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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 conditiors that will
endanger life and property within and outside DOD instsllations" end
of quote. J
R
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,

popon
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Each Military Department also has an elternate Board Member, The
Chairman and the Board have a full-time Secretariat who support the
Roard in 1ts activities, The Secretariat consists of two military
officers and ten civilian engineers,

Our Civil kngincer Consultant is Mr, George Wigger, Office, Chief of
Engincers, Department of the Army., Our legal advisor is Mr, Robert
Mckay of the Amy General Counsel's Office,

This ycar 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, 4, 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 todﬁy.
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 1s 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 saould not be surprising if human behavior

is a cyclic consideration. If such reasoning has any validity, then the




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 efforti. Time after

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

safety campaigns, increased our safety publicity, plannad 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

B i ST VU
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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 1s both nation-wide and world-wide in scope. An accurate
description of this social cycle would be to call it "The Age of the Dissentec."
A more charitable viewpoint might latel 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 1is improperly handled it can have tremendous social

reperc 8sions.

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,




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 reporte 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 vesulted 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

agpect 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 1l 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.

I have a comment about each point.,

Point No. 1 - "Empower the Secretary of Transportation to set safety
regulations for all railroad operaticns, tracks and
roadbeds, as well as for hazardius materials."

My comment: Notice that those words from the magazine
article do not restrict the safety regulations to

hazardous materials during transportation.

Point No. 2 - "That a super-agency be set up in the Department of
Transportation with power to fix safety standards for

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 1in 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. 4 - "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 thyee 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,

10
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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 1o 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 'realities."

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.

1]
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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 chcst 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.

12
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Some universities now offer courses which lead to a degree in safety
engineering. There 18 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 individ.als

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 doins 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 {s 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 all 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 .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
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percentage of people in this audience are employed in munitions manufacture,
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 angwers 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! 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

17

c i




somethiqs."

cnvironmental stress, Well, this example was just to point out the
confusion which we face in our governmental regulatory programs for
transportat ion of hazardous materials.

The real question to look at this morning is "why should the Federal
Govermment 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

4 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 '"some thing established by authority, i
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

That somebody is a man named Smith, Admiral 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 ASE5SB, 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 transportatica
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 1b, 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 zets 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
tte most satisfactory ratio of cost-to-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 detemmine 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 systenm,
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 hy 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 ms 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
sy stem, 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 1 serious potential hazard such as the rail de-~
railment problem, it is Aifficult 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 govermment, 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 TB-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 coutrol 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
gy stem, Under the U,N. scheme, labels would be required for packages

of explosives. At the present time, most explosivec 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 scheme 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,

i ——
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Degree of potential public hazard

Inherent degree of potential hazard of 1lading
Dispersability of lading (gas)> liquid > solid)
Quantity of lading (weight, volume, pressure)
Expected environmental stress

Distance of transportation

Potential adverse public or political relations
Prequency of shipments

Degree of packaging integrity

Packaging operations control

Transport controls (speed, routing, sole use)
Ease of emergency actions

Base of hazard identification

Degree of compliance with regulations
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HOW TO RESOLVE

UNR ESOLVED EXPLOSI VES 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 opzrate 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
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 hipher commitment is obtained in
carrying out solutions than is obtained with the nonparticipative processes.
The people involved have been found to work together more harmoniously.
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-
loved 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 pground rules for the discussion were

1. Win/lose discussions should be minimized by not allowing
anyone in the group to attack the ideas of another person in the group.
(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.

4, 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.
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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
o THE PRESSURE TO PRODUCE AND MEET DEADLINES

o NOT LIKING TO BE TOLD WHAT TO DO

@ UNREASONABLE DEMANDS
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THE MATURE OF PEOPLE

® WANT TO BE RESPECTED

® DON'T LIKE PERSONAL EVALUATIONS

@ WANT TO ACHIEVE IF THERE IS AN INCENTIVE
® RESENTFUL GF CRITICISM

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

o MORE LIKELY TO SUPPORT THEIR OHWN SOLUTIONS
T0 PROBLEMS

@ LIKE TO PARTICIPATE IN DECISIONS

o 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

o 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

- e

in Accordance with Plant Safety Rules
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Twelfth Annual Explosives Safety Seminar
ASESB

Session A
?5 Aupust 1970

SETTING GCIENTIFIC EXPERTS TO ABIDE BY SIMPLE SAFETY RULES

1. He can jeopardize the safety of others and himself.
2. He may not have developed a need within himself for following rules.
3. You have to fuard against your own envy of his expertise.

4. Proper ventilation is an example of a simple safetv rule. Wearing
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 for 20 years has undoubtedly formed
bad habits.

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

WHAT DO 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 going to solve the
problems.

3. The expert is at a superior level in the management chain.
4, The safety expert has a selling job.

5. Defining the hazards.,

f. There is a communication barrier.

7. The scientists fear of losing his creativity.

8. If vou try to eliminate one obstacle, you may create one or more larger
ones.
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WHAT DO WE SEE 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 obhstacle.
11. The scientist might quit i7 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 pertinerce 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.

4. 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 we 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.

4. 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 mipht we do to overcome or resolve this obstacle? (Cont'd)

t. Determine whether or not the man at the workbench can understand the
resulation pronerly.

7. Explain the philosophy behind safety rules.
R. Have the scientist penerate the data that supports his position.

9. Update the regulation.
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Twelfth Annual Explosives Safety Seminar
ASESB

Seszion A
26 August 1970

A SCIENTIFIC EXPERT IN EXPLOSIVES REFUSES TO WEAR CONDUCTIVE SAFLTY

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 discipline.

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.

4, 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.

v 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 CP' TACLES MICHT WE ENCOUNTER IN SOLVING THIS PROBLEM? (Cont'd)

-

To deter his o advincement of work mipht have a psychological effect.
Tie satety rule may be arbitrary.

1. Tiae nead fer o the rule for safety is questionable.

1. Orlentific exrerts don't like to be told what to do.

11. There may be a disapreement reparding the real hazard.

12, The west practical answer may bhe too costly.

fondensecd 1.t of obstacles

1. The validity of the rule.
2. Possible dispruntlement of the employee.

Discuss as part of
3. The effect of noncompliance on others. Obstacle No. u

4, The ultimate cost.

