. 

Second, It may be economically, physically or politically 

Infeaslble to test out the system. 

CONJECTURE 

The third available method of acquiring Information Is 

called conjecture.    With this method, we find ourselves making 

decisions almost Intuitive In nature, based on an Intangible 

form of data.    Decisions come about as a result of an unexplained 

phenomenon within the mind of the decision maker.    Some claim 
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that the deoislon lo brought about by an undeflnable prooes* of 

Induction and deduction without a conscious awareness of the 

process.  This method may work under certain circumstances. In 

fact, It may be the only method available at a given time to 

solve certain forms of problems. While decisions coming about 

through conjecture are worth noting, they will not be considered 

to any great extent for our purpose in analysis. 

ANALYSIS 

The  fourth method of Information acquisition Is  that of 

analysis,  the method which provides the logic for Systems Hazard 

Analysis. 

A workable definition of analysis Is a "directed process for 

the acquisition of specific information pertinent to a given 
(1) 

system." Its main purpose is to provide information with 

which to foster decisions.    For the purpose of this paper, we 

will be using the analysis process for finding information per- 

taining to failures and their effect on ordnance production 

systems.    However,  the same methodology is used for production 

systems in general. 

ANALYTICAL APPROACHES 

As previously stated,  "analysis" is a method for acquiring 

information.    How we process  this information, draw valid con- 

clusions, and make decisions is the subject of our next discussion. 

As we learn from the exponents of logic, we think, make 

Judgments and draw conclusions  from information acquired from 

the processes of intuition,  induction, and deduction.    We use 
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these approaches singly or In combination In the process of 

making decisions. 

INTUITION 

Intuition, aa we will learn, differs markedly from induction 

and deduction. Instead of proceeding logically, a step at a time, 

intuition provides an instantaneous perceptual insight into a 

problem, almost extrasensory in nature - a flash of light - hap- 

pening so fast that the decision maker is unaware that the 

process is taking place. 

In critical situations, the Intuitive person can sense those 

factors necessary for his decision and is able to make the proper 

Judgments to solve the problem immediately. 

While we will not overlook the advantages of intuitive de- 

cisions under certain circumstances, they will not be emphasized 

in our analysis process. The reason being that "intuition" is 

not repeatable. We cannot and must not rely on intuition o 

make decisions, especially when the decision may have a catas- 

trophic effect on the operation of our system-» Instead we will 

rely on one or both of the following approaches. 

INDUCTION 

The Inductive process, based on predictions from observable 

data, can tell us "what" can occur and .Is the basis for what is 

called the "single thread analysis", a form of analysis which 

allows us to consider the effects of failures on a system's op- 

eration from the standpoint of its components, their failure in 
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a particuur ««rating state, an. finally, «.a .«.,t or tn. 

colponant failure on tne eyete«.   Tne .Ingle-t^ type analy.l. 

form, the ba.l. « the Syetem. Hazard Analy.l.. 

I„ the .inele thread analy.l. (F1S. 1-. «e are In effect 

icoKlng at all the co^penent, of our .y.te.. po.tulatlng the 

atate. of exl.tenoe of the., component., and as.lng our.elve. 

«hat happen. If the component, fall In a oertaln »nde and «hat 

the effect on the system will be. 

Component 
Comp onent 

Failure Mode 
System 

Operating 
State 

Effect of 
Component 
Failure 

On System _ 
Remarks 

MTP Fuze Detonates 
during 
assembly 

While 
being 
threaded 
Into 
round 

Detonation 
- system 
destroyed 

Fuze armed 
- projectile 
Impact with 
floor 

Pig. 1 

Systems Hazard Analysis, Fault Hazard Analysis, Failure 

Mode Effect Analysis, Failure Mode, Effect, and Crltloallty 

Analysis and other similar types also make use of the Inductive 

approach. 

DEDUCTION 

In deductive reasoning, we start with a theory, then apply 

It In an attempt to find the causes of system failures. 

In our dealings with the Systems Hazard Analysis, we will 

be using the inductive approach. 
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BENEFITS OF SYSTEMS HAZARD ANALYSIS 

The benefits derived from a Systems Hazard Analysis are 

countless. The following are examples of some of these benefits. 

(1) Identifying hazardous elements, conditions, and potential 

acoldent sources. 

(2) Determining where these hazards are In the system. 

(3) Determining the significance of their potential effect 

on the system's operation. 

(^) Providing Information with which effective control 

measures may be established. 

(5) Determining the physical and mental qualifications 

required of a man, Including his motor skills, for the specific 

task he Is Involved with. 

(6) Discovering and eliminating procedures, techniques, 

motions, positions, and unsafe actions that are potentially 

hazardous. 

(7) Locating areas for further analysis. 

(8) Identifying possible Interface problems which may 

result In an accident. 

(9) Uncovering special areas of safety consideration such 

as system limitations, risks, etc. 

PRELIMINARIES TO ANALYSIS 

The remainder of this paper Is devoted to the specific ap- 

plication of Systems Hazard Analysis to an ordnance production 

system. Before we iret Involved with the applioa«.!^ o*' the 
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analysis techniques,  certain points must be understood. 

I.    Definitions 

Safety;    - "Freedom from those conditions that can cause 

Injury or death to personnel,  or damage to or loss of equipment 
(2) 

or property." 

System; - The word "system" as mentioned several times 

during this discourse, will be defined as a "composite of oper- 

ational and support equipment, personnel, and facilities, which 

form an entity capable of and/or supporting an operational role 
(2) 

within the constraints of a given environment."    More simply 

stated, a system Is any purposive entity acting along with Its 

environment.  A unique characteristic of a system Is that It 

must exist for a reason. 

System Safety; - "The optimum degree of safety within the 

constraints of operational effectiveness, time and cost, attained 

through specific application of system safety management and 

engineering principles throughout all phases of a system's life 
(2) 

cycle." 

Man-Machine Systems; - Our efforts will mainly revolve 

around man-machine systems. A workable definition of a man- 

machine system Is "an operating combination of one or more 

men interacting with one or more machine components, whose ob- 

jective is to produce a desired outcome from given Inputs within 
(3) 

the constraints of a given environment." 

Efficiency and Effectiveness; - Before attempting the analysis 

It is critically Important that the analyst know exactly how the 
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system functions.    It Is mandatory that he understand the 

system by viewing It as a whole entity, es well as a series of 

Integrated subsystemst  defining Its objective, understanding Its 

requirements, and determining at what levels of efficiency and 

effectiveness It Is performing, before he oan determine those 

elements which will be required to Improve the system's operation. 

Two words have been mentioned here which require our close 

attention. Oftentimes, these words are misunderstood and, even 

worse, used Interchangably. The first Is "efficiency." When 

we consider the efficiency of a system, we are in effect asking 

If the system is making optimum use of Its resources to achieve 

Its desired output. Rarely will we find a system operating at 

100% efficiency.    More often^ because of physical and economic 

limitations, systems are forced to operate at lower levels of 
(5) 

efficiency. 

The second word Is   "effectiveness."    When we look at the 

system in terras of effectiveness, we are in effect asking our- 

selves, "Is this system accomplishing Its objective?"    When 

answering this question we must be cognizant of the fact that a 

system may be highly effective while not coming up to the highest 

levels of efficiency.    In other words, a system does not neoes- 
(5) 

sarlly have to be efficient to be effective or vice versa. 

II.    The Flow Process 

A valuable method of acquiring Information about the system 

Is to review the flow process.    This technique will enable the 

analyst to gain a more thorough comprehension of the subsystems, 
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methods, processes, transfer operations, Inspectlonal techniques 

and man-machine Interfaces pertinent to the system under analysis. 

The flow process,  as Illustrated In Figure 2,  Is designed to 

depict the system's operation, and to make comprehensible   Its 

methods, process,  etc.     Each stop Is viewed as a subsystem in its 

own right. 

XII.    Selectlnp; the Operation for Analysis 

The responsibility for selecting the particular operation 

to be analyzed rests with the hazard control manager himself. 

In an organization where many hazardous operations exist,  or 

where potential hazards snem to be inherent in all operations, 

such as an ordnance production system,  certain available clues 

will serve as guides.    These known data are: 

1) Injuries 

The fact that injuries are prevalent in a specific operation 

is often a signal that something is wrong with the system's 

operation.    For example, human error,  equipment failure,  environ- 

mental failure,  etc. may be setting up hazards responsible for 

accidents. 

2) Recurring Accidents 

Operations with a history of recurring accidents responsible 

for lost-time injuries, mission interruption, and/or excessive 

costs, etc., are candidates for hazard analysis. 

3) Operations with "Known Potential" 

Some operations are seemingly hazardous by nature. Even 
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though an accident has never occurred, the fact that a severe one 

could occur Is sufficient reason for analysis. 

4) Interference - Mission Delay 

If a survey of the operation Indicates areas where work 

methods and/or practices are Interfering with the effective 

accomplishment of the operational task (breaking equipment» etc.), 

It becomes obvious that a hazard analysis Is required. 

Careful consideration of the above factors will serve to 

determine the order and priority to be assigned In selecting 

the operations for analysis. 

IV. The Concept of Boundaries 

Before we are able to conduct an analysis, we roust limit 

ourselves to a particular segment of the overall system. The 

necessity of establishing limits around a specific segment of 

a system gives credence to what Is referred to In "system's 

language" as the "boundary concept." The use of boundaries en- 

ables the analyst to "cut out" a segment of the universe which 

he wishes to foous his attention on by establishing a hypothetical 

line around It. Boundaries are also useful because they restrict 

the scope of the problem to a size commensurate with the time 

available and the cost of the analysis. To effectively "bound" 

the system, the analyst must make a subjective apprlasal of the 

overall system prior to actually working on the problem. 

The dotted lines in Figure 2 indicate the boundary for our 

system. Figure 3 illustrates & more detailed description of 

the boundaries of the system under study. These boundaries were 
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established because existing data Indicated that hazards were 

Inherent In this phase of the system's operation. 

The danger In developing boundaries Is that It Is possible 
(4) 

to be carried Into back alleys of distantly related problems. 

The need to appraise familiar or unfamiliar problem areas 

In establishing boundaries and, subsequently, to Investigate 

problems makes It desirable to explore the process by which this 

should be done. 

The Systems Hazard Analysis as It will be applied to ord- 

nance production systems will rely on the process of Inductive 

reasoning, the process mentioned earlier, whereby conclusions 

are drawn by generalizing from many specific cases. When we 

speak of the Inductive process with reepect to systems analysis, 

we are essentially speaking of a methodology with which we 

scrutinize the entire system In an attempt to "ferret" out all the 

possible ways In which Itc components could fall, and what effect 

the consequences of these failures will have on the overall system's 

operation. Of course, WA cannot be so naive as to think we will 

ever find all the ways In which our system may fall. Instead 

we must be satisfied with the discovery of as many failures as 

Is possible at the time of the analysis with the Information on 

hand at that time. 

When we make a hazard analysis, we are basically building 

a data bank of systems failures. This data bank will serve to 

provide the Information for all future decisions concerning the 

safety and reliability of the system. 
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FUNCTIONS   OP SYSTEMS  HAZARD ANALYSIS 

The overall  functions of a Systems Hazard Analysis may be 

grouped Into the   following four categories: 

(1) Systems  Hazard Analysis must be an Integral function In 

all operational designs.    It Is during this design stage that' 

effective controls can be applied early enough to eliminate 

causative factors responsible for failures In the system's  oper- 

ation.    The data acquired from analysis also serves to Identify 

and control deficiencies In the system's  further development. 

(2) Safety review of an existing system to determine If its 

design, operation, procedures, etc., are adequate from the 

standpoint of safety. 

(3) Evaluation of all proposed modifications or redesign 

of the system's operation and/or its equipment to insure that 

no new safety problems are created. 

CO Continual monitoring of the system's operation to insure 

that loss control requirements are indeed adequate and that they 

are being compiled with. 

ANALYSIS CHECKLISTS 

Many systems are similar from the standpoint that their 

components, processes, man-machine interfaces, environment, and 

mission, lend themselves to analysis by virtue of pre-established 

criteria.    Based on this premise,  special checklists,  designed 

to cover general hazardous elements, have been developed.    See 

Tables 1, 2, 3 and 4. 
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It is not Intended, nor Is It even suggested, that the 

checklists cover all possible hazardous elements. They do, how- 

ever, provide guidepoots around which more specific inquiry may 

be made and relationships drawn. 

Tables 1, 2, 3 and 1 represent lists of general undesired 

events, hazardous conditions, and hazardous energy forms which 

are pertinent to the evaluation of ordnance production systems. 

The analyst will use these lists to discipline his thinking 

while considering each function under analysis. 

THE APPROACH 

The first step in the analysis process is to reduce the 

overall operation into convenient functions (sub operations, 

each representing a particular step In the operation). Each sub 

operation is then analyzed individually and "all" hazardous 

elements in or associated with the operation Identified. Even 

though we are seemingly concentrating on one function at a time, 

we must always remember that each of these steps is part of the 

overall system under study, and not an isolated entity. Each 

step has effect upon other steps in the overall operation. These 

interfaces must be considered as we pick our way through the 

analysis. 

The key point to remember while working through the analysis 

is to start at the output of the system (completed mission), and 

then determine those failures which may detract from its success- 

ful completion. 

The analyst must be thoroughly familiar with the procedures 

involved in the operation before he begins. His first step if 
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to draw a flow diagram whloh describes eacn step In the overall 

operation from the time It starts through Its completion.    Each 

step must be broad.     Details are omitted.    It Is Important that 

the analyst not make the breakdown too detailed since at this 

stage of the process, details would only serve to cause con- 

fusion and Impede the analyst from making progress. 

A simple operational breakdown sheet can be made with rela- 

tive ease to aid the analyst.    As Is Illustrated In Figure 1, 

four basic symbols are used to depict the stages In the flow 

process. 

O 

D- 

■ Operation 

■ Operation/Inspection 

• Transfer Operation 

Inspection 

Pig. 4 

Any operation can be broken down by using these standard 

symbols. If the operational steps are properly defined, it will 

be comparatively easy for the analyst to focus his attention on 

them and analyse them in depth. 
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Once the operation Is broken down Into suocesslve steps or 

functions, the next step Is to acquire an analysis matrix, a 

special format designed to facilitate the recording of data 

pertinent to the system under study.    This particular format has 

proven Its usefulness In applied situations.     As Is Indicated In 

Figure 5,    the  format provides space for recording particular 

relevant Information concerning the Identity of hazards, their 

causes,  the effects of these hazards on the system, and finally, 

the corrective measures required to remedy the situation. 

The following descriptions are Indicative of the Information 

required for each category In the format: 

(1) Function - the particular sub operation being analyzed. 

(2) Mode - Identifies the system phases which are applicable. 

(3) Hazardous Blement - Identifies the elements, In the hard- 

ware of function being analyzed, which are Inherently hazardous. 

(il) Hazardous Condition - the condition which has the capa- 

bility of causing an aocidttnt. 

(5) TripcKering Event - that element which could initiate 

(trigger) the hazardous condition into becoming a potential 

accident. 

