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Removal of uranium deposits from the interior surfaces of gaseous diffusion equipment will
be a major portion of the overall multibillion dollar effort to decontaminate and
decommission the gaseous diffusion plants. Long-term low-temperature (LTLT) gas-phase
decontamination is being developed at the K-25 Site as an/n s/tu decontamination process
that is expected to significantly lower the decontamination costs, reduce worker exposure to
radioactive materials, and reduce safeguard con_rns. The process steps for the LTLT method
are outlined briefly as follows. ,.

1. Seal, evacuate, and leak test the item of gaseous diffusion equipment to be
decontaminated.

2. Evacuate the item requiring decontamination to -0.02 psia in preparation for
pretreatment.

3. Pretreat the item by adding a small amount of chlorine trifluoride (CIF3) gas to remove
residual water, highly reactive organics, or highly reactive deposits.

4. Analyze the pretreatment gases for hydrogen fluoride (HF).
5. Evacuate and dispose of the pretreatment gases, if necessary based on the gas analysis.
6. Repeat steps 3-5, as necessary, to complete removal of residual water, organics, and highly

reactive deposits.
7. Slowly add CIF3 to -4.0 psia.
8. Periodically analyze gas samples and monitor the system pressure while the CIF3 slowly

reacts with the uranium deposits within the item being decontaminated for an extended
time (possibly months).

9. Recover the uranium hexafluoride (UFr) from the process gases by use of sodium fluoride
(NaF) traps.

10. Evacuate and dispose of the remaining process gases.

Since the demonstration is experimental in nature, more analysis and monitoring of the
process gases will be done than x/ould be the case for a production phase. Although a lengthy
period is involved for the reaction of CIF3 and the uranium deposits, little operator time is
required since the CIF3 is sealed at subatmospheric pressure at -75"F within the item
requiring decontamination, Over 90% of the uranium present was often removed during lab Ip

experiments after several days exposure, but uranium removal to decontamination levels
required considerably longer time.

This report documents the preconceptual design of the process equipment that is necessary
to conduct a full-scale demonstration of the LTLT method in accordance with the process
steps listed above. The process equipment and method proposed in this report are not
intended to represent a full-scale production campaign design and operation, since the gas
evacuation, gas charging, and off-gas handling systems that would be cost effective in a
production campaign are not cost effective for a first-time demonstration. However, the
design presented here is expected to be applicable to special decontamination projects beyond
the demonstration, which could include the Deposit Recovery Program. The equipment will
therefore be sized to a 200 ft3size 1 converter (plus a substantial conservative design margin),
which is the largest item of interest for gas phase decontamination in the Deposit Recovery
Program.
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The decontamination equipment will allow recovery of the UF6, which is generated from
the reaction of CIF3with the uranium deposits, by use of NaF traps. Two sets of NaF traps
will be used: one set maintained at 200*F to selectively trap UF6 followed by a set
maintained at ambient temperature to selectively trap HF and residual amounts of UF 6.The
other off-gases pass through the traps unaffected by the NaF. The UF6 can be transferred
from the NaF traps into a UF6 cylinder in a cold bath by heating the NaF traps to 700*F and
then purging the UF6 from the NaF traps into the UF6 cylinder using a low flow rate stream
of nitrogen (N2) and fluorine (F2).

The NaF traps can be operated in a closed loop, recirculating arrangement that will allow
the process gases to flow from the item being decontaminated to the NaF traps for selective

., recovery of the UF6 and I-IF without removal of the CIF3 and then back to the item being
decontaminated. This feature allows the UF6 concentration to be reduced greatly in a manner
that is verifiable with a gas analyzer prior to pumping the off-gases into a large volume,

- evacuated, portable tank. This may allow the process point for NESHAP air permits to be
taken as the recirculating loop, which contains greatly reduced amounts of UF6 as compared
to the item being decontaminated, that would otherwise be taken as the process point. When
processing items that contain unusually heavy uranium deposits, the recirculating loop can be
used to remove UF6 and HF and add make-up CIF3.