OBSTACLE NO. 1 - THE VALIDITY OF THE RULE

What does this mean to you?

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

7. We need to know the basic reason behind the resulation.

3. We must recornize the unpredicability of explosives.

4, The rule mavy be too general.

5. Is compliance with this rule the only way to eliminate the hazard?
6. We mav need to evaluate all our regulations concerning explosives.

7. Generally the rules are not written for laboratory situations.




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 shoas that fit.

4, Use other means of grounding.

5. Have expert demonstrate and prove there is no hazard.
6. Get a third party to express his expert opinion.

7. Write new rules applicable to laboratories.

8. Let the laboratory group write its own rules.

OBSTACLE NO. 4 - 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.

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

S. The sipgnificance of the expert's work has a bearing on the solution.

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

What might we do?

1. Enforce the rule.

2. Make an exception to the rule.

3. #2? plus alternate means.

Session leaders note: One can readily see the possibility trat the
solutions that emersa at various activities could he quite different

without violation of higher ievel regulations and directives. #
solution at a fiven place would he dependent on the situations and

management philosophies nf the orpanization.
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TRANSPORTATION OF HAZARDOUS MATERIAL

Moderator:
William A. Brobst

Office of Hazardous Materials
Department of Transportation
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INTRODUCTORY REMARKS

William A, Brobst
Department of Transportation

As many of you know, the Department of Transportation is attempting te
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 1s 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 Govermment 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 1is
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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things as 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!

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 th:em 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 conslder 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 the 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 be 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

48




function of many things. In mathematics the 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.

slide puts it all together.

The last
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RELATIVLE EVALUATION OF PUBLIC
HAZARD IN TRANSPORTATION

Potential public hacard is a function of many things

PHd=f (many things)
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Plid={ (DH)

Where DH=Inherent degree of potential
hazard of lading

HON MLAS URLD

Flash Point

Degree of Toxicity

Explosive Limits in Air

Tendency Towards Hazardous Self-Polymerization
Ease of Detonation

Corrosion Rate

Radio Toxicity

Gas Density
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PHd=f (DH-D)

Where D=bispersability of the Lading

GAS>LIQUID>»SOL1D>CAPSULE
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PHd=f (DH«D:Q)

Where Q = Quality of Lading

Stored energy ---

weight

volume

pressure )relates also to DH and to D)
Curies

Number of packages per vehicle

Bulk vs packaged
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PHd=£ (DH+D+Q+ES)

Where ES .. lLxpected Environmental Stresses to be Imposed
on the Package

Heat

Cold

Vibration

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 -- originai PHd no longer
acceptable,




PHd=f(DH-D-Q-ES-TD-PR-PS)

Wwhere FS = Frequency of Shipment s

1000 shipments per year is greater
potential hazard than 1 shipment
per year, in terms of exposure to

transportation risks,
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PHd=£ (DHD+Q+ES+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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Pud:f(DH‘D'Q'ES'TD'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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PHd=f(D4:D+Q.ES- TD« PR+ FS)
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-FS)
PKePO-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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PHd-':f(D“' D-Qo ES OTD' PR' FS)
PK+-PO.TC.EA.1d

Where ID = Ease of Identification

Do

Do

Is

in

Labels identify hazard?
Placards Identify Hazard?
the Name of th> Poison Included

Papers c¢r on Placards/Labels?
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pHd=f<DH'D'Q'ES'TD' PR'FS)
PKeP)+TC-EA.ID.Cp

Where Cp - Degree of Compliance With
Regulations

o Classifications

o Packaging

o Loading

o Handling

o Identification

2 Transportation

o Unloading
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pild=f (DI-D-Q+ES-TD.PR-ES)
PK- PO-TC+EA-1D-Cp

P d = Potential Public Hazard

DH = Inherent Hazard of Lading

D = Dispersability of Lading

Q = Quantity of Lading

ES = Environmental Stresses

TD = Distance of Transportaticn

PR = Public/Political Reaction

FS = Frequency of Shipments

PK = Integrity of Packaging Operation
PO = Control of Packaging Operations
TC = Control of Transport Operations
EA = Ease of Emergency Actions

Id = Ease of Identification of Hazard

Cp = Compliance With Regulations
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NLEW APPLICATIONS OF AMMONIUM NITRATE
SLURRY EXPLOSIVES

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 Oak 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 0il, (AN/FQ), a Safer Airblast Source

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

AN/FO is being developed as an airblast energy source for
nucleadr 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 perfcrmance closely approximates that of TNT.
NOLTR 7€-32 also contains thermal stability data on AN/FO which
indicate no self-heating of the explosive in these large sizes.
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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 o0il 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)

(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 reported herein was conducted by five discrete branches within the organizational
structure of the Naval Ordnance Station at Indian Head, this report has been divided into five sections for
clarity and case of presentation.

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

Scction 2, Thermal Stability of Candidate Gelled Slurry Explosives, is the result of work conducted by
W. Gi. Gough, R. D. Barefoot, and C. L. Whitman of the Applicd Scicnce Department.

Section 3, Ficld Testing of Candidate Gelled Slurry Explosives, sammarizes 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 S, Loading Candidate Explosives Into Test Confieurations, is d »voted to the mixing of GSX Type 111
and PPBXW-112 and the loading procedurcs used in preparing test samples for the other agencics involved in
this program. This work was performed by L. D. Henderson and J. P. McDevitt in our Pilot Plant.