C6) Potential Failure - the potential failure (accident) 

which could result from the hazardous conditions. 

(7) Effect - the possible results of the potential accident. 

^8) Hazard Classification - this category provides a quali- 

tative measure of the hazard's effect and is categorized as 

follows: 
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Category I - NEGLIGIBLE:    Conditions which v»lll not result 
(2) 

In personnel Injury, system damage, or mission Interruption. 

Category II - MARGINAL;    Conditions which can be corrected 

or controlled without Injury to personnel or major system damage 
(2) 

or mission Interruption. 

Category III - CRITICAL;    Conditions which will cause per- 

sonnel Injury or major system damage, or will require Immediate 
(2) 

corrective action for personnel or system survival. 

Category IV - CATASTROPHIC;  Conditions which will cause 

death or severe Injury to personnel, system loss, and/or mission 
(2) 

failure. 

(9)  Corrective Action - this category Is reserved for listing 

those control measures necessary to eliminate or control the 

identified hazardous condition and/or potential accidents.    Cor- 

rective actions will fall into the following categories; 

1) Engineering design of tools, equipment, apparatus 

2) Incorporation of safety devices 

3) Procedural revisions 

4) Personnel requirements 

5) Supervision. 

USING THE MATRIX 

Fig.   5  illustrates a partially completed Systems Hazard Analysis 

matrix.     In actual practice each function in the operations would be 

viewed In accordance with the criteria as listed on the checklists. 

These data are purposely designed to guide the analyst so that 
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he oonslders as many of the hazard criteria as possible In his 

analysis of the safety of each function. The completed matrix 

will contain Information on every function In the overall opera- 

tion. The Information will be used as the basis for providing 

effective controls. 

RESULTS OP SYSTEMS HAZARD ANALYSIS 

The information generated by a Systems Hazard Analysis Is a 

highly significant data source. Data resulting from a thorough 

analysis of all possible failure modes provide the basis for 

design, redesign and the incorporation of safety and fail-safe 

features, which render failures in the system less probable and 

less critical in terms of overall performance. Such data can and 

should serve as valuable reference material in uncovering hazards 

and potential hazards, and aid In the prevention of repeating 

those discrepancies which have already been defined. 

Other results of the Systems Hazard Analysis can be adequately 

grouped into the following categories: 

(1) Eliminating significant hazards uncovered by the analysis 

through equipment, personnel, or procedural adjustments. 

(2) Reducing or controlling those hazards to personncil 

and equipment which cannot be eliminated. 

(3) Isolating hazardous operations from other activities, 

areas, and personnel. 

(4) Providing control measures where failures would adversely 

affect the system or cause a catastrophic event through personnel 
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InJury, equipment damage,  or Inadvertent operation or movement 

of critical equipment. 

(5) Designing,  locating, and arranging equipment components 

so that access to them by personnel during operation, maintenance« 

repair or adjustment will not expose them to such hazards as 

electrical shock,  cutting edges, toxic atmospheres, etc. 

(6) Avoiding undue exposure of personnel to physiological 

and psychological stresses which might oaus« errors leading to 

Injuries. 

(7) Installing effective standardized warning systems on 

hazardous components,  equipment, etc.,  for the protection of 

personnel In the event of system failure. 

USES OP SYSTEMS HAZARD ANALYSIS 

Throughout this paper analysis has been used primarily as 

an engineering tool for system design purposes,  system Improve- 

ment,, and to appraise a system's operational effectiveness and 

safety.    While It Is used most commonly for these functions, 

it does however serve other valuable purposes. 

Education 

The data acquired from a hazard analysis is particularly 

useful as an aid for teaching personnel about a particular 

system in terms of Its operation, man-machine requirements, 

where and how failures  can occur, what effect these failures 

would have on the system if they should occur, and most Important, 

the subsystems whloh need constant monitoring to assure continued 

safety. 
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Investigation 

A Systems Hazard Analysis Is also extremely useful for 

accident Investigation.    By reasoning backwards from the pre- 

determined undeslred events, and the conditions responsible for 

these events,  the Investigator Is In a more desirable position 

to assess  the system prior to the. accident and to find the 

hazardous elements and/or human failures which were responsible 

for the problem. 

Communication 

By recording data pertaining to a system. In a logical 

manner, comprehendable to others,  the analyst Is more readily 

able to convey his findings. 

FAULT TREES 

The information acquired from a hazard analysis may be 

taken a step  further.    By interjecting the Information into 

a logic diagram, or as it is commonly called, a Fault Tree, the 

analyst is able to pinpoint the failures which contributed to 

the cause of the undeslred event or fault as uncovered in the 

preliminary analysis.    In effect,  a Fault Tree is a straight- 

forward process  for telling how a particular failure can occur 

within a system.    Beginning with a foreseen undeslred event, 

the Fault Tree traces the sequences of possible events which 

oould lead to the unwanted happening, see Figure No.  6. 

Development of a Fault Tree requires greater insight and 

knowledge of a system's operation and the analysis process. 

For a more thorough understanding of the Fault Tree concept, 

I recommend reading the series by Recht in National Safety 
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Newa,  on the subject of Fault Tree Analysis. 

When selecting the proper oountermeasure to control a prob- 

lem uncovered In the analysis,  the analyst should consider the 

following four engineering control principles, ranked according 

to their desirability:   (1) eliminating the hazard at Its source 

by correcting mechanical and physical hazards,  (2) Intercepting 

or controlling the hazard before It reaches the man (shielding, 

guarding),  (3) providing personal protective devices where con- 

trols are Inadequate,  and (4)  Instructing employees relative to 

specific Job procedures.    In addition to the previous possibili- 

ties, combinations of each may be employed to raaoh an acceptable 

solution. 

Before an attempt Is made to develop numerous solutions to 

the hazards associated with an existing operation, consideration 

should be given to the possibility that there might be an entirely 

different way of performing the task which will eliminate the 

hazard. 

When a change Is made, this change should be closely studied 

to determine If the new solution will indeed solve the problem 

and not. In fact,  create a new one.    Oftentimes, In the process 

of eliminating existing hazards, new ones are formed. 

Upon completion of the Systems lazard Analysis, the In- 

formation must be Implemented Into the organization's work tech- 

niques.    Procedures and techniques must be made known to the 

personnel who are responsible for the system's function. 

The person who carries out a Systems Hazard Analysis will 

find that. In addition to all the benefits previously mentioned, 

442 



It .nable, him to learn «ore about the eystem he .up.rvl.es, 

and cau.e. him to gain a more thorough Inelght Into operational 

toohnlqu... human and ma.hln. capabllltl... and ov.rall .y.t.m 

functions. 
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TABLE OF UNDESIRED EVENTS 

1. Fire 

2. Explosion 

3. Detonation 

4. Release of toxic material 

5. Injury to man 

6. Death of man 

7. Intorruption of production 

8. Loss of production equipment 

9. Loss of production facility 

10. Release of pollutants 

Table 1 
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HAZARDOUS ENERGY FORMS 

1. Chemical Reaction 

a. Unstable materials - violent decomposition 
b. Reaction of materials with moisture 
c. Reaction of materials with acidic contaminants 
d. Reaction of materials with caustic contaminants 
e. Inter-reaction of materials (incompatability) 
f. Effects of temperature and pressure 

2. Heat 

a. Heating devices 
b. Electrical equipment and fixtures 
c. Electromagnetic radiation 
d. Mechanical 
e. Chemical reactions 
f. Weather 

3. Open Flames or Sparks 

a. Electrostatic discharge 
b. Electrical failures 
c. Mechanical sparks 
d. Open flame device? 
e. Chemical reaction 
f. Heat 
g. Lightning 

4. Mechanical 

a. Impact 
b. Friction 
c. Stress (shear, pinching, crushing, grinding, etc.) 
d. Static loading 

Table 2 
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TYPICAL HAZARDOUS CONDITIONS 

A.     MAN 

1.     Is exposed to: 

a. Toxic materials 
b. Irritants 
c. Excessive or improper lifting 
d. Slippery, uneven or rough floor surface 
e. Falls from elevated surfaces 
f. Contact with hot materials or surfaces 
g. Rough, sharp or cutting surfaces 
h. Electrical shock 
i. Mechanical hazard points (nip points, shear 

points, crushing points, etc.) 
j . Noise or vibration 
k. Thermal stress 
1. Radiation - ionizing or nonionizing 
m. Weather 
n. Fire, explosion or detonation 

2.  Physical, psychological and physiological Stressors: 

a. Drugs, medicines 
b. Alcohol 
c. Intoxicating vapors, dusts or fumes 
d. Fatigue 

B.  MATERIAL IN PROCESS 

1. Becomes more sensitive - less stable 

a. Due to reaction with contaminants 
b. Due to crystal growth 
c. Due to separation of ingredients 
d. Due to side reactions 
e. Due to increased temperature or pressure 
£. Physical stimulation 

2. Is exposed to: 

a. Solid contaminants 
b. Mechanical shock 
c. Friction 
d. Pinching, shearing, grinding or com^ressive actions 
e. Excessive heat 
f. Freezing 
g. Open flames or sparks 
h. Radiation 
i.    Electrostatic discharge 
j.    Moisture 

Table   3 
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TYPICAL  SOURCES   CF  HAZARDOUS  ENERGY  IN SUBSYSTEM OPERATION 

1. Chemical Reaction: 

a. Violent decomposition of explosives 

(1) at elevated temperature 
(2) at low temperature 
(3) crystalline growth - components of Comp B 

(a) RDX 
(b) TNT 

b. Aluminum powder + moisture 
c. Comp B + acidic contaminants 
d. Comp B + caustic contaminants 

2. Heat: 

a. Steam 

(1) failure of pressure controls 
(2) Inadvertent'setting of steam controls at high pressure 

b. Electrical equipment and fixtures 

(1) low voltage short 
(2) unprotected light or other electrical fixture 
(3) electric motor overloaded 
(4) power source - voltage drop 
(5) improper for hazard present 

o. Electromagnetic radiation from 

(1) motor vehicle radios 
(2) train radios 
(3) ham radios 
(4) radar 
(5) aircraft 

d. Mechanical heat from 

(1) failure of shaft bearings 
(2) inadequate clearance of moving parts 

e. Chemical reactions producing heat build-up without 
detonation or flaming 

Table 4 
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3. Open Flames or Sp.arks 

a. Electrostatic discharge from 

(1) charge generated on man 
(2) charge generated on equipment 
(3) charge generated on materials 

i 

b. Electrical failure 
i 

(1) direct short in wiring 
* (2) breakage of light globe or electrical enclosure 
* (3) water in conduit 

(4) opening electrical enclosures 

o.    Mechanical sparks  from ferrous tools striking 
concrete or equipment 

d.    Open flame devices 
i (1) maintenance work involving welding,   soldering 

or other open flame or spark producing devices 
(2) smoking,  lighters or matches 

e. Chemical reactions producing flaming 

f. Heat causing chemical reaction to occur 

g. Atmospheric electrical disturbance 

(1) Lightning striking building 
(2) Induced electrical charge from atmospheric 

disturbance resulting in interior discharge 

4.    Mechanical 

a. Impact 

(1) dropped tools or materials 
(2) striking agitator shaft to remove build-up 
(3) valve closing in discharge lines 
(4) explosive particles impinging in dust exhaust 

system 

b. Friction 

(1) materials spilled on floor and workers walking 
over them 

(2) agitator blade rubbing kettle wall 
(3) agitator shaft and housing 
(4) conveyor drive mechanism 
(5) sliding containers over a contaminated surface 
(6) particles in dust exhaust system 

449 

i 



i. Stress (shearing, pinching, etc.) 

(1) due to lack of clearance between agitator blade 
and kettle wall 

(2) in conveyor system - gear box and drive mechanism 
(3) discharge valve operation 
(4) workers walking over spilled material'* 
(5) carts rolling over spilled materials 
(6) solid foreign material in kettle such as glass, 

rocks, nuts, bolts, etc.: 

(i) entry in explosives 
(ii) entry in transfer of explosives 

(iii) entry in kettle room from kettle appurtenances 
Civ) from broken windows or light fixtures 
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ESTIMATING THE RISK INVOLVED IN TRANSPORT 
OF HAZARDOUS MATERIALS 

by 
B.  John Garrick 

Orlino C.   Baldonado 
Willard C. Gekler 

ABSTRACT 

This paper describes a model for quantitatively estimating the risk 
when handling and transporting hazardous materirila.     The estimated 
risk values can be u .ed to evaluate the effectiveness of changing the 
container design,  handling procedures,  iru^hcd and path of transport, 
as well as testing and inspecticr. procedures.    The ultimate objective 
is minimization of public exposure when transporting hazardous 
materials such as industrial gases. 

Presently,  only the transport of hazardous materials capable of atmo- 
spheric diffusion is considered.    The measure of risk which is calculated 
by the model is the expected number of people affected by the hazardous 
material per trip.    The model calculates the probability of release and 
the expected area affected by various dose levels or concentrations 
given that there is a release of hazardous material.    Coupnng the popula- 
tion density with the areas gives the risk measure. 

Many factors are considered ir. estimating the effect of a hazardous 
material release.    Two distinct timf decay constants car be used 
corresponding to whether the matfrial is r.-.side or  outside the trarsport 
container.    These decay constants account for the- change in activity of 
the materials while in storage and thi- effect of atmospheric properties 
such as solar radiation,  hum:dity,   and heat.    Reduction factors are 
included in the model to account fcr barriers around the container 
which preclude release of hazardous materials.    The portion of 
material released to the atmosphere is ther. calculated by combining 
the preceding factors with the leakage rate and aerosolization factor 
for the material/container s^st^m. 

The effect of the release is computed as the expected areas subjected 
to various concentrations or dose levels of the hazardous materials. 
Diffusion equations are used to determine the concentration distribu- 
tion after the release.    The cor centration numbers for k-ach area are 
next related to the probability of pertinent physiological reactions, 
given that there are people in the area. 
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Probabilities are computed for events (accidents,  container leaks, 
environmental control system failures) leading to a release at any point 
in the transport path,  the path being divided into nodes and links.    These 
probability estimates are developed by dividing the path into nodes and 
links and assigning vehicular types and accident frequencies to each path 
element. 

The probability is calculated by a Mont^ Carlo technique.    In effect, 
this technique simalatts the inttraction of handling procedures and trans- 
portation modt- with the contain«r design during the time intervals estab- 
lished by the transport path. 

By multiplying the probability cf release,   expected areas for various 
concentrations,  th»   pr-bakility of physiulegical reaction,  and the popula- 
tion density,  a measure of risk is obtair.ed. 

