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PREFACE

This is a record of the proceedings of the Seventh Annual Explosives
. Safety Seminar on High Energy Propellants held at the Carriage House
Motor Lodge, Cocoa Beach, Florida, 24 thru 26 August 1965,

The Armed Services Bxplosives Safety Board (ASESB) sponsors the
annual Seminar as a means of providing an exchange of current information
on explosives safety between those segments of Government and industry
concerned with high energy propellants. Selected papers are presented H i
by the participants during the course of the Seminar, and a free dis-
cussion of the subject matter is encouraged,

The material contained herein represents reports and opinions of
the participants, and is a product of the individual or organization
which he represents, The ASESB does not vouch for the accuracy of the 5
facts presented, and does not necessarily endorse the opinions expressed.

Rapid and widespread exchange of information concerning explosives
incidents and accidents is a vital component of a cooperative effort !
on the part of Government and industry to develop effective means of _
prevention in their safety programs. Questions and comments concerning @
the material herein should be directed to the individual speakers or :
their organization.

The Armed Services Biplosives Safety Board, Nassif Building,
Washington, D, C., 20315, should be advised of errors or other correc-
tions tha¥ may be required in the text.

Appreciation is expressed to all participants for their interest, 1
and their jJctive role in promoting the cause of explosives safety within i
the Department of Defense and in the industries represented at the

Seminar,
W
RICHARD E, JOHNSON

Captain, USN
Chairman, ASESB
October 1965
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COL. LELAND S. McCANTS, USAF
CHAIRMAN, ARMED SERVICES EXPLOSIVES SARETY BOARD
WASHINGTON, D, C.

This is our Seventh Seminar together ladies and gentlemen; many of
you have participated in all of them and others are relatively new to
the group. But whether you be old or new, we'd like to extend our
warmest greetings to you and express our appreciation for your presence
with us, It is our sincere hope that each of you will glean something
profitable and of value from the papers that are going to be presented
for certainly this is the purpose of this gathering each year. We
would ask your indulgence in some of the equipment in the rear room.
This was the nerve center of the Gemini 5 news media and we had quite
a time getting them pushed back as far as we did. They had their
problems and of course we had ours; therefore, we ask you to bear
with us,

This year our host is the United States Air Porce and they have,
against quite formidable odds, performed very splendidly in our behalf,
As you are no doubt well aware many tedious hours go into making the
arrangements for a gathering such as this, A lot .f people devoted
both their time and energy in the form of countless hours, We are
most grateful to all of these nice people and would like to express
our sincere thanks to them.

It is with regret that I advise you this morning that General
Huston will be unable to be with us and welcome you gentlemen., In
addition to his duties as Commander, Air Force Eastern Test Range,
General Huston serves as Deputy to the Department of Defense Manager
for Manned Space Flight Operations, It is in this capacity that he
was suddenly called away yesterday to Houston, Texas., Knowing General
Huston, I assure you he sincerely regrets his inability to be with us
this morning.

Representing General Huston we are privileged to have Col. E. W,
Richardson, Vice Commander, Air Force Bastern Test Range, a position
he has held since January 1964, Col, Richardson, prior to becoming
Vice Commander, was Deputy for Range Operations at Patrick from May
1960 until January 1964, He is a Command Pilot having been commissioned
a fighter pilot in October 1940, He is a Mechanical Engineer graduate
from Rice University, Houston, Texas. Ladies and gentlemen, it gives
me great pleasure to introduce to you at this time, Col. Richardson.
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COL, E, W, RICHARDSON, USAR
VICE COMMANDER, AIR FORCE EASTERN TEST RANGE

Thank you Col, McCants. Ladies and gentlemen, its a pleasure to
be with you this morning. I appreciate the opportunity to welcome you
on behalf of the Air Force, As Col. McCants said, there are a lot of
new ones and a lot of old ones around here. I can see several faces
that I've seen around for some time, I think its one of the things
that's good about the Service and Service associatecd industry -
regardless of where you go, you'll find someone you've seen before,
Col, McCants has picked out part of my speech. 1 was going to express
General Huston's regrets that he couldn't be here, but he has done that
most appropriately,

While we're talking Gemini, I guess you've all been listening to
the radio and TV. It seems we've got the boys back on schedule so
that they're eating and sleeping like they're supposed to and we have
the power supply so that it would appear they can stay up there for
the full eight days.

While talking shop just a little, I don't know whether you were
here in time yesterday to see the Minuteman shot, it looked good.
The people in charge of the program tell me that the data was collected
and all we have to do now is play it back on the tape on the Twin Falls
victory and go out with a couple of 130s and snatch it off and bring
it back., This doesn't seem to be much of a problem but its a pretty
exacting exercise, While you are here we will have another shot
tomorrow, In looking at your schedule I see this is about coffee-
break time, The Delta shot will go about 1000 hours, I think it
might be appropriate if the managers of the program might slide things
around a little and make this time available for you.

To go on with a few of the remarks that I have prepared, it seems
to me that you've picked a very appropriate time for your get-together
not only as it is summertime in Florida and I don't refer to the Gemini
shot which has attracted a lot of attention to this area in the last
few days, but I'm talking about other programs that are directly re-
lated to the activities in which you men are involved. Primarily the
continued expansion of the use of solid propellants and particularly
very large boosters. We have recently started and almost now completed
the early development of an improved Minuteman solid boosted missile.
The first shot in this particular series, Minuteman II, was fired only
last September. As you probably know the Polaris program continues
here and particularly on 18 June 1965 we had sort of a first and we
fired a Titan III-C, The first in the sense it was a combination of
solids and liquids although we have done this before as you know with
a boosted Delta. The thrust of this particular booster was the most
impressive part. The other part was that we counted down and fired
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two solids of that size at almost the same instant, very close at least.
We also fired the whole business rather than testing bits and pieces,
we fired it ell in one shot and it came out an unqualified srccess,

In addition to what's going on here, there is an awful lot of R&D
going on in various parts of the country to make the maximum use of
combinations of solids and liquids and to continue to improve on the
motors themselves and the ingredients used to develop this high thrust.
But where are we going, what's the future? It would seem that the com-
bination of solids and liquids is a pretty good way to do a lot of
things. The Air Porce particularly is looking forward to the time
when we can launch the MOL system with the Titan III-C., Additionally
in the program there is a plan to put in orbit a couple of dozen commu-
nication satellites by firing on each one of the Titan III combinations,
eight satellites that will be dropped off as they are gradually orbited
around the world making the maximum use of the payload. And trying to

get the most out of the solids, the booster itself, as we continue its
development.

With the increasing use of solid propellants and"@ertainly no
great diminishing use of liquids, it is obvious that there is a pro-
portionately growing need for safety measures to keep human and property
risks at an absolute minimum, The Bastern Test Range has maintained a
very good safety record during the decade and a half that we've been
here since in that time we've had only four fatalities directly related
to booster accidents. And no property damage except the palmettos
around the area that we control. We've had a few missiles try to go
back to the other, side of the river in the early days and we've had a
few of them slide off the pad and come down outside the confines of the
particular compound. But we've been extremely fortunate, we're proud
of this record and we'd like to continue. This certainly is where you
people, your seminar and the ASESB come in.

The exchange of safety information by organizations associated with
the propellant industry is one of the surest ways of meeting the ever-
increasing requirements demanded in the development, manufacturing,
transporting, storing and overall use of explosive materials. 1I've
looked at your program and certainly therz is an impressive list of
subjects to be discussed and very qualified people to do this. I know
that you will produce some very valuable results which will be fed back
into the system and we here at the Range as we finally get around to
using these boosters will be the one that profits.

I would like to say again we certainly appreciate the opportunity.
to have you with us this year, I hope you will have a very productive
meeting and although the schedule is tight, it would seem to me that
the planners since they arranged to be down here by some device will
have planned some time for you to enjoy the Florida sunshine and come
back and sce us again, Thank ycu very much.
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You've just seen a busy man in action, Col. Richardson
must be on his way. We appreciate his taking the time
to come down and be witk us this morning and I'm sure you join with me
in this expression of thanks,

Col. McCants:

Bach year Mr. Bruce M, Docherty, Assistant General
Counsel, Office, Secretary of the Army is required {o announce the
rules of the game 2s they pertain to the conduct of the Seminar. Let
me assure you his presence should in no way disturb you for he will
act just as quickly in your behalf as he will in ours. We, I'm sure,
will hear from him only, if and when, either of us get off the track;

in such event he would nudge us gently back on course,

- Ladies and
gentlemen, Mr, Docherty,
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Bruce M, Doéherty

Assistant General Counsel, OSA

Each year the Armed Services Explosives Safety Board has
asked the General Counsel of the Army to make an attorney available
for attendance at its Safety Seminar on High Energy Solid Propellants,
Those who have attended prior Seminars are probably aware of the
reasons for attendance of counsel. I will restate those reasons
briefly.

The President has recognized that information and advice
obtained through activities such as this Seminar are beneficial to the
operations of the Government. He has prescribed certain standards
for the departments and agencies of the Government to follow in
order that committees and similar groups sponsored by the Government
shall function at all times in consonance with the antitrust and conflict
of interest laws,

This Seminar is being conducted in accordance with the stand-
ards applicable to this type of meeting. It is felt, however, that since
any such meeting as this is subject to the provisions of the antitrust
laws, a Government attorney should be present as an added protection
to the Government and to all participants,

That would defeat the purpose of the Seminar. The primary reason for
my presence is to guard against the inadvertent consideration of any
subject which might bring the Seminar within some aspect of the anti-
trust laws. This is not likely in view of the excellent manner in which
these Seminars are always conducted.

The agenda has been prepared with a view to permitting free
discussion of the topics to be considered. I will be present throughout

I am not here to present the full and free exchange of information,
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all the sessions. If at any time I think we are getting into an area
which might raise antitrust implications, I will call this to the
Chairman's attention so that any such discussion may be avoided.

I will also be available during and outside meetings for the
consideration of antitrust, corflict of interest or other legal problems
which may arise. I should add that I have always greatly enjoyed
these Seminars and that I am very happy to be back again today,

*

[
Yé
W

ot g
. .
:

.

3

UNCLAS

o4
sy’
L2

-

I
i
1
i
H
1
ir




oo et s e ines -

UNCLASSiFiED

(Coldhel McCants then introduced the Members of the Board and their
Alternates who were present, as well as members of the Secretariat.)

Col, McCants: In accordance with the Charter of the Armed Services
Bxplosives Safety Board, Chairmanship of the Board is
rotated at three-year intervals between officers of the Military
Departments. Many of you will recall that the Army occupied the Chair
in the person of Col. Andy Hamilton prior to my Chairmanship which
became effective 1 September 1962. Now, effective 1 September 1965, in
accordance with current rotational policies, the Navy assumes the Chair-
manship of the ASESB. The new Chairman, in the person of Capt. Richard
E. Johnson, USN, a native of South Dakota, is with us today. Capt.
Johnson graduated from the U. S. Naval Academy in 1938 and from the

U. S. Naval Postgraduate School in 1946 with a specialty in Ordnance
Engineering., His duties at sea have been predominagtly in destroyers.
Ashore he has had tours at the Naval Mine Depot, Yorktown, Va,; with the
Naval Advisory Group in Korea; as Commanding Officer, Naval Ammunition
Depot, Shumaker, Arkansas and as Assistant Chief of the Bureau of Naval
Weapons for Field Support. Ladies and gentlemen, I would like to have
you meet Capt, Johnson,

Much of Capt. Johnson's success' as Chairman of the ASESB will depend
upon the readiness of many of you people to assist and support wherever
possible, I'm sure you will give him your unswerving support and I'm
equally sure it will be deeply appreciated.

I would certainly be most remiss if I failed to take a moment to
recognize the dedi:ated efforts of so many who have made my Chairmanship
the genuine pleasure it has -been. I've appreciated your support very
much and I thank you. :

For your information I am advised by the Air Force that I am to
remain with the Board as the Air Force Representative on the Secretariat
thru June 1968, I assure you I am looking forward to our continued
association.

Last year, many of you will recall, I amnounced that this year's
Seminar would include, insofar as possible, those presentations which
you as individuals considered most important to you. I indicated you
would have ample opportunity to make your wishes known. I believe that
we kept this promise and this yedr's agenda reflects this effort aimed
at making your participation here as interesting and profitable as
possible. In this connection I'm sure you'll find such presentations
as "Legal Liabilities" and "Environmental Pollution Abatement," to
mention but two, most informative.
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L. M. JERCINOVIC
SANDIA CORPORATION
SANDIA BASE
ALBUQUERQUE, NEW MEXICO

I'd 1like to say a few words about Sandia Corp., - what we are doing
and why we are here, Sandia is a wholly owned subsidiary of the Bell
System, We're prime contractor to the Albuquerque Operations Office
of the Atomic Bnergy Commission. Our main mission is nuclear weapons
development, testing, manufacturing and certification. We have 8,000
employees generally located in our three laboratories, one in Albuquerque
our headquarters, one in Livermore and the other at Tonopah, Nevada.

We also have resident personnel pretty much scattered around Johnston
Island, Hawaii, Point Mugu, Mercury, Kennedy, White Sands, and we even

participated in recent operations at Raratonga and Fort Churchill,
Canada. ‘.