Overall progragm management was the responsibility of T. J. Sullivan, L. A. Dickinson, and W. E.
McQuistion. Mr. W. F. Holdcn 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 dirccted 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 compositionally unstable particularly with regard to
their water content. Types I and Il also exhibit mechanical instability by the presence of liquid phascs
not retained in their gel matrices. This has been a source of great difficulty in loading test sample containers,
particularly bombs, as the liquids tend to run out of the bombs and contaminate magazine arcas. No diffi-
culties of this nature were encountered with Type 111,

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 111 least difficult to initiate.
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INTRODUCTION

The objective of the Alternate Munitions Fill Program has been the development of an alternate explo-
sive fill for possible use in principal mibitary ordnance items or the adaptation of availiable industrial explo-

sives to that purpose,
Four candidates were originally suggested:

(1) Gelled Sturry Explosive (GSX) Type 1, a GSX not containing metal fuels or condensed explosives
in the form of RDX or TNT

(2) GSX Type H, a GSX containing metal fuels but not condensed explosives

(3) GSX Type 1, 1 GSX containing both metal fuels and condensed explosives

(4) PBXW, u castable explosive developed by the Naval Ordnance Laboratory, White Oak.

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

This reporl describes the results of the effort of the Maval 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, mincs, and warheads, changes in volume of the explosive fill
with temperature and/or age determine the magnitude of any internal pressure changes which could result in
rupture of the case or exudation of material through ports. Two simple tests were carried out on candidate
explosive fills to determine changes in volume with age at 125° F and changes in volume with temperature
between the limits of -40° and 70° C. These fests are described and results and conclusions reported below.,

1.2 DETERMINATION OF VOLUME CHANGES DURING LONG-TERM STORAGE AT ELEVATED
TEMPERATURE.
Volumetiic stability tests were carriecd out on samples of each candidate in accordance with the follow-

ing (est specification.

1.2.1 Test Specification.

Materials Required:

(1) Three 50-m! glass flasks, each with a neck ground {o accept a class fitting which includes a stopcock
and a hoiizontal length of calibrated capillary tubing. The capillary tubing had a bore diameter as close to

2 millimeters as possible and a length of approximately 1 meter,

(2) Three clips for the ground glass joints.
(3) Anoven with a mean temperature of 125° + 1/2° F. Periodic temperature fluctuationsup to +#5° F

with a time period less than half an hour may be permitted.
(4) Foamed polystyrenc blocks shaped to contain the glass flasks and surround them with a 4-inchi-thicl

N

wall of the sunie materials,
(5) Siliconc stopcock grease.

(6) Mercury.
(7) Three thermocouples connected o a suitable recording instrument.

Procedure:

Tests shall be carried out in triplicate on cach candidate in the following manner:
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Load the flasks with S0-ml of the candidate eaplosive; clean the pround portion of the flask necks and
. prease them with silicone grease. Then insert the stopeock and capillary fittings and clip them firmly into
placc. Place the flasks in the oven along with the foamed polystyrenc containers. After 8 hours, place the
flasks inside the foamed polystyrene containers and insert a thermocouple through cach container wall so
that it is i contact with the flask wall. The temperature recording instrument should indicate a constant
125°% 2 1/2° F. Open the stopeocks and introduce a short bead of mercury into each capillary tube, Close
the stopcocks and mark the pusitions of the surface of the mercury closest to the sample, ensuring that the
capillary tubces are all horizontal. The distance travelled by the mercury beads should then be measured at
weekly intervals,

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

1.2.2 Results.

The resalts of the tests were averaged for each candidate and plofted (Figure 1). As Type 111 was
dcveloped only recently by Indian Head, results were only obtained over a period of 27 days so that the
tests were not completed for this candidate. The GSX Type I (without aluminum) and GSX Type 11 (with
alumirum) 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 are reproducible to within
£10%. Inspection of the samples at the end of the tests indicated no apparent change for Type 11 but
showed that gas bubbles that were entrained in Type 1 migrated to the surface. Increases in the volume of




the contents of the test apparatus containing GSX. Type i may result therefore from entrapped gas bubbles
rising to the surface and bursting. The releascd gascs would expand as they would have been at a slightly
higher pressure in microscopic sized bubbles because of surfiace tension effects. Tests should be repeated

on samples without entrained gas bubbles to climinate this possible source of error.

1.3 DETERMINATION OF COLEFFICIENT OF THIERMAL EXPANSION.

1.3.1 Procedure.

The thermal volumetric expansion characteristics of samples of candidate GSX were determined using

a dilatometric meihod.

A dilatometer consisting of a 25-ml round bottonicd flask fitted with o calibrated and jraduated
capillary tube was filled with an accurately determined volume of silicone oil. The dilatomcter was then
immersed completely in a series of baths controlled to temperatures ranging from -40° to 70° C. The
volume of the oil indicated by the Jevel in the graduated tube was recorded at cach bath temperature after
the system had come to cquilibrium. The procedure described above was then repeated with a weijehed
samplc of a GSX candidate replacing a portion of the silicone oil. (The volume of the explosive sample
was determincd usiag previously derived density data for the materials.) As the whole test for cach simmple

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 I,
Figure 4, silicone oil plus GSX Type II, and Figure S, silicone oil plus GSX Type II1. 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 Cocfficient of Cubical Expansion
Between -40° and -70° C (ml/ml-°C)

GSX Type | 7.1% 1074
GSX Type I 12X 107
GSX Type 1 8.4% 10°°
Typical high explosive 5% o™

1.3.3 Discussion of Results.

The calculations are quite straight forward and need not be reported in detail. The results are considered

to be accurate to within £3%, as dctermined by this procedure.

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

Both GSX Type I and GSX Type 1l 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 Type !l 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 rcsults, and tests should
be carried out on degassed samples of GSX Type I for the reasons discussed in Section 2.2.3.

Tests should also be carried out at other temperatures to determince the effect of temperature on the pro-
cesscs producing the observed volume changes.