Some numerical results of the methodology are given to illustrate the 
use of the model to determine the effect of changing container design, 
path,  transit time,  and mode of transport. 
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1. INTRODUCTION 

It is a fact of life that many useful substances which are also 
hazardous to human health must be transported throagh uncontrolled 
areas.    Examples of these are chlorine, ammonia, and other noxious 
materials which exist in the gaseous or aerosolized state at ambient 
conditions.    These materials move on the highways,   railroads,  water- 
ways,  and airways daily.    It is also a fact that while these materials 
are transported,  little is known about the quantitative risk they impose 
on public health until extensive in-use experience has been obtained. 
Most papers that deal with the risk involved are concerned with the 
release mechanisms and the release rates,1  '   ' whereas others deal with 
the atmospheric dispersion.     '        Few deal with the overall problem of 
estimating a quantitative risk in terms of the number of casualties per 
trip based on both the probability and effects of all identifiable release 
mechanisms.    This paper describes an a priori risk evaluation method- 
ology which permits quantitative risk estimates.    The calculations can 
be made before actual transport of a hazardous material,   before use of 
new transport container systems,  and before employment of new methods 
or paths of transport.    A measure of the risk can thus be used to evaluate 
various schemes.    The risk methodology was developed under contiact to 
the U.  S.  Army. (5) 

The methodology is based on identifying parameters pertinent to 
the hazardous material and its complete transport system in a form 
suitable for input to three computer programs.    The first program, 
MINCUT,  estimates the probability of a release; and the second,  BWARE, 
calculates the effect of the release.    The third program,   HAZTRANS,   is 
the main program.    It uses MINCUT and BWARE as subroutines and is 
used to summarize the input and output information for the  risk calculations. 

Potential applications of this methodology include the following: 
I 

a. Evaluation of cost-benefit trade-offs where effect is 
measured in terms of cost rather than effect on human 
health. 

b. Evaluation of alternate transportation modes and 
alternate paths for transport of hazardous material. 

c. Evaluation of the effect on the risk of alternate 
container design:   handling procedures;  and inspection 
techniques. 

\ 
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2. FRAMEWORK OF THE METHODOLOGY 

It is assumed that a certain material is to be moved from some 
origin to some destination in a prescribed series of actions known as the 
transport sequence (TS).    Materials that may be moved include explosives, 
noxious gases,   chlorine, and other chemical agents.    Each material has 
its special characteristics,  container system,  and transport system 
deemed appropriate for the particular hazardous material. 

The TS involves an origin and a destination, and in between it is 
a network of nodes and links.    A node is an element of the transportation 
network where the material being moved may be stored temporarily, 
where the carrying vehicle may change,  or any other location in the 
network that does not involve movement using the carrying vehicle.    A 
residence time is associated with each node.    A link is an element wherein 
actual transport takes pla:e.    A certain vehicle with an associated rverage 
speed is used, and a path length is associated with a link.    Population 
densities are assigned to areas surrounding the nodes and along the link. 
The inspection procedures followed in the TS are assumed to be known. 

The above information,   if coupled with atmospheric conditions 
along the TS (wind velocity, atmospheric dispersion parameters), 
permits computation of the probability of a release, as well as the  con- 
sequences of this release at any point in the TS. 

The steps of the methodology are as follows: 

a.        Describe the TS as a network of (storage and transfer) 
nodes and (transportation) links connecting the origin 
and end-point of the transport paths considered for the 
hazardous material system.    For example. 

Node 

Destination 

Link 
FIGURE 1 

SAMPLE TRANSPORTATION NETWORK 
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b. For each node and link compute 

P(S,Q)       =      probability of release of amount O at 
location S.    Do this for several standard 
valaes of O.    This probability can be 
modified by the fact that the releases 
may be detected and terminated along 
the way. 

N(S,Q)       =      number of casualties from release of 
amount Q at location S. 

£(8,0)        =       expected number of casualties from 
release O with each container trans- 
ported through S. 

E(S.Q)   =   P(S,Q) N(S,Q) (1) 

E(S) =       expected number of casualties in S 
with transport of one container of 
hazardous material through location S. 
The summation accounts for the 
release magnitudes considered at 
discrete levels. 

E(S)   =2E(S.Q) (2) 
Q 

c. For every path P through the networ'",   compute a risk 
associated with the  path 

R(P) =       expected number of casualties when 
path P is followed,  where the summation 
is over all nodes and links S in the path. 
The value R{P) is a path function which 
may be used to establish the minimum 
risk path for a given network. 

R{P)   =£E(S) (3) 

ScP 

d. Compare various alternatives in the transport sequence. 
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More will be said on the risk function later. It is important to note 
that other measures of risk can be adapted, each of which can be obtained 
from the models discussed. 

3. PROBABILITY OF RELEASE 

3. 1      Fault Tree Analysis and Probabilities 

The probability of release,   P(S,Q),   is basically the probability 
of an undesired event.    In the methodology described here,   the model used 
to estimate the P(S,Q) is developed from a fault tree analysis of the trans- 
port system.    In fault tree analysis^,   the first step is to characterize or 
stipulate the ultimate undesired event,   UUE,  in this case a release of 
hazardous materials to the atmosphere.    Next,  the means by which the 
UUE can occur is delineated.    This is done by stepwise deduction of those 
elementary events and conditions which,   singularly or in combination, 
can cause a UUE.    This deductive logic is displayed graphice.lly as a 
fault tree which shows the logical relations between basic fa.'lure events 
and the UUE. 

The basic failure events are those which have known probability 
of occurrence.    Thus,  the next step is to assign appropriate probabilities 
or failure rates to each basic failure event.    Then the fault tree is con- 
verted into a set of Boolean statements describing the fault logic existing 
between basic failure events and the UUE.    Using basic failure event 
probabilities in the Boolean form of the fault logic,  the probability of the 
UUE may be calculated.   Since UUE's for most systems involve a rather 
corrplex fault logic,  calculation of the UUE probability requires a digital 
computer; and the fault logic statements are typically FORTRAN state- 
ments.    The computer calculates the probability of the UUE by Monte 
Carlo simulation of the fault logic to find dominant failure combinations. 
These combinations are then numerically evaluated using the probabilities 
or failure rates for the basic failure events.    The result is the probability 
of the UUE. 

*Fault tree analysis is discussed elsewhere (See Reference 6).    Basically, 
for a specified source strength and a specified element of the network, 
one computes the probability that there is an amount Q that is released. 
Thus,  one may assume that small values of Q correspond to leaks and 
so construct the lault tree for small leaks.     Large instantaneous releases 
can be assumed to be those caused by large punctures or by a rupture of 
the containers,  and another fault tree can be drawn for that purpose. 
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3. 2     Basis for Probability Model 

In developing the probability model (or fault tree), the transport 
system is treated as a system of barriers or a barrier model such as 
that shown in Figure 2.    These barriers include physical systems which 
prevent,  impede,   or limit the release of material to the atmosphere. 
The magnitude of the release depends on the original amount of material 
available, the size of the breach, the type of barriers,  and the mechanism 
of release in the barrier model.    Besides serving as a basis for fault tree 
analysis,  the barrier model prcvidt s the basis for correlating the proba- 
bility of release to the effect of the release,  as determined by its type 
and magnitude. 

Each type of release has,  in theory,   a unique probability of 
occurrence.    There can exist many types of releases,   depending on 
magnitude.    However,  data that is available precludes one from using 
more than a few types of releases.    Three releases which have been 
used in the model are as follows: 

a. Instantaneous release 

b. Large continuous release 

c. Small continuous release 

Three fault trees were drawn corresponding to these three types of 
releases. 

3. 3     Numerical Evaluation of Release Probability 

The numerical evaluation of the probability of occurrence 
of the undesired event by simulation is discussed in detail elsewhere. 

Each basic failure event,   E,  has a probability of 
occurrence, p(E).    Suppose p(E) = 0. 25.    The probability that the 
event does not occur is denoted by p(E).     Clearly,   p(E) = l-p(E). 
The occurrence or the nonoccurrence of the event can easily be 
simulated on the computer by using a random number generator. 
The random number generator is one which gives numbers uniformly 
between 0 and 1.    To simulate the probability of occurrence of event E, 
uniform random number   r.   is generated where 0 -^ r. s 1.    If 
0 <   T- £ 0, 25,  one may sayrthat the event E occurs; and if 0. 25 < r: s 1, 
then event £ does not occur.    Note that on-j cou.d just as well have 
picked any interval designation with the proper proportions.    For 
example,  if0<r.S0. 5,   or 0. 75 < r-s 1,  the event E does not occur; 
and if 0. 5 < r. s 0. 75,  then E occurs. 
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A similar procedure is applied to all basic components in 
a system or basic failure events in the undesired event that is being 
simulated.    Thus,   if component x-   has probability of failure p(xj), 
then the component is considered to be in the failed state if 0<r.Sp(x.)> 

and to be unfailed otherwise. 

Furthermore, if component j has an exponential failure 
distribution with mean-time-to-failure 6:, one could sot the failu.-e 
criterion as follows.    By using the same uniform random generator, 
an r. is generated and if 

J 
-t/ 6 0<r  s l-e j ,  th«-. component fails; 

j 

and if 

-t/ 6- 1-e j<r.sl,  the component does not fail. 

The only difficulty with the above procedure,  which is a 
direct simulation technique,  is that  6; is usually large.    In most cases, 
therefore,   p(x-) is very small.    Thus,  when one is directly simulating 
the behavior of the components or events,  many simulation trials are 
needed before an event of interest,   namely component failure,   takes 
place.    To avoid this, biased values of the probability of failure are 
used during the simulation.    This procedure allows one to find quickly 
those combinations of component failures that lead to the undesired events. 

By algebraic techniques,  the probability of the undesired 
event can be calculated once the various dominant failure combinations 
are known.    This approach does not identify all possible failure combina- 
tions or modes leading to failure.    However,   the simulation technique 
establishes the significant or more probable failure states leading to the 
undesired event.    As already indicated,  the undesired event is the 
release of hazardous substances to the atmosphere.   Simulation is 
carried out for all elements (nodes and links) in the TS. 

3. 4     Probability of Release Existence 

To complete the calculation of the probability of P(S,Q) it 
is necessary to estimate the probability that release amount Q exists in 
element S of the TS.    In the method described herein,  fault tree analysis 
calculates the probability that Q is initiated in S.    Then a leak detection 
probability is developed to include the possibility that O was carried 
over from prior TS elements.    The probability that a release exists 
in a TS element is then calculated, which reflects the fact that it was 
initiated in that   element  or it was introduced to that element from 
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prior  TS elements.    Normally,  if a leak is detected on a previous 
element of the path,  the leak would be fixed or the transport would be 
terrrinated.    However,   there is a distinct possibility that the leak will 
not be detected immediately.    To recognize thip possibility,  a leak 
detection probability is assigned to each release magnitude. 

Thf; probability of leak detection is considered in the 
proHability of release existence by using the conditional probability 
theorem.    Let P[LDP(Q) ]  be the probability that release Q  will be 
detected when passing from one element to the next,   i.e. ,  the leak 
detection probability for release  Q,     Then the probability of release 
Q existing in element S.  is given by: 

P(S.) r   P(S /S.    1)P(S.   1)+P{S./S.   .)P(S.   .) (4) 
i ii-l i-l ii-l i-l 

where 

P(S.) -  probability that release Q exists in element S., 
\ r i 

P{S.   ,) -   probability that release existed in element S.   ,. 
i-l i-l 

(o./S.   ,) =  probability that release exists in S. given that 
Il_1 4. i.    J    •       c 1 

it existed in S.   ,. 
i-l 

P(S./SN1) =    1-P(LDP(0)) (5) 

P(S,/S.   ,) =  probability that release Q exists in element S. 
11-1 r .,, ... i-, rr.11- given that it did not exist in element S.   ,.    This i- I 

is taken to be the probability of release initiation 
in element S^ as calculated by fault tree analysis. 

P(S.) - 1-P(S.); P^j) - l-P^j) (6) 

If it is assumed that the transport container is not releasing 
any material when introduced to the first TS element,   P{S  ) is 0 and 
P(S  ) is the probability that release O was initiated in the first eLiment, 
i.e. ,  the fault tree analysis probability.    The larger the release rate, 
the greater the probability ,   P [LDP(Q) ],   for detection in each element 
of the path. 
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RELEASE EFFECT MODEL 

4. 1     Measure of Effect 

The effect of a release of hazardous materials can be 
measured in many ways.    It may be the expected number of deaths 
or injuries,  the area of land affected or contaminated,  or the dollar 
cost of recovery and cleanup.    The measure chosen for illustration in 
this paper is the number of casualties based on an exponential dose 
relationship. 

To calculate the number of casualties,  the amount of 
material released is estimated and then the area and number of 
people affected by the release are calculated.    This number,  N(S,Q), 
is calculated for each release magnitude in each element or sub- 
element of the TS having distinctly different population distributions. 

4. 2      Release Magnitude 

Coupled with the release probability is an atmospheric 
release magnitude, O.ft),    This release magnitude includes factors 
for time decay of the material,  if any,   while in storage.    If the 
material decays at a constant rate X while in storage, the initial 
amount   Q    at time   t   later is decayed to 

o 

Q(t) =   Q  e"Xt (7) 
o 

In general, the amount of material which can be considered 
released to the atmosphere is actually much less than the amount Q(t) 
inside the container at time  t.    One reason is that the transport con- 
tainers may be of multiwall design; and thus, the material must pass these 
various walls before it is released.    It may also have to be aerosolized. 
Furthermore,   it may have to pass through various protective attenuators 
such as absorbents, neutralizers,   or chemical reactants.    The general - 
ized barrier model used in estimating release probability also serves as 
a basis for relating the various attenuation factors as shown in Figure Z. 
From Figure Z the following expression is suggested for estimating the 
actual amount of material released to the atmosphere: 

0A(t)     =    Q(t)P1P2P3R1R2R3...RN (8) 

where 

Q   (t)     =    amount of material/unit time released to the 
atmosphere at time  t. 
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P =    fraction of Q(t) available for release from primary wall. 

P.       =    fraction of P    releaaed per minute. 

P =    fraction of material released to atmosphere in 
aercaolized form. 

R =    fraction of material which passes barrier i 
1 (i = l, 2. 3...N). 

Für tr.o cas^ .if an ir.stantanc-ous release,   one might assume 
unity for all th-s factors besides P    and P  ,   so that 

0A(t)   =   Q(t) PlP3 (9) 

For a contir/ious rrleasc case when the container is being moved,  one 
divides   QA(t) by the vehicle speed to get the release per unit distance q: 

Q   (t)       O(t) P  P  P  R  R         R 
q =    -A       *   l1   *  (10) 

4. 5        Calculation of Number of Casualties 

To calculate N(S,0) the area within which a specified 
dosage or concentration range exists at S for release, O,  is first 
computed.   Next,  this area is multiplied by the probability of injury 
within that rang»-.    This effective area can then be multiplied by the 
population density to get the expected numbi-r of casualties.    The calcula- 
tion can be carried out for various concentration ranges (corresponding 
to different distances and times from the source).    The model is as 
follows: 

The number of people injured by a release of Q organisms 
at element S in a TS path is evaluated as 

N{S.Q) = p(s,y) p CD(x,yIQ)]dxdy (11) 

where 

2 
p(x,y)    =    population density, people/m 

D(x, y.O)   =    dose received by the population at position (x, y) 
as a result of release Q. 

p[D(x,y(Q)]    -    probability of injury with  dose   D. 
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In the actual evaluation of N(S,Q), population density is not 
usually available as a function of x and y.    Thus,  an average density, 
p(S),   is assigned for regions in the vicinity of nodes and links.    In view 
of this, 

N(S,Q)   =   p(s)        p [Dfs.y.Q)] dxdy (12) 

Instead of an evaluating integral in Equation 11, an approximate 
form is used. 

j p [Dfx.y.O)] dxdy  *L p. A. (13) 

where   p. is an infection probability within the area A.,   and A. is 
i i i 

defined as the areas within which the dosage is of such a magnitude 
that the probability of infection is between p. and P-   , •    If D. denotes 
the dosage required to produce infection probability   p.,   and A(D^) 
denotes the area receiving dose D. or greater, then 

A.    =   A(Di) - AP.^). (14) 

The numbers A(D,) are computed from the expression 
1 x m 

A(D.) =     I       y(x) dx (15) 
1 Jo 

where 

A(D.)     =    area within which a dose of D. or greater will 
i i 

occur. 

x =    maximum downwind distance at which D 
m i 

occurs. 

y(x)     =    contour function for D. determined by the source 
strength,   material physical characteristics, 
and atmospheric diffusion lormula for the source 
configuration. 

