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ABSTRACT 
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Studies designed to characterize the reaction between UFG and atmos
pheric-moisture, evaluate environmental variables of UF6 cloud formation 
and ultimate cloud fate, and UF6 release cloud control procedure have been 
conducted in the 1200 cu. ft. GAT environmental chamber. In earlier 
chamber experiments, 30 separate UFG belease tests indicated that varia
tions of atmospheric conditions (0-40 C; 20-90% relative humidity; 2-1/2 
5-1/2 mph wind speeds), and sample sizes (1.8-79.3 g UFG), had no signi
ficant effect on U02F2 particle size distribution (0.5-3.0 microns), 
release cloud formation (static/dynamic, gaseous/liquid release modes), or 
cloud settling rates (12-16 hours). During the past year, numerous proce
dures have been evaluated for accelerating UF6 cloud knockdown in a series 
of 37 environmental chamber releases. Knockdown procedures included: 
coarse water spray; air jet; steam spray {electrost-atically charged and 
un6harg~d); carbon dioxide; Freon-12; fine water mist (uncharged); boric 
acid mist (charged and uncharged); and an ionized dry air stream. UF6 hy
drolysis cloud settling rates monitored by a laser/powermeter densi
tometer, indicated the relative effectiveness of various cloud knockdown 
techniques. Electrostatically charged boric acid/water mist, and electro
statically ionized dry air were both found to be very ·effective, knocking 
down the U02F2 release cloud particles in two to five minutes. Work to 
adapt these knockdown techniques for use under field conditions is con
tinuing, taking into accoun~ recovery of the released uranium as well as 
nuclear criticality constraints. 
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INTRODUCTION 

Tons of uranium hexafluoride (UF 6 ) are involved in day-to-day C•pera
tions of gaseous diffusion uranium enrichment plants. Th.ese plants are 
designed and operated within safety parameters that take into account 
the hazardous nature of UF 6 ; and consequences to the work force and to the 
public should UF6 be released to the environment. Some systems within the 
plants have a greater potential for UF6 releases than others due to the 
nature of their operation e.g., sample withdrawal points, and UF6 feed 
and product withdrawal areas. Plant operations are therefore concerned 
with nuclear safety (both criticality as well as contamination from 
UF6 releases) throughout the process, and these potential problem areas 
should be addressed first in release control studies. Furthermore, since 
the Portsmouth plant produces highly enriched uranium material, accidental 
releases involve not only personnel safety, but are also of significant 
monetary concern. 

The containment subcommittee of the UF6 cylinder handling committee 
(a joint three plant effort) met in June 1974 to review gaseous diffusion 
plant philosophy on UF6 outleakage control, to define current control pro
cedures and practices, to establish areas where more experimental data 
were needed, and to submit recommendations which would lead to implemen
tation of improved plantwide UF 6 release control procedures. On the basis 
of these recommendations, technical support efforts were intiated,.citing 
as primary objectives testing of presently used methods of controlling a 
UF6 release, and development as needed of alternative control pro
cedures. The following tasks were ·defined: characterize the reaction 
between UF6 ~nd water (UF6 + 2H20 + U02F2 + 4HF); and determine the 
effects of environmental conditions on UF6 release cloud formation and 
eventual fate. These tasks were accomplished in the early.phases of this 
work, and are included primarily as background infonriation.l The status 
of the tasks remaining is reported in this paper. The remaining tasks 
are: analyze the effects of water and/or steam sprays for aiding 
UF6 release cloud knockdown and recovery, with special emphasis placed on 
nuclear safety; evaluate other release control methods (e.g., carbon 
dioxide, non-aqueous solvents, other chemical treatments); and determine 
the best methods of recovery or disposal of products resulting from 
release control procedures. Whiie aqueous scrubbers (one suggested alter
native) may in some instances be applicable, their use relative to high 
assay nuclear material containment at Portsmouth, would introduce a 
neutron moderator with attendant equipment sizing (always safe geometry) 
and cost factor problems. 
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DESCRIPTION OF EQUIPMENT AND PROCEDURES. 

