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FOREWORD

On April 13 through 16, 1971, a symposium was held at the Rocky
Flats plant of The Dow Chemical Company to discuss safety in
plutonium handling facilities. The purpose of the meeting was
to review and discuss innovations for the safety of plutonium
operations, Approximately 225 persons attended. They repre-
sented the AEC, AEC contractors, the AEC national laboratories,
universities, and private companies, All those attending were
concerned with and involved in the safe handling of plutonium,
The symposium was divided into four general areas: (1) glovebox
design and operation, (2) ventilation systems, (3) fire detection
and suppression systems, and (4) environmental considerations,
This volume is a record of the 42 papers that were presented,
It should provide an indication of the state-of-the-art of
plutonium safety in various facilities and a starting point for
studies to further improve the safety of plutonium facilities.
At the conclusion of the meeting, those who attended were polled
as to their opinions on the value of the meeting and their
opinions about the usefulness of future meetings of this type.
The majority of those responding felt that this meeting was O
value to them and to their operation and inat further meetings
of this type should be held on an approximately yearly basis.

M. A, Thompson
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INTRODUCTION

William H. Lee
Environment Control Manager

The Dow Chemical Company
Rocky Flats Division

Good morning and welcome to Rocky Flats. It is a real
pleasure to see that so many of you from so many different
companies and organizations share our interest and concern about
safety in plutonium facilities., When this symposium was first
suggested, we were concerned that there wouldn't be enough
interest to put together a worthwhile program, As the time for
the meeting approached, this worry changed to one of "will
everyone who wants to come fit into our auditorium?"

The large response to this symposium indicates that there is
a real concern by all those working with plutonium to have an
operation that is both safe for those working directly with the
material and safe for the surrounding environment. It is parti-
cularly appropriate that a group such as this gather together to
discuss their mutual problems, because it is very apparent that
what affects one of us affects all of us. Two significant
examples of this were the May 1969 fire at the plutonium
fabrication facility here at Rocky Flats and the recent increase
in interest and concern by the general public in the environment,
Because of these, we at Rocky Flats have received a lot of
attention and advice from many sources., I'm sure that if you
are working with plutonium, you have also received your share of
attention.

Even without this recent increased interest in our type of
business, we have a very big responsibility to insure that we
don't injure our workers or damage our environment, To
accomplish this, we all want to operate in the safest possible
way, Therefore, a meeting such as this, in which different
approaches to safety can be discussed and evaluated, is parti-
cularly valuable., It provides an opportunity for those who have
had considerable experience in handling plutonium and have used
different approaches, to accomplish the same objective, to come
together and discuss these different methods and techniques, It
should be possible to use some of the suggestions and ideas to be
discussed during the next few days to upgrade the safety of
existing facilities., For new facilities, it may be possible to
take the best ideas and suggestions and incorporate them into the
design and construction to make a facility that is safer than any
of our existing facilities, Additions to any operation designed
to increase the safety will add significantly to the cost,
However, this increased cost may be small when you consider the
results of a potential accident occurring in a facility that is
not the safest possible,




If there is anything we can do to make your visit to Rocky
Flats more profitable and enjoyable, please let us know,
Thank you.




SECTION I.

GLOVEBOX DESIGN AND OPERATION




HUMAN ELEMENT DESIGN CONSIDERATIONS WITH GLOVEBOXES
AT THE ATLANTIC RICHFIELD HANFORD COMPANY

R. D. Anderson and R. E. Olson

Atlantic Richfield Hanford Company
Richland, Washington 99352
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HUMAN ELEMENT DESIGN CONSIDERATIONS WITH GLOVE BOXES
AT THE ATLANTIC RICHFIELD HANFORD COMPANY

Since September 1966, Atlantic Richfield Hanford Company, or ARHCO, has
had the responsibility for operating the chemical-processing portion of
the Atomic Energy Commission's work conducted at Hanford. In prior
years, this same work was performed by other contractors. This presen-
tation spans the era of several contractors, and represents the consid-
erations we have given for the human element, radiation control and
plant production needs. In our terminology, we define glove boxes and
hoods as being synonymous.

Hanford has been involved with processing of nuclear materials since
1944, This paper will consider the era starting in 1961. At this
time a detailed study entitled "Human Engineering Consideration for
Glove Box Design" was conducted. The study was made to define the
limitation of an individual working through the glove ports in a hood
adapted to specific requirements of a new facility. Equipment and
radiation shielding could then be designed so that it would be compat-
ible to dimensional limitations of the human being, minimizing acces-
sibility problems which had previously plagued hood utilization while
adequately controlling radiation exposure to the operator.

It would be necessary for the employee to work in the hood for a good
share of an eight hour shift. Because of this, the safety and comfort
of the individual was important. The limitations of an individual in
this case was an important factor in his ability to work in a safe and
efficient manner, with the least tiring effect.

Individuals involved in glove box work were consulted as to the impor-
tant factors which are necessary for the safety, comfort and efficiency
of the person doing the work. TFundamental motion patterns and limita-
tion for an "average operator group'" were developed for the specific
requirements of the proposed facility. Particular effort was expended
in an attempt to define the maximum accessible areas of the human hands
when working in glove boxes. As a result of the consultation and the
motion study, a list of basic criteria was established from which
initial dimensions and drawing layouts could be developed. Attachments
to this paper contain drawings of these motion patterns which were
developed, one of which is being projected. (Figure I) This is a
reach pattern considering a 15-1/2 inch work area from the glove port.
The single and two hand work areas are evident.

The following criteria were established for this specific facility
and have been successfully utilized in other support areas.
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1. The maximum accessible area is to be provided for an operator in a
standing position, using both hands concurrently in a "clutch-grip"
fashion.

2. As near as practical, there is to be 100 percent access to the hood
when using one hand at a time.

3. The hoods are to be accessible from the sides with a "desirable"
maximum of two tiers of glove ports.

4, Maximum accessible hood width is desirable depending on the size of
the installed equipment.

5. Eye ports should be provided rather than large transparent panels.

Basic dimensions and work area limitations were taken from "average"
man data. Experiments were conducted under simulated conditions using
a flexible glove port mock-up to determine the specific restrictions in
each case. For the "average man" the most comfortable position, con-
sidering maximum forward reach requirements, existed when the glove
ports measured 16 inches between centers and 56 inches (maximum) to the
floor or step. With a two handed grip, a slightly wider coverage area
developed when the glove ports were closer than 16 inches because the
crossover arm is the controlling length. Considering the variations

in operator size, coupled with potential area coverage, the 16 inches
on center and 56 inches height dimensions were selected.

The pattern generated through the concurrent use of both hands can be
grouped to obtain the best relationship for maximum coverage. To
insure the absence of voids in the two hands pattern, a hood depth of
18 inches is recommended. The maximum hood depth should not exceed
26 inches and if possible, should not exceed 24 inches. 1In a hood
where there is access from both sides, a depth of 36 inches is recom-
mended. The maximum distance from the horizontal centerline of the
nearest row of glove ports to the top or bottom of a hood should not
exceed 18 inches. ‘These reach patterns are further illustrated in
Figures II and III, showing the reach pattern as the depth of the work
area increases.

One fundamental rule which must be applied is that all equipment
mounted within the hoods must be accessible from the glove ports

for operation, maintenance, replacement or decontamination, Since
the hoods are greater in depth than can be reached with full cov-
erage from the glove ports, equipment and glove ports must be located
so that the above functions can be adequately carried out.

The ellipse formed by two hands held together in motion, requiring
grasping with lever force or holding and turning, is called the two
hand working area. An example of equipment which might have to be
located in this area would be a valve and valve bracket where one
hand would be required to hold the valve and the other hand required
to fasten it to the bracket.
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The ellipse formed by one hand in motion requiring grasp and turning,
but working independently of the second hand, is the one hand working
area. There are actually two one hand reach zones in a hood. One
case is when both hands are in a hood, each doing work independently
with shoulders parallel to the hood face. The other case is when only
one hand is in the hood. In the latter case, a part of an individual's
shoulder enters the glove port so that his reach is actually extended
approximately 2 inches. The reach obtainable by this technique is
about the limit of the glove length. As the hood depth is increased
beyond 18 inches, measured from the front of the glove port to the
back of the hood, there are increasing areas within the hood which are
not accessible without "arm extenders."

Work locations have a considerable effect on the location of viewing
windows. Actual demonstration on the mock-up brought to light the
following:

1. As the work location becomes increasingly higher above the center-
line of the glove port, the distance between the horizontal center-
of the glove ports and eye level decreases.

Conversely, as the work location becomes increasingly below the
horizontal centerline of the glove ports and more distant, the
distance between the centerline of a glove port and eye level
increases.

2. As the work location becomes more distant from the front face of
the hood, the distance between the horizontal centerline of the
glove ports and eye level decreases. There appears to be an
actual hunching of the shoulders and neck of an individual.

3. As the work location shifts to the right, the eye position shifts
to the left.

Purther, it was determined that the triangle viewing window should be
used for the top row of glove ports. These windows should be 1L inches
on a side and mounted so that the apex of the trisngle nestles between
the glove ports. Our next two slides (Figures IV and V) picture an
actual facility utilizing the viewing window placements. Please note
the square, diamond and triangular window placements.

Square viewing windows should be used with other rows of glove ports.
The dimensions of these windows should be 10 inches on a side. The
windows should be mounted in a "diamond" pattern so that a line drawn
through two opposite corners will be 7-1/2 inches above and parallel
to the centerline of a pair of glove ports.

Where work location can normally be any place within the hood, some
compromise must be made to permit adequate viewing of hood interiors

while maintaining hood construction integrity. Proper location of
viewing windows requires full consideration of the factors listed .
below:

1. Work Location

10
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2. Reach Phenomenon
3. Shielding Window Depth

Windows of practically no thickness such as unshielded glass do not
cause viewing problems. As window thickness increases, one cannot
Jook at any angle to the same degree as with a glass window.

Where possible, 3/8 inch safety glass is used in all hood viewing
windows. The windows are kept small to obtain a flat seating surface.
Window gaskets are the channel type made from neoprene or silastic
1S-63. For small standard size windows, the gaskets are the one piece
molded type.

In this presentation, we have made no attempt to discuss hood gloves
or the types of hood atmospheres. We utilize room air, dry air and
inert atmospheres as required. Furthermore, inlet and exhaust fil-
tration utilizing HEPA fire resistant filters are a part of our design
except in those cases where corrosive exhaust atmospheres demand CWS
type. Fire detection equipment is installed and will be discussed in
a paper scheduled for tomorrow. However, most existing glove boxes
and all new glove boxes are equipped with heat detectors and fire
alarm systems, Hand operated fire extinguishers are available at

all glove box locations and are fitted with a bayonet type nozzle

for easy penetration of the gloves. Glove port fire covers are
provided near all glove boxes.

In closing, I would like to show you various other views of the
facilities we have been discussing. Figure VI illustrates hood
depth., Figure VII and Figure VIII illustrate a variation of glove
and viewing window placement, and are shown to illustrate shielding
concepts.
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FIGURE VIII
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GLOVEBOX FIRE-RESISTANT MATERIALS
AND FIRE SUPPRESSION TESTS

¥, D. Fisher

Nuclear Materials and Equipment Corporation
Apollo, Pennsylvania
A Subsidiary of Atlantic Richfield Company

April 13, 1971
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GLOVE BOX FIRE-RESISTANT MATERIALS AND FIRE SUPPRESSION TESTS

An industry-funded, AEC-sponsored "Ad Hoc" Committee has been formed to test
and report on glove box window materials and fire suppression systems. The
committee's study will include input from glove box users, glove box fabri-
cators, glazing materials experts, fire suppression systems suppliers, a
professional fire protection engineer and representatives from the AEC,
Division of Operational Safety. The testing program is intended to complement
those studies done here at Rocky Flats and elsewhere. Since our testing pro-
gram is primarily oriented around the manufacture of Pu02-U02 fuels for power
reactors, rather than the manufacture of metallic plutonium assemblies, the
emphasis of our testing program is expected to differ somewhat from similar
programs done here at Rocky Flats.

The actual fire testing will be done at facilities provided by Overly Manu-
facturing Company, Greensburg, Pennsylvania, who are building a three-bay
glove box, one side slanted and one side straight, to be used for the burning
tests, c.f., Figures 1 and 2. The glove box will be equipped with a typical
glove box ventilation system, c.f., Figure 3, consisting of an inlet filter,
a metal mesh exhaust prefilter, and an exhaust damper for each of the three
bays of the glove box. The three individual exhausts are manifolded together
through an absolute filter into an exhauster which can function at very high
temperatures to provide "glove box vacuum" even at the height of a fire.

The inlet nozzles and exhaust nozzles of each of the three bays of the glove
boxes are positioned such that their functions may be interchanged by simply
relocating the exhaust manifold, the exhaust prefilters and the three inlet
filter assemblies. Thus, the box can be run with either upflow through each
bay when the ventilation is connected as in Figure 4, or with downflow when
the ventilation system is connected as in Figure 5.