In the execution of our operations, a very large part of our job
is the certification and testing of all the compcaents that go into
nuclear weapons. We have at Albuquerque a very large environmental
testing facility. In our testing of these various components we use
a great many electro-explosive devices., Fortunately, we haven't had
too many mishaps or accidents, we've had a couple. Some of them made
the headlines, We haven't killed anyone, but we hurt some people once
or twice, We have some fairly rigid safety requirements that pertain
to all operations in the field using these electro-explosive devices.

Our present safety criteria call for the usual kind of visual
observation, if you hear thunder or see lightning, you just suspend
operations. We also have a static field gradient criterion which we
have established rather arsbitrarily at 1500 volts per meter, Albuquerque
as you may know (certainly Col. M.Zants will remember since he was
stationed at Sandia Base) has a very high and dry climate, lots of
wind, lots of sand, quite a few thunderstorms during the summertime.
Our static problems are quite pressing, we're quite concerned about
them. Certainly we do not wish to induce any inadvertent ignition of
our devices. We suspend operations during the conditions that I
mentioned. If they are sensed, we knock off operations and go hide.
We think this is a rather expensive process and our field test and
environmental test people have raised a very serious question, prove
your point to us. We have been trying to do that this summer.

The last couple of months we have been spending quite a bit of
time doing a literature search primarily from all the available sources
that we can to try to find some support and backing, additional infor-
mation or something that would help us confirm our point of view on
safe operations in the field. We've called many people, maybe some
of you sitting in the audience. We've tried to run down some experts
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in the field to try to get guidance and advice and leads to where we
could go. Part of the plan of today is to give you some of the results
of what we have found out and some of the things that we have done at
Sandia.

We have this morning, one of the four scheduled talks that we have
prepared. Bob Gentzler from our Field Testing organization is going to
talk about an atmospheric static electric warning system that he has
developed at Sandia and will give you some of the details of how it was
set up, what makes it work and some of the results that we have obtained
from it. I would like to request, and this was part of our request to
the Armed Services Explosives Safety Board earlier in the summer, your
help in helping us get the answers that we need. To this end we had
requested to have some time this evening with those of you who could
spare the time, We'd like to ask you to come back after dinner and sit
with us and sort of listen to the rest of the talks that we have scheduled
that are short, ten minutes or less each, and tell you some of the things
that we're doing and we'd like to try to pick your brains if we can, for
some leads and guidance into other areas which may impinge or relate
directly to our problem,

Our problem specifically is, we would like to set a standard, a

legitimate standard that we can prove, on what is a good safety criterion

for use in the field. Many of the electro-explosive devices that we use
are standard commercially available jobs. All of you I'm sure are
familiar with them. Many of them we obtained directly from the military
organizations, Many of them are quite sensitive, some of them are not
sensitive, We at Sandia are trying to eliminate the very sensitive
devices by embarking on a rather ambitious program of designing high
energy igniting replacements for these things. But of course these
thinss take time and money and it will be quite a while before we get
the all replaced. We do have a program along that line.

Tonight John Weber -from our Explosive Device Development, Design
» ~ Testing Group would like to discuss some of the things that are
~ g on at Sandia towards this end of designing these less sensitive
de ‘ces, and some of the characteristics that we have found in our
de..lopment program. Also Phil Brooks of our Bxplosives Research Dept.
will deliver a very short discourse on the results of our literature
searc’ so far. The last presentation this evening would be a discussion
by Doi. Rost who is the supervisor of our Safety Engineering Dept. on a
fie' experiment we have fielded at the Langlier Atmospheric Rsearch
Lab aa the Magdalena Mountains in conjunction with the Bureau of Mines
and the New Mexico School of Mines. They have that mountain tremendously
instrumented to be able to tell just exactly what's going on as far as
atmospheric static conditions are concerned and they invited us up to
set out an array of electro-explosive devices with all the various leads
and antenna that we could anticipate or think about. We have had that
up for a short time and we have had some very startling and, I think
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you'll find, some very interesting rcsults. Tonight Don Rost will discuss

that experiment and what we have found so far. I'd like now to solicit
your attendance this evening, those of you who can come, at 8 pm to sit
and talk with us for about an hour, That includes the presentations

and the discussion, longer if you desire, but we certainly would like to
beg your assistance in helping us establish a program,

We might even go so far as to Suggest that this particular problem
might even warrant subcommittee status on the ASBESB. I haven't talked

about this with Col, McCants or any of the other people - this is off
the top of my head, so maybe this is presumptuous of me, but I would
certainly think that this program, as far as we have been able to dis-
cover, is a serious and pressing problem, not only at Sandia, but every-
place that we have been where we've Sought advice and guidance, we've
found the same problem, Stick your head in the sand; most of the people
listen for lightning and thunder and run. We think there is a line

closer to the field that can be drawn. We would like to try to draw
that line,

\‘\xv\‘WIthoutvfurtherrado, I'd like to present Bob Gentzler.
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ATMOSPHERIC STATIC BLECTRICITY WARNING SYSTEM

Robert F. Gentzler
Sandia Corp.
Sandia Base, Albuquerque, N, M,

I would like to discuss with you today the Sandia Corp. Atmospheric
Static Blectricity Warning System and show how it provides information
to test personnel handling devices sensitive to this natural phenomena,
Before describing the system, I will present a brief background on the
measurements,

Atmospheric electric measurements were first made by Lemonnier,
who in 1752, detected an electric field during fair as well as foul
weather, and later by Coulomb, who in 1795, found that the air was
electrically conductive. In the first half of the 19th century, these
revelations of electrification of the atmosphere stimulated efforts to
measure and comprehend the elusive qualities of atmospheric static
electricity.

The physical basis for the correlation between atmospheric elec-
trical conductivity and the amount of airborne non-radioactive
particulate matter is now well understood and verified., Dust particles
are surfaces upon which conduction ions of the atmosphere diffuse to
become immobilized, leading to a measurable loss in conductivity, If
the dust content rises, the conductivity falls (potential gradient
increases) and vice versa. The distribution of particulate matter then,
in a very real sense, represents one of the dynamic factors in the
changes in the potential gradient of the atmosphere, Local environmental
conditions control the injection of particulate matter into the lower
air strata, and continuing but irregular convective and diffusion
processes cause large variability in readings of potential gradient
in limited distances.

On a much larger scale, electric fields from other sources are

superimposed on the variations of the fair weather field resulting in

a complex potential gradient pattern. These sources include 1) air
mass changes accompanying frontal activity, 2) migratory pressure
systems & associated weather, and 3) thunderstorms with lightning
discharges. :

The purpose of the instrumentation system which I will describe
is to measure, record, monitor, and warn users (within certain pre-
determined limitations) of the existing atmospheric static electricity
levels as indicated by the earth's vertical potential gradient in an
area encompassing Sandia Corporation's testing activities in Albuquerque,
From the study of these measurements, an early warning service of