4. 4 Dose Equations and Areas Infected 

One can take the various formulas for dose and compute the 
contour y(x) as shown in Figure 3.    These dose equations arc well known 
and readily available.    See,   for example.  Reference 4.    In the equations 
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(a) Point Sources (b) Line Sources 

FIGURE 3 

DOSE CONTOUR LINES 

that follow,   a  and ß are temperature-dependent parameters of the 
diffusion conditions.    That is,  it is assumed that the diffusion standard 
deviations are described by simple power laws,   relative to a standard 
distance x.,  used for measurement of   g     and   az.    The decay rate of 
the material after it is released to the atmosphere is given by K,  and 
u   is the wind speed in the x direction.    The basic form of the dose 
equation is D = f(Q, x, y, z,t) for which one can set z = o and get various 
forms depending upon the model used. 

For the instantaneous release model,   one has 

where 

a  -y 
— ■ exD ' "* 

(t) 
Q   . 1  
Du      iray (Xj) az (Xj) 

x_\ 2 a 

l 

exp  {-f).    (16) 

(17) 

For the continuous fixed release model,   the dose equation gives 

2 
1 =   at exp 

2%<V(t) x.\ 2o 

1' 

exp m (18) 
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where   t   is the time after rclc-Ase starts. 

,    .     Q_ . 1  
Du      ir a   (x,) a    (xj y      I       z      1 

(19) 

Oth^r equ.n'cicris fur ih.- •..'..se contom ai 3 avail'ibl^ in the model. 
Most of tris-ät;,   similar to Equ*Aic-lf  l-i a;.'d 1*1,  are well l<nowr..    These 
equations are solve:' nvirnerically for v(x) 1.;' using a »nodified form of 
the Newton-Raphson method.    This prrvc-tdure ;s qiv-i.i in Reference 5, 
The areas are ^he : cs.lcxlh'c^i for the  /ario-,^ de^e cc  tours.     Finally, 
prohäbility :>'■. ir.fef. t.on is r.f-.j *o  w-.igKf u«-. area  ; orn^vt ■ d for earb 
dose l«tfcl. 

r'-     A HYPOTHETICAL CASE 

Using tb; preceding mede', a computerised evaluation of risK JII 

transport of a hypothetical weapcr, system has been performed. The 
transport sequence nötwcrl-  is show:* in Figure 4. 

5. 1   Basis and Cases Stv.oied 

This evaluation assesses the risk on two alternate hypothetical 
TS paths between the origin (weapon assembly point) and the destination 
or use point.    Briefly,  thesa cases may be summarized as follows: 

Case 1  - Standard Case.    This case uses a set of parameters 
considered typical of a normal weapon - TS configuration. 
It serves ap a s'andard for comparison with the remaining 
cases. 

Case 2 - Expedited Dt-livery.      This case uses the same 
parameters as Care 1 except that the storage times at 
moat of the nodes have bvr.en reduced to minimize tha 
time tie weapon is in ♦fit TS. 

Case 3 - Changed Material.    This case •i-ra? the same 
parameters as Case 1 v/ith the except?oa that material 
properties hav« been altered to simulate use of a 
different material (decreased physiological effect and 
decreased storage decay rate). 

»<   Case 4 - Changed Container.    This case uses the same 
parameters ae Case 1 with the exception that certain fault 
tree input data has been changed to reflect an assumption 
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that the shipping container is designed to assure survival 
of the weapon casing with impact velocities of up to 400 fps. 
This change is effected by lowering the probabilities for 
the conditional event that the impact loads exceed 50 g. 

Data was gathered on the hypothetical path.    Table 1 indicates 
part of the information that is needed for the various elements of the 
network.    Table 2 gives the parameters for the barrier models used. 

5. 2      Results for Hypothetical Case 

Summary results are given in Figure 4 and in Tables 3 and 4. 
These outputs or results are specific to the hypothetical weapon TS con- 
figuration. 

Table 3 presents a summary of risk,  probability,  and area values 
determined for each TS path and each case in this analysis.    These data 
show that minimum risk,  2.75 x 10"^" casualties per trip,   would be achieved 
when transporting the agent in the improved shipping container via the 
shipboard route (TS Path 1).    Maximum risk,   1.38 x 10      casualties per 
trip would occur with expedited delivery via the air route (TS Path 2), 
The maximum risk is approximately 50, 000 times greater than the 
minimum.    With regard to the standard case (Case 1),  the minimum 
risk case is 4,000 times better (less risky) on the same TS path. 

If the Case TS path combinations listed in Table 4 were all that 
were considered,   it would be recommended that the Case 4-Path 1 
combination be used.    If Case 4 were excluded from the alternative 
choices,  then it would be recommended that use of the less harmful 
material (Case  3) on either TS path would be the preferred combination. 

It is interesting to note that when selecting case parameters 
for analysis,   it was expected that Case 2 (expedited delivery) would 
represent a low risk situation.    The length of residence time at the 
nodes had been significantly reduced to give a reduced chance for 
exposure.    Results of the analysis show that this case gives the highest 
risk on both paths.    The reason for this unexpected result is that the 
material storage decay rate is short compared to the normal delivery 
time.    Thus,  by expediting delivery,  the inventory of hazardous 
material was increased at later stages (higher population densities) 
in the TS paths. 

In addition to identifying minimum risk case-path combinations, 
it is possible to examine the contributions of various TS path elements 
to risk,   release probability, and  release effect.    Looking at risk 
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TABLE 1 

TS POPULATION DATA 

TS 
Element 
I. D. No. 

Location 
Name 

Origin 
City  1 
City  1 to Cit'   ^ 
City 
City  ? to City  3 
City   3 
City   3 to City  1* 
City  h 
City  U to City 5 

Location 
Type 

1 Path6 

Length 
Mi. 

UA 

UA 

UA 

UA 

150 

"50" 

"53" 

Population Jata" 

4 
Total 

on 
Vehicle 

Density 
People(sqmi) 

On 
Site 

1.300 

General 
Public 

3.900 
2.130 

31 
2.000 

JL 
3.310 

JL 
3.000 

13 

TT 

City  19 
TOD 
City 20 
City 20 
City 20 to City 21 
City 21 
City 21 to City 22 
City 22 
City 22 to City 23 
City 23 
3 ASP 

UA 
UA 

UA 

UA 

UA 

10 

51 

35 

(1) Location types are node (N),  urban agglomeration (UA), 
rural (R),   and high seas (HS). 

(2) Path length is required for all nonnode locations. 
Enter zero if location type is node. 

(3) When transporting,   specify only on-vehicle and general 
public data.    When ?t a node,  specify only on-site and 
general public data. 

(4) On-vehicle data should indicate total number of personnel 
on vehicle. 

^.?oo 
15.900 
11.050 
13.210 

ulo" 
17.220 

300 
T.3^o 

290 
8.220 
8^220 
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TABLE 2 

SUMMARY OF BARRIER MODEL 
FACTORS FOR EXAMPLE APPLICATION 

Factor 

RELEASE TYPE                              | 
Type 1 1         Type 2 1         Type 3      | 

|         Large 1          Small       1 
Instantaneous Continuous {     Continuous 

P2, %/min 100.0 i         50.0 1         10-0 

R
r % 100.0 20.0 5. 0 

v% 
100.0 50.0 1.0 

R3. % 100.0 60.0 50.0 

P   (Cases 1, 2. 
and 4). % 0.001 0.001 0- 1 

P3 (Case 3).  <7   | 0.0003 0.0003      j 0.03 
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TABLE   3 

SUMMARY OF PATH VALUES FOR ALL CASES 

Case Path    1 Path    2 

CASE   1-NORMAL DELIVERY 

Probab M i ty 5.62 x  I0"5 7.45 x  I0"5 

Area  Infected, m 1.23 x  I0f3 9.41  x  I02 

Risk, People Infected/Trip 1.33 x I0"6 1.37 x  IÜ"6 

CASE 2-EXPEDITLD DELIVERY 

ProbabII1ty 5.61 x I0"5 7,44 x  I0"5 

2 
Area  Infected, m 3.02 x I03 2.27 x  I03 

Risk, People Infected/Trip 4.07 x  I0"6 1.38 x  lO"5 

CASE  3-NORMAL DELIVERY- 
CHANGED AGENT 

Probab1llty 5.62 x I0"5 7.45 x  I0"5 

Area  Infected, m^ 1.51  x  I02 6.95 x  I01 

Risk,  People Infected/Trlp 1.32 x  I0"7 5.16 x  I0'7 

CASE  4-NORMAL DELIVERY- 
CHANGED CONTAINER 

Probability 8.01 x  I0"8 6.00 x  I0"6 

Area  Infected, m^ 1.23 x  I03 9.41   x  lO2 

Risk,  People  Infected/Trlp        j 
 — L 

2.75 x  lO"10 2.81  x  lO"8 
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TABLE 4 

SUMMARY OF RISK* CONTRIBUTIONS 

PATH  1 

tank 
of 

ElMwnt 

CM«    1 
NonMl    Dtllvory 

Cat«    2 
Exp«0lt«d D«lIvory 

Cat«   3 Gas« 4 

Path 

1. 0. No. 

Total Risk 
»or 

Claaant 

Path 
Elamnt 

1.0. No. 

Total Risk 
»or 

Elaaant 

Path 

1. 0.  No. 

Total Risk 
»or 

EI«M«nt 

Path 
Elanant 

1. D. No. 

Total Risk 
♦or 

ElOMAt 

1 2 1.21 M lO"6 2.66 x 10-« 6 6.95 x I0-8 4 2.29 x lO-'O 

2 6 9.01 K lO"" 1.24 x I0-6 i 5.72 x I0-8 3 2.17 M 10-" 

i 4 1.85 x lO"8 9.63 x 10-* 4 J.I7 x 10-9 2 2.06 « I0-" 

4 1 ».07 x lO"9 13 7.24 x I0-8 
•» 2,11 x 10-» 6 2.66 ■ 10-12 

5 3 1.00 x IO-IO 3.75 x 10-9 1.42 x 10-10 5 1.07 H 10-12 

6 13 2.46 x  10-" 2.10 x  lO-'O 7 9.9» x  10-12 7 2.46 x  I0-'J 

7 5 J.37 x 10-12 14 2.85 x I0-I> 3 9,22 x IO-'2 1 1.32 M  10-K 

S 7 1.2.1 x l0-'2 2.61 x 10-" 5 1.94 x 10*12 13 3.90 K  10-H 

» 14 8.86 x lO-*« 1.92 x 10-" 14 1.37 x IO-'2 14 1,77 x 10-'« 

TOTAL 
(All 
ElMMIt«) 

1.3» x 10-* 4.07 x 10-6 1.32 x 10-T 2.75 » I0-'0 

PATH 2 

12 1.17 x  10-* 12 1.26 x  10-* 12 4.8» x 10-1 10 2.81 x  lO"8 

10 1.97 x lO"7 10 9.55 x IC-' 10 2.70 x I0-8 12 1.01 x  IO-" 

I ».07 x 10-9 13 2.26 x 10-^ 13 3.J2 x 10-9 7 8.46 x  lO-'J 

a 1.78 x 10-9 6 3.90 x 10-9 1 1.42 x 10-10 9 2.31 ü  IO-H 

IS l.i't x 10-10 1 3.75 x 10-9 8 8.36 x 10-" 8 3.00 x  IO-K 

7 4.23 x 10-12 14 1.12 x 10-10 7 I.JO x  I0->I 1 1.32 x   IO-'< 

9 1.51 x 10-12 7 4.7B x  10-" 14 2.»» x 10-12 13 1.18 x  lO-'4 

II 8.J7 x  10-13 II 6.1« x  lO"'? M 2.04 x I0-'J 14 1.13 x  I0-|S 

14 5.63 x  I0-I5 9 3.75 x 10-12 9 9.21 x I0-« II 8.83 x 10-16 

TOTAL 
(AM 
ElMMt«) 

1.37 x lO"' 1.38 x (0-5 

i 

5.16 x 10-' 2.81 x  lO"8 

Risk i o»  InfMtlons/Haapon Trip Through Elamant 
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contributions in Table 4,   it appears that the predominant sources 
of nak in either TS path derive from truck transportation through 
populated areas. 

Another view of the risk contributions from various elements 
in Path   1  is shown in Figure S.    In this figure the cumulative risk is 
plotted as a function of location in TS path for all four cases.    Sharp 
inflections in the risk curve indicate the major contributors to risk. 
Perhaps the most important information deriving from these curves 
is tha* the level an^ location of risk calculated by the methodology is 
quite responsive to changes in the material-weapon-TS configuration. 

Added insight into the sources of risk is given by considering 
the relation between release type and risk.    Results of this hypothetical 
analysis  show that the instantaneous release is the dominant source of 
risk.     Both the probability and effect of instantaneous release are large 
in all TS path elements relative to other release types,  except when 
using   a   more crashworthy container   (Case 4).    In Case 4,   the 
probability of instantaneous release is considerably below that for 
continuous  releases; these latter releases are,  therefore,   the dominant 
contributors to risk. 

The probability of release for each release type remains 
relatively constant for all elements of the TS.    To identify ways of 
reducing these probabilities,  the computer output was   examined to 
identify predominant failure combinations; i.e.,  combinations whose 
probability of occurrence falls in the largest order of magnitude of 
the reported failure combination probabilities.    One failure combina- 
tion was found to exclusively determine the probability of instantaneous 
release.     The inputs in this combination relate to the occurrence of 
accidents in which the impact load exceeds 50 g.      Thus,   to minimize 
the probability of instantaneous release in this hypothetical example, 
design efforts should be focused primarilv on development of a more 
crashworthy weapon-system shipping-container configuration. 