The glove box fire-resistant materials portion of this study is, at Teast
for this first phase, limited to studies of the relative performances of
different glazing materials. All commercially available vendor-recommended
glazing materials will be tested under realistic in-fire conditions. Four
window mounting schemes will be tested. They are as shown in Figure 6.

I have labelled them, somewhat subjectively and largely arbitrarily, as ANL
Type, HAPO Type, HAPO Z-Frame Type and LASL Type. The ANL-Type and LASL-
Type will be tested both with and without restraining clamps necessary to
provide mechanical support after the gaskets burn away. It is intended to
test the various type window materials and window mounting means in different
locations and with the two different ventilation schemes in the testing
program.

Fire suppression systems to be tested will be largely confined to Halon 1301-
based systems as provided by Safety First Products, Inc. Testing of those
systems will be done both with simulated representative glove box "trash"

to determine system effectiveness with such materials, and with n-hexane

fuel since it is virtually a standard test fuel within the fire fighting
systems industry.

18
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FIG 2 THREE BAY GLOVE BOX DURING CONSTRUCTION
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The fire detection portion of the fire suppression systems are, for the pre-
sent anyway, regarded as beyond the scope of this study. Hence, the fire
suppression systems in the study will be manually rather than automatically
"triggered" during the testing program. However, they will be designed such
that automatic activation could be readily incorporated into future real
glove box installations.

A single report is planned. One which, in addition to the results of these
tests, will include fire-related physical and chemical properties data for
the various window materials, as developed by other studies such as those
conducted here at Rocky Flats and/or as supplied by glazing materials manu-
facturers. Data and conclusions from other fire testing programs and re-
lated programs, including suitable fire detection systems studies, will be
included with, of course, due credit given to the originator(s). We intend
that the report shall serve as a useful handbook for the industry and, par-
ticularly, for the glove box designers and fabricators whose prior experience
with glove box applications may have been somewhat l1imited. The testing pro-
gram is being monitored by the AEC, who will also publish the report.

My own personal opinion concerning this testing program has been that one

of its major contributions would be the opportunity for glove box users to
witness an accurately simulated glove box fire. In that regard, Milt and
the other people here at Rocky Flats will be "stealing my thunder", so to
speak, when they conduct burning demonstrations next Thursday afternoon.
However, we still intend to have our tests open to any interested observers.
We are now projecting commencement of actual burning the week of May 3, 1971.
If 1 don't already have your name in my correspondence file and if you want
to attend, please contact me:

Dr. Fred D. Fisher

NUMEC

609 North Warren Avenue
Apollo, Pennsylvania 15613
Phone: 412-842-0111

and I will see that you are notified of the testing schedule as soon as it

is firmed up. I don't like to be so indefinite about the schedule, however,
this testing program is being done completely on a volunteer basis and, thus,
various unforeseeable exigencies of any of the participants can cause the
actual testing to be delayed.
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GLOVEBOX DESIGN AND OPERATION
GLOVEBOX MATERIALS STUDIES

John W, Lindsay

Chemistry Research and Development
The Dow Chemical Company
Rocky Flats Division
Golden, Colorado 80401

April 13, 1971
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GLOVEBOX DESIGN AND OPERAT ION

GLOVEBOX MATERIALS STUDIES

ABSTRACT

Because of the many environmental implications associated with
plutonium, provision of maximum protection to plutonium handling
facilities is of utmost importance. Such protection begins with
the design of as failproof a glovebox system as possible. Proper
design of a glovebox requires that potential hazards associated
with the processes and materials it is intended to contain be well
known. Once these hazards have been elucidated, the best available
materials of construction for the system can be chosen, and the
safest possible glovebox configuration designed.

INTRODUCT ION

Building a safe glovebox system requires several important
considerations. The first task facing the designer is one of
determining the potential hazards associated with the materials
and processes the box is intended to contain. Such questions as,
what is the probability of occurrence and nature of potential
flame and heat sources must be answered prior to choosing the best
materials for construction.

Choice of the best possible material for use in a particular
segment of a box is often a difficult task because of the many
factors which must be considered. Determination of materials
resistance to burn, for example, cannot be simply measured through
a single standard test since phenomenon determining its resistance
are numerous and complex. Use of a series of well thought out
tests can however lead to a compiliation of data which will help
in characterizing the materials thermal behavior. Because of the
many variables involved, the tests chosen must simulate as closely
as possible the actual conditions anticipated in the environment
in which the material is to be used.

Unfortunately, some of the components of a glovebox are by
necessity composed of organic based materials which will burn
under sufficiently severe exposure to heat and oxygen. Protection
of thermally vulnerable segments of a glovebox then becomes
another important consideration in designing a safe glovebox
system. Such protection can come in the form of thermal shielding,
minimizing exposure, and in the reduction in the oxygen content of
the atmosphere. Since the best material for a given situation
will often be one that resists burning for the longest time,
additional protection for the glovebox can be gained through the
use of adequate thermal event detectors and extinguishment
techniques.

This paper is concerned with some of the considerations which
should be made prior to choosing a material for use in a glovebox
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and in analytical techniques which can aid in the choice. A new .
glovebox design which increases neutron shielding efficiency as
well as lowers the total fuel content of the box is also discussed.

POTENTIAL HEAT AND FLAME SOURCES IN A PLUTONIUM HANDLING
FACILITY

Most glovebox systems contain several categories of potential heat
sources. Fires arising from ignition of rags, papers, and organic
solutions can lead to rapid heating of the environment through
both conductive and radiative heat transfer. Normally this type
of fire is of a relatively short duration. Use of good flame
retarding polymers in the glovebox system should prevent this
type of fire from becoming too widespread.

Additional potentially hazardous materials, commonly found in a
glovebox, include certain ion exchange resins and lead oxide
impregnated drybox gloves! which have been exposed to nitric acid.
Exothermic reaction from both of these latter materials can occur
in the absence of oxygen at temperatures as low as 200 °C.

In the case of a fire involving massive amounts of metal, the
demands on a polymeric construction material are more severe.
Ignition of various forms of plutonium metal can occur over a wide
range of temperatures. Metal fires involving plutonium can
contribute sizeable quantities of heat to the environment by both
conductive and radiative means. Conversion of plutonium to its
dioxide releases 1.06 Kcal per gram of metal and can result in
maximum temperatures in excess of 1000°C. Table I shows the
results of work by Felt? on the burning characteristics of
plutonium metal in various configurations. These tests were made
using a transite-board base for the metal and a carbon arc as the
initiator. The ignition temperature of plutonium is a function of
several factors. Those factors which seem to have the greatest
effect on the ignition temperature include metal purity, configu-
ration, and surface composition. Heat transfer between the metal
and its environment should also be added to this list since
ignition may occur readily in insulative environments and only
with difficulty in the presence of a large heat sink.

CHOICE OF MATERIALS TO BE USED IN A GLOVEBOX SYSTEM

Once the potential hazards associated with processes and materials
to be contained in a glovebox are known, a proper choice of
construction materials can be made. Those segments of a glovebox
which are most vulnerable to a thermal event are listed in TableII.
Most of the materials suitable for use in the various categories
fail at relatively low temperatures, compared to those which could
theoretically be reached in the event of a large-scale metal fire.

The job of determining the most suitable material for a given
situation requires knowledge of the materials behavior over a wide
range of conditions. One way of choosing the optimum thermal
characteristics is by looking at the burning process which can be
roughly broken into three stages as shown in Table III. 1In the
initial stage, heat from an external source raises the temperature
of the material. Materials having high specific heats and low
thermal conductivities are desirable because of their slower rises
in temperature and rate of heat transfer. During this stage,
materials having higher glass transition or melting temperatures
will retain physical characteristics longer.
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TABLE I THERMAL LIMITATIONS OF GLOVEBOX MATERIALS
Metal Ignition Times Temperature
Configuration Required Profile Comments

Alpha-phase massive
dia.
total

cylinders, 2 in,.
by 2 in. high;

weight 1 to 3 kg

Alpha-phase small,
200 to 1000 g

Delta-stabilized
small, ~700 g

Delta-phase metal

turnings, 200 to
215 g.
Misc. hood wastes,

fillings, oxides,
sweepings with
hydride possible
200 to 350 g

Casting skulls
150 to 265 g

60 to 70 sec.,
spread of burn
took 12 to 15 min.
to completely
encompass sample.

40 to 45 sec.,
burn spread com-
rleted in ~6 min.

50 t0 60 sec.
longer than
similar alpha
with similar
burn spread.

Ignition
instantaneous
with very rapid
burn.

Ignition very
rapid.

Ignition
instantaneous.

850 °C peak temperature reached
during the first 12 to 15 min.
Temperature dropped to 600 °C
in next 30 min., and in the
final stages showed a gradual
decrease of 20°C/hr.

Initial peak temperature
850°C followed by a rapid
decrease to 350°C.

Initial peak temperature
850°C with a final burn rate
somewhat slower than seen for
alpha metal.

Initial peak temperature of
850 °C reached in 4 min.
Following 30 min. showed a
rapid decrease to 415°C.

Peak temperature of 1300°
to 1350 °C reached in 3 to
5 min. Rapid drop over
next 30 min. to 450°C.

Peak temperature of 620° to
935°C reached in 3 to 4 min.

During burn, the metal
melted and showed a
viscosity similar to molten
lead. Average burning rate
180 g/Pu per hour.

Generally similar to
massive pieces with a
shorter burn time.

Similar to alpha with
longer ignition times.

Following peak, turnings
assumed a semi-molten mass.
Complete oxidation to

120 min.

Molten mass at white heat.

Small amount of sparking
noted.
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TABLE II
Box Segment Material
Glovebox Gloves Neoprene/Hypalon
Window Materials Polycarbonates
Polyesters

Gasket Materials

Shielding Materials

Glovebox Filters

Miscellaneous

Polymethyl methacrylates

Fluorel®
Viton®

Silicone Rubber

Benelex®

Polyethylene

HEPA

Teflon®

Polyvinyl Chloride

Fluor%l@ Minnesota Mining and Mfg. Co. St. Paul,
E

Viton

I. du Pont de Nemours and Co.,

THERMAL LIMITATIONS OF GLOVEBOX MATERIALS

Approximate Temperature at which
Material Fails or Becomes Hazardous

200 °C

300 °C
300 °C

200 °C

200 °C
200 °C

200 °C

300°C

100 °C

200 °C

400°C

100 °C

Minn.
Wilmington, Dela.

Benelex? Masonite Corp., 29 Wacker Dr., Chicago, I11l. 60606
Teflon® E. I. du Pont de Nemours and Co., Wilmington, Dela.
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TABLE III

DESIRABLE BEHAVIOR OF MATERIAL PRIOR AND FOLLOWING IGNITION

A. Heating Stage

1.
2.

3.

High specific heat.
Low thermal conductivity.

High glass transition temperature and melting point.

B. Decomposition Stage

1. Minimal evolution of flammable toxic and corrosive gases.
2. Minimal evolution of smoke.
3. Absence of liquid pyrolysis products.
4, Maximum retention of configuration.
C. Ignition, Combustion, and Propagation Stages
1. High flash temperature of evolved gases.
2. High autoignition temperature.
3. High limiting oxygen index.
4, Low flame spread.
5. Maximum retention of configuration.



In the second stage, the material reaches its decomposition .
temperature. Desirable characteristics of a material during this
stage include a minimal evolution of flammable gases, since in
most cases ignition and combustion occur in the gas phase.
Evolution of corrosive and toxic gases as well as smoke should
also be minimal because of the effect on environment and fire
fighting efforts. Evolution of smoke and corrosive gases 1is
normally increased in flame retarding plastics so that gaining
time prior to ignition may in some cases be tempered by adverse
conditions following combustion. Many plastics form liquids on
decomposition. This phenomenon is undesirable because of the
potential hazard of spreading the fire to unaffected areas.
Materials which retain a certain degree of configuration through
a charring process, on the other hand, impede mixing of air with
combustible cases and serve to slow flame spread to adjacent
materials. Retention of configuration is an important considera-
tion in gloveboxes where containment of radioactive materials is
desirable.

Following decomposition of the material, ignition and combustion
will occur providing sufficient heat and oxygen are available.
Evolution of gases having a high flash temperature during the
decomposition stage is certainly desirable, as is a high tempera-
ture of autoignition. Materials having high values of limiting
oxygen concentrations (> 0.21) will not ignite under normal
conditions in air. Once combustion has occurred, spread of the
fire will occur most readily along exposed surfaces. Materials
having slow surface burning rates will delay propagation.