After removal of the UF6 and HF in the NaF traps, the off-gases (excess CIF3, CIF, CIO2F,
etc.) will be pumped into the previously evacuated portable tank. The tank will be taken to
a potassium hydroxide (KOH) scrubber that is located near a permitted stack. The gases will
be pumped from the tank into the scrubber for removal of the chlorine and fluorine
constituents of the off-gases, and the cleansed off-gases will be vented out the stack. The
entire gas-phase decontamination process will be conducted at subatmospheric pressure.



1. INTRODUCH'ION

Decontamination of the five gaseous diffusion process buildings at the K-25 Site will be a
multibillion dollar project that will also present new challenges from the standpoint of health
physics, industrial hygiene, waste generation, and environmental concerns. In situ LTLT gas-
phase decontamination is being developed as a technology that has the potential to
substantially lower the decontamination costs while reducing worker exposure to hazardous
and radioactive materials and also reduce criticality and safeguard concerns.

The objective of gas-phase decontamination is to use CIF3 gas to fluorinate nonvolatile
" uranium deposits to form volatile UF 6, which can be recovered by chemical trapping. The

LTLT process permits the removal of uranium from the inside of gas-tight gaseous diffusion
process equipment at room temperature by long-term exposure to CIF3 at subatmospheric

" pressure. Although the exposure time for decontamination of the uraniummaybe >2 months,
little operator time is envisioned since few actions are required of an operator during the
reaction period. Report K/TCD-1048, Feasibility of Gas.Phase Decontamination of Gaseous
Diffusion Equipment 1was issued in March, 1993 to document recent laboratory experiments
that support the feasibility of the process. Since the samples evaluated in K/TCD-1048 were
all obtained from a section of copper seal-exhaust tube from the K-33 cascade, the report
recommended that additional experiments be performed on additional samples of different
metals found in a cascade. These experiments are continuing at present. The report also
recommended that a full-scale demonstration of the process be performed on gaseous
diffusion equipment. Although the reaction time required for complete decontamination of
metal surfaces can be lengthy, the laboratory experiments indicate that >90% of uranium
deposits are removed after only several day which strongly suggests that the method may also
be very useful for deposit reduction activities to reduce criticality concerns.

The purpose of the present report is to document the development of the preconeeptual
design of equipment for a full-scale demonstration of this concept for gas-phase
decontamination. The engineering design can be expected to recommend modifications to this
basic design, as well as develop engineering drawings for construction of the equipment. The
equipment being designed for the full-scale demonstration may also serve a very practical
application in the Deposit Recovery Program, which will remove enriched uranium deposits
from locations in the K-25 building. For this reason, the equipment will be sized with a
substantial contingency factor to allow decontamination of a size 1 converter or smaller items
of gaseous diffusion equipment. The design uses critically safe 5-inch geometry where

- necessary to accommodate the HEU deposits.
Since the equipment and process described in this report serve principally to demonstrate

the method on individual pieces of gaseous diffusion equipment in an experimental mode of
operation as opposed to a production mode of operation, the design and process are not
intended to represent the most economical arrangement for conducting a full-scale production
campaign. For example, the present design proposes to use a KOH scrubber for disposal of
the excess CIF3at the conclusion of the process. An important objective prior to a production
campaign would be development of a method to recycle excess CIF3and regenerate CIF3 from
the chlorine bearing off-gases formed from the reaction of CIF3 and the uranium deposits.
Regeneration of CIF3 by means of a catalyzed fluorine reaction is a possibility that warrants
future investigation. The recycle and regeneration of CIF3 would save the expense of CIF3,
but more importantly, hazardous gaseous effluenm would be almost eliminated. KOH scrubber
solution would also be minimized.
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2. RF_ CqTON CHEMISTRY FOR THE FLII2 CAI DESIGN

1.1 MAIN REACTION OF CHLORINE TRIFLUORIDE
WITH URANIUM DEPOSITS

Although several uranium compounds are possible within the gaseous diffusion equipment
including uranium tetrafluoride (UF_), uranium pentafluoride (UFs), and possibly other ,
uranium oxyflourides, the principle compound expected is uranyl fluoride (UO2Fz).
Shrewsberry and Williarnson 2 report the following reaction between UO2F 2 and CIF3.