6.     CONCLUSIONS 

The preceding results have identified: 

a, A minimum risk material-weapon system-TS path 
configuration; i.e.,   Case 4 and Path 1, 

h. A minimum risk TS path for each material-weapon 
system configuration. 

c. The contribution to risk by each element in each 
TS path. 
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Case  2 
Points 

Case   I 
Poi nts 

Case  4 
Pol nts 

Case   3 
Polnts 

12 3 4 5 6, o • 
Origin Element   I.U.   Numoer Destination 

(TS   Path   Element   Progression) 

FIGURE 5 

CUMULATIVE RISK VERSUS LOCATION IN TS PATH 
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d. The relation between probability and effect in 
dt'termining risk for each element. 

e. Tho elemonts in which the probability of release is 
highest, 

f. The release types contributing most to risk; e.g. , 
instantaneous in Cases 1,   2,  and 3 and continuous in 
Case 4. 

g. TS activities and design factors most strongly affecting 
risk and the probability of release in each element; 
e.g. ,   transport accidents and crashworthiness of 
the weapon-shipping container configuration. 

Other types of comparative analyses may also be developed 
from the HAZTRANS output depending on the analyst's interest. 

Two major conclusions can be derived from the results 
in this hypothetical application.    First,   changes in material-weapon 
system-TS path condigurations can lead to changes in risk which 
may not be anticipated by qualitative judgment,  but will be identified 
by the methodology in a quantitative manner.    Second,  the methodology 
is flexible and responsive to the factors which determine risk in 
hazardous material transport.    It provides data which can be used 
to arrive at minimum risk solutions in both the logistics and design. 

As a final comment,   it is believed that a practical method has 
been developed for "a priori" estimates of risk in the transport 
of hazardous materials.     The model discussed in this paper admittedly 
has limited capability at this time,  yet it can yield useful results in 
its present form.    Increasing accuracy and realism in the model and 
its  results are well within the grasp of present system safety analysis 
technology.    The major requirement is a commitment to further 
refinement of the existing models and development of data suitable 
to these models,   especially probability data. 
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PÜSSIHLL  SÜLITTIONS TO ENVIRONMENTAL   POLLITTION 
ASSOCIATED WITH   DESTRUCTION OF  AAWUNITION AND EXPLOSIVES 

Moderator: 

Fope   Lawrence 
National  Air  Pollution  Control 

Department  of  Health,   Education & Welfare 
Washington,   D.C. 
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POSSIBLE SOLUTIONS TO ENVIRONMENTAL PROBLEMS 

ASSOCIATED WITH DESTRUCTION OF AMMUNITION 

AND EXPLOSIVES 

MODERATOR'S SUMMARY 

Increasing public pressure accompanied by Federal  legislation and 
Executive Orders to eliminate environmental pollution has  spurred 
intensive  search within the Federal  agencies for alternatives to 
traditional practices,  such as open air destruction or dumping of 
explosives wastes at  sea.    Examples of  innovate thought  and action to 
find feasible solutions to particular problems were presented at this 
seminar in five talks,  each of which stimulated substantial  audience 
participation. 

An electrolytic method for recovery of metallic  lead from an alkaline 
solution of bulk quantities of   lead azide was described by Mr.  J.B.  Poison 
of Mason and Hanger  -  Silas Mason Co.    His method,  now beine tested out 
in pilot plant,  appears to be a highly attractive alterna*   Je to explosion 
in open air.    As described in the formal paper attached to this summary, 
the method is inexpensive,  it yields only nitrogen gar  and reusable 
lead,  and  it appears to be a solution to a vexing a''     pollution problem. 

In an  illustrated talk entitled "Explosive and P^     dllant Waste Disposal 
with a View Toward Total Pollution Abatement",  '    . Irving Forsten of 
Picatinny Arsenal contrasted past practices fov TNT waste disposal with 
new anti-pollution concepts embodied in the Army's program for extensive 
modernization of  its munitions plants.    A key element  in Mr.  Forsten's 
program is an existing prototype  incineration system planned for modific- 
ation at Picatinny to permit  detailed in-house  study and evaluation of 
new disposal methods.    The modified facility will contain well  instrumented 
scrubbers,  afterburners,  catalytic  units and controls making possible 
selection of appropriate design techniques for complete reduction of 
gaseous combustion products to  innocuous forms such as nitrogen and 
carbon dioxide. 
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Mr.  ll.rlxrL  Rnylunct! outlint'd a stimulating  program designed to identify 
ami  s>ilvi'  nivi iiuiiiuriLal   pollution problems  faced by the Naval Ordnance 
SysLiius  Gimmaiul.     A iifw  NAVURD Environmental  Health Center has bean 
(•stahl istuni  at  Cincinnati,  Ohii),  and a  substantial   research and develop- 
iiicut  iirt)grai"  is  uiulirway  with strong direction  to  reclaim or recycle 
useful   priulucts,     Kxamplcs of problems  under  study are: 

1. Uisposal   o£  explosives and propellants  by methods other 
than  by  open   burning.    The methods utilize principles 
of  chemical   destruction,   controlled incineration,   and, 
in  the  case of TNT,  biological   degradation by a micro- 
organism  known  to exist  but  yet   to  be  Identified,     The 
University of   Indiana is assisting  in  the search for 
identification  of  the  "red molecule"  degrading organism, 
and  the  mechanism by which it degrades TNT,  as well  as 
optimum  conditions for promoting   its action. 

The  Naval Ordnance Station at Indian Head, Maryland, 
and  the  Naval   Weapons Laboratory  at  Dahlgren,  Virginia, 
are working  to  improve incineration techniques for ship- 
hoard  destruction of mono propellants a1--    jther waste 
n'^terial. 

2. Other   studies   resulting  in elimination ot  air pollution 
sources  include recovery not only of  silver from photo- 
graphic   film  emulsions but also  recovery of the film 
itself.     Another study produced  a method for converting 
wooden  sheathing  and dunnage to  a product useful   in chip- 
board manufacture.    This process  has eliminated trouble- 
some  smoke formerly discharged by bee-hive incinerators 
on  San Francisco Bay, 

3. Methods  to reduce "noise pollution" caused by detonation 
of  explosives  are under investigation at  the Naval Ordnance 
Laboratory Test Facility at Solomon's Island, Maryland, 

Mr,  Emil  Christofano of  Hercules Corporation  discussed "Motivation for 
Industrial  Involvement  in  Recovery and Recycle of  Wastes".     Pointing out 
that  recycling  is nature's wey of handling waste materials, Mr, Christofano 
cited examples of  economic   benefits resulting from production of  industrial 
chemicals  from a variety of originally unwanted materials such as pine 
stumps, cotton  Unters,  surplus nitrocellulose  (converted to dynamite;, 
and even municipal   refuse  and garbage.    He  said that the fundamental 
and most  powerful   incentive  to corporate pursuit of  aggressive waste 
recovery policy  lies  in  the opportunity to make a profit. 
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Mr,   Richard Gott,  also of Hercules,   discussed the  scope of problems 
involving   safe disposal  of  the products of munitions manufacture. 
Munitions makers today,  he  said,  are  employing advanced technology to 
reduce environmental  impact of  production losses of materials whi: h range 
up  to 10% of manufactured product,     Mr, Gott's broad analysis,   based on 
questions  as to what, where,  when,   how much,  etc.,  brought to  focus the 
fact  that  all  explosives and propellants produced arc  intended to be 
fired primarily in the open air in the case of war.     If  no*-  used in that 
way,   then  shelf!  life and other factors require that millioiis  of tons 
must  eventually be disposed of within finite time  limits.    Mr.  Gott 
felt  that   some open burning was necessary -  but tha':   it  could be 
controlled.     He emphasized  the urgent  need to  include   safe,   non-polluting 
disposal  techniques in original  design plans for all  munitions  - espe- 
cially new ones.    He called for realistic  standards defining  environmental 
quality,   as well as for procurement  policies under which available indus- 
trial  technology could be profitably applied to  reclaim,   salvage, 
detoxify,   or otherwise  destroy  large  stocks of   surplus   explorive materials 
without further environmental  contamination. 

Pope A. Lawrence 
Scientist Director,   P.H.S. 
Moderator 
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Technical Report No.   191  Revision 1 

I. INTRODUCTION 

This proposal presents a significantly new method for disposal of 

lead a/.ide.    An electrolytic process is used to convert the lead azide to 

metallic lead and free nitrogen.    The advantages are substantial in reduced 

costs,   improved safety and the elimination of pollutant waste materials. 

Operation is extremely simple in that an operator merely deposits the 

lead azide in a tank of sodium hydroxide solution and periodically removes 

lead as a solid similar to the processes used in the recovery of silver 

from photographic solutions. 

This work is being published as preliminary data so that the in- 

formation may be disseminated as early as possible to interested agencies 

of the U.  S.  Government concerned with lead azide operations and disposal. 

II. DISCUSSION 

The method proposed utilizes an electrolytic process which is 

applicable for all installations.    Lead is.collected on the cathode and 

nitrogen is evolved at the anode.    Electrolysis has added advantages 

in that the chemiqal cost is very low, a single solution may be reused many 

times,   and a saleable product may be obtained.    A cost compariaon with 

several chemical "Kill Methods" is given in Table I.    Many possible 

electrolytic solutions were investigated including sodium chloride,   sodium 

chloride acidified with hydrochloric acid,   sodium chloride/sodium cyanide, 
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Technic ical Report No.   191 Revision 1 

acetic acid,  and sodium hydroxide.    A discussion of all the unsatisfactory 

combinations is not included in this report.    The most promising solution 

used to date is sodium hydroxide.    Various concentrations were tested 

to obtain optimum plating conditions for obtaining a good adherent high 

density lead deposit.     Table No.  Z displays the results of this testing 

srcent sodium hydroxide is presently considered optimum. 

If the density of lead as recovered is not a factor,  then the twenty percent 

solution is the most efficient tested as of this writing. 

and ten pei 
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Technical  Report No.   191.   Revision 1 

Test Procedures 

1. Recycling Study 

A known amount of lead azide was placed in a beaker 

containing a ten per cent sodium hydroxide solution.    Insoluble 

metal electrodes were  immersed at opposite sides of the beaker 

and five volts were applied to the electrodes resulting in a current 

of 1.44 amperes  (amps.).    With a cathode area of 3.5 square inches 

this gave a current density of 0.4 amps,  per square inch.    When 

the lead azide was partially dissolved,   samples of the solution 

were taken for determination of lead and azide ion concentrations. 

Lead content was determined using an atomic absorption spectophotometer 

and azide ion levels were found utilizing the infrared spectrophoto- 

meter.    Samples of the electrolytic solution were takan at 

approximately 15 minute intervals until the lead concentration 

dropped below 1000 parts per million (ppm) level.    At this time 

in the process an additional increment of lead ctzide was added. 

This process and analysis were repeated for a total of three cycles. 

After three such cycles the electrolysis solution was clear and 

contained only a very small amount of metallic lead which had 

fallen from the cathode.    Data denoting sampling times, 
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the pH of the solution,   and the levels of lead and azide ions are 

detailed in Table 3.    From this data graphs were constructed 

for each cycle which are displayed in Figures 1 through 3. 

Table 4 details the theoretical amount of lead added on 

each cycle,  the single cycle recovery percentages,   and the j 

final lead   distribution data. ; 

2. Gas Evolution and Lead Distribution j 

Separate,   single cycles were used in determining gas 

evolution and lead distribution in the electrolytic procedure. 

Analysis of gases evolved from both the cathode and anode 

daring electrolysis was accomplished by devising a collection 

apparatus and examining these samples with a mass spectrometer. 

The collection apparatus used and results of this testing are 

given in Figure 4. 
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Work is i ontinuinq on addition apent clit-micals for use in the 

plating solution.     To date,   additives testt'd have made no 

si^nilu-.uit iin[)ro\ t-nient in the process.    Progress has been 

made in obtaining a firm adhering lea.ci deposit on the cathode by 

lowering rurrent densities and proper electrode placement. 

Metals used as electrodes include ""platinum,   stainless 

steel,   copper and lead.    Present indications are that a lead 

cathode and a stainless steel anode will be the most practical. 

Further testing will be done to determine the gases evolved 

from the electrodes when materials other than platinum are 

used. 
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in.        CONCLUSIONS 

The electrolytic method for the disposal of lead azide is practical, 

efficient,   safe,   economical,   and pollution free.   Preliminary equipment 

costs for an installation capable of processing approximately 50 pounds 

of lead azide per hour is placed at about $2, 500.00.    Immediate future 

work will determine the most desirable current density and voltage and 

will also include the design of a typical installation.    Concurrently a 

pilot-scale operation is being set up and all aspects fastidiously re- 

examined to assure that no details have been overlooked that could detract 

from the apparent advantages of this method. 
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TABLE 1.    Cost Comparison of Various Methods 
Used for  "Killing" Lead Azide 

METHOD COST/POUND 

1. Sodium hydroxide 

Z, Ammonium acetate-sodium 

bichromate 

3. Sodium nitrite-nitric acid 

4. Sodium nitrite-acetic acid 

5. Ceric ammonium nitrate 

6. Ammonium acetate-sodium 

nitrate-acetic acid 

7. Electrolysis 

$ 0.23 

$15.89 

$ 7.26 

$ 7.26 

$68.10 

$25.42 

$ 0.02 
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I. Initial Conditions 

Solution - 200 ml. of 10 per cent sodium hydroxide 

Electrode material - Platinum 

Lead Azide added - 5. 7552 gms 

Electrolytic conditions - 5,0 volts,   1.4 amperes 

Cycle Information II. 

Cycle No.  1 

Time (min) 

0 

15 

30 

45 

60 

99 

Pb (ppm.) 

10,000 

4,500 

3,250 

2,250 

2,250 

875 

%NaN3 

1.95 

1,57 

1.35 

0.80 

1.05 

0.25 

pH 

13.20 

13.05 

13.20 

13.20 

13.10 

13.20 

Cycle No. 2   4.6041 gms lead azide added; 3.2633 gms lead recovered 

99 

114 

129 

144 

178 

203 

4,088 

3.438 

2.812 

1,838 

437 

250 

0.25 

1.00 

0.75 

0.83 

0.70 

0.65 

13.10 

13.10 

13.10 

13.10 

13.10 

13.10 

TABLE 3.    ANALYSIS DATA OF LEAD AND AZIDE ION CONCENTRATION 
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Cycle No.  3   4.8486 gms lead azide added; 3.1432 gms lead recovered 

Time (min) Pb (ppm.) %NaN, pH 

203 2,212 1.60 13.20 

218 3,288 0.40 13.20 

252 1,088 0.95 13.30 

267 838 0.53 13.30 

304 288 0.70 13.30 

347 250 0.45 13.25 

End of cycling 3.0342 gms lead recovered 

TABLE 3.    ANALYSIS DATA OF LEAD AND AZIDE ION CONCENTRATION   (cont. ) 
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LEAD LOCATION WT^gms.) | 
j 

Fluxed Lead Globule 2.0096 

Lead Remaining in Flux Solution 0.4534 

Lead Remaining in Electrolysis Solution 0.0500 ; 
! 

Lead Remaining on Cathode 0.0240 

Lead in crucible from Flux filtration 0.0226 J 

Total Lead 2.5596 

1 
Original weight of lead present in 3.7169 gms j 

of 98.6 per cent pure lead azide =       2.6072 

Per cent of Lead accounted for =     98.17 

The above data is from an experiment which parallels the 

procedures used in the experiment on pages 8,   9 and 10.    It is for 

information purposes only and gives a typical accounting of exact 

lead recovery. 