Environmental Chamber 

The GAT environmental chamber has been the basic test facility around 
which the bulk of activity in our containment efforts has been focused. 
As it appears in Figure 1, the chamber has an approximate internal volu~e 
of 1160 cu. ft., and measures nine by sixteen feet, ~eight feet· high. 
The air handler system is protected from contamination by the use of acti
vated carbon and HEPA filters, and is capable of controlling temper·ature 
and humiditg independently in the range of -5 to 45°C, controllable to 
within ±0.4 C. Observation windows are located in the sides, the door, 
and the top of the chamber. Nine sealable ports are located at various 
positions around the ·chamber for passing tubes, control cables, power 
lines, etc., through the chamber walls.· Sealed fluorescent lights provide 
interior illumination. All interior surfaces are comstructed either of 
type 304 stainless steel, or of plexiglas for corrosion resistance. A 
self-contained decontamination spray connected to sanitary water supply 
readily cleans all interior chamber surfaces to background count. 
Representative samples of the particulate U02F2 fallout resulting from 
releases were obtained by means of a sampling device which may be opened 
or closed remotely and which permitted timed collection of fallout 
materials on inserted electron microprobe grids. Samples were sub
sequently examined by scanning electron microscope (SEM). 

Laser Densitometer 

A laser densitometer device was constructed for measuring the opacity 
of the UF6 hydrolysis cloud formed within the chamber. A helium-neon 
laser and powermeter combination mounted on opposite sides of the chamber · 
was coupled to a chart recorder and proved an effective means of comparing 
individual releases, and provided unbiased comparison of various cloud 
knockdown agent efficiencies. 

UFG Release Mechanism 

Tests requiring a more non-directional type of release, gave rise to 
development of the present ampule type release. In this mechanism, 
(Figure 2) a pre-weighed sample of UFG, sealed in a glass ampule, is 
placed on a heated aluminum V-block in the chamber. A thermocouple 'is 
attached to the ampule for external sample temperature readout, (visual 
observation was also .employed to determine when the sample was completely 
liquified). A deadfall metal bar was released by a lanyard to break the 
ampule. 
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Figure 1 Environmental Chamber 



Figure 2 Catastrophic (Ampule) Release 
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Cloud Knockdown Equipment 

Initial experiments involving cloud knockdown attempts were carried 
out by the application of steam, or other chemicals through a delivery 
tube (fitted with a wide~area spray nozzle) extending into the chamber, 
and controllable by valving on the outside of the chamber. A number of 
innovations progressively ensued, beginning with isolation of the spray 
system from electrical ground in order to impose an ionizing charge on the 
system, and ultimately on the material being sprayed. A commercial 
electrostatic spray system was later obtained through which an electrosta
tic charge was imposed on boric-acid water solution. Further modification 
involved removal of the water spray system, and installation of electri
cally charged aluminum plates through which a stream of dry air was passed 
(Figures 3-6). 

EXPERIMENTAL 

The experiments involved in the·UFG containment studies may be cate
gorized under gaseous and liquid UFG release modes, U02F2 cloud knockdown 
studies, and concurrent investigations. 

Gaseous UFG Release Modes 

Static Releases: Liquified UFG was vaporized and remotely released from a 
heated sample bomb by means of a solenoid valve into a static air mass 
with the chamber. 

Dynamic Releases: Liquified UFG was vaporized and remotely released from 
a heated sample bomb into a moving air mass. The sane release and 
sampling systems were used as in the static releases, but a blower with 
directing vanes was installed to provide a nearly laminar cross wind of up 
to five and one-hatf miles per hour across the release point. 

Liquid UFG Release Modes 

Liquid Spill Releases: Liquid spill releases were designed to simulate an 
accident in which a cylinder valve was knocked from a heated cylinder; 
resulting in a liquid UF 6 spill. This was accomplished by inverting the 
heated pressure bomb, and allowing the nitrogen pressure in the bomb to 
force the liquified UF6 out through the solenoid valve. 