CHOICE OF TESTS TO EVALUATE A MATERIALS THERMAL BEHAVIOR

Importance of choosing the proper material raises the question of
what types of tests are most valid. In the case of a glovebox,
environmental conditions are somewhat unique because of the forced
draft. Such movement of air can contribute large volumes of
oxygen which will accelerate flame propagation and result in
rapidly moving flame fronts to previously unaffected areas. The
ultimate solution to the problem of testing materials, of course,
is to construct a full-scale glovebox using prospective materials,
In this manner, the material's thermal behavior can be tested
under actual conditions, thus eliminating uncertainties, such as
the effects of drafts, position, geometry and proximetry of
materials, and actual temperatures, Such a series of tests has
and is being carried out at Rocky Flats,® Figure 1 shows the test
facility., Because of the expensive and time consuming nature of
such large-scale tests, need for meaningful laboratory screening
tests arises, Values of a material's specific heat, thermal
conductivity, glass transition temperature, and melting point are
useful in characterizing a matérial's behavior during the initial
heating stage., This type of data is easily obtained in the
laboratory and is often readily available from the manufacturer,
Characterization of other aspects of a material's thermal
behavior can be made through a series of appropriate ASTM and
specifically designed tests,

Information on the decomposition of a material can be gained

rapidly through the use of simultaneous thermogravimetric (TGA)
differential thermal (DTA) and effluent gas analyses (EGA). Data .
from these analyses gives temperatures of stability, relative rate

of decomposition as a function of temperature, types and quantities
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Simultaneous TG, DTG and EGA of Glovebox Window Materials
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TABLE IV

Material

Silicone
Rubber
Gasket

Neoprene
Gasket

Polyethylene

Teflon®

Neoprene-lead
Oxide Drybox
Gloves

Polyvinyl
Chloride
Bags

THERMOANALYTICAL DATA ORTAINED FROM VARIOUS GLOVEBOX MATERIALS

Initial
Decomposition
Temperature

300 °C

220°C

350 °C

500 °C

280 °C

200 °C

Gaseous Differential
Pyrolysis Thermal
Products Analysis

Benzene Exothermic
Methane
Ethylene
High molecular wt Exothermic
petroleum products,
styrene polymeric units.
Ethylene Ethane Methane Exothermic
Hydrogen Fluoride Exothermic
Tetrafluorethylene

- Exothermic
Hydrochloric Acid Exothermic

various chlorinated
hydrocarbons



FIGURE 1

Fire Test Facility




of gaseous pyrolysis products, melting points, and information
about the overall decomposition. Polymers shown in the example in
Figure 2 are commonly used window materials. Approximate rate of
the pyrolysis process can be determined simultaneously with the
other analyses using an analog system available in many commercial
thermoanalyzers. Examples of thermoanalytical data for other
materials commonly used in gloveboxes are given in Table IV.

Many tests for the ease of ignition of a material are available.
However, the limiting oxygen index or L.O.I. is probably the most
reproducible and gives a good predictive index of a material's
readiness to ignite and burn. L.0.I. values for polymeric
materials common to gloveboxes are given in Table v4 along with
other data which can be readily obtained on a laboratory scale.

While data such as that shown in Tables IV and V provide a basic
insight into the thermal behavior of a material, additional
information such as flame spread, smoke evolution, effect of
pyrolysis products on HEPA filters, etc., is still needed. Such
data cannot as a rule be obtained from ordinary ASTM tests and
applied to glovebox materials, due to the unique conditions of
drafting in a glovebox system. Figure 3 shows a laboratory scale
test unit which is being developed at Rocky Flats specifically for
the evaluation of glovebox materials and plenum linings. This
unit allows for a stringent test of materials under conditions
which might be anticipated in an actual fire. The small scale
unit which uses samples of 7" x 4" x 1/2" in size, offers both
variable air flow and environmental temperature. Times to
ignition and surface regression rates are measured automatically
through the use of two microswitches which are activated by the
burning of nylon threads across the sample surface. Heat for
ignition is supplied by an impinging propane flame at one end of
the sample.

Environmental temperature is preset prior to flame impingement
through the use of an external heating element. Additional
information on surface temperatures and regression rate is
obtained from a series of thermocouples imbedded in the sample
surface (Tc; to Tcg). Relative amount of smoke evolved during the
burning process is measured optically in the upper duct of the
unit. Thermocouple Tcg measures exhaust gas temperature. Effect
of the gaseous pyrolysis products on HEPA filter media is recorded
by measuring pressure drop across a segment of the filter media
held in the upper duct. Composition of the gases is determined
through mass spectroscopy.

In general, tests of the type described can prove invaluable in

the characterization of a materials thermal behavior over a wide
range of conditions. This understanding is necessary along with
knowledge of the potential hazards associated with materials and
processes in a glovebox before a safe system can be constructed.

IMPROVED GLOVEBOX DESIGN

The final consideration in constructing a safe glovebox system is
found in the design of the box itself. Minimizing the use of
flammable materials, inert atmospheres, and thermal shielding of
the flammable materials used are a few of the more important design
criteria which should be considered. One of the largest contribu-
tors to the total fuel content of a glovebox is the neutron
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TABLE V THERMAL PROPERTIES OF VARIOUS POLYMERS COMMON TO GLOVEBOXES

. Polyvinyl Polymethyl Poly
Material Polyethylene Teflon" Chloride Methacrylate Carbonate

Decomposition
Temperature °C 350 500 200 185 380
Specific Heat 0.55 0.25 0.25 0.35 0.30
cal/g/°C
Thermal Conductivity 8.0 6.0 ~ 5.0 5.0 4.6
1074 cal/sec~cm?2
Evolved Vapor Flash 340 - 340 280 420
Temperature °C
Autoignition 350 530 454 450 N.A
Temperature °C
Limiting Oxygen 0.17 0.95 0.49 0.20 0.26

Index
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shielding. Massive pieces of Benelex® and Plexiglas G® are
presently used at Rocky Flats. Figure 4 shows a new glovebox
design which is presentlybeing developed at Rocky Flats.

Shielding in the box is contained between its double wall
configuration and in specially designed windows. Spacing between
the walls allows for 2 inches of shielding and eliminates the
requirement for draping bulky shielding on the box exterior, as
has been the practice.

Prospective shielding for the box consists of a honeycombed
hydrophylic network type polymer which contains about 90 percent
water by weight. Thermal behavior of the polymer is seen in
Figure 5. Decomposition begins at about 100°C and proceeds in

two stages. The initial stage which is highly endothermic, results
in the evolution of water. This stage is followed by pyrolysis of
the remaining organic material at about 450°C. No liquification
of the polymer occurs either during its decomposition at elevated
temperatures or when it is subjected to external pressure.

Because of its high hydrogen density, the polymer which is known
at this time as '"gelled water" or'Texgel," affords excellent
protection against neutron emissions. Shielding efficiency
against 1 mev neutrons emitted from a PuF4, source is shown in
Figure 6. Of the more commonly used shielding materials, only
polyethylene has a higher efficiency. Degradation of the polymer
by radiation appears to be minimal with some additional cross-
linking actually occurring during extended periods of exposure.

Corrosion of stainless steel by the polymer appears to be minimal.
Material stored in a type 304 stainless steel container for a
period of eight months showed good retention of its physical
properties and only small changes in the water content. Because
of its high degree of clarity, lack of bubbles, and color, the
polymer has been found suitable for use as a filler for glovebox
windows of the type shown in Figure 4.

In addition to the increased shielding properties, use of the
polymer should provide a large decrease in the total fuel content
of the glovebox system as well as provide a sizable heat sink at
the box faces in the event of a fire.

SUMMARY

Choice of materials for constructing a glovebox system should be
made following a complete understanding of the potential hazards
it is intended to contain. Because of the potential heat sources
contained in most plutonium gloveboxes, flammable materials should
be avoided where possible and afford maximum protection where
their use is necessary, Evaluation of materials to be used in a
glovebox should be made under realistic conditions. This, in most
cases, will require large-scale testing in an actual glovebox.
Screening tests such as the ones described can be used to lessen
time and expense involved in the large scale tests. New glovebox
designs such as the double walled box with '"gelled water"
shielding can be used to improve safety along with the choice of
proper materials.

39



(034

OUTSIDE WALL OUTSIDE GLASS

GELLED WATER

GELLED WATER
INSIDE GLASS

INSIDE WALL

FIGURE 4

New Double-Wall Glovebox Design




184

/n k(min!)

PERCENT OF INITIAL WEIGHT

1.5
1.0
0.5
0.0
-0.5
-1.0
=1.5
-2.0

100
90
80
70
60
50
40
30
20

10

- - GELLED WATER SHIELDING
~ a—=kw 100 mg SAMPLE
- 100°C MIN™!
I T6, DT6
| s 1 | L [
569 202 175 149 1.29
'y
=12.4
dw/dt=31.0

dw/dt=49.6 H0
dw/dt=43.5

= PYROLYSIS
= PRODUCTS
1 | 1 I | 1 I I
100 200 300 400 500 600 700 800 900 I000
TEMPERATURE®C
FIGURE 5

Thermal Behavior of Gelled Water Shielding Material



(44

GRAMS HYDROGEN PER cc
O o © o o
a 3 8 5 o

o

< POLYETHYLENE
N
——~ GELLED WATER
S—— BENELEX
N
—PLEXIGLAS
N
N
CONCRETE +~
1 | | 1 | |
10 20 30 40 50 60

PERCENT NEUTRON TRANSMISSION

FIGURE 6

Comparison of Gelled Water Shielding
with Other Materials




GLOVEBOX GLOVES

R. E. Giebel
The Dow Chemical Company
Rocky Flats Division

ABSTRACT

Important or desirable properties of glovebox gloves are
presented. A need to determine these properties has resulted in a
program for glove evaluation and procurement. Gloves are most
vulnerable to a glovebox fire. Burning properties and means of
decreasing vulnerability are discussed.

INTRODUCTION

There are a limlted number of ways in which plutonium
can be handled by man. These might include programmed robots,
enclosures with manipulators, and gloveboxes. Gloveboxes are 1n
widespread use. The gloves used on these boxes must be functional,
i.e, strong, flexible, comfortable, and protective. It is impor-
tant that desirable properties of gloves be defined for procurement
purposes and further, that capabilities be availlable for determin-
ing these desirable properties.

The burning properties of gloves are especlally important.
Loss of glovebox integrity usually occurs first through a gloveport
during a fire. Protection of the port and the glove 1s necessary.

DISCUSSICN

& problem at Rocky Flats is that currently we procure
our gloves from a single source. It has been our experience in
the past, and most hopefully is yours, that manufacturers will
approach the glove user and say, "here, use my glove." As a
government contractor, one must Justify his choice of product; in
this case, gloves, 1t therefore behooves the glove user to have
desirable glove properties defined and further, to have a method to
measure and compare these properties so that when a glove candidate
becomes avallable, it can be properly evaluated for purchase and
subsequent use.

Rocky Flats has such capabilities. A program for drybox
glove evaluation and procurement was initiated about 8 years ago.
It has progressed as follows:

First, testing procedures in the ASTM standards were

reviewed, Then rubber testing facilities of rubber companles and
glove manufacturers were visited. PFinally an experimental program
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was initiated which resulted in a capability to test gloves. A .
procedure for evaluating gloves was established. Specifications

were authored for each type of glove needed. Finally, plant

acceptance and quality assurance procedures were established.

Glove properties which we deem important and which we
choose to determine, are listed on a laboratory data sheet, (Figure
1) . These include water vapor transmission, (2 measure of film
permeability), fire resistance, lead equivalency (shielding power),
mechanical propertles (tensile strength, ultimate elongation,
modulus of elasticity, permanent set, puncture resistance),
accelerated aging, dimenslonal properties, workmanship, packing,
marking, economics (cost per day per glove), and finally chemical
properties. A description of these test methods, a discussion of
test results, criterla used for selecting gloves, and Rocky Flats!
specifications for seven different types of gloves used at this
plant are 1ncluded in a topilcal report entitled "Drybox Gloves:
Evaluation and Procurement." This report, RFP-1286, will be
available in the near future.

At present, eight types of drybox gloves are stocked at
Rocky Flats (Figure 2): 30-mil butyl, used occasionally for the
ultimate in impermeabilitys 15-mil neoprene, used where good
dexterity and touch are necessarys 30-mll neoprene, a general
service glove; 30-mil lead neoprene (0.1 mm lead equivalency),
wldely used in plutonium areas where some gamma ray protection is
needed; Hypalon-coated gloves, both leaded and non-leaded, used
where glove faillure is prominent from acid attack or ozone aging;
45-mil leaded (0.2 mm lead equilvalency) Hypalon-coated gloves; and
80-mil leaded (0.36 mm lead equivalency) Hypalon-coated gloves of
multi-layered construction, used in areas where high penetrating
gamma radiation is present, such as in americium processing.

The drybox glove itself 1s usually the most vulnerable
glovebox component to the effects of a fire. It 1is first to cause
loss of glovebox integrity. To date, a flexible glove that cannot
be breached by a major fire has not been developed.