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

The coefficients of volumetric expansion of GSX Types|, I, and 11 were found to be 7.1 X 10-4
12X 10" and 8.4 X 10"* ml/ml-°C, respectively, between the limits of =40° and 70° C. These coefficients

appear to vary very little, and no discontinuitics were obscrved in the volume versus temperature data
between the quoted temperature limits,

_Further work nceds to be done to determine the mutual solubilitics 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, are
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 re.ording 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 varics considetably with the water content of the 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; thisis clearly demonstrated in Figure 6 between 40° to 1-40° C.
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This cffect has also been observed in GSX Type I1 and G3X Typ- 11, although Figures 7 and 8 don’t show
it because the samples were relatively dry. The phvsical chemistry of evaporation and boiling in these systems
is complicated becausc the explosive contains a water/ethylence glycol mixture with a high dissolved-solids
content. Boiling of these explosives occurs at about 150° C for GSX Type 1. 125° C for GSX Type 1, and at

130° C for GSX Type HI. All these explosives contain entrained air bubbles which, due to lessened viscosity

and bubble expansion, migrate to the surface of the sumple and give the appeasance of boiling. In GSX Type |
this occurs at about 120° C,while in GSX Type Il and GSX Type I1 it occurs just before genuine boilir
begins. The ability to hold entrained air bubbles at higher temperature is probably duc to the stronger pei
systems of GSX Type Hand GSX Type HI. 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 11. and
160° C for GSX Type M in dry samples. In samples of GSX Type H and GSX Type HI 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 runson GSX Type I, GSX Type 11, and GSX Type I after
being dricd 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. (Sce “Weight Lossat 165° F.”") Figures 10and 1)
clearly show the usual ammonium nitrate crystal transformations, and Figure 11 shows the melting endotherm
for TNT. The exotherms of decomposition begin at around 160° C for GSX Type Il and GSX Type I,
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2.3 TIME-TO-IGNITION TESTS.

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

2.3.1 Procedure.

These tests are conducted like the DTA with one exception:. the temperature of the reference
sample is held constant instead of being increased uniformly. This temperatine i+ seleeted by obsorving
the behavior of the explosive as indicated by the DTA thermogram. 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.




2.3.2 Results.

The results of the tests at 160° € are shown in Figures 12, 13, and 14. The results of the tests at
150° C are shown in Figures 15, 16, and 17,
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2.3.3 Discussion.

GSX Type I and GSX Type Il appear to be relatively stable at 160° C since no exsthermic behavior
was obscrved. However both samples showed evidence of having boiled off their volatile components.
GSX Type HI 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 residuc in the 150 ° 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 clevated temperatures which might be cucountered during the supply cycle.
2.4.1 Procedure.

Thys is a very simple test in which a preciscly weighed amount of explosive is placed in a large oven
al constant temperaturc (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 thie pick-up of moisture due to the
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hygroscopic propertics of the explosive. The cover is of course removed while the sample is in the oven,
A large oven should be used so that cvaporation of volatiles docs not increase, to any measurable extent,
the partial pressures of the 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 11 lost 88% of these compnents, while GSX Type 11
lost 80%. These results are presented graphicallly in Figure 18.
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FIGURE 18. WEIGHT LOSS OF GSX EXPLOSIVES
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When removed from the oven the GSX Type 1 was in a liquid state but solidified as it cooled during
the weighing operation. At room temperature its appearance was that of a solid white amorphous mass
with i crystalline cast to the sarface. Crystals of ammonium nitrate had formed on the lumpy surface
texture of GSX Type Hand GSX Type UL

2.4.3 Discussion,

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

2.5 HYGROSCOPICITY TESTS.

These tests decermine 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
fitting, cover. The controlled humidity environment is prepared in a large desiccator by placing an aqueous
solution of sulturic acid in the bottom where the desiccant normally would be. For 90% RH, a 59.2%
solution of H,80,4 is uscd; for 20% RH, an 18.6% solution is used. The covers are removed from the
weieling dishes, and then the dishes are placed in the desiccators. Periodically the samples are removed
for weighing, during which time the covers are tightly replaced to avoid pick-up of aimospheiic molsture.

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 II, and GSX Type 111, 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 1 at 20% RH — Viscosity of the sample increased from a quite fluid gel to a semi-
solid gelatinous mass.

(2) GSX Type Il and GSX Type Il 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 Il and GSX Type III 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 Il.
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2.5.3 Discussion,

1t will be noted that the weight loss at 20% RH of GSX Type 11l (10.5%) is greater than the postu-
lated formulation content (8.8%). This may be due to the sulfuric acid reacting with the cthylene
glycol vapors or due to the possible pickup of additional water prior to testing by the hydroscopic

nature of this explosive.
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2.6 CONCLUSIONS.

All candidates are compositionally unstable in regard to their water content showing drastic
fluctuations with both temperature and humidity. At 165° F and at 90% RH, GSX Type | becomes

completely fluid and will require watertight ordnance cases. GSX Type II and GSX Type 111 are signifi-
cantly better in this regard.

GSX Type 11l undergoes decomposition at 150° C while GSX Type 1 and GSX Type 1l are stable
at 165° C. No difficulties are cxpected at temperatures lower than these.

92




T S v |

Section 3

FIELD TESTING OF CANDIDATE GELLED SLURRY EXPLOSIVES

3.1 INTRODUCTION.
_ The ficld testing for the Alternate Bomb Fill Program was conducted at Camp A. P. Hill, Bowling
Green, Va. A. P. llill is a training camp sct up for instruction and practice in the use of Army weapons.

Our use of the testing area was on a noninterfcrence basis with the regular range firings. Hence no perma-
nent testing facilitv could bc set up; all equipment had to be removed at v.c 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 fect from ground zero
(Figure 21). Two high-spced cameras, a Fastax and a Hi-Cam, were used (o record the detonation and the sul-
sequent flash of the fragments penetrating the witness plates. The Fastax, running at 5,000 frames per second,
gave good quality pictures for observing the shot while the Hi-Cam, at 10,000 frames per sccond, was used to
determine the average fragment velocity. Timing marks were placed on both films at 1-msec intervals using a
Wollensak pulse generator.

Side-on overpressure data were taken in the Mach Stem shock region using Kistler 701 A pressure
transducers with a model S53A miniature charge amplificr. Transducers were shock mounted in Delrin 637F
adaptcrs to reduce the effccts 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 trigeered at the time of detonation; both arrival time and peak overpressure were recorded.

Detonation velocity was recorded using DuPont T-2 twget switches located 4 inches apart. As cach
switch closed, a capacitor was discharged through it; the resultant vollage ountput was dispiayed on
Tektronix 545A oscilloscope and photographed. Timing marks were generated on the Z-axis of the oscil-
loscope at 1-uscc intervals using a Tektronix Type 181 time mark generator.