L

UO2F 2 + 2CIF_ -. CIO2F + CIF + UF6 (main reaction) (1)
CIO2F -. CIF + 0 2 (partial secondary reaction) (2)
4CIF + UO2F 2 -. 0 2 + 2C12 + UF6 (partiai secondary reaction) (3)

At room temperature, reactions (2) and (3) apparently do not proceed very far even after
long exposure time as long as excess CIF3 is present; therefore, equation 1 will be accepted
as a representation of the reaction equation (If the CIFa is depleted, reaction (3) apparently
occurs even at _oom temperatl're) An adjustment to equation 1 is needed for water of

hydration, which is likely to be present but which is not included in equation 1. The amount
of hydration is variable in the cascade equipment. UO2F 2 samples that were removed from
a K-33 cascade at the K-25 site were estimated by x-ray diffraction to have a hydrated formula
of UO2F 2 • 1.6 H20, but the reaction products formed following exposure of CIF3 to similar
samples indicated lower amounts of hydration were present A hydrated formula of UO2F 2
• H20 will be assumed. The following reaction of CIF3 and water was given by Cooper, Dost,
and Wang 3

CIF 3 + H_O -- 2HF + 0.5CIO2F + 0.5CIF (4)

Combining equation 1 and 4 results in the following equation, which will serve as an
approximation for the reaction of CIF3 with the cascade uranium deposits.

3CIF3 + UO2F 2 • H20 -" 1.5CIO2F + 1.5CIF + UF 6 + 2HF (5)

If the CIF 3 concentration is depleted and if moisture is present, chlorine dioxide (CIO2) and
perhaps other chlorine oxyfluorides can be formed that could pose explosion hazards if
handled improperly. For example, CIO 2 has been known to condense and concentrate to

dangerous levels in cold traps that exploded when the traps were heated. To guard against
this possibility, NaF traps will be used to trap the UF 6 regenerated from the CIF3 - UO2F2
reaction rather than collecting the UF6 directly in cold traps. CIF3 has been safely used at the
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gasexms diffusion plants for decades for applications similar to this project. R. L. Farrar and
E. J. Barber have written reports on the safe handling of CIF3 and chlorine oxides and
oxyfluorides._

1.2 CHEMICAL TRAPPING OF URANIUM HEXAFLUORIDE !
WITH SODIUM FLUORIDE TRAPS

Sodium fluoride (NaF) traps have been used for manyyears at the DOE gaseous diffusion
plants to selectively remove UF 6 from gas streams and to subsequently recover the UF6 from
the NaF traps. Katz6 reports that the removal of UF_ from a gas stream is accomplished by
formation of the following complex:

2NaF + UF6 t, UF6 • 2NaF AH = -19.1 kcal/mol, (6)

which is reversed at higher temperatures. Equation 6 is known to be an over simplification,
but this equation is useful for modeling purposes. Katz determined that at room temperature,
NaF is capable of reducing the vapor pressure of UF_ to -1.5x10 s torr UFe The equation
which describes the variation of UF6vapor pressure over NaF at various temperatures is given
by

Log_0P = 9.25 -4180/Tk, (7)
where P = dissociation pressure, mmHg and
Tk = temperature, *K.