We evaluate the burning properties of glove materials by
burning strips held vertically. A burner flame is applied to the
bottom of the strip. After the material has ignited and a flame is
established, the burner flame 1s removed. Results are compared to
the burning properties of 30 gauge neoprene glove material. The
neoprene requires flame exposure for several seconds to accomplish
ignition. After a good flame is established and the burner is
removed, the neoprene continues to burn slowly. The burning
properties of lead-loaded neoprene and Hypalon-coated gloves are
not significally different from neoprene.

We are currently experimenting with a Dow Corning silicocne
elastomeric polymer as a material from which to manufacture drybox
gloves., This polymer exhibits a resistance to fire superior to
neoprene and 1t possesses the strength and elastomeric properties
necessary for a flexible glove. The silicone material was self-
extinguishing by our burning test. A glove of this material would
not show much improvement in containing a major fire.

A number of means for protecting the present gloves have .
been evaluated. An aluminized asbestos blanket can be hung above
the glove port (Figure 3). This is cheap, simple, but not too
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DATA SHEET FOR GLOVE TESTS

Glove Description:

Cost —

Sp gr —

Water Vapor Transmission (Permeability):

0 percent to 50 percent Ralative Humidity
Differential:

Fire Resistance:

Lead Equivalence: ______~  mm

Energy. kv; Current Ma: Time

Distance inches

Mechanical Properties:

Tensile Strength:
Force to Break:
Ultimate Elongation:
Modulus at
Permanent set at 70% U. E.

% Elongation:

Puncture:

- %

FIGURE 1

g/cc

g/24 hr/M2

(X-Ray tube source)

minutes;

psi
1b.

- %

psi

1b, inches travel

Accelerated Aging:

Heat
Tensile Strength: _  _psi
Force to Break: — b
Ultimate Elongation: - %

Dimensional Properties:

Diameters: — in. at cuff
in. at wrist
Bead: in.
Taper _____ _in./in.
Length — _in. overall
in. third finger

in. cuff to taper

Workmanship:
Packing:
Marking:
Economics:

Other observations, opinions, and recommendations:
47

Nitric Acid

psi

N | o}
- %

Hand Size:

Thickness:_________in. palm

in. finger
in. wrist

in. arm

in. shoulder



FIGURE 1 (CONT'D)

Chemical Resistance: Observations
1 hour 4 hours 24 hours 72 hours

Chemical

14 M HNOg

Red Fuming Nitric Acid

3 M HNO;4

12 MHC1

48 percent HF

10 MKOH

10 M NaOH

Acetone

Benzene

CCly

Trichloroethylene

Freon TF

Hydraulic Oil

KW Decontamination
Solution

Observations

Weight Changed After DryingP
Dry for Dry for Dry for Dry for
10 minutes 48 hours 10 minutes 48 hours

13 M HNO3

3 M HNO3

Red Fuming Nitric Acid

12 MHCl

48 percent HF

10 MKOH

10 M NaOH

Acetone

Benzene

CCly

Trichloroethylene

Freon TF

Hydraulic Oil

KW Decontaminating
Solution

AWeight change in milligrams per square centimeter from original after
immersion for 24 hours and drying for time indicated. Percent of .
original weight is also given where sample was completely penetrated

bAfter immersion for 24 hours and drying for time indicated.
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FIGURE 2

DRYBOX GLOVE APPLICATIONS

TYPE

APPLICATION

30-mil butyl

15-mil neoprene

30-mil neoprene

30-mil leaded neoprene

30-mil Hypalon-
neoprene

30-mil leaded Hypalon-
neoprene

45-mil leaded Hypalon-
neoprene

80-mil leaded Hypalon-
neoprene multi-layered

For extremely low permeability

to water, oxygen or solvents and
for certain chemical environments
such as bromobenzenes and methylene
bromide,

Optimum touch and flexibility,
lead protection not needed,

General application, no lead
protection,

General application, lead
protection needed,

For oxidizing acids or where
failure results from aging or
stress cracking (ozone attack).

Lead protection needed plus
oxidizing acids, such as nitric
acid, or where failure is
generally due to aging and stress
cracking (ozone attack).

As above, 50% additional lead
protection,

Flexible, 0.36-mm lead equivalency
for areas of high or penetrating
radiation (such as americium
processing).
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FIGURE 3

ALUMINIZED ASBESTOS BLANKET AND GUILLOTINE-TYPE STEEL PLATE ON
INSIDE OF BOX FOR GLOVE PROTECTION




effective. The cotton bilnder in the asbestos soon decomposes in
the presence of a fire and the protection is lost. It buys some
time. This 1s not currently being used anywhere at Rocky Flats
except on our test facility.

A guillotine-type steel plate has been evaluated (Figure
3). It 1s placed in front of the glove port on the inside of the
glovebox. Such a protective plate is much more effective than the
asbestos curtain, but 1t i1s also breached by a bad fire because it
does not form a seal over the port. The heat and flames can
circumvent the plate and will eventually destroy the glove. This
type of protection might be best used where metal spattering could
cause loss of glove 1ntegrity, as when a pressure vessel ruptures
in the thermite type reduction-to-metal facllity. Such a protective
plate is not in current use at Rocky Flats.

Another type of lead overlayed stainless steel plate 1is
mounted on a spring loaded pivot outside the glovebox (Figure 4).
It contains a neoprene O-ring cemented into a groove which forms a
seal with the drybox glove. After being swung into place, it is
drawn toward the port with two spring clamps. However, a good
seal 1s not formed until a vacuum is drawn in the area between the
plate and the glove. Argon can then be introduced into this area.
This plate is used at Rocky Flats to prevent permeation of air
through gloves in a plutonium hydriding facility. It is not used
elsewhere specifically for fire protection.

A plug is available which can be placed in the port from
either the inside or the outside of the glovebox. It forms an
effective seal of the port (Figure 5). A major fire will not
breach this plug. A few plugs of this type are currently being
used at Rocky Flats in vacuum or inert systems in order to prevent
undesirable diffusion into the glovebox. They are not belng used
for the purpose of fire protection.

Swinging lead doors are sometimes used as a radiation
shield for ports when the gloves are not in use (Figure 6). Since
these doors do not form a seal, they would not prevent a glove
breach during a fire.

When a glove port is not going to be used for an extended
period of time, a steel plate is bolted into place (Figure 7).
The plate 1s overlayed with lead for gamma protection, and neoprene
sheeting is bonded to the steel so that an air tight seal is formed.

In consldering employment ot any of these devices, one

must weilgh the risk of fire damage relative to the hazard present
in that glovebox.
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FIGURE 4

GLOVE PORT SEAL
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FIGURE 5

PLUG-TYPE PORT SEAL USED INSIDE
OR OUTSIDE OF BOX--NO FIRE BREACH
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FIGURE 6

LEAD DOORS FOR RADIATION SHIELDING




FIGURE 7

LEAD-OVERLAYED STEEL PLATE
BOLTED OVER PORTS NOT IN USE
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DESCRIPTION OF ARHCO'S NEW COMPACT
PLUTONIUM STORAGE FACILITY

H.A. Moulthrop and J.L. Kemp

Atlantic Richfield llanford Company
Richland, Washington

ABSTRACT

A new plutonium storage facility has been constructed at Richland
which uses a shielded cubicle arrangement for reducing radiation
dose rates. Reduction in radiation exposure by a factor of ten

is expected in the vaults from that experienced in plutonium stor-
age vaults previously used. A products-of-combustion fire detec-
tion system throughout the facility and a sprinkler system in the
scrap storage area provides continuous fire protection. A pre-
liminary emphasis is placed on fuel reduction with all concrete
construction. Compartmentation within cubicles reduces the amount
of plutonium exposed to combustion if a fire should occur. A
storage density of 2.1 spots per square foot is realized for the
overall facility. The engineered construction of interconnecting
precast concrete panels to form the basic structure and the shield-
ed storage cubicles provides increased safety at decreased unit
cost.

INTRODUCTION

Traditional practices in storage of plutonium have commonly used
pedestals spaced vertically on poles within an isolated vault.
These poles normally extend from the floor to the ceiling for
stability with sufficient spacing between the poles to avoid any
possibility of a critical concentration. Such an array may be
seen in Figure 1,

Relatively high radiation dose rates are experienced with a plu-
tonium storage vault of this type. This fact plus the need for
additional plutonium storage space led to the design of a new
storage facility during 1969 and 1970. A new plutonium storage
facility at Richland has since been constructed and is now in
operation.

DESCRIPTION

The 2736-2Z Building, as accepted by Operating personnel in March
1971, represents a significant forward advance in improved storage
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OPEN PEDESTAL PLUTONIUM STORAGE VAULT
FIGURE 1
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of plutonium metal and oxides. Three criteria have governed design
and construction of this plutonium storage facility in achieving
this improvement. They are:

1. Reduction of radiation exposure to personnel,

2. A reduced amount of plutonium exposed to a fire in the
event that one occurs, and

3. Minimum probability of contamination spread in the event
of a spill or container rupture.

As a prelude to discussing the means by which these criteria were
met, let us first take a look at the building.

Figure 2 shows the exterior of the 2736-Z Building. This storage
facility is adjacent to the major plutonium processing building at
Richland, on which it is dependent for ventilation supply and ex-
haust., The interconnecting ventilation ducts may be seen in the
background.

Figure 3 shows a plan view of the building. One enters it through
airlocks at either end of a central corridor. In addition to
stabilizing an internal negative air differential of 0.2 inch of
water, these airlocks are also used to house electrical controls,
fire protection controls, and a breathing air manifold for use in
the event contamination should ever escape from the sealed plu-
tonium containers. The fire protection equipment consists of a
products-of-combustion or ionization type fire detection system
and a wet pipe fire sprinkler system for the scrap storage vaults.

The doors from the central corridor each lead to one of the four
storage vaults. Two of the vaults are open-bays as shown in Figure
4. Although presently reserved for storing scrap, provision has
been made should the need arise, for adding cubicles as seen in
Figure 5 for storing plutonium metal and oxide.

This provision was made while pouring the floor slab by anchoring
parallel steel angles in the concrete with one web flush with the
floor. Mating angles similarly anchored in the base of each pre-
cast cubicle panel are then aligned and welded together during
erection of the cubicle. After erection, the cubicles are further
stabilized by steel angles welded along the top edges of the cubicle
panels. Two shielding doors, one bolted to the front of the cubicle
panel and one hinged to it, completes the cubicle concrete construc-
tion.

Figure 5 shows the general arrangement of these cubicles within one
of the two metal and oxide vaults. The view is of an aisle along
either end of the vault showing the rows of cubicles back-to-back.
In the background is a typical cubicle as seen from the front.

The vertical eight inch wide slotted opening in the cubicle face
permits placing a container of plutonium metal or oxide on ped-
estals that are located inside the recessed area of the cubicle.
This opening may be enlarged by swinging open the hinged shield-
ing door.

Nine variations of precast concrete panels along with precast roof
slabs are combined to form the basic building structure and the
storage cubicles. This permits appreciable increases in safety

at decreased unit construction cost.
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2736-Z BUILDING PLUTONIUM STORAGE FACILITY
FIGURE 2




ARCHITECTURAL PLAN OF 2736-Z BUILDING
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PLUTONIUM STORAGE VAULT WITHOUT CUBICLES
FIGURE 4




PLUTONIUM STORAGE CUBICLES IN VAULT
FIGURE 5
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This major departure from previous vault design was motivated by
need for substantial decrease in the radiation exposure receivable
by personnel on entering the storage area. Exposures inside a
vault of 150 to 200 mrem/hr were experienced as quantity of mate-
rial stored in the vaults increased. In one case of a dose rate
of 170 mrem/hr inside the vault, 130 mrem/hr was observed to be
from neutrons and 40 mR/hr was from gamma radiation. Subsequent
attempts to increase the loading capacity of vaults, coupled with
storage of higher exposure plutonium, resulted in internal vault
dose rates of approximately 500 mrem/hr. Distribution in one case
was 400 mrem/hr from neutron radiation and 110 mR/hr from gamma
radiation.

A number of concepts were considered for construction of future
plutonium storage vaults which would greatly reduce internal dose
rates. One concept involved rows of filing cabinets with crit-
ically safe internal spacing of storage positions. The remain-
ing space within the cabinet drawers were to be filled with
appropriate shielding materials. Still another concept consid-
ered was an array of holes located within a concrete-earth floor.
Into each hole a vertical array of stored containers could be
lowered for storage. The array from any one hole could be raised
above floor level as desired. 1In either of these and similar con-
cepts, the radiation would be limited to that received from the
one storage component being used at the moment. Each of these
approaches, although capable of adequate radiation reduction,
entailed operating disadvantages which resulted in their rejec-
tion.

