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'" AN INERT ATMOSPHERE SYSTEM 
FOR PUJTONIUM PROCESSING 

GLOVEBOXES 

C. F. Bogard, K. W. Calkins, R. F. Rogers 
DOW Chemical U.S.A. 
Rocky Flats Division 
Golden, Colorado 

I. Abstract 

Recent efforts to reduce fire hazards in plutonium processing 
operations are described, in such operations, the major environ
mental controls are developed through various kinds of giovebox 
systems. In evaluating the air-atmosphere giovebox systems, formerly 
in use at Rocky Flats and many other plants, a decision was made to 
convert to a recirculating "inert" atmosphere. The inert atmosphere 
consists of nitrogen, supplied from an on-site generating plant, 
diluting oxygen content to between one and five percent by volume. 

Problems encountered during the change-over included: determina
tion of all factors influencing air leakage into the system, and 
reducing leakage to the practical minimumy meeting all fire and 
safety standards on the filter plenum and exhaust systems? provision 
for converting portions of the system to an air atmosphere to conduct 
maintenance work? inclusion of oxygen analyzers throughout the system 
to check gas quality and monitor for leaks? and the use of automatic 
controls to protect against a variety of potential malfunctions. 

The current objectives to reduce fire hazards have been met and 
additional safeguards were added. The systems are operating 
satisfactorily. 

II. Introduction 

In some Atomic Energy Commission (AEC) installations where 
Plutonium processing operations are conducted, the use of an inert 
atmosphere (nitrogen, argon, helium) has been introduced. 

An inert atmosphere system was considered for the Rocky Flats 
operations during initial design of the plant in 1951, and again in 
1961. On both occasions, consideration of economics and of problems 
of plutonium corrosion in an oxygen-free atmosphere of low humidity, 
dictated that an air atmosphere be used. The air atmosphere system 
was typical of others used in AEC operations. Such a system involved 
introducing room air, or dehumidified air, into gloveboxes. The 
boxes are operated at a slightly negative pressure (about-0.8 inches 
water column [["W.C] ). The air is exhausted through a High 
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Efficiency Particulate Air (HEPA) filter system. Appropriate 
controls, fire protection equipment, monitoring devices, and other 
auxiliary systems, are incorporated. 

Operations had been successfully carried out under the air 
systems, except for minor chip fires not considered serious risks. 
In 1969, an incident occurred which caused the reliability of the 
systems to be questioned. As a result, a study was initiated to 
investigate the feasibility of adopting an inert atmosphere. 

III. Discussion 

Atmosphere . 

Determination of the required atmospheric composition was needed 
because of effects of water vapor, oxygen concentration, and the type 
of inert gas used, on plutonium combustion. Early studies ^̂ ^ 
indicated that, although plutonium is particularly sensitive to water 
vapor corrosion at very low oxygen concentrations (ppm levels), the 
protective oxide coating formed at about 0.5% oxygen concentration is 
nearly as complete as the protection gained in a normal air atmos
phere. Therefore, assuming equivalent water vapor conditions, the 
corrosion to be expected at, say, 1% oxygen concentration, is no 
worse than at 21% oxygen concentrations. 

Studies also indicated that nitrogen, although not truly an 
inert gas, gave essentially the same ignition protection as argon or 
helium, within the practical objectives of the program. Actually, 
it was determined that CO2 would also be a satisfactory inerting gas, 
although the oxygen concentration would need to be held about 30% 
lower to achieve the same ignition protection. 

One potential pitfall in the use of nitrogen was recognized in 
the plutonium nitriding reaction known to take place under certain 
conditions, creating a powder that could be highly reactive if 
suddenly exposed to air. A study ^ ' revealed that plutonium nitride 
formation is difficult in dry, oxygen-free atmospheres up to about 
600®C. In air containing even one-half percent oxygen, the nitride 
formed reacts immediately to form a plutonium dioxide that acts as a 
protective coating. 

For these reasons, a lower limit of 1% oxygen in nitrogen was 
placed on the atmosphere to be used in the production gloveboxes. 
Normal leakage of air into the boxes will assure meeting this limit 
without any special control system, as noted in later discussions. 