This very low UF6 pressure over NaF could result in < 1.0 ppm levels of UF6 in the gas
stream exiting a NaF trap. In practice, the UF6 level has been reduced to <20 ppm at a trap
outlet when the inlet concentration was as high as 4.4% UF6 by volume. 7 HF will also be
trapped by NaF, especially if the traps are maintained near room temperature. Increasing the
NaF trap temperature to " 200*F allows most UF6 to be trapped while most HF passes
through. Fluorinating gases such as F2 and CIF3 do not complex with NaF and do not

. influence the ability of NaF to complex UF6 even at a high concentration of fluorinating
gases,s Theoretically, NaF could trap an amount of UF6 >4 times the weight of the NaF, but
in laboratory experiments with new NaF the figure is -"0.8 times. For trap design that will

. involve regeneration of the NaF, a loading ratio of 0.25 UF6 to NaF by weight is
recommended, since the loading effectiveness slowly decreases as the NaF is regenerated
numerous times.8 The recommended superficial face velocity for gases flowing through NaF
traps is 1.0 ft/s.8'9

The UF 6can be recovered off the NaF, thereby regenerating the NaF for reuse, by heating
the trap to -700*F and purging the UF6 from the trap with N2. A small concentration of F2
(-3% vol) is added to the N2 to prevent the formation of UF5 on the NaF. l° UFs has a low
melting point which will result in fusing the pellets causing decreased trapping efficiency. The
N2/F2mixture is flowed through the traps opposite the usual direction of gas flow during the
trapping operation. The flow should be started prior to beginning to heat the trap.1_The
superficial velocity of the gases through the trap during regeneration should be much slower
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(-0.1 ft]s) than during UF6 loading. According to trapping facility operating experience at
the Paducah Gaseous Diffusion Plant (PGDP), the regeneration is complete when the UF6
concentration at the trap outlet falls to 0.1%.n

The NaF pellets slowlydeteriorate with each loading-regeneration cycle. They will remain
effective longer if they are regenerated shortly after UF6 begins to penetrate the trap due to
nearly full UF6 loading, j° In practice at the PGDP, the pellets are regenerated and reused
until the pellet deterioration results in an unacceptably high pressure drop across the traps
during gas flow through the traps under normal operating conditions) t

1.3 OFF-GAS TREATMENT WlTH A KOH SCRUBBER

Initially,consideration was given to treatingthe off-gases by flowing them through chemical
traps containing alumina pellets. The alumina will remove the fluorine constituent of CIF3,
CIF, and CIO2F very effectively. Also, alumina pellets avoid the solution preparation,
neutralization, and filtration operations that are often associated with an aqueous KOH
scrubber system. However, the alumina has a considerable disadvantage compared to a KOH
scrubber because the alumina converts the chlorine constituent of the off-gases to chlorine
(Cl2) gas. Stack modeling by the Environmental Management Department at the K-25 Site
indicated that unacceptably high concentrations of 0 2 gas would result from the off-gases if
alumina traps were used. For this reason, the use of alumina traps was abandoned, and the
use of a KOH scrubber has been substituted.

The KOH scrubber solution is typically 20% KOH in water solution initially. Different
scrubber designs are possible. Previously at the K-25 Site, the scrubber consisted of a tunnel
with banks of spray nozzles that sprayed the KOH solution in the opposite direction of gas
flow through the tunnel. A countercurrent flow packed tower might also be used, but the gas
pressure drop through the tower will be greater than that resulting from use of the spray
tunnel. The use of a packed tower scrubber could complicate nuclear criticality concerns
unless the packed tower has a critically safe geometry. The KOH reacts with the chlorine and
fluorine constituents of the off-gases to form potassium fluoride (KF) and potassium chloride
(KCI). The exact equation for the reaction is in question because the reaction may vary
depending upon the concentration of the KOH solution and depending upon the
concentration of the CIF3 gas entering the scrubber. The following equation t2 is considered
a reasonable representation of the reaction for design purposes.