The layout sketch as originally conceived for the adopted design
concept, consisted of an array of concrete blocks so stacked as
to form cubicles which separated a group of four pedestal posts
from all other similar groups of four. Each cubicle was acces-
sible to a corridor by an eight inch wide vertical opening.

This original array was ultimately modified to the design shown
in Figure 6., This particular design was predicted to reduce in-
vault dose rates to one-tenth or less that of earlier vault design.
Although the vault has not, at this time, been fully loaded,
dose rate measurements to date indicate that the goal of a ten-
fold reduction in radiation exposure within the vault will be
realized.

The selection of concrete as the shielding material increases the
probability of a fire being confined to a single cubicle. The
eight inch concrete walls and six inch concrete roof of the
building structure along with the installed fire detection and
fire sprinkler systems combine with the cubicle compartmentation
to achieve another of the facility goals - that of reducing
quantity of plutonium exposed to a fire in the event that one
occurs.

Fire prevention and fire fighting philosophy for the facility
has employed two concepts. In the two scrap storage vaults and
central corridor, automatic wet-pipe fire sprinkler systems are
used. Here the miscellaneous nature of the material and its
packaging requires allowance for significant quantities of
combustible materials.
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However, in the two compact vaults for storing plutonium metal
and oxide, principal emphasis 1s placed on eliminating all fuel
for a fire, other than the plutonium itself which is well com-
partmentized within the many separate fireproof cubicles. lere
the only fuel other than plutonium is the small part of a plastic
bag that is used in sealing the plutonium out of the glove boxes.
Even with this, a program is underway for replacing the plastic
with metallic foil. A system embodying products-of-combustion
sensors located throughout the facility are used for early detec-
tion and alarming in the event of any fire.

The facility goal of minimizing probability of contamination
spread in event of a fire is achieved by a heating, ventilation
and air conditioning design that permits an air change every

four minutes. This flow is considered adequate also to com-
pensate for the self-heating from the plutonium stored within
the cubicles. The possibility of contamination being spread

by an outflow of water from the fire sprinkler system in the
scrap storage vaults during a fire is minimized by retention

of water up to a two inch depth within the building before run-
ning outside. A scupper as may be seen at floor level in Figure
4, permits water up to one-half inch depth to be retained in the
vault beforc flowing into the corridor. In this way, the poten-
tial for escape of waterborne plutonium particles is greatly
reduced by settling and initial retention of water.

In addition to meeting the design objectives of radiation and
increased safety factors in case of fire or contamination spread,
a further design consideration was retention of the compactness
associated with the open pedestal vault of Figure 1. Compact-
ness being a function of storage arrangement, it varies in the
new facility depending on whether one is considering only the
inside of the cubicles themselves, the central area of a vault,
or the total area including service rooms and corridors. Figure
7 shows the compactness of this plutonium storage facility as
expressed in storage spots per square foot of floor space and

per cubic foot of the building space. The vault area value of
2.3 spots per square foot or 2.1 for the overall facility is
essentially the same as that prevailing in the earlier vault
storage areas where dose rates exceeded 500 mrem/hr. Faced

with the alternative of greatly expanding the plutonium storage
areas to reduce radiation exposure, this new design promises to
permit retention of previous compactness through judicious source
spacing and the economical and effective use of in-vault shield-
ing.

In summary, the advanced design of ARHCO's new compact plutonium
storage facility has brought into reality the 1969 goals of a ten-
fold reduction in radiation exposure, reduced fire hazard, and
minimal probability of contamination spread. It has been partic-
ularly satisfying to achieve these objectives while retaining
compactness and at the same time improving such fundamentals as
criticality control and operating efficiency.
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SECTION II.

VENTILATION SYSTEMS
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APPLICATION OF AN INERT ATMOSPHERE
TO A PLUTONIUM PROCESSING SYSTEM

BY

K. W. Calkins, Project Manager
Manufacturing Department
and
C. F. Bogard, Project Engineer
Construction Department

of

The Dow Chemical Company
Rocky Flats Division
Golden, Colorado 80401

Use of an inert atmosphere for plutonium processing work was con-
sidered for Rocky Flats during initial design of the plant in

1951 and again in 1961 when most of the plutonium operations were
further dehumidified. The inert atmosphere was rejected both
times for the same reasons. Research at that time indicated that
plutonium corroded faster in an oxygen-free atmosphere of the same
humidity as an air atmosphere. Since the dry air atmosphere was
also cheaper, it was selected. The minor chip fires that occurred
were not considered a serious risk at that time. Procedures and
materials for fire control were a part of normal operations.

In May 1969 interest in an inert atmosphere for metallic plutonium
operations was renewed. A committee was established to investigate
feasibility of inerting and related subjects. That committee,
headed by Dr. L. A. Matheson, concluded that inerting of large
production facilities at Rocky Flats was feasible, and both Dow
and USAEC management have given positive backing to the project.

We selected nitrogen as the inerting gas due to price and avail-
ability. We plan to limit oxygen levels in the nitrogen systems
to 5% by volume maximum, which will prevent plutonium chip fires,
as will be discussed later by L. E. Musgrave. Incidentally, no
other materials in the glovebox lines burn at less than 10% oxygen.

Our present plans during pre-Title I engineering are to use pure
nitrogen from a vendor-owned and operated liquefaction-fraction-
ation (SLIDE 1) plant such as this one by Linde. We anticipate a
capacity reguirement of 140,000 SCFH of gas at about 30 psig from
the plant. We will locate the plant about 1,000 feet away from
our main production buildings, and pipe the gas to the desired
locations. Reliability of supply to our systems will be guar-
anteed by the vendor through use of a large liquid nitrogen
backup dewar.

The glovebox systems to be inerted in each building will be con-
verted to recirculating ventilation systems as shown here (SLIDE 2).
Gas will be purged from each system to overcome in~leakage and
maintain the system at a negative pressure around 1/2 inch water
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column. Additional gas will be exhausted to permit control of
oxygen or water levels in the system by dilution with pure nitro-
gen from the gas plant. Our flow rate through the recirculating
system will be comparable to the present air flows in each glove-
box. You're probably curious about the other plenum shown on the
schematic. We will have a bypass plenum so that nitrogen flow
from either of our systems can be bypassed into a spare plenum,
The main plenum then would have air bled through it to provide an
air atmosphere for plenum maintenance. This has several advan-
tages in addition to providing a plenum for emergency use. First,
we would not degrade our nitrogen atmosphere by the inevitable
leaks through open plenum doors during maintenance; and second,
we can change filters and check filtration efficiency, exactly as
at present, with respirators in the third and fourth stages, and
supplied air hoods in first and second stages.

I previously mentioned that inert operations were rejected in
1961 and a dried air atmosphere having 200 ppm of moisture was
selected as providing better corrosion protection. Since that
time, however, Rocky Flats' Research and Development group has
found no apparent difference in corrosion rates between plutonium
stored in our present dried air atmosphere and oxygen depleted
nitrogen atmospheres having a minimum of 1% oxygen. We've also
found that nitriding of the plutonium will be no problem at any
of our operating temperatures, provided the 1% oxygen is main-
tained.,

So far I've been talking about the generalities of inerting at
Rocky Flats., Now I'd like to talk about our actual systems.
(SLIDE 3)

Building 776 is one of our main production buildings. The exist-
ing glovebox system will be served by three separate ventilation
systems. The colored systems, which have a total enclosed volume
of about 30,000 cu. ft., will be inerted with nitrogen. The
adjoining gloveboxes, shown dotted, will remain on a dried air
system. Building 776 is typical of the other building, 707, which
will also have two inert systems adjoining an existing dried air
system. The total volume to be inerted in both buildings is about
90,000 cubic feet, which includes ductwork, filter plenums, and a
22,000 cubic feet storage vault in Building 707. Our main reason
for having two inert systems in each building is to permit differ-
ent oxygen level controls, and less nitrogen usage, in the systems.
One system will control oxygen to about 4% by volume with humidity
approaching that of the room. The other system will control humi-
dity (by dilution with dry nitrogen) to present levels in these
gloveboxes (i.e., less than 700 ppm of moisture) with resulting
oxygen levels of about 2%. The existing ventilation systems in
these buildings can be conveniently divided to provide these two
systems.
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Where the nitrogen systems connect to adjoining air systems,
either the room air or glovebox air, we will use a two-door air-
lock with power operated doors interlocked to prevent both doors
being open at the same time. We feel no need for vacuum airlock
operation considering the large volume of our system, the recircu-
lation and mixing of the atmosphere, and the oxygen levels we will
have. The operating requirements for our production personnel
working in these areas will not be appreciably different from

the present situation.

One of our major problems in preparing for this inerting project
is that no one within the AEC complex has anything quite compa-
rable in size or system design to our proposed system. Our own
experience is limited to several argon, helium, or nitrogen inert
boxes, inert to the low ppm range of oxygen, and either using a
small regenerator at each box or a vacuum pumpdown/purge system,
The most comparable facilities are two isolated inert systems
having a 3% oxygen in nitrogen atmosphere, one with 180 cu. ft.
and the other 550 cu. ft. volume. Both of these are chip briquett-
ing operations. Previously when the operation was done in air we
averaged about one burning incident every day. In the 17 months
of inert operation there have been no fires. The leak rate of
these boxes is presently running about 0.2 CFH/cu. ft. of glovebox
volume. These are new gloveboxes, probably having a lower leak
rate than other boxes in the building. They do have a large
bellows and a bag port which has more leakage potential than for
our planned total system.

One problem our large inert system will correct for these indivi-
dual inert briquetting boxes is material movement in and out of
the box. The need for airlock or bagging operations at the box
will be eliminated when it is absorbed into the large system.

The leakage problems we anticipate in our existing gloveboxes

are of three types; (SLIDE 4) diffusion and unintentional and
deliberate open leak paths. Compared to open leak paths the
diffusion problem is negligible, and no changes to the system
will be made solely to eliminate diffusion. The unintentional
open leak paths will be a problem. We presently plan to attack
this problem after the systems are converted to nitrogen by using
a simple leak test instrument inside the line, the E.F.I. W-6
Wind Noise Test Set. Major leaks detected will be caulked, or
the joints tightened.

The main leakage into our systems, though, is from the deliberate
open leak paths. (SLIDE 5). This is a cross-section of typical
glovebox leaks at Rocky Flats. Some of these items - tool drops,
air locks, sample take-outs, and bag rings - present such a large
source of leaks that they will be modified or, sometimes, elim-
inated from the existing gloveboxes. Others - window mountings,
gasketing, shaft seals, etc. - will be corrected on new gloveboxes
added to inert systems, but existing boxes will .only be tightened
or caulked. (SLIDE 6). The gloveboxes at Rocky Flats have win-
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dow seals common to other AEC sites. We anticipate no change in
the design other than use of caulking compounds on the gasket
surfaces at installation.

Airlocks to the atmosphere in the existing systems will be re-
placed with ones having (SLIDE 7) vertical 1lift, hydraulic powered
doors as shown on this slide. The doors on each airlock will be
interlocked so that both doors cannot be open at the same time.

Tool drops (SLIDE 8) now flow 60 to 70 CFM of air into our system
as measured at one of our normal 2-inch diameter drops. This
graph does demonstrate the effect of a lower differential nega-
tive pressure in the box. If we decrease the differential by

.2 inches of water, the in-flow of air is reduced by about 10 CFM.
We will try to operate our inert systems at about .5 in. negative
pressure. We propose to minimize this flow (SLIDE 9) by use of
prlugs at both ends of the drop tube making an enclosed space and
a limited air volume. To hold the "drop" at a negative pressure,
we will need a small bleed hole in the tube.

The inerting system will not be fool-proof. For instance, if one
or two gloves were accidentally torn off somewhere in the glove-
box system, the oxygen level would rise above the 5% control
point. As mentioned before, other materials in the glove box
system would not burn in less than a 10% oxygen level, so we have
a safety factor. We cannot rely on this to provide an absolute
protection against fire in the gloveboxes so we will provide

fire detection and protection in all inert systems identical to
that provided in air glovebox systems.

This project presently is just getting "off the ground”. We are
in pre-Title I engineering now. Our preliminary construction
plans call for having our first system inert by mid-1972 with
all construction complete by mid-1973.

I've given you a very brief survey of the inerting project and
have probably left some items of specific interest to you un-

answered. Are there any questions?

~-FINIS-
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AIR LEAKAGE INTO PLUTONIUM GLOVEBOXES

AND ITS EFFECT ON INERT OPERATIONS

INTRODUCT ION

The Rocky Flats Plant plans to substitute an inert gas, nitrogen,
for the dried air now used in many of the present plutonium
gloveboxes at Rocky Flats (1). The reason for this is to
suppress the ignition and burning of plutonium metal and

organic materials inside the gloveboxes. Oxygen concentrations
below 5% in nitrogen do not support combustion of plutonium(2),
and oxygen concentrations below 10% do not support combustion

of hydrocarbons, paper, wood, and most plastics(3). It is
planned to maintain the oxygen content in nitrogen below 5% in
routine operation of the gloveboxes.