UNCLASSIFIED

oo Bl

R TR TR



PN 0 AT SURDNT I PYNDN A2 ] MBI hp M 1 1 s, o010 et i e

L b TR SO ¢
(

~~~~~ 7. IR e,

UNCLASSIFIED

impending changes in potential gradient levels is provided to organi-
zations conducting teating programs sensitive to these phenomena.

In an electric field, potential gradient is measured in voltage
per unit length, These measurements of the potential of a point in the
air have been made for many years using several different types of probes
by which a conductor will assume the same potential as the air in its
environs. Then, the potential difference between the conductor and
the earth can be measured using some form of electrometer or electro-
static voltmeter. Among the instruments commonly used are the field
mill, metal spheres and needles, and the radioactive probe. The field
mill, an adaption of the Faraday cage, consists of a conductor which
upon rotation is alternately exposed to the free air and a cage. The
conductor assumes the charge of the free air, and upon rotation the
cage assumes the opposite charge which is measured relative to ground,
Metal spheres and needles, the second type instrumentation mentioned,
when highly insulated from the earth will also assume the free air
charge which can be measured relative to ground. PRinally, the radio-
active probe functions on the principle that the potential of the con-
ductor is made equal to its surroundings by ionizing the air close to
the conductor, so that ions carry the charges away from the conductor
which makes it equal to its environment,

The radioactive probe was selected for our use because it offers
the advantages of little or no maintenance over an extended period of
time, a stable output, ability to better sense changes in gradient
because of the coupling effect of the radioactive ionizer, and almost
all-weather operation,

The devices which we are using at Sandia Corporation test areas
for potential gradient measurements are commercially available components
which have been utilized to build a warning system. (Slide 1) The basic
components consist of the probe and associated power supply, indicating
meter, and recorder, The probe is approximately two feet tall and has
a small piece of tritiated foil mounted on the probe cap. In the
barrel of the probe are the associated electronics which will allow the
power supply to be remotely located from the probe. The power supply
cabinet has an indicating meter with adjustable alarm limits which
trigger a horn and light when the preset alarm measurement is exceeded.

- A small recorder with a 30-day chart roll of pressure sensitive paper

provides a record for evaluation and study.

This basic unit has been used to hbuild a six-station network with

' " the units arranged either singly or “n pairs, (Slide 2) The system

consists of six probes located in an area of approximately 150 sq. miles.
The readings are telemetered over telephone lines to a centrally

located master control station. At the master station are located the
power supplies, recorders, and indicating meters. The data are monitored
at this location. In addition to the master control station, four
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repeater stations are located in the test areas. These repeaters aeiially

indicate the readings of the basic probes, (Slide 3) Here is a typical
installation of the basic sensor in a test area. (Slide 4) Again, the
basic sensor is mounted on top of a 20-ft. pole in an area remote from
operations, but available to the public. Mounting on the pole has pre-
vented vandalism. (Slide S) Here is shown the master control station,
These meters indicate the potential gradient in kilovolts per meter for
all stations which in turn are recorded here, This meter indicates the
station number being serially sampled for the repeater system, and this
meter indicates the reading of the particular station. These meters
show the power supply for each sensor. (Slide 6) This is the remote
repeater station with the potential gradient in kilovolts per meter and
the station identification indicator,

In addition to the basic six-sensor system, we have in use several
single probe systems and a system consisting of two probes.

The equipment is capable of monitoring on two ranges: plus or
minus 1 kilovolt per meter; and plus or minus S kilovolts per meter,
Monitoring on the six-station network is normally on the 5 kilovolt
range, Background or fair weather data are usually studied on the
1 kilovolt range. An alarm feature operates a flashing red light and a
buzzer when preset limits are exceeded. A reset circuit cuts off the
alarm every 20 seconds so that changes in gradient will be indicated
properly. A fail safe design causes the alarm to operate in the event
of circuit failure, Continuous unattended operation of the system is
possible for gathering of data for study purposes. The recorders turn
at one inch per hour, and chart life is 30 days per roll,

For test areas where fixed installations are not feasible, a hand-
held portable instrument utilizing the same sensor and powered by
batteries is being used. (Slide 7) This instrument is held pointing
toward the area of interest and at about waist height, It ‘s available
in either a 0-1 or 0-5 kilovolt range,.

Next, I would like to describe the geographical ‘ldyout of our system
in the Albuquerque area and show you some examples of the data we have
taken, comment cn the associated natural phenomena, and discuss the uses
of these data. (Slide 8) This map, made by the U. S. Coast and Geodetic
Survey, is oriented with north at the top. The Rio Grande Valley and
River lie north-south., The Sandia Mountains, also running north-south,
lie on the east side, The black square represents an area of one square
mile. The elevation of the river is about 5,000 feet and the mountains
to the east rise to almost 11,000 feet. This elevation difference is a
major factor in the development of cloud ac%ivity, Our primary testing
area is located in the region outlined by the circle. The six potential
gradient probe sites surround the test area and include known areas of
storm activity. Station A is located to detect storms from the southwest,
Station B to detect storms from the northwest, Station C for clouds over
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the mountains. The three other stetions, D, E and F, are located in the
test areas proper at the sites indicated, Station F also serves as a
detector for storms moving in from over the mountains to the southeast,
Our general area of concern encompasses about 150 square miles, Tele-
phone lines are used to transmit the signal to the master control utation,
near Station D. The longest phone lines correspond to the distance of
the farthest site - about 18 miles,

These recordings of potential gradient are typical of fair weather
with few clouds and light winds. This is the most frequently observed -
‘trace of background and usually runs 150 to 250 volts per meter, (Slide 9)

The next example shows the gradient trace when a single isolated
cloud cell drifts by in an otherwise fair weather condition. The time
Scale on these records is one inch per hour. The next example shows a
series of cells as they drift with changes in polarity, The spikes arc
lightning discharges, This record is very typical of potential gradient
during thundershowers. (Slide 10) The first example is another case of
thunderstorm clouds with lightning discharges. Notice the short period
of time between fair weather gradient and high potentials. The next
example shows the potential gradient during the wintertime when snow
showers are present. A snow shower, in terms of its effect on potential
gradient, is much the same as a thundershower, even though the moisture
is in the form of snow rather than rain, The wintertime precipitation
in New Mexico is frequently of this type so we have the associated
gradient problem. The next example shows the gradient when wind picks
up dust particles in the lower layers of the atmosphere. During the
spring months, this phenomenon is frequently observed,

(Slide 11) Now I will show recordings from different stations on
the same time scale. The horizontal line is identical time at all
stations, This station shows the existence of a gradient field and
about 10 minutes later the cell has moved sufficiently so that the next
station is affected. The check marks on these examples indicate the
arrival of the electric field at later times., The fifth trace is from
a station not affected by this family of cells. From these data and
knowledge of winds, early warning notices are issued to testing groups. .
;(Slide 12] This slide shows another case of five different stations
with a time lag indicated by check marks. Notice that all the stations
do .not indicate the same level of potential as the cells pass by because -
thd stations are at different distances from the moving cells.

Now to discuss the data and its use: First, we have found that a
8killed observer is needed to interpret the data, particularly when
prognostications are to be made; the instrumentation is an aid, but
it is most difficult to eliminate the human element. Second, the
readings from the instrumentation shouid be believed until it can
definitely be determined that equipment failure has occurred. Third,
natural phenomena that cause electric fields are extremely complex and
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change rapidly. This rapid change results in short time periodes between
first indication of a rising field and high readings. As a consequence,
not all cases can be predicted in sufficient time for warnings to be
issued. Therefore, personnel handling sensitive devices should be in-
doctrinated regarding these phenomena.

ST 45
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In conclusion, the static electricity measuring equipment at Sandia
has been helpful in this problem by providing a warning service and as
* an aid to personnel who use the "look out the window" technique. However,
the instrumentation has not completely eliminated the problem or replaced
Zuman judgment, If there are questions, I will attempt to answer them.
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King, NASA: You've touched on a subject that's pretty near and dear to.
our hearts and I came in a little late, I'd like to ask

7 several questions. Do you use Spherex Meters in addition to the potential

gradient meters that you've described here?

AR I

Gentzler: Not at the present time.

King: What is your arbitrary danger level in KV per meter?

Jentzler: We essentially have said 1500 kilovolts per meter., I would
like to qualify that,

EE A

King: You mean 1} KV?

Gentzler: Yéb, 1500 volts per meter. I would like to qualify that a
little bit in saying that there are other factors involved [

in setting the limitation than just a cut-off line, and this of course

depends upon the devices being tested. There are some people who are

handling particularly low threshold devices that prefer to quit testing !

at a lower level or test at a different time., Others feel that there is *

a higher level that could be set, This evening one of the gentlemen of :

our group will discuss these type devices and some of the efforts that

we are preseatly making to give a more definitive answer to this particular

question.

King: Do you use a rate-of-rise meter in connection with this and what
time intervals do you have between first detection and to the
point where it gets to cut-off?

Gentzler: We do not use a rate-of-rise meter. .uch equipment is avail-
able. It has some merits - its a . *.ject open to discussion.
From the other phase of your question as to what is the time involved here -
after observing these records for several years now, I would say that tha
time interval is from the order of seconds upwards to the order of an hour.
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Several slides I've just shown here indicated that in the order of
‘minutes we went from zero or near zero to over 5 KV per meter, I've
seen this many times. Consequently, if you want tc take the time rate
of change involved in one of these very fast build-ups, you again have
the problem that you're not going to be able to poke the button and
eliminate human error quickly enough to take care of how fast the
phenomena changes,

Filler, NOL: You make your gradient reading at one point aboveground,
what possible role does it play, the variation of that?

Gentzler: On the equipment that we have there is an adjustment to take
care of location of the probe at a level higher than one meter.

While we measure in kilovolts per meter and actually you can say the

probe should be one meter if we put it up 20 ft. in the air, then we

have an adjustment within the calibration parts of the equipment that

takes care of that.

Moxi sno, Custom Materials: Have any attempts been made to reference

" ’ these voltages in some way to available
energy in the area that you're scanning in terms of joules of energy?
You mentioned voltage measurements with respect to energy? Any comments
on that?

Gentzler: We do not make any measurements of this kind at the present
time., Perhaps I've got a little comment here that would
answer your question, The electric current carried in some return
streamers of lightning flashes has been found as large as 200,000 amperes.
If you take 200,000 amperes at some voltage, pick any voltage, this is
going to be quite a lot of energy involved., Of course, the other side
of the question there is what is the distance factor, how close are you
to this form of energy. We can take this instrumentation that we have
here and we ‘can go out 30 miles from a thunderstorm and we can get an
indication on the meter, We can also go within a half of a mile of a
thunderstorm and we get quite a lot of different indication on the meter.
So you've got to solve the distance problem in relation to the phenomena
prior to the time that you can make an energy calculation using this
equipment. I know of no equipment which measures energy directly at
the present time.

Jercinovic: Tonight we hope to get some of you back to help us talk
about sume of these questions like Mr, Mondano had, We
are really fighting this instrumentation problem. We would like to get
some help. If any of you know any instruments that are available that
would be applicable to our problem, we'd love to hear of them, They
had a beautiful electrical storm last Sunday on Magdalena Mt. and scme
of our devices were ignited. The Laboratory is trying to now to give us
the data that surrounded these particular events, We'd like to get as
much guidance as we can from this group before we go home to try to
plot our course for additional action that we've planned to do.
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Pig. 3 Building Mounting of Probe
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Fig. 4 Field Mounting of Probe
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Fig. 5 Master Control Station
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Fig. 6 Remote Repeater Unit
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SAFETY CONSIDFERATIONS IN THE

DESIGN OF A VERTICAL MIXER COMPLEX

D. W, Deiters
Thickol Chemical Corp., Brunswick, Ga.

I, Introduction

In late 1963 and early 1964, Thiokol Chemical Corporation designed
and constructed a facility specifically for the purpose of manufacturing very
large, monolithic solid propellant rocket motors. The layout of this plant,
located on the Atlantic coastline in Southeast Georgia, was predicated on

; the use of vertical propellant mixers in the production of very large quanti- 3
' ties of propellant. The vertical type mixers were selected rather than hori-
zontal mixers because of their improved safety features, and because they
are readily adaptable to the high production rates required in the manufacture
. * of rocket motors containing three (3) million pounds or more of propellant.

The over-all plant layout (Figure 1) illustrates the processing phi-
losophy used at Thiokol's Space Booster Division, and should be understood
prior to analyzing the safety features that have been designed into the mixer
complex having the vertical mixer as the center of activity. Basically, the
plant is divided into three areas. First, there is a raw materials storage
area that is removed from the processing area by standard quantity distances.
The northernmost portion of the facility is devoted to the casting and static
test area, the nucleus of which is a pit 52 feet in diameter and 128 feet deep. :
Then, there is the propellant processing area which includes separate facil-
ities for oxidizer preparation, paste manufacture, propellant ingredient :
weigh-up, an acceptance laboratory and the mixer complex itself.

While the foremost safety advantage of the vertical mixer is the elim-
ination of the troublesome submerged packing gland that is inherent in the
design of a horizontal mixer, an additional safety feature is realized with
the elimination of all processing steps from the mixing building except the
actual propellant mixing itself.. All ingredient weigh-up activities have been
removed from this area, as well as those post-mixing activities such as
propellant transfer and deaeration. In so doing, possible sources of trouble
have been removed from the building, with additional benefit being obtained |
by eliminating equipment exposure in the event of an incident. _ 1

4
%
1

The safety of an operation is. greatly dependent upon the people per-
forming the operation. Safety features incorporated in the facility design
will not assure a safe operation, but will supplement the safety attitudes