The upper limit of oxygen concentration was established by 
conducting ignition studies on various types of plutonium'^'. Under 
a given set of standardized conditions, it was found that the igni"-
tion temperature of plutonium in air was a fairly predictable 
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function of the specific surface area, as shown in Fig. 1. At 

surface areas less than one square centimeter per gram (cnr/g), 
ignition in air requires fairly high temperatures - higher than 

normally encountered in routine operations. With powders approaching 

100 cm^/g, however, ignition can occur at temperatures around 100°C. 

Turning attention to this area, the effect of decreasing oxygen 

concentration on the ignition temperature of plutonium powders was 
investigated (Table I ) . in order to prevent ignition of 140 mesh 
filings, an oxygen concentration of less than 1% in nitrogen must be 
maintained. However, material this fine would not normally exist in 
the production system at Rocky Flats. For a more realistic test, 
studies were made on machine turnings with surface areas of around 
10 cm /g (Fig. 2 ) . For this material, it was found that ignition 
temperature stayed fairly constant at all oxygen concentrations from 
21% down to about 5%. There was essentially no ignition at lower 
concentrations. Based upon this finding, an upper limit of 5% oxygen 
in the circulating atmosphere was placed on the project. 

Several other points should be mentioned here. Most other 
materials in the giovebox system, such as wiping paper, PlexiglasS^, 
and oils, do not ignite at oxygen concentrations less than 10%. The 
5% level, therefore, provides a fairly comfortable margin to avoid 
ignition of these materials. Also, "ignition" should not be confused 
with "extinction," if plutonium chips are ignited in air, they can
not, then, be extinguished by merely lowering oxygen content to 5%. 
For this, a concentration of probably less than 1% would be required. 

Leakage , 

The "system" to be inerted was actually a number of different 

systems, ranging in age from about 14 years down to two years, and 

designed from several different concepts - both mechanically and for 

ventilation control. One thing all had in common was that they had 

been designed for air service. They were designed to operate at 

around-0.8" W.C. for contamination control, in-leakage of air had 

been of some concern, of course, but it had not been a major factor 

in earlier designs. Especially for the older boxes, warpage, 

deterioration of gaskets, mechanical wear, and other factors had 

served to increase leakage. The cross-sectional diagram of a typical 

giovebox in Fig. 3 shows some of the leakage points that might be 

expected. 

Another significant problem was determining the leakage rate to 

be expected in the operating system after completion. On small 
systems that can be isolated, leakage rates can be measured fairly 
easily by using oxygen-rise, pressure-rise, or flow methods. Tests 
of this sort conducted on individual boxes at Rocky Flats indicated 
that leakage rates of less than 0.1 (vol/hr-vol) could be attained 
by careful attention to the box? however, the boxes involved in this 
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TABLE I 

Ignition temperature of 140 mesh 1 wt% gallium alloyed 
plutonium filings in various concentrations of oxygen. 

Oxygen C o n c e n t r a t i o n 
(vo l % 02) 

20 

12 
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5 

3 

+ 

t 
+ 

t 
+ 

1 

1 

1 

1 

1 

Ignition Temperature 
( ± 10° C) 

175 

183 

165 

*170 

*160 

< 1 No reaction 

Ignition temperature of 1 wt% gallium alloyed plutonium 
lathe turnings in various concentrations of oxygen. 

Ignition Temperature 
( ± 10° C) 

265 

270 

400 

Slight reaction at 270° C. 

No reaction 

<1 No reaction 

Samples were not completely burned and could be reignited 
in air after cooling. 
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testing were all relatively new and tight, and thus conditions were 
not typical of an old, large system where bag cuts, glove changes, 
air lock transfers into the box system, and routine processing were 
being constantly conducted. 