The nitrogen supply would be several times more expensive per
unit volume than the dry air supply currently used. Several
characteristics of the glovebox system must be understood before
an economic analysis of nitrogen usage can be made and the
nitrogen supply system designed. The most significant
characteristic of the system that will affect nitrogen usage

is the amount of air leakage into the gloveboxes. Air leakage
into gloveboxes will increase both the oxygen concentration and
water vapor concentration in the gloveboxes, both of which must
be controlled.

To develop quantitative information on air leakage, a material
balance method has been developed to relate air leakage through
openings into gloveboxes to resultant increases in water vapor
or oxygen concentration. This allows estimation of the leakage
into gloveboxes and also the probable nitrogen supply
requirements. Using water vapor concentration measurements, this
material balance method has been applied to a large glovebox
system at Rocky Flats. This paper describes the analysis of the
nitrogen requirements using the water vapor material balance
method to determine leakage, and other considerations that arise
during conversion of a glovebox system to an inert atmosphere.

DISCUSSION

Where highly radioactive material such as plutonium is handled

in gloveboxes, a slight negative pressure of about 1/2-inch of
water is maintained in gloveboxes relative to room or box
external to prevent radiocactive material being carried into the
room. Under these conditions, any hole in the gloves, windows,
window seals, gaskets, etc., allows passage of room air into the
gloveboxes with its 21% oxygen and room moisture content. This
is called open path leakage. Oxygen and water vapor also diffuse
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through the solid rubber or plastic of the gloves, windows, etc.,
but this can be shown to be negligible compared to the open path
leakage in our gloveboxes.

DEVELOPMENT OF MATERIAL BALANCE EQUATIONS

The relationship between open path air leakage, atmosphere flow
and moisture or oxygen gain may be deduced from a material
balance around a glovebox or glovebox system such as shown in
Figure 1. Equating the total quantity of the species entering
the system to that leaving gives

ICy + LCR = (I +L) Cq

Rearranging, the equation becomes

L (Cg =C,) =1 (C,-Cp)

I
giving a leakage rate
CO_CI
L= Cr - Co X1I

Expressed in words, the equation for a water vapor balance is

Room H,0 conc ~— Outlet H3;0 conc

A similar equation may be written for an oxygen balance,

_ Outlet 0,% - Inlet 0,%
Leakage CFM = —g=== 0% = Outlet 0,% X Inlet CFM (2)

The above may be applied to the whole or to a part of the
recycle circuit. When it is applied to the whole of the
recycle circuit being fed pure nitrogen the equation then becomes

Leakage CFM = Inlet CFM X Outlet 0,%/ (21% - Outlet 0,%), (3)
because Inlet O, concentration is essentially zero.

NITROGEN SUPPLY REQUIREMENT AT VARIOUS
OXYGEN CONCENTRAT IONS

The amount of nitrogen supply required will increase as the

oxygen concentration to be maintained in the gloveboxes decreases.

The oxygen balance formula allows calculation of the ratio of
nitrogen supply to leakage into gloveboxes at various oxygen
concentrations in the gloveboxes. This is shown in Table I.

The data in Table I show, for instance, that 3.2 volumes of
nitrogen are required to dilute 1 volume of air at 21% oxygen,
to 5% oxygen. A glovebox system operating at 5% oxygen can have
its leakage trebled and the oxygen concentration will only
increase to 10%, at which concentration plastics, paper and
hydrocarbons still do not burn. This is an extra safety factor
in preventing glovebox fires. Table I shows that as oxygen
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L, Leakage CFM (ft3/min )

at Room Concentration, <CR)

B
I, Inlet CFM at Inlet I + L,at Outlet
t Recycle Possible v g
Concentration,(CI) \\ Concentration, (Co)
FIGURE 1

OPEN PATH LEAKAGE EFFECT ON GLOVEBOX ATMOSPHERE



TABLE 1

EFFECT OF GLOVEBOX OXYGEN CONCENTRAT ION

ON NITROGEN SUPPLY REQUIREMENT

Oxygen Concentration Ratio of Nitrogen Supply
in Gloveboxes Requirement to Leakage
(Volume Percent) Into Gloveboxes

10 1.1
5 3.2
4 4.25
3 6.0
2 9.5
1 20.0
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concentration decreases, leakage becomes more important in
determining nitrogen usage.

LEAKAGE MEASUREMENTS ON EXISTING FACILITIES

Few inerted boxes were available to check leakage by the

oxygen balance formula, so the water vapor balance formula

was used to determine present leakage rate of glovebox systems
at Rocky Flats. Leakage rate can be expressed as a term called
"Leakage Factor.'" The leakage factor (LF) is the rate of
leakage into a glovebox divided by the volume of the glovebox.

Leakage (£ft3/hr ) y [=1 hr -1

Leakage Factor = Glovebox Volume (ft3

Leakage data for the plutonium fabrication glovebox dry air

system prior to May 11, 1969 are shown in Table II. Leakage
factors for recent operation of the same system are shown in
Table III. Little effort had been expended to decrease the

leakage factor at the time these values were determined.

OTHER CASES

Several other cases from Rocky Flats and other sites are
considered in Table IV. Most cases are considered on the basis
of 100,000 ft3 of glovebox volume, near to the Rocky Flats
present estimated glovebox volume to be inerted. Hanford

has reported a leakage factor of 0.050 hr ~! on the Building 234-5
nitrogen inerted line. Their leakage factor was applied to the
projected inert system at Rocky Flats, for comparison purposes.

The two cases of 70,000 and 140,000 SCFH nitrogen supply are
given because these are standard size liquid air separation
plants. Applying these nitrogen supplies to the 100,000 ft3

of glovebox anticipated to be inerted gives the leakage factors
which must be attained to satisfactorily operate with each plant
size. These are 0.29 hr ~! for the 70,000 SCFH plant and

0.58 hr ~! for the 140,000 SCFH plant. However, a small nitrogen
supply increases the hazard from system breach or upset and
increases the time required to recover from it.

It should be mentioned that even the large nitrogen plant,
140,000 SCFH, cannot withstand a very large leakage hole total
area. The allowable leakage rate of 56,000 ft3/hr can pass
through an area of about 0.5 ft2? under maintained pressure
differential of 0.5 inches of water.

The last row shows data on an individual glovebox made ultra
tight to manufacture PuN via the hydride process in ORNL.

A flow of 0.3 ft3/min of nitrogen with 10 - 15 ppm oxygen is

fed into a 30 ft3 glovebox with a gain of about 5 ppm in oxygen
while traversing the box. Covers are provided for gloveports and
take-out bags. Accurate pressure control and tightening of the
system allow a leakage factor of 1.4 X 10~% to be attained.

This is about 10-4 times less than what is anticipated for the
new Rocky Flats system. The calculations were made using oxygen
data. The figures illustrate how oxygen-tight an individual
glovebox may really be made. Water data was not taken. It would
have undoubtedly shown much higher values of leakage because of
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TABLE 1I

PLUTONIUM FABRICATION
GLOVEBOX DRY AIR SYSTEM LEAKAGE FACTORS

(1969 Vvalues)

Leakage Factor®(hr-1)

Date _Low High
5~-1-69 0.61 4.02
5~2-69 0.23 1.29
5~-3-69 0.36 1.94
5~4~69 0.36 0.50
5-5-69 0.32 0.73
5-6-69 0.41 0.83
5~7-69 0.48 0.72
5-8-69 0.33 0.50
Average 0.39 1.32
Overall Average 0.85

¥ Based on system volume of 45,000 £t

90



TABLE III

PLUTONIUM FABRICATION
GLOVEBOX DRY AIR SYSTEM AVERAGE LEAKAGE FACTORS

Leakage Factor#®*

Time Period Gr -1)
October 1970 0.65
November 1970 0.79
December 1970 1.13
January 1971 0.78
October 15,
through
January 31, 1971 0.86

*Based on system volume of 47,000 ft3
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TABLE IV

LEAKAGE INTO GLOVEBOXES

AND N, REQUIREMENTS TO MAINTAIN 5% O, IN GLOVEBOXES

Leakage Leakage Recovery N, Calculated CCly
Factor Rate Atmosphere Time, Requirement Concentration
Case (ft3/hr ft3) (ft¥hr ) Changes/hr to 90% avg) SCFH (ppm by volume)
Rocky Flats Avg 0.86 40,400 21 0.14 300,000 9
10-15-70 to 28
1-31-71, 130,000
47,000 ft3
Hanford Rate 0.05 5,000 0.21 14.3 12,000 2040
on Rocky Flats 5840
Boxes, 100,000 ft3
70,000 SCFH 0.29 29,000 1.2 2.5 70,000 350
N,, 100,000 ft? 1000
140,000 SCFH 0.58 58,000 2.4 1.0 150,000 176
N, 100,000 ft3 500
Inerted Chip Box 0.11 20 0.45 6.7 12083%
in Pilot Line, to to to
180 ft3 0.26 47 20084 %
5
PuN Glovebox 1.4 X 107 4.3 X 10™% 0.8 3.7 18

ORNL, 30 ft3



some 500 times higher permeability of elastomers and plastics
for water than oxygen.

Explanation of the methods used to obtain the values in the last
four columns of Table IV follow:

Atmosphere changes per hour:

This is calculated from the total system oxygen balance
using an outlet oxygen concentration of 5%.

Outlet volume = nitrogen usage + leakage @ 5% O, =

4.2 X leakage. So atmosphere changes per hour =
4.2 X leakage factor to maintain an oxygen atmosphere of 5%.

Time to 90% recovery:

This is the time required for the system to recover 90%
toward the equilibrium concentration if the system is
disturbed, e.g., by a large air leak of short duration.
This was taken as the time for passage of three glovebox
volumes from the system outlet. A recirculation system
approaches a perfectly mixed system which requires about
three volumes. A once~through system might take less than
two volumes.

Nitrogen requirement:

These are given or calculated from the total system
oxygen balance and converted to standard cubic feet. One
SCF (standard ft3) = 1.34 CF (£t3) at the Rocky Flats
glovebox temperature and pressure.

Carbon tetrachloride concentration in boxes:

The two figures in Table IV for each situation were
calculated from two different estimates of CCl, evaporation
into gloveboxes. These were from 1968 data - 380 gallons
of CCl,; evaporated per month, and 1963 data - 1000 gallons
of CCl, evaporated per month. The CCl, in the glovebox
atmosphere was considered to be present in only one-half

of the gloveboxes because the machining area, from which
most evaporation occurs, includes about one-half of the
gloveboxes in the system.

CONTROL OF WATER VAPOR IN GLOVEBOXES

Two of the four systems to be inerted at Rocky Flats also require
control of the water vapor concentration in the glovebox to
minimize corrosion. In these two systems the maximum allowable
water vapor concentration is approximately 200 ppm by volume

or 0.85 grains HyO/pound dry air. Humidity in the room surround-
ing the gloveboxes is typically about 12 grains H,0/pound of dry
air in summer, and about 9 grains Hy,0/pound of dry air in winter.

Oxygen and water vapor enter the gloveboxes and occur in glove-
boxes proportional to their room air concentration,

i.e., Hp0 Outlet _ HpO Room . 12 grains/lb. dry air

O, Outlet O, Room 21%
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Table V shows the values of various parameters which result. ‘
The fourth parameter is fixed by specifying three.

At 0.85 grains H,0/pound dry air, the water vapor has the higher
ratio of room concentration to glovebox concentration. (See
Table VI.) Therefore, in maintaining the proper water vapor
concentration in the gloveboxes the oxygen concentration will

be reduced to a value well below the required level. (See Table
VII.) This illustrates that both oxygen concentration and water
vapor concentration must be considered when analyzing the gquantity
of nitrogen required to inert gloveboxes for plutonium processing.

LEAK CHECKING AND LOCATION

The oxygen balance or water vapor balance may be used on small
sections of glovebox line, e.g., one box. Some oxygen indicators
may be sensitive and rapid and may help in locating leaks.
Extension rubber tubes inside boxes should aid by getting close
to the leak. Portable, inexpensive oxygen or water vapor
indicators that could be installed inside gloveboxes could help
greatly. An inexpensive rapid system of conveniently

locating leaks can influence the cost of inerting., Measurement
of ultrasonic transmission through holes using an ultrasonic
source inside the glovebox or ultrasonic noise generation by
leakage have been very helpful (4).

ECONOMICS

Extra labor will be required to keep the inert boxes tight and

to operate them in that condition. It was estimated by
maintenance and production personnel that 10% extra operating
and maintenance labor would be required for this. This cost could
amount to several hundred thousand dollars per year, which is

of the same order of magnitude as the cost of the nitrogen
necessary for the inerting. The optimum point for operation
would be at the leakage level where the sum of the two costs is
the minimum. This type of analysis will require more data than
is available at present.