The expiosives were loaded into steel pipes 20 inches Jong and closed at one erd. These pipes,
4-1/2-inch ID by 5-1/2-inch OD, were manufactured from Type MT1015 scamless steel tubing with an
elongation of 247% in 2 inches. A plane wave penolitc booster, manufacturcd by the Naval Ordnance
Laboratory at White Oak, Md., was used with an engincer’s special blasting cap to initiate the explosives.
Charges were detonated in the vertical position with the center being 6 feet above ground Jevel:
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3.2.2 Results.

The relative number of fragments produced was determined by counting the number of holes in cach
witness plate. The holes were grouped into four classes according to size. Class 1 was for holes too
small to permit the passage of a 1/4-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 larger 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 corncers rounded
to 3/8 inch. Class 4 included all holes which would admit the wooden block.

Gurney constants were obtained using the equation

2 =(‘.[ wjm ] 1R

#0570}
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300
H

= initial fragment velocity (m/scc)

Gurney constant (m/scc)
cross-scctional area of the explosive times the density or the explosive

= cross-sectional area of the mctal times the density of 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 ofexpcrts(]) in the ficld that this technique should be accurate

to within 100 m/sec.

A sample of the arcna data is presented in Tables I and 1. 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 franments _ L
and explosive Class 1 Class 2 Class 3 Class 4
(1) GSX Type 11 = = = =
(2) GSX Type 111 52 39 21 11
(3) GSX Type I - - - -
(5) Ho 89 69 42 9
(6) H6 67 98 23 | 17
Table 11
TEST DATA SUMMARY
Temperature Detonation . Normalized Gurney
an:is:p’;gs.ivc Date (approx) velocity (r:;orr]]inlnzcc: '(110) ovcrprcssum(l consfant
CF) (m/scc) [agljm" s (psi) (m/scc)
(1) GSX Type I 1/28/69 35 3200 0.590 - 1980
(2) GSX Type I1l|  11/25/69 45 5080 0.795 1066 2190
(3) GSX Type] 2/4/69 35 - 0.470 -- 1990
(5) He 11/26/69 45 7340 1.000 1000 2555
(6) H6 11/26/69 45 7430 1.000 1.000 2599

3.3 COLD BOOSTER-SENSITIVITY TESTS.

3.3.1 Test Procedure.

Cold boostering tests with Bombs Mk 82 Mod 1 were conducted at Camp AL P Hhll. These bombs

¥ P (4] N v
were temperature conditioned 1o =757 17 ot the Nove! Weerans Laboatorc Db cen, Vi,

95

On the morning

-




of the tests, bombs were removed from the cold boxes and put into special insulated containers for shipment
to A. P, Hill. Just prior to firing, bomb temperature measurements were taken by inserting thermocouples

. . . . o o
through the nose fuze into the internal plumbing of the bomb. Bomb temperatures varied from -55° to
-67° F.

Three types of fuzing systems were used. In the first tests, the Air Force FZU-2/B boosters were used
with a wooden plug to stimulate the FMU series fuze. Later tests used FMU-35/B fuzes modificd for static
firing by Honeywell, Inc., Hopkins, Minn. The third type of fuze system used was the Navy M904I:2 fuze
with a T451:2 adapter booster modilied for static firing with a blasting cap. The Air Force FZU-2/13 booster
contained 45 grams of DX while the Navy fuze contained 270 grams of tetryl. Postfiring inspection after
no-po tests indicated that all three fuzing systems had sufficicnt 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, C4 explosive was packed into the tail fuze well and dctonated.

3.3.2 Results.

The 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 1l initiation became questionable at -40° F while GSX Type 111 with both HE and
aluminum detonated at -65° . The fourth material tricd was the PBXW which could not be made to
dctonate 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 shurry
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 1 and GSX Type Il types of formulations only. However, a procedure could be developed
for GSX Type 11 by combining those of GSX Type I and GSX Type 1I1.

4.2 PROCEDURE YOR THE SEPARATION AND ANALYSIS OF GSX TYPE IIL.
4.2.1 Nominal Compositioh;

Possible ingredients

Ammonium nitrate (NH,;NO;)
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 & tote barricede behind a suleiy shicld. A

nonconductive spatula is used to tiansfer the sample info a tared weighing botike cquipped with a stopper.

4.2.3 Volatiles.
Five grams of the samplc are weighed accurately to the nearest tenth of a milligram into a tared

weighing bottle and placed into a vacuum desiccator over silica gel for 24 hours or until constant weight
is maintained. The weight loss is calculated as the percentage of water,
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4.2.4 Scprration of Ingiedients

Piimtrotoluene The diicd sample of blasting ped is placed into 20 ml of spectrograde benzene and
allowdd (o staend Tor 30 minuto or until the trinitrotoluene is completely dissolved. The sample s decanted
throu v Whatoim no. A1 Ot paper. Two more 10-ml aliquois of benzene are added to the sample to
censuic complete solutien of the tnnitrateluene, The residue is placed on the filter paper and pulled dry
by gentle suction. The swnpls ey be removed from the filter paper and placed into a tared dish to
estim: te the amount of trinitiotoluene removed from the samiple, Residual benzene may be removed by
placing the sample into the vacuum desiceator, ‘Fhe benzene and trinitroteluene are made up to S0-ml
volumy » and anzty sed by Procedure A,

Cyclonite (RDX): The sanple is removed Trom the vacuum desiccator and 20 nl of acctone are
added to remove the RDXC The saaple is stirred gently with the nonconductive spatula untit the RDN

is completely dissolved.  After sllowing the remaining ingredients to scttle to the bottom of the container,
the secione is decanted through the praviously used filter paper. Add two 10-ml aliquots and repeat {he

procedure. FThe total volume is made up to S0 ml with acetone and Procedures B3, C, and D are follov.ed

for the determinations of RDX, ethyiene glycol, and boric acid.

Anmmonium Nitrate: The residual acetone is removed from the residuc on the paper by using gentle
suction. The sample is then vliced into 20 mt of absolute methanol and allowed to stand fer 30 minutes
or until ¢Il of the mmonium muate has completely dissolved Teaving the a'tminum and the gum, The
extraction is repeated with two 10-m! aliquots of absolute methanol and filiered. The final volume is
made up to SO ml The detevmination of atamonium nitrate is made by Procedure E.