of the operators by making their job easier, by providing a series of inter- :
locks which will not allow the process to continue until certain safety checks
« have been made, and by providing for minimum facility and equipment 4

damage and full protection for personnel involved in the event of an incident.

A o
t

In designing safety into a mixer facility, there are numerous aspects
which must be considered. Among these are the basic processing flow to
be utilized, the topography of the plant area, the use of the inhabited build-
ing and the quantity distance tables, the type of support equipment required,
and the basic design of the mixer itself which would include such things as
r propellant seals and pressure relief capability of the mixing equipment. In
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Introduction (Contd) '

analyzing the safety features of a vertical mixer facility, this paper will first
discuss the facility itself, then will cover the equipment used, followed by a
discussion of some of the operational safety procedures employed. -

There is a rather unique aspect contained herein following a discussion
of safety features incorporated into our facility, It is one thing to design and
plan safety features to be employed in ‘minimizing injury and facility damage
in the event of a mixer incident, but more importantly, it is necessary to
evaluate the performance of these features. As you are aware, Thiokol ex-
perienced a mixer fire at Building M-122 in the spring of this year. Because
this unfortunate incident did in fact occur, the opportunity has presented
itself to conclude with an analysis of the performance of these safety factors. .

Facility Design

Figure 2 schematically shows the vertical mixer complex which con-
sists of four buildings: two mixer buildings with associated utility areas,
a mixer control bunker and a general utility building. The mixer buildings
are separated by an inhabited building distance of 1460 feet and an intra-line
distance of 320 feet, These distances are those required for 6000 pounds of
propellant (Class 9) in an unbarricaded situation. To provide additional safety
features, Thiokol used these unbarricaded distances and then added a barri-
cade, thereby providing additional protection against possible damage to ad-
joining buildings from flying objects or projectiles.

Figure 3 shows the mixer complex during the construction phase. The
general utility building, which houses the master electrical switching, the
air compressor, and the vacuum pumps supplying both mixer buildings, is
of a prefabricated metal construction. Typical bunker type construction was
utilized in the mixer control building shown here prior to the positioning of
the earth covering, The use of this bunker type construction in conjunction
with intra-line distances provides maximum protection for operating personnel . - -
in the event of an incident during the mix cycle. :

The construction of the mixer building itself is shown in progress in

Figure 4. A functional feature of the mixer complex design at the Space -

Booster Division is the exclusion of all support equipment from within the
mixer buildings. The necessary utility equipment, such as hydraulic pumps
and hot water systems, is located remote from the mixer building and is

protected by re-inforced concrete wall type construction in addition to an -
earth barricade, The various utilities are piped into the building, thereby
providing protection to the support equipment in the event of an incident, .

This building, approximately 25 feet wide and 25 feet long, is con-
structed on a spread footing foundation with pedestals under each load bear-
ing column, These pedestals are interconnected with continuous footings
to the foundation wall exterior foundations., Pilings are, of course, utilized
where the soil bearings located under the spread footings are extremely low.
All foundations extend a maximum of 2 feet below finished grade.
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Facility Design (Contd)

The basic degign of the mixer building calls for a structural steel
framework covered with prefabricated panels. This concept provides for
minimum restraint to any gases which might be generated, as well as mini-
miging the size and weight of any projectiles resulting from a mixer incident.
The walls of the building are partially enclosed with a 5-ft. high curtain wall
of masonry block construction. These hollow load bearing blocks are of
standard weight, having a minimum shell thickness of 1-1/4",

The finished mixer building is shown in Figure 5. The structural steel

framework shown in the previous figure has been covered with 4-foof, by 12-
. foot prefabricated insulated asbestos cement panels. These fanels. basically,

consist of rigid fireproof insulation cores approximately 1-1/2" thick, lam- -
inated with a waterproof adhesive. Each side of the panel is then covered
with a 1/8" thick asbestos cement sheet. This asbestos sheeting is bonded
to the insulated core with a waterproof adhesive. The edges of the panels
are then sealed for moisture protection prior to installation.

The battens used for sealing both the vertical and horizontal panel
joints and for securing the paneling to the building framework are aluminum,
sealed with a neoprene weather stripping agent, Additional weather sealing
is obtained with the application of a caulking bead along the edges of the
battens. This panel and batten system is clamped to the structural frame-
work to permit pahel blow-out from an interior pressure of 0.5 psi.

An exception to this paneling construction can be seen in the blow-out
panels and doorways. These wooden frame, pressure relief doors and burn-
out panels are provided for the immediate venting of any gases generated in
the event of a mixer fire. These blow-out panels consist of a dual thickness
of 4 mil polyvinyl plastic.

As discussed previously, the mixer buildings are enclosed with an
earth revetment to provide additional protection to support buildings within
the mixer complex area. Figure 6 shows the construction of this earth em-
bankment., This '""U''-shape'barricade encloses three sides of the mixer
building with the open side facing an uninhabited buffer zone, The use of
the wooden framework to support the interior wall of the earth barricade pro-
vides for a steep reflection angle of the side of the earth barricade facing the
propellant mixer, Figure 7 shows the mixer building with the earth barri-
cade completed. Standard industrial practices were followed in providing
lightning protection and grounding protection for each building in the complex.

Operating Equipment

The vertical mixers (Figure 8) installed at the Space Booster Division
are Baker-Perkins Special Vertical Propellant Mixers, size 18 PRM (Plane-
tary, Revolutionary Mixer). Those portions of the mixer that come in con-
tact with the propellant and associated vapors are fabricated from 304 stain-
less steel. These include the mixer bowl interior, the blades, and the ex-
posed surface of the upper housing.
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B i e PRSI

e tmt, G S e




s N 1 A A e

M e s e

UNCLASSiFici

Operating Equipment (Contd)

T T T T e T T T

The total capacity of this mixer is 600 gallons; the rated working
capacity is 420 gallons. This working capacity is that which is measured to
within 3/4" of the top of the blades. The basic mix bowl has an inside diam-
eter of 64. 0" and depth of 45. 5", ‘

. This particular mixer, shown again in Figure 9, utilizes a planetary . !
mixing motion, In other words, the mixing or agitating is achieved, not i

only with the rotation of the blades about their own center line, but with a :

rotation of the blade shafts themselves about the vertical center line of the

mixer. The movement utilized specifies that the outer blade move in a.clock- |

. wise direction, while the center blade rotation is counterclockwise. Rotation : [
of the blade shafts about the center line of the mixer is achieved with the .

planetary housing moving in a clockwise direction. '

The clearances between the moving parts and the speed of these parts
are shown in Figure 10.

The stationary housing of this mixer (Figure 8) is equipped with mul-
tiple surface openings required for such things as the addition of curing agent
and vacuum lines. Another basic feature of the design of the stationary
housing is the nine (9) blow-out ports. These are closed with graphite blow-
out discs which are designed to relieve at 5 psi above normal atmospheric
pressure. These discs are capable of retaining gasket equivalent seals during
normal operations, and, since part of the mix cycle utilized requires mixing
under vacuum conditions, must retain full vacuum conditions internal to the
mix bowl without failure., These blow-out ports are equipped with restraining
rings to cause the discs to fragment rather than become projectiles in the
event of a pressure build-up within the mixer bowl, The vent ports are capable
of evacuating 3,250 cu. ft. of gas per minute.

The mix bowl is lifted and retained in the mixing position through the -
use of hydraulic cylinders. This system is equipped with a rapid dumping
device for discharging the hydraulic fluid, if necessary, to permit the mix
bowl to "free fall' rather than be lowered. This dumping device is actuated
by the fire sensing system which permits the discharge of the hydraulic fluid -
into accumulators located on the bottom side of the lifting cylinders. These
accumulators are designed to provide a cushion during the rapid lowering of
the mix bowl, but will not restrain this lowering until the bowl is free of the i
mix blades. As a further safety precaution, a solenoid valve interlocked with ‘ -
the deluge system separates the accumulator from the normal hydraulic system
until such time as rapid lowering is required. >

The deluge system at the mixer housing is divided into two separate
systems: A High Speed Rate of Rise System and a Primac Ultra-High Speed
System, '

The High Speed Rate of Rise System is one whereby heat actuates a
device located at the top external portion of the mixer support structure
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IlI. Operating Equipment (Contd)

which, in turn energizes a deluge valve (Figure 9). With the actuation of this
deluge valve, water is directed through external located nogzzles against the
mixer bowl when in the raised position, and the interior of the mix bowl, or
propellant surface, when the bowl is in the lowered position. This particular

deluge system will deliver 800 gallons per minute at 40 psi through the wide
angle nozzles.

The Primac Deluge System is an ultra-high speed water spray system
- utilizing photoelectric detectors for actuation in the event of a fire. Basically,
there are four detectors mounted in stainless steel tubes which control their
field of view, For testing purposes, a small lamp is provided as a light
- source which can simulate the radiant energy of a fire. This allows system-
atic checks to ensure that the detector window has not been obscured and that
the integrity of the system is sound. Within the mixer control center is a test
panel for this Primac Deluge System, It is from this test panel that the con-

tinuity of the primer circuit is verified and the capability of the light sensing
system can be checked.

The deluge nozzles are located within the annular ring of the mixer
housing directly above the mix bowl. These nozzles direct the water deluge
- against the planetary housing, the mixer blades, and the propellant surface.

The four detectors are located in the same general area as the water
spray nozzles. These detectors are arranged to scan the propellant surface i
during mixing so that a fire will be detected in its embryonic stage. The re-
action time from the detection of fire until the actuation of a squib operated
deluge valve is approximately 100 milliseconds. The Primac Deluge System
is capable of delivering 132 gallons per minute at 40 psi.

Iv, Opgrational Safety Procedures

--The-atfention to safety of design of the facility and the equipment is
of no avail if the final, most important phase of safety is not critically im-
posed. This single, most important phase is '"Operational Safety Procedure',

Some primary safety requirements are imposed up stream in the
system of propellant mixing to assure incident free operation. The thermo-
couple insert used to monitor product temperature is carefully checked to
assure proper restraint, All ingredients added to the mix bowl are screened
to preclude tramp metal or objects from entering during the preparatory

I8, i 155 | R L o PR s o ot e T

. process, The bowl is then covered during movement to the mixer building
as a further preventative measure against foreign matter getting into the
bowl.

The mixer control bunker is equipped with three consoles -- one
curing agent automatic batch weighing console for each mixer, and a control
console from which both mixers are operated.
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A series of indicators on these control panels are designed to signify
when a particular phase of the operation is satisfactorily completed. For
instance, when the mix bowl has been removed from the road dolly and -
positioned correctly beneath the mixer blades, a micro-switch is satisfied,
giving a ""green'' go-ahead. The system cannot proceed to the raising of the
bowl until this interlock is satisfied, precluding the possibility of raising
the bowl until it is clear of the blades. ‘

The mix bowl is manually raised by the mixer crew personnel in the -
mixing bay until the bowl comes into view on the television monitor at mixer
control. At this point, the bowl lift is stopped, and a determination is made
that the bowl leveling device is functioning and that the bowl is raising

- correctly. A final check is made of the mixer housing and the mating bowl

lip to assure that they are free of hazardous materials. The mixer lock-

out switch is closed by the foreman of the crew as he, being the last crew

member, leaves the mix bay area. As the crew evacuates the mixer area,

the road barricade is positioned to prevent transients from entering the .
critical area, In addition to the road barricade, the access road to the mixer

is equipped with a flashing indicator indicating live operations are in progress.

The flashing lights are turned on at the console 1mmedmtely upon entering the

control bunker, :

Tool counts are made at both tool board locations -- at the mixer
building prior to leaving the area, and the hand tool board at mixer control.
Once these conditions are satisfied, the mixer bowl '"raise'' lock-out key is
inserted into the panel, and the bowl is raised to the seated position on the
mixer housing while observing the entire procedure on the television monitor.

In addition to having visual observance of the bowl lifting operation,
the facility is equipped with intercom, which permits an audio surveillance
during the operation. When the mix bowl has been seated, a green indicator

‘light on the mixer console indicates that the bowl is properly positioned.

With the bowl in position, a ''go'" condition is indicated. At this point,
the operations are interrupted for a Primac Deluge System check. This
check serves to establish that materials, dust, etc., have not blinded the -
deluge sensors. After the check c0nf1rms that the deluge system is operable,
the Primac master switch is set at the "in-service'' position.

The mixmg operation is now ready to commence. The mixer control
console must be in an all "green' condition before the propellant mixer can
start. This insures the bowl to be positioned and aligned correctly. and that
all checks have been satisfactorily made. The "personnel in area key'" is in-
serted in the console and unlocks the system so that mixing can commence,
A check is made to determine that the road barricades are in position, and .
that the flashing light is functioning.

The actual mixing opcration is started by depressing the automatic
cycle button on the console, Immediately, a green indicator light indicates
the mixer is in operation. The mixing follows an automated timing sequence
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Operational Safety Procedures (Contd)

== preliminary mixing, cure agent addition, and final mixing,

Upon completion of mixing, the automatic timers stop the mixer, the
Primac Deluge System is switched to the ""out of service'" position, and the
mix bowl is lowered until the blades are free of the propellant. The mix
bowl '"'raise and lower' lock-out key is removed, and the "personnel in area'
key at the console is removed. This prevents any equipment operations while
the keys are in the possession of the crew at the mixer building, The normal
operations of removing the mix bowl and positioning a new bowl of materials
can take place,

The Space Booster Plant recently (December, 1964) processed a 156-
inch motor requiring approximately 840, 000 pounds of propellant. -This
amount of propellant was processed during a 6-day loading periocd. Of the
155 mixes, 77 were made on one mixer and 78 were made on the other, Of
the total 155 mixes made, 2 were rejected -- one because of an excessive
addition (out of spec limit) of a raw inaterial; the second because of sus-
pected, or the possible existence of, tramp metal in the mixer bowl. In
both cases the mixes were discarded.

During this period, the Space Booster Plant vertical mixer complex
was manufacturing finished propellant at the rate of approximately 140, 000