CONCLUSIONS

1. The material balance method developed for glovebox leakage
analysis provides an empirical method for determining leakage
into existing glovebox systems.

2., Water vapor leakage into gloveboxes instead of oxygen will
determine nitrogen usage for machining operations which
are maintained at low humidities.

3. Optimum economic operation will be a balance between extra
maintenance and operating labor and the cost of the nitrogen
supplied to the system. Improved equipment, operation, and
leak detection will lower leakage factors and minimize
nitrogen cost. A larger nitrogen supply increases the safety
of the inerting by assuring an adequate supply under a
greater range of circumstances.
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TABLE V

RELATION OF OXYGEN AND WATER VAPOR

CONCENTRAT IONS IN ROOM AND GLOVEBOXES

66

Box Outlet
Room O, Room Humidity Box Outlet O, Humidity
Concentration Grains H,O0 Concentration Grains H,0
(%) Pound Dry Air (% Pound Dry Air
21 12 4 2.3
21 12 1.5 0.85
21 9 2.0 0.85
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TABLE VI

RELATION OF ROOM AND GLOVEBOX
CONCENTRATION OF OXYGEN AND WATER VAPOR

Water Oxygen
grains (vol %)
1b, air

Room Concentration 12,0 21.0
Glovebox Concentration 0. 85 4.0
Ratio Room Concentration 14.1 5.3
Glovebox Concentration
TABLE VII

OXYGEN CONCENTRATION LEVEL IN GLOVEBOX WHEN WATER
VAPOR CONCENTRATION IS MAINTAINED AT 200 PPM BY VOLUME

Outlet O, Concentration = Outlet HyO Concentration

x Room O, Concentration
Room H,0 Concentration

0.85 grains Hy, 0O
’ 1b, air

x (21%) = 1.5%

Outlet O, Concentration

12.0 gralnS'Hzo
1b. air
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INERT ATMOSPHERE MANAGEMENT AND SURVEILLANCE AT THE ARGONNE
NATIONAL LABORATORY FUELS TECHNOLOGY CENTER®

Introduction

Argon and nitrogen atmosphere gloveboxes and nitrogen atmosphere hot
cells are in operation at the Fuels Technology Center at Argonne National
Laboratory to evaluate plutonium alloys, compounds, or mixtures, and the
techniques necessary to produce or investigate these materials. A two-cell
cave facility and approximately 80 gloveboxes with Ilnert atmosphere are
currently in use. This equipment is installed in three separate areas of
the building and operated independently. All enclosures in which plutonium
is handled are maintained at a pressure that is negative with respect to the
room and are ventilated with inert gas on a low-flow, once-through basis.
This technique 1s possible because of the extremely low leak rate of the
enclosures.

The following discussion describes some of the design features,
administrative controls, and techniques employed that provide and maintain
inert atmospheres for the main purpose of fire prevention. As a secondary
benefit, a high~purity atmosphere gives the scientist a significant technical
advantage when working with reactive materials such as sodium, NakK, or
plutonium-bearing materials.

Atmosphere Source and Purity

Argon and nitrogen are purchased and delivered as cryogenic fluids.
Separate vendor contracts are solicited for a one-year term on the basis of
estimated consumption and, of course, low bid. Liquid nitrogen is routinely
delivered to the facility on Monday, Wednesday, and Friday, which is conve-
nient for both the Laboratory and the vendor because of the large amount of
liquid nitrogen delivered for other purposes each day. Liquid argon is
delivered on demand by calling the vendor when a low-liquid-level alarm is
activated, which is approximately once a month.

The Laboratory sgpecifications require that liquid nitrogen be 99.997%
pure. Maximum oxygen concentration is limited to 20 ppm of the total 30 ppm
impurities. The mositure content is not specified, nor does it seem customary
for vendors to recognize moisture as an impurity. This may seem disturbing
and inconsistent, but in practice, a high moisture content in a cryogenic
fluid processing system cannot be permitted. Normally, 1 to 2 ppm moisture
is observed in the delivered product, and only minor variations occur from
year to year. Oxygen concentrations usually vary between 3 and 8 ppm, with
occasional variations between 1 and 15 ppm.

*
This work was performed under the auspices of the United States Atomic
Energy Commission.
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Specifications for liquid argon are that it also be 99.9977% pure. The
maximum oxygen concentration is limited to 5 ppm, nitrogen is limited to
20 ppm, and other gases are limited to 5 ppm total. Oxygen monitored during
the past two years has not exceeded 5 ppm except for a few brief excursions to
30 ppm caused by improper techniques used in 1liquid transfer between trucks
and the converter. These excursions actuate alarm devices but are not cause
for serious concern.

Quality Control

Source gas quality control is assured by a four-step process:

(1) Product purity (99.997%) and maximum specific impurities (0, and N,) are
specified by the Laboratory. The specifications are realistic with respect
to vendor capabilities and the end use of the product.

(2) A vendor-performed analysis of each delivery is specified, and this
analysis is submitted to the Laboratory with each load.

(3) A "go-no go'" test is performed by the Laboratory's Fire Protection Depart-
ment for each delivery. Samples of the liquid phase are taken from the
vehicle and analyzed for oxygen content before the product is dispensed.
Occasionally liquid nitrogen quality does not quite meet the specified
purity. These deliveries can usually be accepted for use in noncritical
facilities where the product is used primarily for cold-trap operations.
When a wide variation between specification and analysis is apparent,
delivery is not accepted. Variations from the liquid argon specification
are never permitted. Analysis is performed with a Hot Filament Oxygen
Detector, A.P.C. 13-493-99-0020, the calibration of which is verified with
cylinder gas of known oxygen content.

(4) Argon and nitrogen gas supply systems within the facility are continuously
monitored for oxygen and moisture content. Instrumentation consists of
Beckman and Consolidated Electrodynamics electrolytic type moisture
monitors and Analytic Systems Company series 300 trace oxygen analyzers.
Alarm systems connected to these instruments alert responsible persons
in the event of high impurity levels.

Conversion and Distribution

Liquid argon and liquid nitrogen converter systems are installed
adjacent to the building (see Figure 1). The two systems are similar except
that the liquid nitrogen system has a steam-to-~liquid nitrogen vaporizer in
series with an ambient vaporizer. The liquid products are contained in the
storage vessels at 90 psig, continuously dispensed on demand through vapor-
izers and three-stage pressure reduction stations, and distributed throughout
the building as gases at 60 psig. Pressure reduction to approximately 10 psig
is made at the facility being serviced. Both converter systems include
pressure-building coils, gas (boiloff) recovery systems, and low-level alarms.
The converters are not dependent upon any utility. The liquid nitrogen steam
vaporizer mentioned above is not essential, but it has eliminated ice forma-
tion problems characteristic of a high and continuous demand, ambient vapor-
izer system.

The 1liquid product is not dispensed for any other purpose from these
systems nor do the gas distribution systems serve any apparatus other than
glovebox or hot-cell facilities. The gas distribution systems can be manually
cross connected so that each system is a backup for the other. Cylinder gas
reserve manifolds are included only in the argon system but are not really
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considered necessary. The cylinder manifolds supplied the facilities before
installation of the cryogenic system and will probably be removed if other
needs for manifolds develop.

Figure 1. Liquid Nitrogen and Liquid Argon Converters

Gas connections to individual gloveboxes or hot cells are made through
pipes, check valves, and metering hardware of limited size and capacity. The
combination of fixed line pressure and built-in pressure drop guarantees
finite limits for individual flow rates. Gloveboxes are limited to approxi-
mately 2 scfm per glovebox, and the hot cells are limited to approximately
15 scfm each. Normal flow rates are 0.2 scfm per glovebox and from 5.0 to
8.0 scfm per hot cell.

Gloveboxes

Inert atmospheres are contained in approximately 80 gloveboxes, located
in 17 laboratories in separate areas of the building, and in two separate
cells of an Alpha-Gamma facility.

The gloveboxes vary in size from 8 to 87 cubic feet and are maintained
at a 1/2-inch water-column pressure with respect to the room. Negative
pressures are used for plutonium facility gloveboxes and positive pressures
for nonplutonium gloveboxes.

Structures consist of extruded aluminum frames, safety glass windows,
aluminum panel sides and baseplates, and O-ring seals between the frame and
each panel or window (see Figures 2 and 3). This design results in gloveboxes
having a leak rate less than 0.02% of the box volume per hour measured
(calculated) at a differential water-column pressure of 4.0 inches, before
gloves and pouches are applied. The glovebox structure is proof tested at a
water-column pressure of +6 inches. Large gloveboxes (87 cubic feet) will
fail by window breakage at a water-column pressure of approximately 10 inches,
positive or negative. Because smaller gloveboxes are more rigid structures,
they can withstand higher differential pressures.
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Figure 2. Cross Section through Assembled Glovebox
Components
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Figure 3. Section through Corner Extrusion
Showing Window and Panel Seals
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Leak testing is performed as a four-phase project and extends
throughout the lifetime of the glovebox. Normally, the first leak test is
by a helium mass spectrometer "sniffing' technique. The second test is an
air-leak rate test performed at a water-column pressure of +4 inches. Pres-
sure and temperature changes of the closed glovebox are carefully measured
and the leak rate calculated from data accumulated over a period of several
hours (sometimes days). This very sensitive procedure requires regulation of
other activities in the room and stable weather conditions during the test.

After the first two tests the glovebox may be opened, windows removed,
and equipment installed and tested. This process sometimes requires several
months of effort. When all equipment 1s ready for use, the windows are
reinstalled, gloves and pouches applied, and the box purged with inert gas.

The third leak test is performed under operating conditions. When the
glovebox has been purged of air and connected to the pressure control system,
it is ventilated (with inert gas) at a rate of 0.2 scfm for two or three days.
During this time no work (glove manipulation) is performed in the box. Then
the oxygen content of the box atmosphere is measured. An oxygen level of 50
to 75 ppm is considered acceptable, and the glovebox is placed in operation.

The fourth phase of leak testing is a continuing process. Twice each
year, usually over a three- or four-day weekend, all glovebox gas flow rates
are reduced to 0.1 scfm (half the normal nominal flow). On the next workday,
before the facilities are used, all gloveboxes are carefully monitored for
oxygen content. Approximately six hours are required to test all gloveboxes
in the plutonium facilities. Leaking gloveboxes are easily identified by the
accumulated data. In a glovebox train with one leaking glovebox, an oxygen
gradient from box to box can be observed. Glove deterioration is the usual
cause of glovebox leakage, but a few persistent leaks have been detected and
repaired in other pieces of glovebox hardware.

The Working Atmosphere

An average glovebox, purged at a rate of 0.2 scfm, in which normal
transfer techniques are used (PVC bagging and push-through can entries) will
have an inert atmosphere containing less than 200 ppm oxygen and approximately
100 ppm moisture. Carefully performed transfer techniques and a flow rate of
about 1 scfm will result in an atmosphere containing less than 50 ppm oxygen
and about 25 ppm moisture.

Leaking gloveboxes are usually detected through oxygen analyzer alarm
systems before oxygen levels reach 0.5%. A large leak can result in a 3-57%
oxygen concentration before corrective action is taken, but oxygen levels
above 1% are rare.

The two hot-cell atmospheres vary in oxygen level with transfer
operations and leak rate changes. One cell, designed and tested for inert
gas application, normally contains less than 200 ppm oxygen when ventilated
with nitrogen at a rate of 5 scfm. The other cell, designed for air ventila-
tion and recently converted to nitrogen atmosphere, contains approximately
2.5% oxygen when purged at 8 scfm.

Instrumentation and Alarms

Continuous oxygen analysis is made of the manifolded glovebox exhaust
gas. Two laboratories, each housing up to 10 gloveboxes, are monitored by one
indicating, recording instrument. When a high-oxygen level is observed or
causes an alarm, the '"problem lab" is easily identified by manipulating sample
line valves (see Figure 4). Once the problem area is defined, each glovebox
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may be monitored through an individual sample line connected to a manifold at
the analyzer location. Instrument troubleshooting and glovebox sampling are
performed outside the laboratory space. Glovebox troubleshooting requires
laboratory entry, but only after the specific leaking glovebox has been
identified.

Figure 4. Oxygen Analyzer Sample Selection Panel

Hot-cell installations are similar, but locating a leak in one large
enclosure is accomplished by moving the sensing point (the end of a long
plastic hose) to various locations within the cell.

Instrumentation consists of dual range, paramagnetic-type oxygen
analyzers, ANL-developed sample-selector systems, and indicating recorders
equipped with alarm contacts. Instrument ranges of from 0 to 1% and O to 5%
oxygen are most common. The Hays Corporation Model 632 is preferred for this
low-range application. Recorders are 24-hour circular-chart devices with con-
tacts set to alarm at 257% of full scale (0.25% or 1.25% for 1% and 5% ranges,
respectively).