Fortunately, major portions of the large system had been pro
vided with a dehumidified atmosphere, and there was a significant 
water vapor differential between the rooms and the boxes that might 
be measured to determine an actual operating leakage rate. Use of 
this technique^ ' indicated that the actual leakage factor was 
frequently above 1.0 (vol/hr-vol). Recognizing that this value 
could be reduced by both design and operating changes, a value of 
0.5 (vol/hr-vol) was used as the design basis, especially for deter
mining the quantity of nitrogen required. Although this was a 
conservative value, an excess of nitrogen was to be preferred over 
a deficiency. Actually, an excess of gas is useful since it would 
be desirable to operate at even lower oxygen concentrations. Be
cause of dilution characteristics, it takes almost twice as much 
nitrogen to operate at 3% instead of 5% oxygen. 

Mitrogen Supply . 

Originally, the systems to be inerted contained nearly 100,000 
cubic feet of volume, ventilated on a once-through basis at a rate 
of more than 1,000,000 cubic feet per hour. Providing this amount 
of nitrogen, simply to replace the air supply, would be costly and 
would have other disadvantages. The preliminary design, therefore, 
involved redesigning the ventilation system to recirculate the inert 
atmosphere, as will be discussed later. Even this concept, with a 
leakage factor of 0,5, and providing extra capacity for projected 
growth, a nitrogen supply of 140,000 cubic feet per hour was recruired. 

A number of alternates were considered to obtain this amount. 

Purchase of liquid nitrogen with on-site storage 
and evaporation 

Nitrogen generation by a combustion process 

Construction of an on-site liquification plant 

Designed, built, and operated as an AEC plant 

Designed and built, by a vendor? purchased by AEC 

Designed, built, and operated by a vendor? gas 
purchased at the fence. 
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The last alternate was selected to meet the current requirements. 
In competitive bidding. Air Products and Chemicals, Inc., was awarded 
the contract, and now has a plant operating on site. The plant is 
actually built as two 70,000 standard cubic feet per hour (scfh) 
units to provide enough gas to continue inert operations, even if 
one unit goes down for planned, or unplanned, maintenance. In addi
tion, liquid nitrogen - taken from plant production - is stored to 
provide a supply for at least three days' operation at design rate. 
Dual, looped transfer lines, to guard against any sort of line 
failure, are installed underground to deliver nitrogen as a gas to 
the giovebox systems. 

Although the bulk of the gas is used at about atmospheric 
pressure, the gas is actually supplied at about 120 psig to provide 
for some high pressure air spindles, pneumatic operators, and control 
systems that vent into the giovebox systems. All these have been 
converted from air to nitrogen service. 

To date, operation of the nitrogen plant has been excellent. 

IV. System Design 

The original project concept entailed converting tws systems 
each in two production buildings from a once-through air atmosphere 
to a recirculating inert atmosphere. Generally, one of these systems 
in each building received its air from room air pulled through inlet 
HEPA filters mounted on the boxes, then through exhaust lines to 
HEPA filter plenums, which discharged to the atmosphere. In the 
other systems, dehumidified air was supplied to the gloveboxes from 
fans and exhausted in a similar manner through plenums to the 
atmosphere. These two systems were converted to the design shown in 
Fig. 4 by adding recirculating fans to the plenums, with return 
headers and supply lines to individual boxes. 

In effect, "nKsdifying" the systems entailed new construction 
throughout, except for the gloveboxes and some supply and return 
lines. Most of the old equipment did not meet the revised standards 
for plutonium ventilation systems. The inerting work was, therefore, 
combined with a project to upgrade the systems through the use of 
Heat Chambers (water spray cooling units), improved plenum design, 
fire control systems. Radiation Monitoring monitoring equipment, etc. 
Much of this work is being discussed in other papers at this con
ference. Mote also that for each inert system, a bypass plenum is 
provided to allow plenum maintenance, especially filter changing, 
to be done in an air atmosphere without affecting the integrity of 
the inert atmosphere. 