TABLE 5.    FINAL DISTRIBUTION OF LEAD IN 
ELECTROLYSIS AND FLUXING OPERATIONS 
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FIGURE I.    CHANGE IN LEAD CONCENTRATION DURING CYCLING 
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FIGURE II. CHANGE IN AZIDE CONCENTRATION DURING CYCLING 
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FIGURE III.   CHANGE OF pH DURING CYCLING 
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GAS EVOLVED 

CATHODE ANODE 

Hg 98.66 N8 41.98 

N*    1.42 08 48.82 

08    0. 30 C08      9.20 

A      0.02 

NaOH sol'n level 

Glass Sheathed 
Platinum Cathode    C\     V 

A k 

i 

Tygon Hose to Mass Spec Inlet 

Glass Break Tip 

Gas Collection Tube 

■       Glass Sheathed 
/     p Platinum Anode 

A___ A _ 

'i^M^ 

0 
0 

0 
0 
0 
0 

"5 
o 
o 

L^LJ 
-h 

FIGURE TV. 
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A NEW METHOD OF MELTIN3  EXPLOSIVES FOR MELT POUR OPERATIONS 

Moderator: 

Joe M.  Sirls 
Harvey Aluminum Sales,   Inc. 
Milan Army Ammunition Plant 

Milan, Tennessee 
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THE PRIMARY SUBJECT OF THIS SESSION WILL BE THE MELTING OF EXPLOSIVES IN 

PREPARATION FOR CAST LOADING. 

BEFORE I PRESENT TO YOU WHAT WE AT MILAN ARMY AMMUNITION PLANT HAVE DONE IN 

THIS AREA, DURING THE PAST FEW MONTHS, I WOULD LIKE TO SHOW A FEW SLIDES OF A TYPICAL 

CONVENTIONAL MELT-POUR OPERATION AND REMIND YOU OF SOME OF THE HIGHLY UNDESIRABLE 

FEATURES AS WELL AS SOME VERY SERIOUS POTENTIAL SAFETY HAZARDS. 

LET'S LOOK FIRST AT THE PHYSICAL LAYOUT AT A TYPICAL LAP LINE. 

SLIDE n 

THIS IS A PLOT PLAN OF A MELT LOAD LINE AT MILAN ARMY AMMUNITION PLANT. 

LOCATED IN THE CENTER OF THE LINE ARE TWO (2) MELT-POUR BUILDINGS.  ON EITHER 

END OF THE LINE IS AN ASSEMBLY BUILDING.  ON ONE END OF THE LINE ARE TWO (2) 

WAREHOUSES.  THE SMALL BUILDINGS OUT BACK ARE EXPLOSIVE STORAGE MAGAZINES. 

SLIDE #2 (PHOTOGRAPHS NOT AVAILABLE) 

THIS IS A CLOSE-UP VIEW OF ONE OF THE MELT-POUR BUILDINGS.  THE BACK PORTION 

OF THE BUILDING IS THREE (3) STORY.  THIS IS WHERE THE EXPLOSIVE IS MELTED AND 

POURED.  THE FRONT PORTION OF THE BUILDING IS FOR COOLING OF THE CAST AND CONSISTS 

OF SEVEN (7) BAYS 20 FEET WIDE AND 50 FEET LONG WITH 12 INCH REINFORCED CONCRETE 

DIVIDING WALLS. 

NOW LET'S TAKE A LOOK INSIDE THE THREE (3) STOPY MELT-POUR SECTION. 

SLIDE if3 

THIS IS A VIEW OF THE THIRD FLOOR.  THE BULK EXPLOSIVE IS BROUGHT IN FROM 

THE BACK MAGAZINES ON HAND TRUCKS AND UP TO THE THIRD FLOOR BY ELEVATOR.  HERE 

IT IS REMOVED FROM THE CARDBOARD CARTONS AND PASSED OVER A MAGNETIC TABLE INTO 

THESE HOPPERS.  FROM THESE HOPPERS IT FLOWS BY GRAVITY INTO SYNTRON VIBRATORY 

FEEDERS LOCATED ON THE SECOND FLOOR- NORMAL OPERATING QUANTITY OF EXPLOSIVE ON 

THIS FLOOR IS APPROXIMATELY 3,000 POUNDS. 

507 

MMM 



508 



50V 

«MJ^M^MH^BM m—mmtmm 



SLIDE tfh 

THIS IS A VIEW OF THE SECOND FLOOR,  THIS IS WHERE THE EXPLOSIVE IS MELTED. 

THE MELTING EQUIPMENT IN THIS PARTICULAR SYSTEM CONSISTS OF TWO (2) 350 GALLON 

STEAM JACKETED KETTLES AND ONE (i) 150 GALLON KETTLE.  NEW FLAKE EXPLOSIVE IS 

FED INTO THE KETTLES Bf SYNTRON VIBRATORY FEEDERS. 

RISER SCRAP IS ALSO FED INTO THE KETTLES ON THIS FLOOR.  IT IS PASSED OVER 

A STRONG MAGNETIC TABLE PRIOR TO GOING INTO THE KETTLE. 

THE NORMAL OPERATING QUANTITY OF EXPLOSIVE ON THIS FLOOR IS APPROXIMATELY 

L_',000 POUNDS 

SLIDE ^5 

THIS IS A VIEW OF THE POURING OPERATION ON THE FIRST FLOOR. THE METHOD OF 

POURING EXPLOSIVE VARIES FROM ONE PLANT TO ANOTHER AND EVEN WITHIN A GIVEN PLANT 

BUT IN MOST ALL POURING OPERATIONS, REGARDLESS OF THE METHOD, THERE IS A CONSID- 

ERABLE AMOUNT OF EXPLOSIVE INVOLVED WHICH IS SUBJECT TO SYMPATHETIC DETONATION, 

IN THE EVENT OF AN ACCIDENTAL DETONATION AT ANY POINT THROUGHOUT THE MELT-POUR 

OPERATION. FOR EXAMPLE, IN THIS PARTICULAB MELT-POUR OPERATION THE TOTAL AMOUNT 

OF EXPLOSIVE INVOLVED, SUBJECT TO SYMPATHETIC DETONATION, WOULD BE APPROXIMATELY 

18,000 POUNDS. 

SLIDE If6 

NOW LET'S GO BACK AND TAKE A CLOSER LOOK AT THE MELT KETTLE. THIS DRAWING 

SHOWS A CROSS SECTION OF A 350 GALLON KETTLE. 

THE NORMAL OPERATING QUANTITY OF EXPLOSIVE IS APPROXIMATELY l+,000 POUNDS, 

ACTUALLY WITH THIS PRINCIPLE WE ARE MELTING EXPLOSIVE WITH EXPLOSIVE AND 

DEPENDING MOSTLY ON THE THERMA.U CONDUCTIVITY OF THE EXPLOSIVE, WHICH IS VERY POOR, 

FOR TRANSFER OF HEAT. THIS IS THE REASON FOR THE LARGE VOLUME OF THE KETTLE. 
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THE RAMS-HORN  KPE AGITATOR LEAVES A LOT TO BE DESIRED FROM THE SAFETY 

STANDPOINT 

THE AGI FATOR  BLADE  CLEARS  THE BOTTOM OF THE KETTLE APPROXIMATELY  3/U OF AN 

INCH.     THIS  CREATES A POSSIBLE PINCH POINT ESPECIALLY WHERE THE BLADES PASS OVER 

THE  PERFORATED STRAINER COVER  PLATE. 

THE NEXT SLIDE SHOWS WHAT  CAN HAPPEN WHEN EXTRANEOUS MATERIAL GETS INTO THE 

MELT KETTLE. 

SLIDE   HI 

THIS IS A i^OMM, M406 BALL AND SKIRT ASSEMBLY. 

THIS  IS  THE WAY  IT APPEARED AFTER HAVING SPENT SOME TIME IN A CONVENTIONAL 

MELT  KETTLE 

NOW I WOULD LIKE TO SHOW YOU WHAT CAN HAPPEN AS A RESULT OF AN ACCIDENTAL 

DETONATION  IN A CONVENTIONAL MELT-POUR BUILDING. 

THE ONLY  COMMENT I WILL MAKE IS THAT IT IS MY UNDERSTANDING THAT THERE WAS 

AN  ESTIMATED  13,000 FOUNDS  OF EXPLOSIVES INVOLVED IN  THE  INITIAL EXPLOSION, IN THE 

MELT  BUILDING. 

SLIDES  #8 THRU #18    (PHOTOGRAPHS NOT AVAILABLE FOR THIS PAPER) 

GENTLEMEN,   IN MY OPINION,  ANY NEW METHOD OF MELTING AND CAST LOADING HIGH 

EXPLOSIVE THAT DOESN'T ELIMINATE THE POSSIBILITY OF THIS TYPE OF AN  INCIDENT IS 

NOT WORTHY OF CONSIDERATION. 

NOW LET'S TAKE A LOOK AT AN ENTIRELY NEW APPROACH TO MELTING EXPLOSIVES. 

SLIDE  #19 

THIS  IS AN OVERALL VIEW OF THE SYSTEM IN  ITS CURRENT STATE OF DEVELOPMENT. 

THE BASIC PRINCIPLE INVOLVED IS THE USE OF 15 POUNDS  LIVE STEAM IN DIRECT 

CONTACT WITH THE EXPLOSIVE.     THIS MAKES POSSIBLE A HIGH  CAPACITY,  LOW VOLUME 

MELTING UNIT. 
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THIS IS THE MELTING UNIT.  THIS IS A 60 POUND CAPACITY UNIT.  THE ACTUAL 

MELTING TIME FOR A 60 POUND BATCH OF FLAKE EXPLOSIVE IS APPROXIMATELY 30 SECONDS. 

ALLOWING 30 SECONDS TO CHARGE AND EMPTY A 60 POUND BATCH GIVES AN OVERALL CYCLE 

TIME OF 60 SECONDS.  FULLY AUTOMATED, 60 POUNDS EVERY 60 SECONDS WOULD RESIST 

IN A MELTING RATE OF 3600 POUNDS/HOUR. 

DURING CERTAIN PHASES OF THE OVERALL CYCLE, THIS INTERLOCK HOPPER CONTAINS 

60 POUNDS OF FLAKE EXPLOSIVE, WHICH MEANS THAT THE TOTAL QUANTITY OF EXPLOSIVE 

INVOLVED IN THE OPERATION OF THIS UNIT IS 120 POUNDS. 

NOW LET'S START AT THE BEGINNING OF THE CYCLE AND IDENTIFY EACH COMPONENT 

PART OF THE SYSTEM AND ITS FUNCTION. 

SLIDE #20 

THIS IS A 60 POUND CAPACITY HOPPER LOCATED ON THE SECOND FLOOR ABOVE THE 

MELTING UNIT. IN AN ACTUAL PRODUCTION SYSTEM THIS HOPPER WOULD BE LOCATED 

IMMEDIATELY ABOVE THE INTERLOCK HOPPER ON THE MELTING UNIT.  IN A HIGHLY AUTOMATED 

SYSTEM, IT WOULD BE CHARGED AT THE APPROPRIATE TIME OF THE CYCLE SO AS TO HAVE 

60 POUNDS OF EXPLOSIVE AVAILABLE TO BE DROPPED INTO THE INTERLOCK HOPPER WITHOUT 

DELAY IN THE CYCLE 

SLIDE #21 

THIS IS THE INTERLOCK HOPPER, CONNECTED TO THE HOPPER ABOVE BY THIS TUBE. 

THIS IS A SPECIAL FLAPPER VALVE THAT PERMITS THE FLAKE EXPLOSIVE TO FLOW 

FREELY FROM THE HOPPER ABOVE INTO THE INTERLOCK HOPPER. 

SLIDE #22  (PHOTOGRAPHS NOT AVAILABLE FOR THIS PAPER) 

THIS IS A CLOSE-UP VIEW OF THE VALVE WITH THE COVER PLATE REMOVED.  THIS TUBE 

IS ON A U5 DEGREE ANGLE AND CUT SQUARE ON THE END.  THE FLAPPER IS A FLAT ALUMINUM 

DISC 1/8 INCH THICK ATTACHED TO A TEFLON HINGE AT THE TOP.  AN "0" RING IN THE 

FACE OF THE FLANGE ON THE END OF THE TUBE EFFECTS THE SEAL 
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IN THE OPEN POSITION, AS SHOWN HERE THE FLAPPER HANGS STRAIGHT DOWN.     IT IS 

CLOSED BY AN AIR JET DIRECTED ON THIS SIDE OF THE FLAPPER AND IS HELD CLOSED BY 

BACK PRESSURE, 

THE FLAPPER DROPS OPEN WHEN THE PRESSURE IN THE INTERLOCK HOPPER APPROACHES 

ATMOSPHERIC PRESSURE. 

SLIDE  #23 

THE PURPOSE OF THE INTERLOCK HOPPER IS TO MAKE IT POSSIBLE TO CHARGE THE 

MELTING UNIT WITH 60 POUNDS  OF FLAKE EXPLOSIVE WHILE UNDER 15  POUNDS STEAM PRESSURE. 

THIS  IS ACCOMPLISHED BY PRESSURIZING THE INTERLOCK HOPPER WITH  AIR TO APPROXIMATELY 

j Ik.5  P.S.I. 

ON THE END OF THIS FILL TUBE,   INSIDE THE MELTING UNIT IS THE SAME TYPE FLAPPER 

VALVE AS THE ONE ON TOP OF THE INTERLOCK HOPPER AND IS HELD CLOSED BY STEAM PRESSURE, 

THE FLAKE EXPLOSIVE IS HELD IN THE UPPER PART OF THE INTERLOCK HOPPER BY A 

FLAT HALF-CIRCLE VALVE UNTIL THE INTERLOCK HOPPER IS PRESSURIZED AND THE FLAPPER 

VALVE ON THE END OF THE FILL TUBE OPENS,     AT THAT TIME  THIS  V/l.VE IS OPENED WHICH 

ALLOWS THE FLAKE EXPLOSIVE TO FLOW BY  GRAVITY DIRECTLY  INTO THE MELTING UNIT, 

WHEN  ALL THE EXPLOSIVE  HAS  FLOWED FROM THE  INTERLOCK HOPPER INTO THE MELTING 

UNIT,   THE   INTERLOCK   HOPPER IS  VENTED THROUGH A   1-1/2   INCH AIR   LINE 

THE SUDDEN MüVEMEN'i   OF  STEAM,   CAUSED BY   THE VENTING  OF THE  INTERLOCK HOPPER, 

IMMEDIATELY   CLOSES  THE  FLAPPER   VALVE  ON  THE END OF  THE  FILL TUBE.     WHEN  THE  PRESSURE 

IN  THE  INTERLOCK t.'OPPER  DROPS   TO NEAR ATMOSPHERIC PRESSURE,   THE  FLAPPER  VALVE ON 

TOP  OF THE   INTERLOCK HOPPER,   WHICH  HAS  BEEN  HELD CLOSED  BY  BACK PRESSURE,   DROPS 

OPEN   AJD THE   INTERLOCK  HOPPER   IS  NOW  READY  TO RECEIVE ANOTHER   60 POUND BATCH  FROM 

THE   HOPPER  ABOVE 
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NOW LET'S TAKE A LOOK INSIDE THE MELTING UNIT AND SEE HOW IT IS CONSTRUCTED 

AND ALSO WHAT TAKES PLACE DURING THE CHARGING, MELTING AND EMPTYING CYCLE. 