Catastrophic Releases: Controlled releases attempted to simulate heated 
cylinder rupture accidents. The release mechanism employed in this series 
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of tests was the ampule release device previously described. Ampule 
breakage proved to be very dependable and reproducible, as well as com
pletely non-directional in releasing liquified UF6·• 

UF6 Cloud Knockdown Studies 

Prior to commencement of the UF6 cloud knockdown studies, a n~mber of 
potential cloud knockdown agents were considered. Since all work i~ the 
environmental chamber involved only tails assay material, criticality was 
not a concern, although ultimate results would necessarily have to con
sider nuclear safety as a prime factor. It was deemed necessary, there
fore, to identify any knockdown media which could be effective, and then 
select only those which satisfied nuclear safety requirements for possible 
screening tests. Among the potential cloud knockdown agents screened 
were: coarse water spray, fine water mist, .steam (charged and uncharged), 
electrostatically charged boric acid mist (90 kV), and an io~ized dry air 
stre~m (90 kV). Relative success for each attempted knockdown procedure 
was monitored both by the laser densitometer previously described, and by 
light beam cloud penetration devices being tested by instrumentation de-
velopment personnel in simultane9usly-run experiments. 

DISCUSSION OF RESULTS 

Relative Effectiveness of UF6 Release Cloud Knockdown Media 

In the UF 6 cloud knockdown studies, a total of thirty-sev·en releases 
were observed under various conditions of temperature and humidity (air 
temperature 0° to 40°C; dew point -5°C to 25°C; sample release tem
peratures 97°C to 190°C). Ten different knockdown· agents were screened. 
Table 1 lists the knockdown agents tested with their relative effec
tiveness. Steam spray, electrically isolated from ground, and statically 
charged with a 5.5 kV.power supply was found to be only minimally effec
tive. Figure 7 is a composite picture of U02 F2 particulate before and 
after injection of electrostatically charged steam, and indicates a large 
increase in particle size following steam treatment. However, this 
occurrence was only ·repeatable in two of a total of nine release control 
experiments using steam. 

A 90 kV electrostatic paint spray system was obtained from the 
DeVilbis Co., and filled with a boric acid/water solution. Boric acid was 
added to the water not only to provide the necessary conductivity so that 
the solution would accept an electrostatic charge, but also to provide a 
source of boron to simulate nuclear critical! ty control procedur·es. In 
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the first attempt, a dense release cloud was formed usin~ a 20 gram sample 
of tails assay UF 6 material. Timing was started with the activation of 
the spray, and in only two minutes, clear-chamber conditions were in·:li
cated by both the laser densitometer and the light beam penetration 
apparatus. In a total of eight release attempts, complete cloud knookdo·wn 
was achieved each time. It was found, however, that the correct spray 
ratio of water to air to electrostatic charge was at best difficult to 
maintain. A very effective knockdown was subsequently obtained using only 
ionized dry air. This successful knockdown experiment demonstrated that a 
water moderated cloud knockdown spray would not be required. In a total 
of nine releases, complete cloud knockdown was achieved each time in a 
predictable five to seven minute period. This is compared to a static 
U02F2 cloud settling rate of twelve to sixteen hours when no knockdown 
media are used. 

Table 1 Results of UF 6 Release Cloud Knockdown Screening Studies 

Knockdown Media 

Coarse water spray 
Fine water mist 
Steam (uncharged) 
Electrostatically charged steam (5.5 (kV) 
Carbon Dioxide 
Freon-12 
Air jet 
Boric acid mist (uncharged) 
Electrostatically charged boric acid 

mist (90 kV) 
Ionized dry air stream (90 kV) 

Results 

Cloud intensified 
Cloud intensified 
No change noted 
Only slight clearing 
No change noted 
No change noted 
No change noted 
No change noted 
Total knockdown time = 2 min. 

Total knockdown time = 5-7 min. 

U02F2 Particle Size Variation 

Particle size data accumulated from all tests run (63 combined total) 
have been reported in many forms largely dependent on the information 
required by specific inquiries. The most uniform set of data co·;ering the 
work done thus far involves samples taken five minutes after UF6 release. 
Very little difference was noted between individual tests in a series, or 
between series compared as a group, as shown in Figure 8. 
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Atmospheric Effects on UF6 Release Cloud Formation/Dispersal 

It has been indicated that no relationship has been found to exist 
between conditions of temperature (0-4QOC) and realtive humidity (20-90% 
RH) on UOzFz particle size distribution at conditions normally encou:ntered 
in work areas~ Small chamber UF6 release experiments, however, have shown 
that at ultra low relative humidities (0.05% RH) unattainable in the 
environmental chamber, no visible hydrolysis cloud is formed. 2 Wind con
ditions within the confinement of the chamber h·ave apparently aided ·cloud 
settling (at least minimally) by enhancing the opportunity for particle 
agglomeration. Similar findings may or may not occur. e.g., in an open 
field situation where continuous air turbulence combines with cloud dilu
tion to separate the particles, diminishing their opportunity for agglom
eration. 