For each of the systems, a chiller is installed in the recircu
lating line to remove any of the process heat that might be picked 
up in one giovebox pass. 
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In operation, the giovebox pressure continues to be controlled 
by sensing elements on the return lines, acting through the exhaust 
fans. As in-leakage of air to the boxes causes oxygen content of 
the atnosphere to rise, an oxygen analyzer causes the nitrogen 
control valve to open, thus diluting the oscygen down to the control 
point. Total system flow is maintained by flow controller, with 
individual box balancing done manually through butterfly valves at 
the boxes. 

Numerous other control features are built into the systems. 
Since humidity of the atmosphere is of interest, moisture analyzers 
are installed which can be used to reset the oxygen control points, 
thereby changing the humidity level by the introduction of the dry 
nitrogen. 

Although the intent of the project is to eliminate any fire 
from occurring in the gloveboxes, fire control systems are installed 
in the event of some malfunction or breach of the system. Each box 
has a heat detector on the outlet. Each plenum has a heat detector 
on the inlet which automatically actuates a water spray in the heat 
chamber portion of the plenum, A further, manually-controlled spray 
can be used to wet the first stage of filters if needed. In the 
event that any water spray is introduced into a plenum, interlocks 
will shut off the recirculating fans and provide maximum system 
exhaust to prevent introducing moisture to the process. 

To check the oxygen concentration in individual boxes which 
might be diluted in the header by other boxes, each box is connected 
through a selector device to an oxygen analyzer. 

Parallel fans are used on all systems with automatic start 
capability in the event of need - either flow, or pressure. Inter
locks shut off nitrogen supply to the system if both of the exhaust 
fans fail, to avoid pressurizing the boxes. 

Important control functions are located in a control room which 
has outside access and separate ventilation so that control of the 
inert systems can be maintained, regardless of conditions around 
the operating equipment, 

other than changes to the ventilation supply and exhaust lines, 
modification to the gloveboxes themselves consisted primarily of 
leakage reduction. External air locks were improved or eliminated. 
Some internal air locks were added to separate the inert systems 
where air is still used. Bag ports were removed where possible, or 
covers provided. Tool drops were_ improved and sample take-outs 
eliminated. 
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V. Construction 

other than normal construction problems, a major difficulty in 
this project was the requirement for making major changes to opera
ting systems, while continuing to operate the systems for production 
and without relaxing any of the environmental control standards. 
This was accomplished by concentrating on one system at a time? 
building the new plenums with associated heat chamber, fan, duct
work, and controls? then imposing a brief shutdown to tie into the 
system before removing the old equipment. In cases where inadequate 
space existed to build the new before removing the old, temporary 
connecting jumpers were installed to permit using spare equipment 
while installing the new facilities. Insofar as possible, an 
attempt was made to check out all portions of the new systems before 
putting into "hot" service. In particular, all new plenums were 
thoroughly leak-tested, and the HEPA filters were dioctylphthalate 
(OOP) tested before being put into service, to assure staying well 
within release guidelines, 

VI. Operation 

With some changes, the systems were installed as designed. 
Although an expansion of the processing gloveboxes had been antici
pated, many of them were actually eliminated. In place of the 
100,000 cubic feet originally planned for inerting, approximately 
60,000 cubic feet are now involved in all the systems. This 
permitted combination of the two systems in one building into one 
system by simply interconnecting headers and eliminating one plenum 
with its fans and controls. In addition, a greater excess of 
nitrogen was available than originally planned. 

Once all equipment was finally checked out and control units 
were operating properly, the actual changeover to inert atmosphere 
was fairly smooth. However, one incident occurred after conversion 
that caused some repiping. Because of a combination of circum
stances, some maintenance work being done in one of the gloveboxes 
caused a flow reversal which forced contamination backward through 
the recirculating fans, and out the exhaust fans to the atmosphere. 
In order to prevent a recurrence, the suction for the recirculating 
fans has heen relocated from behind the fourth stage of HEPA filters 
to the space between the second and third stages. This will assure 
that even a reverse flow through the fans passes through at least 
two stages of filters. 

The systems have not been operational long enough for extensive 
leak-checking, and leakage elimination. However, preliminary results 
indicate that a leakage factor of about 0.3 vol/hr-vol is being 
realized. 
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