Local alarms sound in affected areas immediately, and signals are
relayed to a central building annunciator system if not manually silenced
within 1-1/2 minutes by area occupants. If the building annunciator is not
responded to within 20 minutes, the signal is relayed to the Laboratory tele-
phone switchboard, which is always manned. I

Response to alarms during off-hours is accomplished through emergency
call lists available to the persons on duty. Initial troubleshooting is some-
times performed via phone instructions. This procedure usually results in

104



either establishing the fact that an instrument or sample system has malfunc-
tioned or that a real glovebox leak has been announced. Approximately three
real leaks per year have been detected during the off-hour periods in the past
three years. Recorder charts usually reveal that a small leak developed during
the late afternoon hours, ultimately actuating the alarm sometime between

7:00 p.m. and 3:00 a.m.

Summary

In conclusion, the main points of atmosphere management and of
surveillance may be briefly listed.

Management Techniques

(1) Source-gas purity is specified by the Laboratory.
(2) Vendor-gas analysis is provided with each delivery.
(3) Liquid conversion and gas distribution are not dependent on utilities.

(4) Distribution pressures and components are designed to limit flow at the
point of use.

(5) Gas usage is restricted to glovebox or hot-cell atmospheres.

(6) Low glovebox leak rates are obtained before use as plutonium handling
devices.

(7) Gas flow rates are reduced semiannually and increased only as needed by the
glovebox user.

(8) Circular recorder charts "demand'" daily attention, which results in
detecting problems before they become serious.

Surveillance Techniques

(1) Each delivery is tested by the Laboratory for oxygen content.

(2) Gas supply systems within the facility are continuously monitored for
oxygen content.

(3) Glovebox and hot-cell exhaust systems are continuously monitored for
oxygen content.

(4) Cryogenic reservoirs are equipped with liquid-~level alarms.
(5) Gas distribution systems are equipped with pressure alarms.
(6) Oxygen analyzer charts are changed, and, therefore, are observed daily.

(7) Instruments are calibrated weekly, mainly to assure that they do respond
to oxygen.

(8) Leaking gloveboxes are identified at least twice each year.

The techniques listed above are not in a priority sequence, nor would
the same priority apply to both argon and nitrogen systems for a given
technique.
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PLUTONIUM IGNITION IN INERT ATMOSPHERES *

L. E. Musgrave
The Dow Chemical Company
Rocky Flats Division

ABSTRACT

The prevention of plutonium ignition is an important con-
sideration in handling plutonium. In order to determine fire
safe, inert atmospheres in which plutonium can be handled, the
ignition of plutonium has been studied in nitrogen-air and carbon
dioxide-air mixtures. The results show that such mixtures are
effective in preventing plutonium ignition when the oxygen con-
centration is below about 5 percent. The maximum allowable
oxygen concentration in which plutonium ignition is prevented is
higher as the specific surface area decreases. It is also higher
in nitrogen-air than in carbon dioxide-air mixtures.

INTRODUCTION

Experience with plutonium metal shows that under certain
conditions the metal is pyrophoric. Plutonium has been involved
in serious fires both in England and in the United States. 1In
addition to the direct fire hazards, plutonium fires offer severe
toxilogical and radiation hazards. The maximum permissible dose
of plutonium is about 1 microgram. Therefore, the spread of
plutonium aerosols by fire is extremely undesirable, In cases
where such aerosols are spread, much time and effort must be
spent in decontamination.

These factors require that great effort be expended in pre-
venting plutonium fires. Much progress has been made in under-
standing plutonium ignition and burning.'”® It appears, however,
that only inert atmospheres are completely effective in preventing
plutonium ignition and burning. Thompson®’ observed plutonium
ignition in argon with greater than 6.5 percent oxygen. Felt® found
that argon containing about 5 percent oxygen was adequate to ex-
tinguish burning plutonium. Schnizlein and Fischer® incorrectly
reported that Rhude® observed plutonium burning in 5% oxygen in
nitrogen and to be extinguished only in 1% oxygen in nitrogen.
Rhude was using magnesium to simulate plutonium due to hazards
involved with handling plutonium,

The cost of inerting a large plutonium handling area with argon
is high. Economic substitutes of partially inert gases such as
nitrogen or carbon dioxide would be desirable, if the necessary

. *Work performed under the auspices of the U. S. Atomic Energy
Commission Contract AT(29-1)-1106.
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degree of protection could be attained. Since little information
is available on the ignition of plutonium in nitrogen or carbon
dioxide atmospheres, this study was carried out.

The goal of this study was to determine protective atmospheres
for a large plutonium processing area. For this reason, plutonium
lathe turnings were most comprehensively studied. The turnings
are most likely to cause serious fires in the area because they
are generated in large amounts and have a sufficiently high
surface area to ignite easily. Supplementary studies on more
massive coupons and more finely divided filings were carried out
to determine the effect of surface area in such atmospheres,

EXPERIMENTAL

The ignition temperatures of the samples were determined by
the burning curve method.” Figure 1 shows a schematic of the
apparatus. The sample was placed on a spoon inside a Vycor tube.
It was heated at a 30°C temperature rise per minute with a tube
furnace. The sample temperature was monitored with a platinum/
platinum-13% rhodium thermocouple placed inside the spoon. At
ignition, the sample temperature rose rapidly. The heating rate
curve and the temperature curve following ignition were graphically
extrapolated as shown in Figure 2. The intersection of these
curves is the ignition temperature. Gases surrounding the sample
were controlled by continuous flow of the proper mixture through
the Vycor tube.

In a supplementary experiment to determine the effect of
oxygen concentration on burning plutonium the equipment shown in
Figure 3 was used. Plutonium coupons were placed on a heater
maintained at 500°C and ignited. A Vycor bottle through which
a gas mixture flowed was placed over the sample until glowing
ceased. The time between placing the bottle over the sample and
the cessation of glowing is the ""glow' time.

Plutonium used in these studies was either unalloyed or
delta-stabilized (Pu/1 wt % Ga). All samples weighed about 0.5 g.
Coupons were wire brushed and cut to size (about 1.0 x 0.5 x
0.1 cm®)., The delta-stabilized lathe turnings were about 2.0 x
0.1 x 0,02 cm®. The unalloyed lathe turnings were about 0.2 x
0.2 x 0,02 cm®, When necessary oil was removed from the lathe
turnings by washing in carbon tetrachloride. The filings were
obtained from a clean delta-stabilized coupon. The filing was
done in a dry air glovebox (200-700 ppm moisture). They were
collected between 300 and 140 mesh screens. All filings were
tested within 24 hours to reduce surface oxidation.

Gases used were compressed air and bottled nitrogen. Flow
was regulated and measured with a flow meter., Mass spectrometry
was used to check the accuracy of the flow measurements,

RESULTS

Initially there was concern to compare experimental data
observed in nitrogen-air mixtures with that previously published
in argon-air mixtures. There was particular interest in comparing
this work with the data of Felt® because Felt had used much larger
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amounts of plutonium which more realistically represented a fire
situation. Therefore, delta-stabilized plutonium was ignited in
nitrogen-air mixtures to determine at which oxygen concentration
ignition would cease. It was observed that the temperature rise
following ignition gradually decreased as the oxygen concentration
decreased making it difficult to distinguish between ignition and
non-ignition. Arbitrarily a definition of ignition was developed.
Ignition was defined as a sudden temperature rise of at least 50°C
in the burning curve. The data gained with the 0.5 g delta-
stabilized coupons is shown in Table I. The slight reactions
indicated at 5 and 6 percent oxygen concentrations indicate a
sudden temperature rise below 50°C. This rise occurred at about
510°C. Hence, ignition was stopped in oxygen concentrations less
than 6 percent, a value similar to that observed by Thompson®' in
air-argon mixtures and consistent with Felt.® A supplementary
measure of glow time shown in Table II confirms that oxygen con-
centrations of up to 7 percent could readily extinguish the
burning delta-stabilized plutonium coupons.

Similar data was gathered with delta-stabilized plutonium
lathe turnings shown in Table III. It is noted that ignition is
prevented in nitrogen-air mixtures containing less than about
five percent oxygen.

During tests with delta-stabilized plutonium filings it was
found that the maximum temperature following ignition could be
reproducibly measured to within *20°C by careful placement of the
sample thermocouple in the middle of the powder bed. This gave
further information on the effect of reduced oxygen levels on
plutonium ignition, Figure 4 shows that the ignition temperature
changed little as the oxygen concentration was reduced. However,
the maximum temperature during ignition was lowered as the oxygen
concentration was reduced. This demonstrated that plutonium
powder would not ignite in oxygen concentrations below about 4
percent if the previous definition of a 50°C temperature rise was
used, Furthermore, the reaction of the powder was incomplete.
Samples which reacted in three or five percent oxygen concentrations
in nitrogen could be cooled and re-ignited in air at 200°C--about
30°C greater than the ignition temperature of unreacted samples in
air,

It was also found that the maximum temperature of lathe
turnings could be reproduced if the sample thermocouple was care-
fully placed. Figure 5 shows the ignition temperature and maximum
temperature of unalloyed plutonium lathe turnings in air-nitrogen
mixtures, The ignition temperature is nearly constant and the
maximum temperature declines as the oxygen concentration is reduced.
Ignition is prevented in oxygen concentrations less than about six
percent.

Figure 6 shows the ignition temperature and maximum temperature
for unalloyed plutonium lathe turnings in air-carbon dioxide
mixtures. Again the ignition temperature is nearly constant and
the maximum temperature declines as the oxygen concentration is
reduced. There is a unique, reproducible double ignition phenomena
at about 11 percent oxygen. The metal ignites at about 300°C,
heats to about 500°C, then cools to the furnace temperature. The
furnace continues heating and the sample re-ignites at about 500°C
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Table I. Ignition temperature of 1 wt % Ga alloyed plutonium .
coupons in various concentrations of oxygen,

Ignition Temperature Oxygen Concentration
(x10°C) (vol % 03)
505 20 = 1
510 10 £ 1
no ignition (slight reaction) 6 £ 1
no ignition (very slight reaction) 5+ 1
no ignition <1
Table II. "Glow'" time of 1 wt % Ga alloyed plutonium coupons

in various concentrations of oxygen.

Oxygen
"Glow'" Time Concentration

(.01 min) (vol % O,)

.03 <1

.03 4 1

.04 6 +1

.06 71

.10 9 +1
1.0 10 £ 1
1.5 20 £ 1

Table III. Ignition temperature of 1 wt % Ga alloyed plutonium
lathe turnings in various concentrations of oxygen,

Ignition Temperature Oxygen Concentration
(x10°C) (vol % 0,)

265 20+ 1

270 12 £+ 1

400 8 +1
slight reaction at 270°C 5+ 1
no reaction 3+ 1 .
no reaction <1
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and heats to about 580°C. A similar phenomena has been observed
with delta-stabilized plutonium chips in carbon dioxide-air
mixtures at about 11 percent oxygen concentration. This phenomena
is not generally observed with lower oxygen concentrations and
ignition is prevented in oxygen concentrations of about 5 to 6
percent,

DISCUSSION

These results show that it is possible to significantly
reduce the possible hazard of plutonium burning by inerting
plutonium handling areas with either nitrogen or carbon dioxide.
Plutonium, due to toxicity and radioactivity, is presently handled
in gloveboxes operated at negative differential pressures. Such
gloveboxes would likely allow some air leakage. However, since
oxygen concentrations as great as five percent will prevent all
but extremely finely divided plutonium from burning, some leakage
would be acceptable, particularly if finely divided plutonium is
kept to a minimum. Therefore, it is possible to achieve much
greater fire safety by inerting present plutonium handling systems,

The data gathered here shows good agreement with previous
studies in argon-oxygen mixtures. It also shows some agreement
with the theory of Chatfield® who predicts that delta-stabilized
plutonium will not burn in a 0.04 partial pressure of oxygen,
However, the nearly constant ignition temperatures observed as
the oxygen concentration was varied disagree with Chatfield's
theory. Chatfield's prediction of a variation of ignition
temperature with oxygen partial pressure is due to an assumption
that the oxidation rate is pressure dependent. Recent experiments
with plutonium show that this is not true. Larson and Cash® have
observed oxidation rates with plutonium at a pressure of 5 x 10"%
torr similar to rates observed at atmospheric pressures. A theory
by Musgravel® to be published shows that the ignition temperature
of plutonium would not be expected to vary with varying oxygen
concentration in inert gas-air mixtures,

The phenomena of double ignition in carbon dioxide-air mixtures
can be explained by the following: plutonium oxidation undergoes
a change in kinetics between 350°C and 400°C.'' This change is
likelg due to the formation of a protective suboxide--possible
Puo.? In preliminary experiments Larson®® suggests that PuO is
more easily stabilized in carbon dioxide. It is possible that the
plutonium ignites normally, heats until sufficient PuO is formed
to slow oxidation. Further heating raises the temperature
sufficiently to overcome the protection of the PuO.
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