CIF3 + 4KOH - 1/3KCI + 2/3KCIO3 + 3KF + 2H20 (8)

Since the potassium chlorate (KCIO3) formed during the reaction is a strong oxidizer, the
scrubber solution or scrubber solution precipitate should not be dried in the presence of an
organic or combustible material. The KCIO3concentration formed during reaction of CIFaand
KOH solution can be minimized by keeping the CIF3 gas concentration at the inlet to the
scrubber at less than 5%.t3

A KOH scrubber was successfully used at the Oak Ridge Gaseous Diffusion Plant for
removal of CIF3,F2, and residual UF6 from cascade off-gases. The reported t4 efficicncies for
removal of the fluorine, chlorine, and uranium constituents from these compounds were 99%,
98%, and 82% respectively based on the mass of the element entering the scrubber per
month compared to the mass of the element leaving the scrubber per month. The possible
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formation of potentially hazardousgaseous chlorine oxides, especially CIO2,can be avoided
by ensuring that the scrubber solution remains _ basic solution, i.e. the KOH must not be
allowed to be depleted during reaction with CIF3. The KOH scrubber solution can be
regenerated several times by additionof calcium hydroxideCa(OH)2 to the depleted solution.
The Ca(OH)2 reacts with KF according to the following reaction to regenerate KOH.15

Ca(OH)2(solid) + 2KF(soluble) -CaF(insoluble) + 2KOH(soluble) (9)
.a

Since the Ca(OH)2 regenerates the KF to KOH but does not regenerate the KCI, the
. scrubber solution will accumulate KCI and eventually require replacement. During the

demonstration phase, the volume of CIF3 disposed will probablybe too small to warrant this
regeneration step. The spent scrubber solutions will likely be disposed in the Central
Neutralization Facility located at the K-25 Site.

Waste KOH solution was previouslyprocessed at the K-25 Site by neutralizingthe solution
with HCIand addingCaCI2to precipitate out CaF2.The process is illustrated in Figure 1.The
cost to dispose of one pound of CIF3in a KOH scrubber is roughlyestimated16in Appendix
A at $11.77/1b.Since the processwill likely requiremodification to meet recent environmental
standards, these costs will most likely increase above this estimate.



I 1
_'"°"--_ ,°° I I °.°_.,_.o.o°, _x_°oo.Fitters; ,,,

Aqueous Streom _ _ 50 - 70 _ SoLIds .
Cl Ions _" I-------- v (Hcmly C_ )

Aqueous Studge
Stream Coke

_/_Ste Resins
o.nd

Fit'ter's
wrth Tc, U Ions

Fig 1 Schematic of a waste KOH solution treatment



7

3. PROCESS STEPS

The process step descriptions are not intended to provide operating details but rather to
roughly describe the basic objectives that the equipment design must meet. The design of 1Lhe
equipment that will meet these objectives is discussed in the next section. The process steps
for the demonstration of the full-scale gas-phase decontamination equipment are outlined
below and are described in more detail in the narrative.

1. Sealing, evacuation, and leak testing of the item requiringdecontamination.
2. Evacuation of the item requiring decontamination to -0.02 psia in preparation for

pretreatment.
3. Pretreatment with a small amount of CIF3 ( - 0.25 psia) to remove water, highly reactive

organics, or highly reactive deposits.
4. Analysis of pretreatment gas for hydrogen fluoride (HF).
5. Evacuation and disposal of pretreatment gases, if necessary.
6. Repeat steps 3-5, as necessary, to remove water, organics, and highly reactive deposits.
7. Slow addition of 100% CIF3 to-4.0 psia.
8. Periodic analysis of gas samples while the reaction proceeds for an extended time

(possible months).
9. Recovery of UF6 by use of NaF traps.

10. Evacuation and disposal of the fluorinating off-gases.
11. Regeneration of the UF6 from the NaF traps and recovery of the UF 6 into standard 5A

or 5B shipping cylinders.