Aluminum and Gum: Since these are the only ingredients remaining. they are placed into 1:1 hydro-
chlovie acid (HCH) to drsolve e 2Tuminum, About 25 mi of 1:1 HCL should be wdded canitiously, diop-
wise unlil passing subsides and the sluminum is cempletely in solution. Thie pum may be filicred off ut
this siope, dricd, and wohed, The ronwining e Is talen to T00-Ln svoliae wad oo e U
lowed for the alumimum determination,

4.2.5 Analytical Procedues for GSX Type T Ingredients,
Procedure A, Determination of Trimitiotoliie:
Reagents and Tquipment
(1) Spedti. Hade B cwe
(M) 00~ N e o d ool

CRY Il s o o Rt

Y lrev caluer e

Corstract o0 B0t copee 00 b b covesos meiml of trinitrotoluene in benzene esine o
OO0 ol PR w0 cwrdily ge. '(".!‘ vo AT Gt TThe concentraiioas of the Sl S S
=1 o 0 e T e e e st s oo s abworbance of 0.2 1o 000 D he s aapic L deiabod Lo
yive s oabeoriooee b the e oo ond the e seremient s imade aeom the calibiat ool e conaene

1

frati on of e wanple o d Jrecdy Som Gee cahiation carve it nw/ml
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Calculation:
L g < CX DX 100 Cx D
% TNT = =557 1000 . O 108
where

C = Concentration in mgfml as rcad from the calibration curve

__fina} volume

L = Dilution factor=original vol X il o Aot

S = Sample weight in grame X 100 = mg.

Procedure B. Determination of RDX:(2)

Reagents

(1) Concentrated sulfuric acid, 95% to 98%, ACS
(2) Sulfuric acid (10:3)-add 1000 ml concentrated sulfuric acid to 300 ! distilled water;

cnol to room temperature

(3) Ferrous sulphate reagent—add 3 g of 1°eSO;-7H,0 to a mixture of 55 ml distilled water :
5 m! concentrated sulfuric acid; stir until dissoived; add 200 ml concentrated sulfuric acid and cool to
room tecmperature (Reegent will be good for 2 days.)

(4) Sodium hydroxide solution, 2.5%

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

Prepore four 20-ml pyrex beakers, In two of the beakers, accurately weigh 3 to 10 mg soumples ©
standard RDX. Into the third beaker, pipet a I-ml aliquoi of a 50-m! volume acctone extract of the
gelled slurry explosive (5 g sample). The fourth beaker is for the blanlk detennination. Take the aceto
solution {o dryness an a stecam bath, Add § ml of the 2.5% sodium hydrozide colution to cich beaker
and heat on a stcam bath without a cover glass until completely dry. Cool to room teinperature.  Addd
10 1l of sulfuric acid (10:3), stir, warm to a temperature of 35% 1o 507 C until solution is cemplete.
Cool to room temperatuie. Decant into a 25-ml volumetric flask (previously rinsed with 10:3 sulfuric
acid). Rinse the beaker with S ml ferrous sulphate reagent and add Lo the volumetric flusk. Repeat
rinsing action with several small portions of ferrous sulphate to bring the flask to 25-ml velune.
the absorbance of the stundard and the sample after 10 to 60 minutes at 525 mu with a spectiopholo-
meter sel at 1004 trensmitlance with the blank.

Calculation:

% RDX = __A__abs‘(fr_!.);:xjc‘q4(_\1‘ “..;';Anylw X 100
‘ absorpavity fuctor Xomyp of sanny

absorbance of RDN stindard

Absorptivity factor = Ul
] : mg of Ri N
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Procedure C. Determination of Ethylene Glycol (Hydroxyl):(3)

(1) Standard 01N sodium thiosullate,

(2) Periodic acid reagent dissolve S grams of periodic acid in 200 ml distilled water; add 800 m!
of glacial acetic acid; store in a dark bottle.

(3) Potassium iodide, 200 grams/liter.

(4) Staich indicator solution, 0.1%.

Take a 5-ml aliquot of the acetone solution containing the RDX, ethylene glycol, and boric acid 1o
dryness. Wash the dricd residue into a stoppered iodine flask with water. Add 50 m! of the periodic acid
solution. Let it stand for 30 minutes at room temperature. Add 20 ml of potassium jodide sclution and
titrate the liberated iodine with 0.1N sodium thiosulfate. Set up two blank determinations.

Calculation:

ml of titer (blank sample) X 62.07
sample wt (g) X 20

% cthylene glycol =

Procedure D. Determination of Boric Acid:(4)

Rcagents and Equipment

(1) Standard 0.1N NaOH solution
(2) Phenolphthalein indicator
(3) Mannitol

(4) pll mcter

(5) Glass -calomel clectrode pair.

Take the semainder of the acetone solution to dryness. Add 50 ml of distilled water to the weighed
residue. Adjust 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 temperature. Titrate to end point or to pH 11 with the pll meter
il plot the titration curve of ml of NaOH verses pll.

One ml of IN NuOH is equivalent to 0.06184 g of 11,B80;.

% H 155G, = M N2OH X normality X 0.06184 X 100

sample wi

Procedure E. Determination of Ammonium Nitrate:(5)
Reagents und Equipment

(1) Reagent grade anntonium nitrafe
(2} Absolute methanol
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(3) 1.0 cm matched silica cells
(4) Bausch and Lomb 505 spectrophotometer or equivalent visible--ultraviolet instrument.

The absolute methanol solution contains most of the ammonium nitrate except for the amall amount
that dissolved into the acetone. This can be calculated from the solubility of ammonium nitrate in acetone
(0.145 g in 100 m}).

Construct a calibration curve of mg/m} of NH;NO; in methanol using approximately 3 to 6 mg/ml
or cnough to obtain an absorbance of 0.3 to 0.5 at 302 my wavelength. The sample is diluted to give the
concentration in the same range. The concentration of NIiyNO; in methanol is read from the calibration

curve in mg/ml.