pounds per each 24-hour period of operation. This represents the making
of approximately 26 mixes of propellant during each 24-hour work period.

The success of this effort is attributed to the constant efficient ad-
herence to the established operational safety procedures.

Discussion of Recent Mixei- Incident

We have discussed the precautions taken to prevent a fire at the mixer
facility, and have covered the design features utilized to minimize damage
in the event some unforesseable circumstance causes a fire, even though
these precautions were taken. Such an unforeseeable circumstance caused
a fire in a vertical mixer at the Thiokol's Space Booster Division on the
25th of March, 1965.

The cause of the incident has been attributed to the rotating mixer
blades making contact with a bulge in the bottom of the bowl, producing suf-
ficient heat either by friction or impact to ignite the propellant. All other
contributory items that could have been causes to the incident have been
deleted through the course of investigation -- no seal leakage, no tramp
metal, no pinched propellant between bowl and housing, etc.

Damage to the installation and equipment was minimal, due in no
small way to the attention given to safety features of the facility during the

design phase. All equipment involved in the incident was still operable and
no injuries were sustained.
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Discussion of Recent Mixer Incident (Contd)

The deluge system, the construction of the facility, and the safety
features all contributed to minimize the severity of the incident.

Figure 11 shows the mixer facility immediately after the incident.
The flame and heat sensing elements have reacted properly, allowing the
bowl to drop and actuating both the external and internal deluge systems.
The blow-out paneling used in the construction of the doors has relieved, and .
the building panels covering the steel beam construction have been blown
I\Vly. o -

Figures 12, 13, and 14 show the building structure after the fira.
The building panels have relieved themselves in their entirety, but have
not provided any large heavy projectiles. Rapid extinguishing of the iire
has limited the damage to a scorching of the paint on the structural beams.

Figure 15 shows the mix bowl in ths iowered position after the fire.
The castors have been severely damaged upon impact with the floor, The
cushioning effect that should have been received from the hydraulic fluid in
the accumulators was lost when both accumnlators ruptured. The mixer
housing has been undamaged, again a tribute to the rapid response of the
deluge systems.

It has been ascertained that the bulge in the mix bowl most likely
occurred from the freesing of water in the bowl jacket, In addition to pro-
viding a means of precluding the possibility of water freezing in the bowl
jackets in the future, dimensional safety check of all bowls will be made
immediately prior to charging with materials to pravent a recurrence of
fire initiation due to the blades striking the bowl surface.

The ultimate in safety would be the designing and operating of a mix
facility which precludes the possibility of a fire, Even though the attainment
of this goal might seem impossible, it is obvious that the steps taken towards
this goal are well worthwhile in that mixer fires are becoming far less fre-
quent, and the resulting damage when they do occur is being kept to smaller
and smaller amounts. :
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Figure 6 - Installation of Earth Barricade
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Figure 7 - Mixer Building Earth Barricade
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Question not recorded,

Deiters: ,,.This is a difficult subject for me tn talk on. This is the
- first mixer fire that I've seen that useéd the Primac ultra-
high speed sensing system and I've never seen the damage as minimal as
this was. For that reason I attribute it to catching it in the embryonic
stage. In other words, before you really had a problem, you had it put
out. We did find evidence of paste in the bottom of the bowl that had
not burned. There was some molten aluminum, but there was combustible
material. I would guess there was 50 to 100 pounds of it in the bottom
of the bowl when we drained the water out, That gives you some idea of
how fast this system did react. The bowl dropping was quite rapid and
I think that really what happened was that we had a real fast reaction
which caught the fire in the embryonic stage and then poured the water
to it from the external system which kept the heat away from all of the
equipment that was in the building itself,

Unidentified: You stated that you determined this was from the freezing
of the bowls, because of draining - you've ruled out the
stress corrosion cracking and the butt welds?

Deiters: As the cause of this incident, yes, Bob. We are looking at

a different welding technique and a different welding material
because we have found evidence of degradated wells, but they did not
cause this incident, We had a localized bulge which took a real terrific
force to have gotten a half inch deflection. So we're sure that this
came from freezing water. But also we had a problem with stress corrosion
cracking, and we are changing materials. There was some discussion of
removing the plug weld and going with the circular fillet weld that can
be inspected. Let me speak about the bowl design. Basically the vertical
mix bowl is two jackets that are separated by a 3/4 spacer bar, The
spacer bar is welded to the inner jacket with a continuous fillet weld
which you can inspect. The outer jacket is put in place and attached
to this spacer bar with a plug weld. We do not have at our means a
fool-proof system of inspecting the plug weld for good attachment and
good penetration, This is what I meant when I told Bob there was some
discussion of replacing the plug weld with a continuous fillet weld
which can allow you then to inspect penetration., But we will change
materials,

Unidentified: You are changing your outer jacket material?

Deiters: No, the plug weld material. We're staying with the mild steel
outer jacket. We have a mild steel outer jacket, a mild steel
spacer bar and a stainless steel inner jacket.

Colitti, Picatinny Arsenal: I'd like to ask a question abdut the photo-

graphs that showed the group of mix
buildings that didn't sustain any damage. Could you tell us a little
about that construction.
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Deiters: It'll be a little, Basically it is a steel framework that

has the precast cement panels which we pour molten tar and
crushed rock over the top of for a weather sealant. It is not the
same asbestos type panels that we have on the sides. 1Its a heavier
type construction.

Colitti: You didn't expect this to blow out on incident?

Deiters: No we didn't and we did sustain some cracks and some leagks.

That was the reason we had to replace it., A good question
here would be what did we replace it with and I can't answer that, but
I can find it out for you though. There's no rock on the tar, cemester
board panels is what they put in. The same thing now is on the side,
this is the 1 3/4" thick cemester board.

Colitti: I've heard two items mentioned here as far as the primex.
I think you mentioned a photo-cell and the gentleman from
Lockheed mentioned an ultra-violet light., Isn't it an infra-red system?

Deiters: Its infra-red, yes.
Landau, NOTS China Lake: I was wondering, how do you check the clearances

between the blade and the bottom of the bowl
and how often do you make this check?

Deiters: We check the clearance between the bottom of the blade and the

bowl by putting 3/8" tabs, circular buttons, we attach to the
bottom of the blades and we then raise our bowl, pull the vacuum,
actuate the mixer and then look at the bowl for any score marks as a
result of these marking buttons. The same way we do it from blade to
blade. To answer your other question, we formerly did it every six
months, We're now going to assist them whereby we check our mixer at
the start of each production run, if you will, whether there be two
months between production runs or a year between production runs, We
will still use the tab systems although in the past we found it was
habit forming not to run the mixer but a very short burst of power and
let the blades rotate, If you really study the planetary action you'get
with these blades, it takes quite a few revolutions before any given
spot on the bottom of the mix blade will cover the entire portion of a
mix bowl so we're going to have to find out a minimum time that we allow
the mixer to run,

Landau: Do these tell you the exact clearance you have or do they tell
you whether you're hitting or not?

Deiters: No, they give us the exact clearance we're looking for, We have

a minimum 3/8" clearance on the bottom of our bowl so these
are 3/8" tabs,
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Landau: I'd like to point out that at the China Lake facility we've
found that the gasket in the upper housing of the mixer actually

compresses., We ordinarily run around .150 on the bottom and in our

last check we were down to .030, So we're installing some stops in the

upper housing to maintain the clearance at all times,

Deiters: I'd like to get with you on what you're doing. 'We encountered
the same problem particularly since we vacuum mix which tends

to suck the bowl up. I'd like to get some details from you before you

get away, .

Landau: One other point, was the bulge in the bottom of the mixer?

Deiters: Yes, in the bottom of the bowl.

Landau: And you have water circulating in that area?

Deiters: We have water circulating at 60 psi, The bowl was hydro-tested
to 150 psi before it is delivered to.us. ’

Webb, BuY&D: 1I'm particularly interested in your comments on the

efficiency of the blow-out panels. You indicated that the
panel is relieved at a very low pressure, I'm wondering if perhaps you
did mean that the panel is relieved at a very high pressure but very
early in the time-history of the pressure pulse.

i

Deiters: There's no question that the rate-of-rise of the pressure
within the building is quite rapid, somewhere on the rise the
panel is relieved, yes,

Oeinck, Lockheed Propulsion: I stand corrected, it is infra-red., One
other question, after the fire was over,
was there any vertical play in your shafts?

Deiters: No, none at all.

Oeinck: How about the contamination underneath your seals?

Deiters: There is a double seal system here and our first O-ring seal
was contaminated behind the seal, we don't know if it came

from the fire itself or the pressure we had at that time or if it was

something that had built up there. We had no contamination of the

secondary seal at all,

Oeinck: This was in a series of mixes then?

Deiters: Yes, This was the sixth in a series of six mixes as a matter
of fact.
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Yachnié. BuY&D: How did yocu determine that the foundations and the

structure systems were not affected by the explosion?

Deiters: Basically a visual inspection, our building is a bolted con-
struction rather than a welded construction so we didn't have

to dye-penetrant in any of the wells, It was optical for a check for

squareness and trueness of the beams themselves, the primary method,

Unidentified: How about the foundations?

Deiters: I can't answer your question, I'm not even real sure we checked

the foundations, I know we optically inspected the beams.
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DETONATION HAZARDS OF LARGE SOLID .ROCKET MOTORS*

Major B.E.Giesler!®, 0.R.Irwin(®), G.L.Roark!®), P K. Salsman!?
ABSTRACT

The results obtained to date on a combined experimental and theoretical

program to cdetermine the detonation characteristics of Class II propellant are
described.

In the experimental program, the critical diameter of Clase II propellant
was first reduced to values convenient for practical testing by the addition of
various percentages of an explosive adulterant (RDX)., The critical diameter

of the R’X-adulterated Class II propellant was determined for several levels
of adulteration.

A theoretical model was developed to describe the observed experimental
results. The model congiciers AP grain burning to be responsible for pro-
pagating detonation in the RDX-adulterated propellant, with initiation of the
grain burning resulting from the '"hot-spots'' furniched by the detonating RDX
particles, The model predicts that the critical diameter of RDX-adulterated
propellant should vary as the reciprocal of the cube re.t of the RDX content.

This prediction is in agreement with available data from the experimental
program,

* This work is being performed by the Research Division, Downey,
California Plant, of the Aerojet-General Corporation for the Hazards
Analysis Branch, Air Force Rocket Propulsion Laboratory under
Contract AF 04(6il1)-9945.
(a) Project Officer for Project SOPHY, AFRPL, Edwards, Calif., made presentation.
(b) Senior Research Chemist, Research Division, Downey Plant,
Aerojet-General Corporation
(e) Head, Explosive Kinetics Department, Research Division,
Downey Plant, Aerojet-Geuneral Corporation
(d)

Senior Research Engineer, Research Division, Downey Plant,
Aerojet-General Corporation
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Introduction

The United States is presently developing and testing large solid
propellant rocket motors for use in national defense and space exploration
endeavors. Bacause of the large quantities of energetic propellant involved,
the catastrophic failure of such a motor is potentially capable of causing
vast destruction, A catastrophic failure could be initiated by mishaps such
as involvement in fire, impact from some sort of projectile, fall-back
during a launch, cr exposure to shock resulting from an explosion,
Relatively little has been accomplished in the systematic investigation
of the hazards associated with large solid rocket motors., These hazards
are of grave concern to this country from both a cost and personnel safety
viewpoint, especially since an increase in the size and frequency of use
of these motors is anticipated in the future., It is necessary that techniques
be developed to accurately analyze and predict the hazards and damage "
capabilities of large solid rocket motors. In the past, explosive hazard
evaluation tests were conducted to gain information on particular propellant
formulations and applications. When the formulations or applications were
altered it was necessary to conduct new tests. The answers to many
questions concerning the hazards associated with solid motors were not
known, and when doubt existed, they were resolved in favor of more con-
servative safety criteria. With the advent of the larger solid motors, the
cost of 'more safety'" has become prohibitive.

The Air Force Rocket Propulsion Laboratory, Edwards, California,
is presently conducting a Solid Propellant Hazards Study Program, PFroject
SOPHY, to accurately analyze the potential explosive hazards of handling,
transporting, testing, and launching of large solid-propellant systems. As
an initial effort under Project SOPHY, the Aerojet-General Corporation
is presently conducting a combined experimental and theoretical study in
order to answer some of the questions concerning one aspect of the over-
all hazards problem, namely the hazard created by the detonation of a
large motor containing a Class II solid~comnposite propellant.

Existing detonation theories are not directly applicable to the analysis
of the detonability of conventional solid propellant motor grains, since they
consider the propagation of a steady-state detonation in a solid cylindrical
charge, while solid rocket motor grains are normally in the form of cylinders
with various shapes of internal perforations. In order to assess the detonation
hazards of real motors, the.approach taken in the present program has been
to first determine the minimum diameter (i.e., the critical diameter) of a
solid cylindrical grain that will sustain detonation, and then, by means of a
concurrently developed theory of critical geometry, to relate the critical
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diameter of the solid cylindrical grain to the critical or minimum sisze of
a given grain geometry that will sustain detonation. This paper is devoted
entirely to a discussion of the critical diameter studies of Contract

AF 04(611)-9945, The status of the critical geometry studies will be
presented at a later date,

Although the critical diameter of conventional Class II solid-
composite propellants (i.e,, propellants containing ammonium perchlorate
oxidizer, aluminum, and an oxygen-lean binder such as polyurethane or
PBAN) has never been determined experimentally, available information
suggests that it is very large, In the so-called Beauregard Tests
(References 1 and 2), solid cylindrical charges of Class II propellant
19 inches and 22 inches in diameter did not sustain a detonation when
initiated on one end by a large high-explosive booster, Results of
Aesrojet theoretical studies conducted prior to Contract AF 04(611)-9945
(Reference 3) were consistent with these experiments in that they indicated
that the critical diametcr of an ammonium perchlorate-polyurethane
propellant was very large (~ 660 inches).

Since the critical diameter of Class Il solid-composite propellants
is apparently so large as to economically preclude its direct measurement
by full-scale tests, a method is required by which the critical diameter can
be predicted from the results of small scale experiments, One approach