Release Cloud Density Measurements 

Cloud density measurements using a laser densitometer formed the 
basis for determining the degree of success attained by each knockdown 
attempt. Figure 9 is a reproduction of the cloud density chart obtained 
from the first successful electrostatic knockdown. Indicated on the chart 
are the times at which the samples were taken as well as the time. the 
electrostatic spray was activated, and the diminishing level of chamber 
opacity as the cloud settled. 

Photographic Studies 

Throughout the entire study, photographic recording has been con
sidered an important segment of documentation. Normal and high speed 
movies of over 50% of the releases have been produced. Film segments 
spliced into longer photographic studies, have been used frequently as 
visual demonstrations during project review seminars. Rapid sequence pho
tos have been studied in detail. An example of this work is included in 
Figure 10, which is a four-frame sequence from a high speed movie film 
showing what actually happens during the rupture of a glass ampule con-
taining liquid UF6• · 

CONCLUSIONS 

The following conclusions are based on studies of UF6 releases in the 
GAT environmental chamber: 

• Reliable UF6 release cloud knockdown has been demonstrated 
(clear-chamber conditions re-established in five minutes after 
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UFG release) by introduction of an electrostatic spray of ionized dry 
air. In comparison, an undisturbed cloud requires 12-16 hours to 
settle. 

• No basis has been found for associating UOzFz release cloud particle 
size distribution with temperature or humidity effects at conditions 
normally encountered in GDP work areas. The majority of cloud par
ticles fall in the range of 0.5 to 3.0 microns. 

• Effects of turbulence encountered within an enclosure may under some 
conditions shorten cloud settling times by enchancing the possibility 
for particle agglomeration. The opposite.may occur in open field 
situations where cloud dilution must be taken into consiperation. 

• · In spite of the considerably higher density of UOzFz particulate 
matter (compared with the density of air) the UF6 release hydrolysis 
cloud immediately rises to the enclosure ceiling followed by dif
fusion to fill the chamber. This is in contrast to widely held opin
ions that release clouds would. tend to remain at floor level, as the 
relatively high density of U02Fz (6.37 glee) might suggest. 

Future Efforts 

A recirculating air system (Figure 11) is being constructed in the 
environmental chamber to draw in the U02Fz cloud, electrostatically trap 
the particulate matter, and return the cleaned air.to the area. In addi
tion to evaluation of this experimental unit, indust.rial electrostatic 
filters appear to.have considerable potential for G~T application. One 
such unit will provide a complete air change every four minutes. These 
commercially available units are widely used in industries involv.ing 
extensive welding operations. The most promising u.-:1i ts will also be 

·tested in the GAT environmental chamber. 

Studies will be included in the next phase of experiments fc·r air
borne particle size measurements of UOzFz particulate materials as opposed 
to fallout material. The difference that has been indicated by outside 
consultants to exist between airborne and fallout nodes of particulate 
sampling could cause significant variations i11 the design of cloud knock
down equipment for field use and in plume modeling analysis. Along the 
same line of investigation, the capability for measuring real-time t·em
perature and pressure changes within the forming UF6 hydrolysis cloud at 
ballistic speeds up to 2000 measurements per second will beacqt.:ired!. 
These parameters have also been indicated as havir,g possibly significant 
influences on the UFG release plume characteristics. Continued testing of 
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new or improved alpha particle detection equipment is a:so planned. One 
such device, a continuous sampling strip filter, will g:ve a measurement 
of increasing or decreasing alpha particle content of an air sample as 
compared to reading only the maximum accumulated readin.g. This device, 
when interfaced with the recirculating air/electrostatic precipitator 
system, should provide a completely automated UF6 release protection 
system, i.e., the alpha monitor set-point would trigger the electrostatic 
hydrolysis cloud knockdown system. 
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