TO DO THIS WE WILL HAVE TO CHANGE NOW TO VIEWGRAPHS  (PHOTOGRAPHS NOT AVAIL- 

ABLE FOR THIS PAPER) 

VIEWGRAPH #1 - MELTING UNIT WITH FRONT COVER PLATE REMOVED SHOWING INNER STAINLESS 

STEEL REVOLVING DRUM INSIDE THE STEAM JACKETED DRUM. 

VIEWGRAPH #2 - STAINLESS STEEL DRUM CONSTRUCTION AND SUPPORTING MECHANISM. 

VIEWGRAPH if3 - CONSTRUCTION FEATURES OF FRONT OF STAINLESS STEEL DRUM. 

VIEWGRAPH #k - SIDE VIEW OF STAINLESS STEEL DRUM. 

VIEWGRAPH if5 - BAFFLE ARRANGEMENT IN STAINLESS DRUM. 

VIEWGRAPH #6 - FIXED INNER HOPPER,  FILL TUBE AND VENT ASSEMBLY. j 

VIEWGRAPH #6A - RIGHT HAND VIEW OF SAME. 

VIEWGRAPH #T - EXPLODED VIEW OF MELTING UNIT.     (VIEWED FROM LEFT SIDE) | 

VIEWGRAPH #2A - EXPLODED VIEW OF MELTING UNIT.     (VIEWED FROM RIGHT SIDE) 1 
I 

NOW LET'S GO BACK AND CONTINUE THROUGH THE DRAW-OFF PORTION OF THE CYCLE. j 

SLIDE #24 

THIS IS THE DRAW-OFF  LINE WHICH IS ATTACHED TO THE 3A  INCH LINE IN THE 

FIXED HOPPER INCIDE THE MELTING UNIT.     THE FIXED HOPPER INSIDE IS FULL OF MOLTEN 

EXPLOSIVE AND IS UNDER 15  POUNDS  STEAM PRESSURE.     WHEN  THE DIAPHRAGM VALVE IN THE 

DRAW-OFF LINE IS OPENED STEAM PRESSURE ON THE SURFACE OF THE MOLTEN EXPLOSIVE  IN 

THE FIXED HOPPER FORCES THE EXPLOSIVE UP THIS LINE AND INTO A BLOW-DOWN STACK 

THIS DRAW-OFF LINE WOULD PASS THROUGH A LACED CONCRETE CUBICLE WALL AT ABOUT THIS 

POINT. 

SLIDE 025 

THE BLOW-DOWN STACK IS A U INCH STEAM JACKETED PIPE APPROXIMATELY EIGHT   (8) 

FEET HIGH 
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THE Vk INCH LINE GOES INTO THE BLOW-DOWN STACK NEAR THE BOTTOM AND ELLS UP. 

THE EXPLOSIVE,  COMING OUT OF THIS ORIFICE,  UNDER PRESSURE,  IS FORCED STRAIGHT 

UP INTO THE BLOW-DOWN STACK AND THEN FALLS BACK BY GRAVITY AND FLOWS DOWN THIS 

LINE INTO A DECANTER. 

AT THE END OF THE EMPTYING CYCLE,  STEAM FOLLOWS THE EXPLOSIVE UP THIS  LINE, 

PURGING THE LINE OF EXPLOSIVE,   EXCEPT WHAT ADHERES  TO THE SIDE WALLS OF THE PIPE. 

WHEN ALL THE EXPLOSIVE IS  FORCED OUT OF THIS  LINE,   THE  INCREASED VELOCITY  OF THE 

STEAM TEEDS TO FURTHER  CLEAN THIS  LINE 

SLIDE 126 

THIS IS THE TOP PART OF THE BLOW-DOWN STACK.     IT IS VENTED ON TOP AND THE 

VOLUME OF THE STACK IS  SUCH THAT THE STEAM CAN FLOW FOR A SHORT PERIOD OF TIME 

BEFORE ANY PRESSURE BUILD-UP  OCCURS.    WHEN THE STEAM DOES BEGIN TO ESCAPE THROUGH 

THE VENT ON TOP OF THE STACK,  A VALVE IS ACTUATED WHICH  IN TURN CLOSES THE 

DIAPHRAGM VALVE IN THE DRAW-OFF LINE. 

WITH THIS PRINCIPLE,   IT IS  CONCEIVABLE THAT A MODULAR MELT-POUR SYSTEM, 

CONSISTING OF MULTIPLE MELTING AND EXPLOSIVE CONDITIONING UNITS,  COULD BE DESIGNED 

SO THAT THE QUANTITY OF EXPLOSIVE,  SUBJECT TO ACCIDENTAL OR SYMPATHETIC DETONATION, 

COULD BE HELD TO THE VERY MINIMUM, POSSIBLY 120 POUNDS. 

SLIDES #21 & 28 

I AM SURE YOU HAVE  BEEN WONDERING WHAT HAPPENS TO THE WATER OR CONDENSATE THAT 

DEVELOPS FROM MELTING A 60 POUND BATCH OF EXPLOSIVE-     WELL MOST OF IT IS DECANTED 

BY THIS UNIT. 

HERE IS HOW IT WORKS. 
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LET'S GO BACK TO THE FIXED HOPPER INSIDE THE MELTING UNIT.    AS THIS HOPPER 

IS BEING FILLED AND DURING THE EMPTYING CYCLE,  THE WATER BEING MUCH LIGHTER THAN 

THE EXPLOSIVE TENDS TO ACCUMULATE ON TOP OF THE EXPLOSIVE, CONSEQUENTLY MOST OF 

IT COMES OUT AS A MASS AT THE VERY END OF THE EMPTYING CYCLE RATHER THAN BEING 

UNIFORMLY MIXED THROUGHOUT THE EXPLOSIVE, 

SINCE IT DOES COME OUT THE EMPTYING LINE LAST IT REMAINS ON TOP OF THE 

EXPLOSIVE UNTIL IT IS DECANTED. 

SLIDE 029    (PHOTOGRAPHS NOT AVAILABLE FOR THIS PAPER) 

NOW LET'S TAKE A LOOK INSIDE THE DECANTER. 

THE VOLUME OF THE DECANTER IS A LITTLE LESS THAN THE VOLUME OF 60 POUNDS OF 

MOLTEN EXPLOSIVE. 

IN THE BOTTOM OF THE DECANTER IS A WEIGHTED FLOAT ATTACHED TO THIS 1/k INCH 

ROD WHICH EXTENDS THROUGH THE TOP OF THE UNIT THAT WILL FLOAT IN EXPLOSIVE BUT WILL 

I NOT FLOAT IN WATER. 

IN THE TOP OP THE UNIT IS ANOTHER FLOAT THAT WILL FLOAT IN EXPLOSIVE BUT WILL 

NOT FLOAT IN WATER.     THIS FLOAT IS FREE TO MOVE UP AND DOWN ON THIS SMALL ROD. 

THE TWO (21  FLOATS IN CONJUNCTION WITH THESE PROXIMITY SENSOR HEADS CONTROL 

THE OPENING AND CLOSING OF THIS AIR OPERATED DIAPHRAGM DRAW-OFF VALVE. 

THIS IS THE FILL PIPE COMING FROM THE BLOW-DOWN STACK. 

THIS IS AN OVERFLOW PIPE THROUGH WHICH THE WATER IS DECANTED. 

THE YELLOW REPRESENTS EXPLOSIVE AND THE BLUE, WATER OR CONDENSATE. 

AS SHOWN HERE,  THIS WOULD BE THE CONDENSATE FROM THE PREVIOUS 60 POUND BATCH, 

WHICH IS APPROXIMATELY 6-7 OUNCES, 

AT THE BEGINNING OF THE NEXT CYCLE, AS THE EXPLOSIVE LEVEL BEGINS TO RISE 

THE BOTTOM FLOAT RISES APPROXIMATELY 1/2 INCH, 
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SLIDE ^30 (PHOTOGRAPHS NOT AVAILABLE FOR THIS PAPER) 

THE EXPLOSIVE LEVEL CONTINUES TO RISE UNTIL IT REACHES A POINT JUST BELOW THE 

OVERFLOW PIPE. AT THIS POINT ALL BUT A SMALL AMOUNT OF THE WATER HAS BEEN DECANTED. 

AT THIS LEVEL THE UPPER FLOAT IS FLOATING IN THE EXPLOSIVE AKD HAS MOVED UP 

TO A POINT WHERE THIS MAS£ OF METAL ACTUATES THIS PROXIMITY SENSOR HEAD, WHICH IN 

TURN OPENS THE BOTTOM DRAW-OFF VALVE. 

WHEN THE DRAW-OFF VALVE OPENS, THE EXPLOSIVE LEVEL BEGINS TO DROP. 

AT THIS TIME THERE IS STILL SOME EXPLOSIVE IN THE FILL PIPE WITH THE CONDENSATE 

FROM THIS BATCH ON TOP. 

SLIDE »31  (PHOTOGRAPHS NOT AVAILABLE FOR THIS PAPER) 

AS THE LEVEL CONTINUES TO DROP, THE CONDENSATE IN THE FILL PIPE EVENTUALLY 

FLOWS OUT OF THE FILL PIPE ON TOP OF THE EXPLOSIVE AND WILL BE DECANTED IN THE 

NEXT CYCLE. 

SLIDE 032  (PHOTOGRAPHS NOT AVAILABLE FOR THIS PAPER) 

WHEN THE BOTTOM FLOAT IS NO LONGER SUBMERGED IN EXPLOSIVE AND BEGINS TO MOVE 

DOWN THE UPPER SENSOR HEAD IS ENERGIZED WHICH CLOSES THE DRAW-OFF VALVE. 

MOISTURE CONTENT OF THE EXPLOSIVE COMING FROM THE DECANTER IS APPROXIMATELY 

.6«. 

THE NEXT AND FINAL PHASE OF THE MELTING PROCESS, WHICH IS YET TO BE DEVELOPED, 

WILL BE AN EXPLOSIVE CONDITIONER 

THIS UNIT WILL DO THREE !3) THINGS 

IT WILL REDUCE THE MOISTURE CONTENT TO AN ACCEPTABLE LEVEL, DEAERATE THE 

EXPLOSIVE AND BRING THE TEMPERATURE OF THE EXPLOSIVE TO THE DESIRED POURING 

TEMPERATURE 
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ADDENDUM NO. I 

IN A CONVENTIONAL MELT-POUR OPERATION, THE LARGE QUANTITY OF EXPLOSIVE 

INVOLVED IN THE MELTING PROCESS CONSTITUTES ONLY A PART OF THE TOTAL QUANTITY 

WHICH IS SUBJECT TO DETONATION BY PROPAGATION. 

IF WE ARE TO ATTAIN MAXIMUM PERSONNEL SAFETY AND MINIMUM POTENTIAL PROPERTY 

DAMAGE, IN THE EVENT OF AN ACCIDENTAL DETONATION IN A MELT-POUR SYSTEM, WE MUST 

REDUCE THE LARGE CONCENTRATIONS OF EXPLOSIVE AND PERSONNEL EXPOSURE THROUGHOUT 

THE ENTIRE MELT-POUR PROCESS. 

IN ORDER TO ACCOMPLISH THIS, WE MUST HAVE SOME MEANS OF HANDLING THE 

PROJECTILES THROUGHOUT THE MELT-POUR PROCESS THAT WILL KEEP THE LOADED PROJECTILES 

SEPARATED NON-PROPAGATING DISTANCE AND WILL ENABLE ALL OPERATIONS TO BE PERFORMED 

AUTOMATICALLY. 

IF WE ARE TO EXPECT CONSISTENT QUALITY IN THE CAST, EACH PROJECTILE OR SHELL 

BODY MUST BE GIVEN EXACTLY 'IHE SAME TREATMENT. TO DO THIS WE MUST HAVE COMPLETE 

CONTROL OVER EACH INDIVIDUAL PROJECTILE. 

PRESENT "STATE-OF-THE-ART" IN THE MATERIAL HANDLING FIELD, TO MY KNOWLEDGE, 

DOES NOT OFFER A STANDARD CONVEYOR THAT WILL SATISFY THESE REQUIREMENTS. 

REALIZING THE NEED FOR SUCH A CONVEYOR IN THE MODERNIZATION AND AUTOMATION 

OF OUR MELT-POUR OPERATIONS, WE AT MILAN ARMY AMMUNITION PLANT CAME UP WITH A 

NEW CONVEYOR CONCEPT WHICH WE FEEL WILL MEET THE REQUIREMENTS OUTLINED. 

I WOULD LIKE TO SHOW YOU A FEW SLIDES TO FAMILIARIZE YOU WITH THE BASIC 

PRINCIPLE AND THEN A SHORT MOVIE OF A TEST LOOP INCORPORATING THE VARIOUS FEATURES 

AND MOTIONS THAT CAN BE ATTAINED WITH THIS PRINCIPLE. 
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THE ASESB -  WHAT WE ARE DOING   & WHY 

At the outset I would suspect that many of you have little factual 
information regarding the ASESB operations and worldwide responsi- 
bilities. Allow me to briefly orient in order that you may review 
our efforts  in a proper  perspective. 

By Act  of  Congress on 29 May   1928  the ASESB was  born;   it  currently 
functions   in accordance with DOD  Directive 5154.4,   25 July   19b3,   issued 
by   the Secretary of Defense.     This   instrument   provides  that   the ASESB 
shall advise  the Secretary of  Defense  and the  Secretaries of the 
Military  Departments on ammunition and explosives manufacturing, 
storage,   transportation,  handling,   testing,  and siting.    We,   in  brief, 
are  continuously alert   to conditions which endanger  life  and  property 
both within and outside DOD installations.    The  Board Chairman  is 
selected by the  Secretary of Defense.     The  Board consists of   the 
Chairman and  three Members with their designated alternates.     These 
Members,  with  the exception of the  Chairman,  serve  in this  capacity 
on an additional duty basis;   in other words,   they have and perform 
full-time  assignments within  their respective Military Departments. 

I Aside from the Board,   the Chairman  in the execution of his  duties 
has a permanent  "Secretariat"  consisting of 10 safety engineers and 
one Navy and one Army officer.    The  Chairman receives policy  direction 
and program guidance from the Assistant Secretary of Defense   (I&L) and 

| reports  to him. 