Calculation:

_CXDX100_CXD
% NHiNO; = ~=0=7566— = 7708

where

C = Concentration in mg/ml of NH;NO; from the calibration curve

D = Dilution factor = ongma! vql X ﬁpal volume
dilution aliquot

S = Sample weight X 1000 = mg,

Procedure F. DPelcrmination of Aluminum:

Reagents and Equipment

(1) Hydrochloric acid (1:1)

(2) Platinum crucible

(3) Ammeonium hydroxide

(4) Ammonium chloride wash solution, 2% in water.

Pipette a 10-m! aliquot of the sample solution into a 200-ml beaker. Add 100 m] of distilled water.
Heat to ncarly boiling. Ncutralize to a methyl red end point with NH,OH, added dropwise with stirring.
Remove from heat, allow precipitate of AICOH); to settie; filier Lot on mcdim prper and v with Bot
NILCI wash solution. Transfer filter paper to an ignited tared platinum crucible and ignite «t 11007 C.
Cool in a desiccator and weigh to constunt weighit. ALQO; is 52,9707 aluiiini,

: wt of precipitate X_0.5292 X 100
% aluminum = ‘_f_S’__lLL_C_‘Lq'T‘,_'"; 1—1%5—\_'("-1— b & JI00
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3 PROCEDURL FOR THL SEPARATION AND ANALYSIS OF GSX TYPE 1.

~ 1 Nominal Composition.

Possible ingredients

Ammonium nitrate
Sodium nitrate
Organic nitrate
Water

Gellant

The sample is handled and dried by the same procedure as used for GSX Type I11. However, the

sample size may be reduced to 3 grams since a longer time is required for drying. There are three very
hygroscopic ingredients present.

4.3.2 Scparation of Ingredients

The mixed orpanic nitrates were separated from the remaining ingredients. Since the constituents
of the organic ritrate mixture are very similar in solubility propertics a scparation of them was not made.
Tyenty-tive ml of acetone are added to the dricd sample. Two liquid phascs will appear. Both phases
are fered through Whatman no. 41 filter paper. Add two more 10-ml aliquots of acetone to the residue
o 1emove completely the organic nitrates. After filtering, the top phase containing the acctone and
orpanis nitrates is removed. Add 20 ml more of acctone to the bottom layer until the white crystals
ate thrown out of solution, Filter off the acetone and add the crystals to the residue for further wash-
ing. 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

anunonium nitrate. Two 10-ml aliquots more are used to complete the extraction. The sample is

filtered through Whatman no. 41 filter paper, and the filtrate is made up to 50-ml volume. Follow
Procedure B for analysis.

Sodinum Nitrate: The remaining residue contains the gellant and sodium nitrate, Remove the sodium
nitrate by using 25 m! of 95% mecthanol. 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.

Gellit: After removal of the other ingredients, the gellant may be pulled dry under vacuum, placed
info a taed weiching bottle, and dried at 150° C to constant weight.

4.3.3 Analytical Procedures for GSX Type I Ingredients.
Procedure A, Determination of Amine Nitfrates:

A-1._Determination of Amine by Tetruphenyl Boron Precipitation(6)

Reagents and Equipment

(D Sodium tetrapheny! boron (39 in distilled water, filtered)

() Plesalomtle v e CHA, il o T e o )
(2 U et T e e s it sy teirepbenyvt boron)
1) L adlinie s heeie ihoo).
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Pipet twa 5-ml aliquots o1 tie acctone solubics which have been taken to a total volume of 100 ml
into 100 m! beakers. LEvaporate the acetone from the sample in a vacuum desiccator. Dissolve the residue
in 25 ml distilled water. Add 1 drop 1:1 hydrochloric acid. Add 25 ml freshly filtered 3% aqueous
sodium tetraphenyl boron solution. Let stand 20 to 30 minutes before filtering through a tared extra
finc crucible. Wash precipitate with distilled, water saturated with ammonium tetrapheny! boron, freshly

filtered. Dry at 105° C for 1-1/2 hours, cool, and weigh.

wt precipitate X 0.0535 X 100
sample wt in 5-m] aliquot

% amine =

A-2. Deiermination of Nitrate by Nitron Precipitation(7)

Reagents

(1) Nitron reagent (10-g nitron in 100 m! of 50% acctic 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-m! distilied
water. Add 10 drops of dilute sulfuric acid. Hecat ncarly to boiling. Add 20-ml nitron reacent. Cool at
least 2 hours or preferably overnight in a refrigerator.  Filter through a medium porosity tared crucib!e
and wash with ice water. Dry to constant weight at 110° C. Nitron is diphenylendianiloliydrotriazole.

The composition of the precipitate is C,oH,; (N4 -1INO,.

wt precipitatc X 0.1652 X 100 -

\ = Sl
% NO, samplc wt in 10-mi aliquot

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

. The dried sample of aminc nitrate is analyzced for carbon and hydrogen using the Coleman Carbon-
Hydrogen Analyzer. About 3 to 5 mg of the sample arc required. The samples must be completely dry

and without residual solvent.

Procedure B. Determination of Animonium Nitra(e:_

B-1. Ammonium Determination

Take a 2.0-ml aliquot of the amunonium nitrate-absolute methanol solution to dryness and folicw
Procadure A-l.

B-2. Nitrate Determination

Take a 10-ml aliquot of the ammonitm nitrate-methanol so'ution to dryness or the cquivalent ¢f not

morea than 0.1 gram of HNO,. Follow Procedure A-2 for determination of nitrate, The nitrate may lso
be determined by ultraviolet spectroscopy as shown in the analysis of GSX Type 111, Procedure E.
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Procedure C. Determination of Sodium Nitrafe:
C-1._Sodium Determination by Atomic Absorption
Reagents and Equipm-at
(1) Standard sodium solution in 95% methanol, 1 ppm stock solution
(2) Perkin-Elmer 303 atomic absorption spectrophotometer or equivalent instrument
(3) Double distilled water.
Take an aliquot of the 95% methanol-sodium nitrate solution to volume, sufficient to give from
0.1 to 1.0 ppn sodium. Construct a calibration curve using from 0.1 to 1.0 ppm sodium in 95% mecthanol.
The concentration of sodium is read directly from the calibration curve.
Calculation:

9% sodium = Q}__l_)”gi_l()_o

wh(j.rc
C = Concentration in ppm (ug/mtl)
D = Dilution factor

S = Sample weight g X 1 X 10% = ug.