is to modify the propellant so as to reduce the critical diameter to an
economically practical level. There are several possible methods that
might be used to accomplish this, For example, previous Aerojet studies
have indicated that the critical diameter for porous AP composite propellants
decreases as the pore content increases, and approaches the critical
diameter of pure low-density ammonium perchlorate (do22 1 - 2 inches) for
sufficiently large, homogenously distributed pore contenta. The critical
diameter of a non-porous solid-composite propellant might then be estimated
by extrapolation of the curve for critical diameter versus percent porosity
back to zero porosity.

The approach adopted by Aerojet in the present program is to determine
the critical diameters of composite propellant samples that have been adulterated
with various percentages of a high explosive (RDX), The experimentally
determined curve for critical diameter versus adulterant content is used as
a guide in the development of a theoretical detonation model which will then
be used to predict the critical diameter of unadulterated Class II propellant.
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Exgrimental Proﬂm

Test Procedure

The critical diameter tests are conducted with. solid cylindrical
propellant samples having a length/diameter ratio of 4/1. Detonation is
initiated by conical high-explosive boosters (cast TNT) with a height/base
ratio of 3/1, The basic test setup consists of the propellant sample, placed
vertically upon a steel witness plate, with the booster resting on top of the
propellant charge, Deatonation of the tooster induces a detonation wave in
the propellant. The velocity of the detonation wave as it propagates down the
test sample is monitored by two rows of pin probes placed along opposite sides
of the charge, and by high-speed streak photography., The test setup is
indicated in Figure 1, For propellant charges cf 100 pounds or less (nominally
8 inches in diameter) the tests were conducted at the Aerojet Chino Hills
Ordnance Labroatory. All large: tests are being conducted at the 1-36D
Solid Hazards Test Facility of the Air Force Rocket Propulsiocn Laboratory,
This facility can be used for test yields up to the equivalent of 106 pounds of
TNT, Side-on blast overpressure can be measured at 15 positions, arranged
on three radial lines 120? apart (5 positione per line), and face-on cverpressure
on one radial line (5 positions). The Kistler piezoelectric-transducer and
charge-amplifier system is used to monitor all blast data, which is then
recorded on a high-speed magnetic tape recorder, The data is played back
at a lower speed, to permit an effective time expansion of the data, for
recording on a CEC string galvonmeter oscillograph, Heat flux and
thermocouple data from the thermal radiation emitted in the large tests is
recordud directly on the string galvanometer oscillograph. Dccumentary
and high-speed (Fastax) film coverage is provided on all tests, The layout
of the 1-36D Test Facility is shown in Figure 2.

Test Plan

The basic test plan consists in determining the critical diameters of an
AP composite propellant in which decreasing levels of RDX adulterant
have replaced equal weights of AP. Six test groups with nominal diameters
of 2, 4, 8, 12, 24, and 48 inches were chosen to provide experimental data
over a considerable range of diameters and RDX contents. The results of the
first group of tests, together with a concurrently developed theoretical
madel, are used to select the adulterant level that will bring the critical
aiaineter within the diameter range of the next group of samples. This
process is then repeated for each test group. In the absence of a proven
theoretical model to guide the early tests, existing data on the effect of RDX
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Detonator

Conical Booster
(Cast TNT)
L/D = 3/1

Trigger Probe Trigger Probe

Propellant Charge Ionizatior / Mechanical

L/D = 4/1 Probe
To To
Rasteroscilloscope Rasteroscilloscope
—
No, 1 No., 2

Steel Witness Plate

Pl

Figure 1 Typical Critical Diameter Test Setup
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addition on the critical diameter of an AP composite propellant was used to
select an RDX level of 16 wt % for the first test group. The original test
plan with the anticipated RDX levels for each group is shown in Table I,

TABLE I

Critical Diameter Test Plan

Test Sample Number of Anticipated
Group Diameter Samples RDX Level
1 1-1/4 - 2 in, 32 16 wt. %

2 2 - 4in, 16 12-16 wt. %
3 6 - 9in. 8 10-14 wt. %
4 11 - 14 in, 8 8-12 wt. %
5 18 - 27 in. 8 6-10 wt. %
6 48 in. 4 2-8 wt. %

Experimental Results

The rasteroscilloscope records of the probe data and the streak
camera records from each test were converted to distance-time information
which was then transformed tc average velocity data, The criteria for
sustainment of detonation was the stabilizing of the velocity of the detonation
wave at a reasonably constant value as it traveled down the charge. Although
minor fluctuations of the successive data points were usually observed in a
sustained detonation, there was no difficulty in distinguishing this behavior
from the fading detonation wave in a subcritical sample. In the tests
conducted to date, the witness plate results have confirmed the indications
of the probe and streak camera records. That is, the sustained detonations
have punched sharp-edged, full-diameter holes in the plates while the
subcritical samples have caused only gross bending of the plates, Typical
detonation velocity data for a sustained detonation and a fading detonation
are shown in Figures 3 and 4,
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Because of difficulties in estimating the percentage of RDX needed
to cause the critical diameter of the adulterated. propellant to fall within
the range of test diameters chosen for each test group, it was necessary
to cast and test several sample groups in addition to those shown in
Table I, The test results obtained to date are shown in Figure 5.

Theoretical Program

A previously developed theoretical detonation model (Reference 3)
considered that the energy release process responsible tor propagating
detonation in porous propellants was the decomposition of the ammonium
perchlorate oxidizer via a grain-burning mechanism (Reference 4) following
ignition of the AP by the uniformly distributed shock~heated voids (i.e.,
hot spots) in a time that is very short compared to the grain-burning time.
The total detonation reaction time t is then very nearly the AP grain-
burning time: '

B _ )

where Re, the effective grain radius, is one-half the distance between
hot-spot initiation sites (i.e., the shock-heated voids) and B is the
Arrhenius-type rate expression for the linear pyrolysis kinetics of AP
(References 3 and 4). The critical diameter of porous propellant was then
calculated by solving Equation (1) in conjunction with an expression derived
from the/.]'ones equation for non-ideal detonation (Reference 5), which relates
the detonation velocity D of a charge of diameter d to the ideal (maximum)
detonatjon velocity D; for a charge of infinite diameter, and to the
detonation reaction time, t:

/
J

1.8Dt
- (D/Dy) (2)

As in the previous model for porous propellant, the present 'first-
approximation' model describing the non-ideal detonation behavior of
RDX-adulterated propellant considers that the energy-release process for
propagating detonation is also oxidizer decomposition caused by grain-
burning, and that the grain-burning process is initiated by uniformly dis-
tributed hot spots in a time that is short compared with the grain-burning
time. In the present case, the hot spots are provided by the detonating
RDX particles. The detonation reaction time is again given by Equation (1),
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Figure 5. Summary of Critical Diameter Test Results.
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except that the effective grain radius canbe related, from geometric
considerations, to the RDX weight fraction, f, and average RDX particle
diameter, drpx. For the propellants of fixed binder, aluminum, and
total oxidizer content (i,e., AP + RDX) used in the present experiments,
Equation (1) becomes:

t = B = B ' (3)

which, when combined with Equation (2), leads to an expression relating
the effect of RDX weight fraction and particle size on the non-ideal
detonation behavior of RDX-adulterated propellant. At the critical
diameter this becomes:

<dRDX> [o.su)“ > } 1:'
_18 D¢ 2 \ f @)
B, [I-Q%/Di) z] /2

If, as a first approximation, it is assumed that Di and Dc (and therefore
Bc’ which is a function of D) are independent of RDX concentration in the
range of RDX contents of interest, then Equation (4) reduces to the form

c

1/3
de =k <__:_) + kp (5)
where k) and k, are constants. Equation (5) predicts that the critical
diameter of RDX-adulterated propellant should vary as the reciprocal
of the cube root of the RDX content. In Figure 6 the available critical
diameter data have been plotted in this manner. A straight line, of the
form of Equation (5), that passes between the '"Go'" and '""No-Go'' data
for each test series and that is consistent with '"Go'' data obtained on the
largest tests conducted to date (where "No-Go'" information has not yet
been obtained) is:
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1/3
d, = 15.25 (_1__) - 30,9 (6)
f

The results suggest that the present simple detonation model correctly
describes the variation of critical diameter for RDX contents between
2,4 and 10 wt %. In order to examine the predictions of the model at
lower RDX contents, Equation (6) and the available data were plotted on
semi-log paper (Figure 7) and the curve extended to about 0,1 % RDX,
It is seen that the critical diameter is expected to increase rapdily as
the amount of RDX approaches sero,

It should be noted that the RDX ""hot-spot'' model of Equation (5) predicts
an infinite critical diameter for unadulterated propellant. It is anticipated
that, with sufficiently low levels of RDX, the AP grain-burning time will
be longer than the time for consumption of AP via a first-order bulk
decomposition mechanism. In that case, the RDX "hot-spot'' mechanism
will no longer be dominant and the detonation reaction time will also
depend, through the bulk decomposition kinetics of AP, on the temperature
to which the shock-compressed constituents are raised by the detonation
wave, Under these conditions, the above model can be combined with the
one developed previously (Reference 3), to more realistically describe

the events in the reaction zone. Using the combined theory a finite
critical diameter for unadulterated Class II propellant can be calculated.

Summary and Conclusions

This paper has presented the results of the critical diameter
experiments performed to date on Contract AF 04(611)-9945, and
described a theoretical detonation model consistent with these results.
Data from the remaining tests and further refinement of the theoretical
model will provide a more realistic estimate of the critical diameter
of Class II propellant,
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Harton, NASA Hq: I was wondering why you used TNT donor in placéfof .
pentolite inasmuch as the minimum test criteria
called for pentolite. Did you have any particular reason for that?

. &
} ¥ Giesler: VYes, there were several reasons, one of which was the availa-
P bility of the TNT. The contractor was able to use this without
any problems. We had to cast it in quite large quantities and we definitely
; wanted to overboost the acceptor. We were not interested too much whether
3 the initial shock wave varied to some extent. This was not a criteria
) .for the initiation study on this portion of it,

% Cole, BRL: You may not be overboosting that, you show a detonation
: velocity of about 5.8.

Giesler: That's probably correct on that one.

Cole: That's pretty low unless you got awful low density INT, so that
if you use pentolitc you'd be sure that you were overboosting
your charge.

Giesler: No, I think if you look at those slides again you'll find that

the first velocity was up around 7,000 meters. Remember the
first velocity that we've shown is close to the TNT and the stabilized
velocity was that due to the test article. :

Qberholzer, SSD: 1I'd like to ask you if you plan from these geometrical

analysis you're going to make of equating a TINT
equivalency to large solid motors that are less than the critical
diameter?

Giesler: One of the results that we are getting from this program is the
determination of the actual pressures on these sub-critical
test results. In this particular case since we're interested in the
detonation primarily we're not using them in our present contract.
However, we are recording 'this information from all of our sub-critical
test articles, and later we'll be able to use it to come up with some
of these answers. But we do not have a special program to test sub-
critical test articles. We don't really think its going to be necessary
at this time.

R e

Oberholzer: Do you think this is going to be valid to apply to the
composition of propellants?

Giesler: Yes I do. There was some question at first on what the RDX
- would do to the propellant on this detonation. However,
since the program was set up so that we used decreasing amounts of the
RDX, as we proceeded this factor would become smaller and smaller and
I think as you'll note from the test results that our doubts have been
alleviated. I don't think we're going to nave any problems this time
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coming up with good valid answers. I feel very confident the farther
we move along in the program about the validity.

Perkins, ASESB: May I respectfully inter ject that that is Maj. Giesler's

opinion and I think that as far as the critical diameter
is concerned perhaps its very true, but I don't think this has any real
relationship yet to what may be termed high explosive yield for the test
vehicle involved and that we hope we can get some more information on
this score.

Landau: Just watching the film I got the feeling that the operation you

were doing wasn't exactly very safe. You're drilling holes
into very large chargesand men are standing all around without any pre~
cautions, Am I being overcautious or do you feel that this is the case
also?

Giesler: All I can do in this particular case is direct you to the
Aerojet-General Corp. because they are the ones conducting the
test, but they are required to comply with safety requirements.

Perkins: The Armed Services Explosives Safety Board has been nibbling
away a bit at this subject in the particuiar area of "high

explosive yield" of large masses of solid propellant and we have with

us today Mr, H. M. Richey of the Naval Ordnance Test Station, China Lake

to describe briefly to you the preliminary results of this program.
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HIGH EXPLOSIVE YIELD TESTS OF SOLID PROPELLANTS

Harold M. Richey
U. S. Naval Ordnance Test Station
China Lake, Calif.

As part of a continuing program to analyze and predict the damage
capabilities of solid propellant rocket motors, a series of blast tests
was conducted at the U. S. Naval Ordnance Test Station at China Lake,
California, during the period November 1964 to March 1965.

These tests - held under the auspices of the Armed Services Bxplo-
sives Safety Board, and funded by NASA were designed to evaluate the
explosive hazard characteristics of solid propellant rocket motors.

The test moters were provided by the U, S. Navy Special Projects Office,

This was accomplished by assessing the blast yields of two classes
of solid propellant formulations when subjected to severe explosive shock
and then comparing these yields to that produced by a standard explosive.

The propellants tested were: a class 7 double-base, and a class 2
polyurethane composite, The test articles were Polaris motors, and for
most tests, the explosive stimuli was provided by placing 96 pounds of
C-4 in .the grain perforation, This phase of the test program consisted
of seven tests involving class 2 and class 7 solid propellant motors,
singly and in combination and a calibration test using 10,260 pounds of
Composition B, It was predicted that this quantity of Comp. B would
yield overpressures midway between the extremes expected from the solid
propellant tests. (Figures 1 and 2)

The instrumeritation used to obtain overpressure data consisted of
three types of gages 1) the model PHS, BRL self-recording mechanical
gage 2) the model PNS, BRL self-recording mechanical gage and 3)
the Kistler piezoelectric gage. These instruments were placed along
two radial lines which were 90 degrees apart, and were oriented to
obtain side-on overpressure data. To provide redundancy, two instruments
were placed at each station except those closest and farthest from
ground zero, (Figure 3)

Because of the differences in response times, the Kistler gages
were placed relatively close to ground zero, the PNS gages at mid
positions, and the PHS gages at the more distant locations. Testing
began with the calibration firing, .

Cans containing the explosive were arranged in a configuration

which approximated the geometry of two test motors in a side-by-side
position, (Figure 4) Two cans were removed and placed on top of the
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pile and forty-pound booster charges were then inserted. Two electric
blasting caps were attached to each charge.

The explosion produced two distinct shock waves as shown by the