The responsibilities assigned to the Board, in addition to the one 
previously mentioned,  are: 

a. Establish safety  standards. 

b. Review and evaluate all general site plans for construction 
or modification of ammunition and explosives facilities and approve 
or  disapprove  as appropriate. 

c. Survey,   study,   and evaluate  activities  to determine  compliance 
with ammunition and explosives safety standards and to detect  hazardous 
conditions. 

d. Maintain liaison with other Government   Departments,   allied 
governments,   and  industrial organizations having  a mutual   interest 
or  responsibility in safety matters   involving  ammunition and  explosives, 

e. Review and analyze  reports,   data and information from all 
sources,   in which ammunition and explosive hazards,   accidents,   and 
safety are  involved. 
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f. Conduct   investigations,   studies,   and   test  programs  concerning 
ammunition  and explosives  hazards. 

g. Perform other duties as may be assigned by   the Assistant  Secretary 
ol" Defense   (IkL), 

In fulfill  ng   these   responsibilities  I would  like to tell   you about   some 
if   the things which  the  Board and Secretariat  are doing.     As of 1 June 
of this  year Colonel William Cameron  III,   USAF,   became Chairman of the 
Hoard.     Colonel  Cameron's  philosophy   is  team-work.     He feels  the  Board 
is an organization which must perform a service,   not only for the DOD 
but   to assist,   also,  other Government  agencies —  Federal and state -- 
and private   industry as well.    We believe   that the  Board,   all  the 
Government   components,  and  industry,  having a mutual interest   in 
explosives  safety,   working  together as a team,  can meet  the challenge 
to devise ways and means whereby   the science  of explosives safety will 
be progressed thus enabling  those we continuously seek to serve  to reap 
maximum benefits   therefrom. 

By way of clarification,   but with no  intent   to belabor,  ;illow me  to 
comment   regarding   the pulse of the country.     In brief, we,   together 
with many others,   have  become  increasingly alert to the deep concern 
being vocalized  in many quarters  regarding public exposures, which have 
increased tremendously over approximately the last  ten years,   to hazards 
associated with manufacturing,   storage,   and  transport of explosives and 
other hazardous materials. 

The  Board,   in  the discharge of its responsibility  to establish safety 
standards,   achieves  these  results by a combination of: 

a. Review of   the  results of past accidents. 

b. Experimental effort  to evaluate specific problems. 

c. Analytical and mathematical modeling approach to make use of 
modern scientific  techniques. 

To the extent practicable,   the research and development effort confirmed 
with analytical  solutions and vice versa so  that each technique will 
give greater confidence  in the other.    The hoped-for result   of this  is 
to reduce  the past  complete dependence upon data from disastrous 
explosions which occurred. 

A case  in point   is  the  review of the quantity-distance tables.    Current 
tables are  based in large measure upon past  accident experience.    In 
many cases,   the very limited amount of statistical data available and 
its use by different  investigators without proper correlation has led 
to  tables which are not  adequate for all  situations.    Changes in building 
technology and facilities-use also tend  to make them out of date. 
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Modern methods of blast measurement' and prediction,   structural analysis, 
and mathematical modeling can and should be used to refine  the estimates 
of expected damage. 

A contract sponsored by the Board on the Analysis of  Blast Vulnerability 
of selected targets has  been completed.     This provides a mathematical 
model for computer analysis of  the  behavior of  ten selected targets 
subjected to the pressure and impulse from bla.ts originating from 
explosions uf several different   sizes.    This task should also permit 
evaluation of the validity of the  various tables for  targets of 
different  character and greater complexity and at various distances 
from the  source explosion. 

In addition to the problem of  quantity-distance tables per  se and new 
distances which may  be  required,   existing tables give credit  for 
barricading, frequently on the basis that barricaded distances are 1/2 
the unbarricaded.    This  is not  based upon any  scientific  principle but 
more upon historical accident  than anything else.    The  Board  is attempting 
through research contracts to obtain a mathematical model and suitable 
hydrodynamic computer code which will allow analysis of the blast wave 
diffraction around barricades of  various types and in various positions. 
This will permit a determination as to when barricade effects on shock 
wave intensity should modify the distance tables and when it  is inap- 
propriate for them to do so. 

Standards governing protection against fragment and debris dispersal 
are based largely upon a very limited number of tests in past years. 
They do not adequately take  into account the variations of fragment 
density or range expected from the large variety of ammunition developed 
since the original standards were adopted.    There is no clear way to 
define hazards from various types of fragment-producing ammunition and 
from the debris of buildings destroyed by explosions either as to: 

Probability of hits 
Acceptable probability level 
Risk of damage or casualty   if a hit occurs 

A fragment hazard study  is being performed under contract which will 
provide a mathematical model and computer program for estimating 
probability of hazardous fragment  strikes at  various distances outward 
from an explosion source.    The output will be  in the form of probability 
contours which  can be used to estimate  the hazard to any  target at any 
required distance. 

For more details on results of these contracts mentioned,   I would 
recommend you attend Dr.  Zaker's session in which such areas as blast 
effects,  effects of barricades on blast,  residential damage,  fragment 
hazards,  and fire  (thermal) hazards will be dealt with. 
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The  Board also makes use of working groups  to develop or to revise 
standards.     Currently the  Boarc. has 5 active working groups.    They are: 

DOD Contractors' Safety Manual for Ammunition,  Explosives,   and 
Related  Dangerous Material 

Safety Criteria for   Liquid  Propellants 

Special   Instructions for Commanders of Aircraft and Drivers of 
Motor Vehicles Transporting Explosives and Certain Other 
Dangerous Articles 

Fragment  Hazards (advisory function on monitoring contract) 

Explosives Hazard Classification Procedures 

The  review and evaluation of all general  site plans for the  construction 
and modification of ammunition and explosives facilities of the DOD 
components accomplished by  the Secretariat.    Plans  are approved or 
disapproved as appropriate. 

Members of  the  Secretariat  conduct regular and continuous surveys  of 
all Department  of Defense installations wherever ammunition and explosives 
are handled,   manufactured,   and  stored for the purpose of determining 
compliance with DOD safety standards and to detect hazardous conditions. 

In addition to  the activities described previously,   the Board's 
Secretariat participates actively in work groups and discussion meetings 
of other agencies such as NASA, AEC,  DOT,  National Research Council of 
the National Academy of Sciences,  and  various other organization- 
sponsored activities having a mutual   interest  in explosives safety. 
A very close   informal relationship exists with the Explosives Storage & 
Transport Committee,  a sort of an analog  to the ASESB,   in the United 
Kingdom and regular representation is provided to the NATO Group of 
Experts on the  Safety Aspects of Transportation and Storage of Military 
Ammunition and Explosives. 

534 



Gentlemen, we  know over  the  years you have been informed of tests 
which have  been conducted,   those which are  in being  as well as  the 
many other attributes of  the  Board.    During this  session Wü would 
like  to briefly  discuss  some  of the  omissions and conflicts.     There 
are  situations for which  the   U.S.  does not have ivny  criteria as well 
as areas where  there  is no  semblance of agreement   between the U.S. 
provisions and that of other  countries  throughout  the world with which 
we have dealings.     For instance,  let's take  just a few of the problem 
areas. 

a. Underground storage 
b. Compatibility 
c. Basic load storage 
d. Fire symbols 

First,   let's take  the problem of underground storage.     The U.S.   does 
not have any published criteria which personnel   in  the  field can use 
where storing  in  these   type  facilities.     The NATO criteria contains a 
section on underground storage, which was originally   based on World War 
II data.    I don't  know if  you are aware  of the fact   that the Board 
represents the  U.S.  at NATO on the development of  the NATO ammunition 
storage criteria.    Norway,  who is a member of NATO,   stores practically 
all of their munitions in  these type facilities.     The  NATO criteria, 
when originally published,   differed greatly from that  which was being 
used by Norway at  that  time.     In order to   resolve  the  differences, ' 
Norway conducted a series of  tests and as a result  the NATO criteria J 
was modified.    The  revised NATO criteria has been submitted to DASA, I 
who has been asked to review   in light of  MSA tests.     DASA comments 
will be considered by the NATO working group for adoption.    The entire 
underground storage criteria  is being considered for  incorporation 
in DOD standards.    The  U.S.   is presently  using facilities of this  type 
in Hawaii,  Japan,  and the  United Kingdom.     Over  the period of years 
the level protection afforded  the areas  surrounding   these locations 
has been a matter of concern to everyone.    The  criteria under  consider- 
ation takes in account the  amount of overburden and whether  it   is 
desirous  to prevent debris  throw.    The  leg work on  this  criteria for 
inclusion as a U.S.  standard  is moving along and  it  is anticipated  that 
publication of this criteria  should occur with the year. 

Compatibility,     At   the present time  there  are four  different   compatibility 
groupings used in  the U.S. 

1. Army and Air Force 
2. Navy 
3. Coast Guard 
4. DOT surface 

There are  some  similarities within these  groups;   however,   the differences 
w'.thin the groups  are  tremendous.     In addition  to  these  differences 
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there   is also another problem.     The United Nations Organization has 
adopted a system of compatibility for sea transport;   this  UN system 
is   being incorporated into  the IMCO (Intergovernmental Maritime Con- 
sultive Organization)  regulations and if a country  so  adopts this system 
any  material  being shipped  to   them by the U.S.  must  comply with the UN 
system.     It   is understood that  28 countries have  indicated acceptions 
of  this system and it will  become  effective  in early 1971.    This  system 
of   compatibility has also been adopted by NATO for storage purposes. 
In  light of the above,   it  is  necessary that DOD and DOT ai'opt a uniform 
system compatible  to that of   the UN.    The UN regulations require that 
all   packages be marked in accordance with the UN compatibility group. 
Each  group within this system  is specifically defined as to  items which 
may   be  stored together. 

In addition,   the package will  also have to show the   LN hazard class of 
the  ammunition.    To give you  some  idea of the problems  in this field, 
UN has four classes:   1,1,  1.2,   1,3,  1.4; NATO has six classes:  1 thru 6; 
US  has seven classes:   1   thru   7;   UK has five classes:   X,   Y,  Z,  ZZ,   and 
Safety. 

Although confusion appears  to   be rampart due to the different number 
of classes in each system,   it   really isn't as bad as  in other fields. 
A greater problem exists when converting U.S.  military  storage classes 
into  either DOT or Coast Guard.     There has been some discussion on this 
subject  to the possibility of changing the present number of U.S.  storage 
classes; however, nothing has  been done formally to make any changes in 
the system presently being used by the U.S.    There has been considerable 
discussion by DOT regarding the acception of the UN hazard classification 
system for all modes of transport.    Uniformity must exist due to increased 
use  of intermodal containers.     You can easily see the need for work in 
this  area, 

Basic  load storage.    This is primarily an Army problem in Europe.    In 
order for the combat units to meet their commitments,   it  is necessary 
that   their weapons and ammunition be readily available;  consequently 
tanks,   trucks,  trailers and other  types of combat vehicles loaded with 
ammunition are parked nearby housing areas,   schools,  homes of foreign 
nationals, etc.    There has never been any form of guidance available 
to  the personnel  responsible for  these situations as to   the hazard free 
area  that should be maintained around these locations.     The Board,  along 
with USARtUR personnel and representatives of the Federal  Republic of 
Germany,   developed standards  to   be used for these situations.    This 
standard is being considered for acceptance by the NATO countries and 
inclusion in their document  and  it   is presently being considered for 
inclusion in U.S.  standards.    We feel that from a safety point of view 
and  taking into consideration  the operational requirement,   this standard 
provides a reasonable degree of protection. 
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Let's take our Classes 3,  4,   5,  and 6,   in our tables we operate on a 
fixed distance regardless of  the amount.    Most  other countries vary 
the distances according to the amount  of material in storage,   in other 
words,  fragment density is  considered the primary factor.    Although 
all of  the standards do have a minimum distance,  one of these  tables 
uses the formula of  one effective fragment  per 600 square feet.    An 
effective fragment   is considered to have  kinetic energy  56 foot  pounds 
or greater at the point of  impact.    The U.S.  does not have such a 
formula for the establishment  of fragment  density, and it  is one area 
that definitely needs looking into.    At  the present  time, we are 
investigating the  use of a similar procedure  to determine the level 
of risk for small quantities cased Class  7  items.    The  criteria being 
considered involves the probability of a damaging fragment   striking 
a given target.    The  probabilities are  in the  range from 1   in 10 to 
1  in 100.     It  is anticipated that a minimum distance will  be estab- 
lished for cased Class 7 munitions to give protection against fragments. 

Let's look at our present  regulations'   inconsistencies.    Take for example 
the 2.75" rocket,   if  this item is assembled with an inert head it   is 
considered by one  service as a Class 5  item requiring  1200 feet  to  an 
inhabited building;  however,   if we assemble  an H.E.  head in this  item, 
it then becomes Class 7.    Now,  let's take an actual case.     The storage 
location was approximately 700 feet unbarricaded from an inhabited 
building.    Now,   according  to the present  regulations,  you legally could 
not store one  round of the   inert 2.75"   rocket  but could store up to  600 
lbs. of HE if  the  rockets were assembled with an HE head.    Many  similar 
situations exist   in our present day  standards. 

Another area of  concern is the establishment  of uniform fire symbols 
with the DOD.    At   the present   time,   the Army/Air Force have  one  system 
while  the Navy has  a completely different system.    The Army/Air Force 
use a system of numbers 1  thru 4 with 1  being  the least hazardous  and 
4 indicating  the most hazardous material.     This system although  it  has 
been in use many years does not  truly  reflect   the basic hazard involved. 
Normally,  minor hazard, fire,  fragmentation,  and blast.    As you know, 
symbol  4 indicated Classes 4 thru 7; consequently you  can not  determine 
whether the structure contains fragment-producing items or mass detonating 
items.    The  system used by  the Navy consists of a color code  system 
permanently painted in the structure.     This system depicts the hazard 
but has many disadvantages.     Efforts should be made  to establish a 
uniform system within DOD and  then attempt  to establish a uniform world 
wide  system,  so   that regardless of what   country our personnel  are  assigned 
that  the hazard would be  readily recognized and understood by both  US 
and host nation personnel.    U.K.   system  is  similar to  NATO where  a #1 
symbol  represents  the most hazardous. 

It would appear that on the surface that to change a regulation would 
be relatively easy. Let's suppose that a change has been recommended 
to  the Services for consideration.    Here  are   some of  the  implications: 
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a. All  of  the   reference  directives,   publications,   etc.,  of each 
Service must  be  changed. 

b. The man hours and cost   involved. 

c. The  impact  on application of  the  change: 

(1) How  it   is   to   be   applied. 
(2) How  it  effects mission capability. 
(3) Costs   involved  in possible   restorage,   relocation,  or 

new construction. 
(4) Other   hidden costs. 

(a) Studies 
(b) Issuance of waivers to cover temporary situations 
(c) Correspondence 

In addition to  the  above,   some of  the other problems   in modifying or 
changing a regulation are  that   the  Board can only  recommend aid that 
the  Services have to concur  before publication.     Usually,   the individuals 
of  each Service  that  concur   in  these changes are  the  ones   responsible 
within their Service for assuring compliance.     Therefore,   you can 
easily understand why  the Services are reluctant  to  agree  on changing 
a   regulation which would create additional problems. 
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