C-2. Determination of Nitrate by Nitron Precipitation

Take an aliquot of the sodium nitrate-95% methanor solution that would be cquivalent 1o Jees {4an
0.1 graimm of HNC;. TFollow Procedure A-2 for analysis of nitrate or use the uliraviolet method as in
GSX Type U1, Procedure E.

4.4 DISCUSSION, CONCLUSIONS, AND RECOMMENDATIONS.

The analytical procedures described are suitable for GSX Types 1 and HI. A procedure for GSX
Type 11 would include portions of each of the procedures described above and should require no further
development. The accuracy of the methods is about + 2% of the quantity of cach constituent.

The residue after ol the extractions have been carried out is the remaining portion of the cros:linked
gell systom. Lapenience has shown that this residuce contains most of the origtal gell materisl, Furduwer
work vould be required to develop techniques to identify gell and stabilizer systems other than the boric
acid systems used in GSX Type 1L

I it is assumed that the organic nitrate of GSX Type | is a mixture of methyl and ethy] imnine nitrates,
the relztive proportions of the two constituents could be determined from the amine or nitrate analy sis
and the carbon and hydrogen determination, I the mixture is more complex, an analytical method
would be required for cach 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 nitratc 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.

5.3.1 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 boattail sections of the Mk 82 case were measured.

Thesé data are of no value to this report but arc available at Indian ticad should a need arise.

Hot melts, epoxy coatings, thermocouples, and other instrumentation were installed in sumple 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 carts which held them in a vertical, nosc-down position
and permitted movement from onc building to another. Basc rings were removed, and exposed threads
were taped (o prevent contamination with explosive.

5.3.2 Loading Sample Containers.
Samples were loaded by pouring the required amount into the container and alfowing them to harden.

The GSX Type I, however, does not harden and can be poured out of the container it desired. The fluidity
of the GSX Type I has presented problems by leaking out of some containers, particulurly bombs,
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5.3.3 Postloading Procedures.

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

5.3.4 Results.

Only Typesland 1l were observed to leak from bombs. Since the PBXW is a castable explosive with
a plastic binder no leakare was expected. Type HI benefits from a very stiff gellant and, thus, did not give
any leakage. Leakage of Type I can be attributed to its fluidity. The cause of the leakage of Tone 11 is
more obscure since it also has relatively silfl gellant. 1t is currently felt that the leakage was caused by a
phenomenon called senerests, wherehy eacessive cross-linking of the gellant causes the gelmatyiy to shrin',
thereby squeczing oul the water »ad soane water soluble products, This supernatant liquid can then lealo o
of nonwaterticht containers. A number of solutions (o this problem are possible. The most desirable would
be aslipght reformalation of the gell-system to eliminate liquid phases. Others would be modificaiions to the
bomb case and/er loading techniques to make the finished product watertight; this might include wax pads
over the explosive and O-ring seals at the base rings.
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SAFETY THSTS OF EXPLOSIVES TRANSPORT TRUCKS

Moderator:

Alvin D, Wiruth
Naval Weapons Center
China Lake, California
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TESTS OF 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 - 600 pounds, bulk propellant

(2) Burn - 50 pounds, pyrotechnic flare

(3) Detonation - 2 pounds, H.E. (comp C-3 block)

(4) Detonation - 10 pounds, H,E, fragmentation warhead (comp C-3)
(5) Detonation « 50 pounds, H.E. (PBXC-104) fragmentation warhead

On the day before the tests were to be run, mannequins dressed in cover-
al1s, 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. § 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

111

-

R T —




extended the full height of the cab. The shield was 4 feet wide for
Tests 1, 3 and 4 and 4 1/2 feet wide for Tests 2 and S.

Ftri2£

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
arca was cleared by the test conductor. The firing and all cameras were
actuated at the control panel, ‘1he tests were observed by means of two
closed circuit TV monitors,

Test No, 1

Burn test of 60U 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, )
Embed in fluorocarbon propellant, Also wrap two or more wraps of Quick \
Match around double base 1" x 30" rods, 2 each amd 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 when 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
bhed 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 5299F 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 410°F about 10
seconds after the start of the test, The themmocouple on the seat
beside the mannequin reached 130°F in four seconds, then decayed slowly.

The right rear wheel was blown off; the left rear bumed 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 Coverqgg

24 frames per second

64 frames per second

400 frames per second

20 frames per second Hulcher

black and white stills before and after
35mm 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 Coveragg

Same as for Test No, 1.
Results

The flare burned for about five minutes., It bumed through the
aluminum truck bed but there was little evidence of any other materials
burning, The steel shield appeared tobte undamaged. The truck was
observed on the TV monitors for about 15 minutes after the flare stbpped
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 themmocouples in the cab did not show any
temperature rise during the time the flare was burning,
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Discussion

[t s vertan that personnel could have safely left the cab without
sul tering any severe burns,  If the flare had been located near the
front of the truck bed the possibility of sustained burns would have
wen preatly tncreased,

Test No, 8
Detonatton, 2 pound demelition block of Comp, C-3 in box placed on
bed ot truck just behind the driver, The width of the shield will be

Limtted to a width that would not create a4 hazard to nomal driving.

Method of Initiation

One Engineers Special Blasting Cap.

Instrumentation

3 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-
tward in front of steering wheel,

Camera Covcragﬁ

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
was 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
bezen, 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
arnd the frame pulled loose. The mannequin was thrown against the
steering column, the hard hat had been torn 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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Test No. 4

Discussion

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.

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" tetlryl booster and Engineers Special Blasting Cap. .
! H

Instrumentation

None ‘

Camera Coverage

1
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 truck cab forcing the mannequin :
against the steering column with sifficient force to break the steering
column, The back of the seat was blown partially through the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>