blast gages and a crater 52 feet in diameter, approximately nine feet
deep. Overpressure data, particularly that nearest ground zero, tended
to exceed predicted values based on standard TNT curves, However, since
the data recorded along both radial 11nes were in close agreement, it

=18 assumed to be valid,

In the first of the following tests a motor containing 7,250 pounds
of Class 2 propellant was use<. (Figure 5) The primer was placed in
the grain perforation, and into the cavity where the nozzle chamber
joins the grain perforation. A large number of burning and non-burning
fragments were thrown to either side of the motor for a distance of
about 3,000 feet., The resulting crater was 13 feet in diameter and
3 feet deep. (Figure 6)

In this test, 7,250 pounds of class 2 propellant produced a yield
equal to that produced by 2,330 pounds of TNT, or about 32 per cent of
equivalent weight of TNT.

In the second test, two class 2 motors were placed side-by-side.
(Figure 7) Ninety-six pounds of C-4 was placed in each motor. The
explosion of these two motors produced a crater 20 feet in diameter,
and 2} feet deep. In this test, 14,500 pounds of primed class 2
propellant produced a yield equal to that produced by 6,530 pounds of
TINT or about 45%.

A class 7 motor containing 7,360 pounds of propellant was used in
the third test. The primer was placed in the grain perforation. No
fragmentation was observed, and only small motor case fragments were
recovered. The. resulting crater was 36 feet across and 7 feet deep.
(Figure 8) In this test, 7,360 pounds of primed class 7 propellant
produced a yield equal to that produced by 10,550 pounds of INT or
about 143%.

In the fourth test, a class 7 and a class 2 motor were positioned
side-by-side. The class 7 motor shown on the right was primed with
96 pounds of C-4, This test was repeated to confirm the data. (Fig. 9)

In both tests, the class 7 motor exploded completely and left no
propellant fragments, The class 2 motor produced burning fragments
and chunks of unburned propellant., The craters were about 52 feet in
diameter and ten feet deep. (Figure 10)

In these two tests, the propellant weight was 14,610 pounds.
The yield, in terms of TNT equivalency was 17,000 pounds or 116 per cent
in test number four, and 15,500 pounds of INT or 106 per cent in test
number five, The burst symbol indicates the primed charge.
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In the sixth test, a class 7 motor, which again functioned as the
donor, was placed on top of a class 2 motor. (Figure 11)

The resulting explosion and fragmentation was similar to that which
occurred in the two previous tests. However, the crater was much more
shallow and shaped more like a dish. The diameter was 60 feet, with
average depth of 2 feet. A small cone-like depression, about 5 feet
deep was found in the center. The largest fragment of unburned pro-
pellant recovered weighed one pound, and was located about 1,000 feet
from ground zero., The results of this test were almost identical to
those obtained in test 5.

In the final test of this series the class 2 and class 7 motors
were positioned the same as in test no. 6; however, the class 7 motor
was primed externally with a 100-pound spherical charge of cyclotol.
(Bigure 12) This change in the primer position was made to further
investigate the effects of donor - acceptor geometry. The explosion
appeared about the same as that in test no. 6 and the fragments and
resultant crater were identical. The overpressure was equal to that
produced by 15,500 pounds of TNT or about 106%.

Examination of the data shows that the TINT equivalent yield for
class 2 propellants tested alone was less than S0 per cent (Chart ¥#1),
while class 7 propellants tested alone produced a yield of almost
150 per cent (Chart #2)., The tests of class 2 and class 7 propellants
in combination produced yields of approximately 100 per cent., Apparently

the changes in geometry in these tests had no significant effect on yield.

Although P: aris motors were used, the data obtained should be
regarded as ha.ang general application for H.E. yield in propellant.
quantity-distance work and not for the establishment of H.BE. equivalency
figures for any specific weapon system, ' '

Additional tests of other solid propellant formulations are being
planned for the next phase of this program in which the effects of
geometry and differing explosive stimuli will be examined. This work -
being done at the U. S, Naval Ordnance Test Station, at China Lake, is

part of a continuing effort to develop and improve explosive safety
criteria,
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Datail: Configuration
of Teat Motors

T

One Motor: Two Motors:
o1 400 (Not to scale) Tests 1 & 2 Tests 3 & 4

@

Two Motors Vertical
o | 0530 Test No. 3

\ |

North Cago Line Coincident With Motor Longitudinal Axis '
/" or Mean Position of Motor Axes
Center of Propellant Mass ) '
(See Detail) _
. N -

'Bast Gage Line Perpendicular
- o to Motor Longitudinal Axis

000 (Not to scale)

. : N——

Fig. 3 Overpressure Gage Layout for Motor Hazaxrd
Tests Using 1 oxr 2 Motors Per Test
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Powers, Hq USAR: Do you intend to try any of the Class 2 materials or !
only Class 7 materials, or in combination? ‘

A AT e

Richey: You mean, when Class 7 and Class 2 is combined - no, so far our
plans are when they are combined, to prime the Class 7 only,

- Powers: Will you get a different result if you prime the Class 2 mate-
- rial when you're using it in combination with Class 7?

Richey: You mean use Class 2 as donor?

Yes.

e ., 7Y,
3
a
o]
[ ]
o0

Richey: And not prime the Class 7?

Powers: That's correct.

Richey: Undoubtedly you would get a very different result. We don't
4
have this planned in the present series,

APy
g
3
"
®
(1)

Usually I believe there is so much more of Class 2 material

than there is of a Class 7 material in the combinations, the
possibility of Class 2 material being fragmented or being detonated,

let me say -

ichey: Acti s the d
Richey cting a onor? y .
Powers: Yes, by the donor, would be greater, Therefore, I would imagine

that you would try to test this in combination by detonating
the Class 2 material.

Richey: If we can secure enough surplus motors this is certainly an area
that should be investigated obviously. I'm not sure, but I
think we have sufficient Class 2 motors that we could look into this.

vy

. Powers: Maybe NASA will consider this.

IS
*
B
§

Perkins: Just to elaborate slightly your question, what we are concerned
with here is not the evaluation of a specific system., It is
to get a base line to determine what we can get out of these propellants
if certain types of incidents occur which could be foreseen in some
- types of installations. What you suggest is also a possibility but not
necessarily the prime concern of this particular test series,

» Price, NOL: Was your one control shot Composition B or cyclotol?
Richey: That was Comp. B.

Price: And you said it was a little bit above INT, what was the TNT
equivalent on that?
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Richey: The TNT equivalency of the Comp. B charge?
Price: Yes, |

Richey: It followed a typical TNT curve until you get in the closer
distances, I don't remember now just what point it did cross,

but in close the curve tends to become much steeper, One thing I

neglected to point out, pictorially we only showed one calibration

charge, Comp. B. In that same phase after we were thru, we did detonate

the same amount of TNT. The INT in our instrumented set-up gave us

the same results, :

Price: Close-in?

Close-in, again the yield from the INT indicated that it deviated
from the so-called standard curve, much sharper.

L]

Richez

Price: Could you tell any difference on your curves, pressure-time
particularly, or your class 2 materials as compared to the curves
you get from comparable amounts of explosive?

Richey: They were a Yittle longer duration which I would expect its a
little different yield. ;

Price: Different decay time?

Richey: The decay time is a little slower. You don't see the sharp peaks
that you do in HE or Class 7. The Class 7 motors show a typical

HE blast curve. The only way the Class 2 is different is that its a

little slower in decay, the pressure is there, its just a little longer,

We do have planned on this calibrstion in the next series, to

detonate 5,000, 10,000, 15,000, maybe 20,000 pounds, several different

calibration shots of TNT with a gage array as was outlined in the film.

I have since added more instrumeats, I think in this film we only had

six Kistlers, We now have ten in and we've increased the mechanical

gages up to 26 that we're presently using. In essence we're gathering

or measuring the overpressure four times at the same distance.

Roargl,AergigEAEeneral: You indicated that your pressure-time history

did not decay the same as TNT which I would
anticipate - I would like to know where you chose on these records to
make your TNT equivalency prediction, where you come out with things
like 143% and 35% and some nice accurate-sounding figures like this.
Did you take these in real close or out a long ways or in the middle
or where?

Richey: This is an average, its quite a complicated system that we went
thru in taking our overpressures, averaging them and then
correcting them to a standard atmosphere; working them out to a scaled

—

UNCLASSIFIED

e, T

o e

R R




St s

P A TR}

SRS | SNy K AU ALY ATy 30

i

Y

oA g R T A XY R ISP MR S |

7 SRR - aR IR e S e R S T B R R, MR A

UNCLASSIFIED

factor and we actually went to a scaled chart then and worked up curves
80 that we made a direct transfer to come up with these pounds
equivalency.

Roark: Could you give us any example of how this deviated from one end

of the curve to the other end, say lambdas or R over W 1/3 of 3
or 4 out to maybe 20, Were they pretty much the same in temms of the
INT equivalents or did they deviate by a fair amount?

Richey: In close you get into a scale distance if I remember right on

the curve. Its a scaled distance of about 5 1/2, where the
INT and Comp. B deviates from a standard curve and rises very sharply.
I don't know whether this is really what you're asking or not.

Roark: No, I'm wondering where on this curve you pick to read this.value
to TNT .equivalents -

Richey: You mean, did I go out and take the reading at 100 ft. or 500 f£t.?

Roark: No, ‘on_ this acaled distance I was wondering where did you make
this estimate at?

Perkins: It was over a range of distances, averaged as he said,

nid‘e!: From 80 ft. out to 2000 ft.

Roark: Ok, and what did this turn out to be in terms of lumbda, typically?

Perkins: 5 to 50 W 1/3 or something of that nature,

Roark: Between 5 and 50, how much difference did you find the TNT
equivalents between those two extremes, this is really what
I'm trying to get at?

Perkins: I don't believe its “een refined that much yet.
Richey: I haven't really looked at it that way.

Bishoff: AMC: My question is in the same area and I'm particularly

. interested in the peak overpressures at different
distances from the point of the explosion. When you got the TNT equiva-
lency of 143%, do I interpret that correctly when I say that at 100 ft,,
at S00 £ft. that the peak overpressure is 143% of what it would be if it
were INT?

Perkins: It isn't figured exactly that way Fred, but the tests were

designed to give an ability, based on the pressure readings,
to determine high explosive yield over a range of distances and except
for the anomalies which occurred in the very close-in region, not only
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with the propellants, but with the calibration charges as well, which
were INT in one case and Comp. B in another., The high explosive equiva-
lency of the propellant charges was reasonably uniform over the range

of distances used. Does this answer your question?

; .

Bishoff: I'm not sure yet. In choosing the site for a fixed missile
system, what happens fairly close in to the missile is not
of particular importance,

Perkins: Agreed. *

Bishoff: What we're really interested in is what overpressures we will
get at the end of our safety zones,

Perkins: I would like to emphasize again that the results that have been

reported here are quite preliminary from an open end test
program that is continuing and will be modified as the circumstances
warrant based upon the results of each succeeding teat, They do not yet
have the indorsement of any of the producers of the material involved
and they have not yet proceeded to the point where we at the Board Staff
would even consider that we could use them as a basis for quantity-
distance criteria and they are most specifically not for the purpose of
evaluating the high explosive equivalency of any existing missile system,
They are to provide a basis for evaluating the usefulness and verity of
the term "high explosive yield"™ for solid propellants,

—

+ e

Bishoff: I just have one more statement on it. I find the 143% TNT
equivalency for a Class 7 missile motor quite disturbing.

: If this is a true figure, we're in trouble, so if the figure cannot be -

substantiated I think we should be rather hesitant in using it at this

time, at this point in our tests.

Perkings: Nr. Ullian has something to say on this subject. I think we
must close this discussion with his comments.

"~ Ullian, APETR: Mine is not going to be argumentative at all, I just

' have a question on some of your future tests, I've
heard all you've said ahbout not trying to duplicate a particular systenm,
but most of your tests seem to be a 1 to 1 ratio of 2 to 7. In other
words, Class 2 propellant to Class 7, except for one possible future
test that even it looks like its close to a 1 to 1 ratio, If you're
going to try to finally come up with something that relates to most of
the missile systems we use today and you look at the ratio of 7 to 2,
it runs somewhere between 1 to 2, one being in the ratio of Class 7
propellant to maybe up to ten times that amount of Class 2 propellant.
I'm wondering both from some of our experiences and scame other work
that's béen done in the past, if you increase the ratio of Class 2

3 " propellant. I wonder whether you aren't going to see, without arguing

| any way or the other on your percentages just using them as they stand,
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a reduction in the contribution of the two to some degree. And I'm
wondering if you plan in the future to try to come a little closer to
the ratios in the missiles we're using today and will probably use

in the future, K

Richey: This is one of the things that we hope to find out using the
Nike Zeus motor. i don't know whether you remember or not,

I had graphically indicated that there were two in the end, vertical.

This was end initiation then to investigate this very thing if I under-

stand what you're saying to see if it does propagate.

Ullian: It still is going to be a 1 to 1 ratio, either by mass or by
weight,

Perkins: Specifically, this program is designed to determine the effect
of change in the ratio between the Class 2 and Class 7 com~
ponents and to some degree, differences occasioned by different types
of Class 2 components and by different velocities of detonation on the
part of boost explosives. We have to proceed cautiously so that we don't
get results which are not applicable to the problem but we hope that we
will not have to quit before we get the answers to some of these kind of
questions that are being raised,

Richey: And we do have in the back of our heads that as soon as we get

the motors and facilities that we will make some of these tests
under confined conditions to see what the relationship is between
confined and unconfine,

Oberholzer: That was a very good presentation but I'm afraid the Range

: is going to kick us right out of Florida. I would like you
to say a few words on whether you think the 120" solid motor tests con-
ducted last year at NOTS which you couldn't get 10% yield out of was a
valid and practical test for detemining TNT equivalency.

Richey: I don't think there is any real similarity between the two tests.
The stimuli was quite different. The 120" test was a dynamic

impact, the motor was burning, there was no explosive as such - no HE

on that motor, where the stimuli on this is the absolute worst, I

don't know how else to answer your question,
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ARMED SERVICES EXPLOSIVES SARETY BOARD

SAFBTY TEST PROGRAM

The first three years of the Armed Services Explosives Safety Board
test program including destructive tests of cubicles, bays and steel
arch igloos for evaluation of protection against propagation of
explosions are summarized in a documentary report film BuWeps ¢ %4
entitled "Some Problems in the Storage of Explosive Ordnance.' This
film report is "For Official Use Only" and may be obtained by qualified
requestors from the following sources:

Department of the Army

Army sponsored requestors should request the film by
title from the appropriate Audio-Visual Support Center
in the Army area in which located. '

Department of the Navy

Commanding Officer

U. S. Naval Photographic Center
Naval Station, Anacostia

Attn: Film Distribution Dept.
Washington, D. C. 20390

Department of the Air Force

Commander

Air Force Film Library Center

8900 South Broadway

St. Louis, Mo. - (Film Ref #SFP 1557)

National Aeronautics & Space Administration

National Aeronautics & Space Administration
Film Distribution Center & Library, Code AFEE-3
Washington, D. C. 20546

Requestors not sponsored by one of the four listed agencies should
make request to the Naval Photographic Center. Requests should not be
directed to the ASESB because this will necessitate their being forwarded
to the appropriate issue center,
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LOCATION AND TYPE CONSTRUCTION FOR PERSONNEL SHELTERS

L. C. Walther
Aero jet-General Corp.
Sacramento, California

A common sense approach to assessment of the location and type of
construction used for control rooms and personnel safety shelters re-
quires careful consideration of those environmental variations which,
alone and in combination, pose a hazard to personnel.

The whole subject of personnel protection from explosive hazards is
controversial, and many areas of uncertainty exist, For example, in-
terpretation of projected yields and equivalencies of solid propellants
is approximate, at best. The classification of propellants may be
unnecessarily conservative, due to incomplete knowledge, Fortunately,
effort is being expended in these areas and should contribute to the
future establishment of realistic standards,

The basic objective of this paper is to (1) present a method of
evaluating control room safety for personnel involved in such locations
and (2) discuss potential hazards as related to propellant mixing -
operations,

The design of many batch mix stations in existence is an outgrowth
of interpretations of explosive facilities construction as prescribed
by Ordnance Safety Manual ORDM 7-224 prior to 1959 and supplemented by
overpressure calculations of the Corps of Engineers Manual, "Fundamentals
of Protective Design." The Armed Services Explosives Safety Board
recommendations were utilized in quantity-distance placement of
buildings and structures,

The above manuals did not specifically cover the location of control
rooms required for remote operation and, in many cases, prudent engi-
neering judgment was necessary in providing protective housing for
operating personnel in the vicinity of this type operation.

A considerable amount of testing has been done in the last ten years,
both with small nuclear and propellant charges rated by INT equivalencies,

and with actual TNT charges, in attempts to develop empirical information
on pertinent characteristics of blasts. This mass of test data has been
used to develop empirical relationships for such blast phenomena as

peak pressure, shock wave propagation rate, particle velocities and
duration of pressure pulses as functions of distance and explosive
quantity, '
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The empirical relationships and test data now in existence have

been applied by Aerojet to develop an approximate analytical tool for
facility evaluation.

The method developed was used to evaluate the safety of several
older mix station control rooms in the Aerojet complex, The results .
obtained pinpointed several potentially unsafe conditions. The conclusions
of that study, combined with a concurrent structural analysis performed
by the ABTRON Division of Aerojet, contributed to a decision by Aerojet
management to modify those facilities which need improvement,

The layout of a small motor mixing station which is typical of the
facilities studied is shown in Figure 1. The basic blast wave charac-
teristics of an assumed malfunction were obtained by assuming that the
maximum rated batch for the facility of 2500 pounds of solid propellant
detonated as a unit during a mixing cycle. The propellant was assumed
to be equal to TNT, and the mixer was assumed to be the source of the
detonation,

A number of well documented explosive malfunctions, which had
occurred in the past, were examined to try to establish some equivalency
standard, The malfunctions studied indicated that the propellant that
detonates has an equivalency to INT of approximately one. However, the
portion of the batch which did, in fact, detonate varied considerably
from case to case, It was decided that the most conservative approach
was to assume that all of the propellant would detonate. This approach
will always be either conservative or exact.

Consideration of attenuation has been limited to distance through
which the generated shock wave travels, No attempt is made to allow
any benefits for energy absorption in the demolition of the basic
structure or for cratering activity or removal of barricade materials.
Energy would be dissipated in this manner, but present information does
not allow quantitative determination. Again, this approach allows for
a conservative analysis.

The pressure field emanating from the detonation source is calculated
in appropriate concentric intervals. At each distance, the factor

& A= z/(W)L/3 :

is calculated. With the A factors, the peak overpressure of the primary Y
wave is read from Rigure 2, This curve was developed from test data by
the Ballistic Research Laboratory, Aberdeen Proving Ground.

The velocity of propagation of the shock wave, and the resulting
time of arrival of the shock wave at a point in the vicinity of the
blast are functions of the peak overpressure, The induced particle
or air velocity at the shock front is calculated by the relationship:

100
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where Py = Ps/po and U, = us/co. This relationship was obtained from

Reference (1). The velocity of propagation of the shock wave itself
was calculated by the relationship Reference (1):

. ‘ \ f
x=§Us+\/1+(g Us)2 , i
in which X = x/c,.

With this calculated shock velocity, the time of arrival of the :
primary blast wave at any point is obtained by averaging of the )
velocity over the distance increments and calculation of the elapsed
time of travel of the wave for each increment,

Actual wave propagation characteristics, as applied to practical
facility layouts, are seldom simple., There are usually revetments,
indirect access roads and semi-enclosed areas, such as those in Pigure 1,
These non-ideal conditions produce reflections of the primary wave and
secondary pressure fronts. The layout of Figure 1 will be used as an . {
example in discussing these phenomena, ‘

As the layout shows, the concrete pad in front of the control room
is a semi-enclosed area. The shock wave, as it moves across the space
over the control room entrance, generates a secondary wave which travels
down through the semi-enclosed volume., The secondary wave reflects off
the concrete pad and, with very little attenuation, moves back up 1nto
the air space over the control room entry area.

The assumption was made that the semi-enclosed volume in front of
the control room entrance acted as a tunnel. The appropriate charts for
secondary shock waves and reflected shock waves in Reference (2) were
used to obtain pressures over the face of the entrance., Positive pulse
durations were calculated by the relationship:

e
it it 20
B RS L

——

AN ity T
it

. log T+ = 2.7995 + (1/3) log W -0.2957 log ps
P
0.0376 log py - log c,

§
;

This equation was obtained from Reference (1). The two pulses,
secondary incident and reflected, were handled separately, with travel
» times of these waves to the ground, then back up, taken into account,
In the case of the reflected wave, the values of ambient pressure (pg)
and sound velocity (co) used were the induced total pressure and
resultant higher sound velocity created by the passage of the incident
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i ; ﬁiye. The preséure-time curves obtained in the calculation described
| above are shown in Figure 3. The final portion of the curve will be

ﬁ

-

: ; discussed later, / , ‘
b % / |

, _ As shown in Pigure 1, two reflections from revetments were considered, ~
| f Reflected pressure from an obstacle is a function of several factors, in-
‘ ‘ cluding the incident pressure, the size of the obstacle in relation to N '
I ' its distance from the incident pressure source, and the angle of the
; obstacle, with respect to the propagation vector of the incident wave.
Thus, a spherical shock wave striking a plane wall large enough for the .
curvature of the wave front to be important will generate a spherical
} : reflected wave, A reflected wave of this type can have a secondary .
' : effect at considerable distances from the initiating obstacle, to the
‘ : extent that pressures in a region acted on by both incident and reflected _
; waves while they are still of considerable strength will experience over- -
; pressures which are multiples of what one would expect from the effects
! of the incident wave alone. Duration of the overpressure pulses also
enters into this effect, as does the phase relationship of the two shocks
; in that region. Thus, the determination of pressure-time characteristics -
f o in a region such as the barricaded area around the mix station is not . i
} ; simple, and some simplifying assumptions are necessary,

b : - -+ -+ The nearest revetment was examined first. The revetment is only

t' ' 20 feet from the blast source, on a line drawn such that the incident
shock, and a reflection which would pass over the same point above the

control room as the original shock front, are at equal angles to the

v _ revetment., The reflected shock equation of Reference (3) for air was

] : used, with a reduction by the cosine of the angle of incidence.

; (7 p +4 P.)
? Pr = 2pg 0 S cos @

(7 po + pg)

ol s e

—

The calculated overpressure, if assumed to emanate from a mirror ?
image source located behind the revetment, gives unrealistically high
pressures at a distance, and implies the assumption, working back 1
through the quantity- d:stance-overpressure chart (Figure 2) of a source
explosive yield greater than the true quantity. Accordingly, the
reflected wave is assumed to emanate from a source whose distance from
: : the revetment is determined by the original explosive yield., This
T f ~ assumption gives a more rgasonable pressure decay with distance,
§ The velocity and arrival t;me of the reflected shock are calculated
; in the same manner as the drxgznal shock, the travel times of incident

! i and reflected shocks be;ng summed to: obta1n arrival times after the
time of burst,

T

The second reflected shock, which is a reflection of the initial
shock off the revetment opposite the control room, is treated somewhat
1 differently. The strength of a shock reflection is a function of the
cross section of the obstacle in relation to the relief volumes around

102
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it, In the case of the second reflection, the wall is 15 feet high,
compared with a hemispherical shock radius at that distance of 65 feet,
and has an open area directly above it which is unlimited. In addition,
the revetment is at a 36° angle to the path of the incident shock wave,
which is to some extent obstructed by the earth revetment and a sloping
concrete wing wall surrounding the contrdl room. In cases like this,

the shock is assumed to reflect at the same strength as the incident
wave,

The final arrival time of both reflected waves was .0238 seconds.
The overpressure levels of the first and second reflections were 29
psig and 26 psig, respectively., However, as shown in Bigure 3, the
primary pressure level in the entrance region at ,0238 seconds is
approximately 38 psig. As a result, these reflected waves would not
actually enter the entrance region as shocks, but would be deflected
avay, resulting in a minor compression wave in the entrance area which
would slow the rate of pressure decay and extend the duration of the
positive pressuré pulse., This effect is most easily dealt with by
fairing the curve on an educated guess based on doubled back pressure
and resultant doubled remaining duration. The change is shown in
Bigure 3 as a point changé in slope of the pressure-time curve.

. .

The identical arrival times, and almost identical pressure levels,
of the two reflections considered, are to some extent a justification
of the assumptions made in the analysis. The actual pressure-time
contours for the region surrounding the mix building would be affected
by a multitude of minor reflections and interactions of the original
shock wave, and would not show sharp discontinuities from one region
to another or from one time to another, but would actually be continuous,
if heavily sloped, variations, The nearly identical results, for one
location, of the independent calculation of two shock characteristics
is thus in accordance with the expected result.

The work discussed to this point is actually preparatory to the
real items of interest, namely the overpressures and dynamic pressures
experienced inside the control room. The overpressure curve shown in
Figure 4 was calculated according to an interative procedure defined
in Reference (2), The assumptions made were that the panel door to the
control room held long enough to prevent shock wave generation and
reflection as such in the entry corridor, The control room and entry
were considered to be one chamber for volume calculations, with reduc-
tions being made for equipment housed in the control room.

The interative process involves the relationship

AP =C % At
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in which C is a constant, read from a curve in Reference-(2) and having
the dimension ft-x psi/sec., which is plotted versus the . essure dif-
ferential across the chamber entry,

Rigure S shows the induced velocity and displacement of a 165-pound
man standing in the entry corridor of the control room, facing either
towards or away from the door. This curve was generated by an interative
process similar to that used for the chamber overpressure calculation.
The force applied to a standing man is basically a function of the
dynamic pressure applied by the induced wind velocity., The drag char-
acteristics of the human body were drawn from Reference (4), which
lists for a man in the position defined a frontal area of 5 square feet
and a drag coefficient of 1.0. These values were applied to the equation:

dv
F=CqqA = m at

The man was assumed to have no initial velocity, and the calculation
applies to the man's center of gravity and does not take into account
the effects of tumbling. Since dynamic pressure, "q", equals the total
pressure minus the static pressure, and these are known from previous
calculations, dynamic pressure was not separately calculated, but was
replaced by the differential pressure values,

The hazard to personnel due to a chemical detonation falls into

.five categories: (1) direct biological effects of induced overpressure,

such as burst ear drums, lung damage, internal pressure hemorrhage,

etc; (2) external injury due to collapse of structures on personnel;

(3) external injuries, cuts, contusions caused by flying debris; and

(4) injuries (broken bones, skull fracture, concussion) due to physical
displacement of personnel by the blast-induced wind velocity; (5) thermal
effects, producing burns. The work reported here involves personnel
hazards due to a detonation occurring in the course of normal propellant
mixing operations, which implies that all affected personnel are either
at their stations or outside the area in which the detonation occurs,
The inhabited areas of mixing stations should be designed to withstand
the direct shock effects of a detonation at the rated quantity limits

of the station without sustaining major damage. Thermal effects of a
chemical detonation of 2500 pounds of propellant during mixing, for
example, are such that only persons inside the mix station area who

were directly exposed to the blast would be burned, As no one is
supposed to be in such a location, thermal effects are not considered.

Iwo types of personnel hazard are associated with overpressure;
ear drum rupture and lung damage. According to latest studies, Ref.
(5), the threshold for rupture of the human ear drum is 5 psig, or
2.5 psig reflecting to 5 psig (near walls and other shock reflective
surfaces). The threshold for hemorrhage in the lung tissue, and
associated damage such as bruising of the heart, is 15 psig, or 6 psig
reflecting to 15 psig. More recent information indicates that the lung
damage criteria will be lowered to 10 psig or 4.5 psig reflecting to
10 psig.
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Obviously, the value and depth of this subject does not permit
time to discuss all aspects in detail. However, here are a few safety
factors which should be considered in the design or siting of a facility.

1, Care should be exercised in the use of so-called safety
shelters or escape ramps. An incorrect evaluation of the tunnel effects
due to overpressurization could make these a death trap.

2, Insure that any cryogenics, tanks for cleaning solvents or
other equipment are located outside the immediate area or are buried
underground, Similarly, piping and electrical lines in exposed areas
should be buried, Rupture or displacement of such equipment by the
blast wave can cause fires or generate widespread area hazards.

3. All openings (doors, vents, air conditioning) into inhabited
structures should be designed to withstand calculated overpressures,
Ducting should be indirect, with blowers mounted in a passage with a
blind trap end, to catch any fragments of fan and prevent them from
entering the control room., Total vent area to the control room,
including door vents and ventilation passages, should be sized such

that induced overpressure inside the building is kept within acceptable
levels.

4, Ploors inside inhabited buildings should be covered with a
shock absorbent material to relieve ground shock and provide an
additional biological safety factor for control room personnel.

~ During hazardous operations, inh