The item requiring decontamination must be rendered leak tight and be leak tested prior
to gas-phase decontamination. For the purposes of the full-scaledemonstration, the items to
be decontaminated (compressor, convener, etc.) will be isolated from the other gaseous
diffusion equipment. During a decontamination production campaign, the items requiring
decontamination might be left joined together in the cascade cells and an entire cell
decontaminated at once. Flanges and small valves will be installed on the item to be
decontaminated. The item will be evacuated to determine whether it is leak tight. If not, it

. will be sealed at all likely leak sites and rechecked. Since the air initially present in the item
of gaseous diffusion equipment to be decontaminated maystill contain small amounts of UF6
or HF, the air cannot be pumped out into the building unless the Industrial Hygiene

- Department approves the concept of pun_ping the air through an alumina trap to remove the
residual UF6 and I-IF prior to release to the building interior. If necessary, the air will be
evacuated into the same portable tank that will be used to transferthe off-gases to a KOH
scrubber (see next section). The leak hunting and sealing processwill continue .untilthe item
is gas tight. For a centrifugal compressor, the most obvious leak point is the compressor seal.
This leak point will be sealed by use of a Dresser coupling (UCCND Drawing E-PME-13053-
A598). Numerous methods are available for leak detection as reviewed in a report by
Munday.s7 A helium leak detector may prove best for detection of small leaks into the
equipment following evacuation of air from the equipment. As a final check of system
integrity prior to processing, the system will be evacuated to the desired pressure, and then
it will be isolated for an appropriate time to monitor the rate of rise.



8
A

Following successful leak testing, the item to be decontaminated will be evacuated to - 0.02
psia and then pretreated by slowly administering 100% CIF3 gas to a pressure of about 0.25
psia while monitoring for pressure excursions, which would indicate a rapid reaction.
Calculations show that if a hypothetical instantaneous reaction occurred between the amount
of CIF3in a vessel at 0.25 psia partial pressure of C1F3 and water vapor, the resulting pressure
in the vessel would still be less than one atmosphere. The surface of the item will be
monitored with an infrared pyrometer to cheek for hot spots. The gas samples will also be
analyzed with a Fourier Transform Infrared Spectrometer (FTIR) for HF, which is a reaction
product of CIF3with either water or organic material.

If the FTIR indicates that a large amount of HF has formed, the gases will be evacuated
through the NaF chemical traps, and the decontamination item will be re.evacuated to -0.02
psia. CIF3will then be added again to increase the pressure to about 0.25 psia. Pretreatment
will be continued until the amount of HF observed is low (the acceptable concentration of
HI: will be specified later). The amount of CIF3 will then be slowly increased while watching
for pressure or temperature excursions and while also continuing to watch for sudden
increases in HF concentration. CIF3will be added until a pressure of "4 psia of pure CIF3
is reached. The pressure of CIF3 charged to small volume items may be greater than 4 psia
to increase the amount of CIF3available for reaction.

Previous full-scale studies in heated furnace stands and recent laboratory data indicate that
rapid reactions that would cause sudden pressure or temperature excursions are not to be
expected. The pretreatment with CIF3at 0.25 psia and gradual increase in CIF3 pressure to
4 psia mentioned above is intended to greatly mitigate the possibility of such a reaction even
further. In the unlikely event that a rapid reaction is detected, the gases will be pumped from
the item being decontaminated into a large evacuated tank described later in this report.

After charging the item to be decontaminated to 4 psia with CIF3, the charge of CIF3 will
remain in the item for an extended time (possibly two or three months) without circulation
of the gases. During this time, the pressure and temperature will be monitored, and gas
samples will be occasionally analyzed to monitor reaction progress. Present plans are to design
the decontamination equipment for remote operation to allow most activities (e.g. valve
operations and FTIR gas analysis) to be performed from outside the radiation area. Although
the process time may be lengthy for the LTLT method, the operator time during a production
mode is expected to be short since operations are required only for a relatively short period
during the total process time for any one item being decontaminated. An estimate of the
amount of uranium initially present in the item to be decontaminated will be available from
the gamma spectroscopic survey of the item. Gamma spectroscopy can also be used for a
rough estimate of the uranium removal as the reaction progresses. The generation of UF6 in
the gas will provide the best means for monitoring the reaction progress.

Since the demonstration is an experimental mode of operation, the gas-phase
decontamination equipment will remain connected to the item being decontaminated the
entire process time, and the process will be monitored and analyzed much more closely than
would be the case in a more production oriented mode. In a production mode, the item being
decontaminated would be processed through the steps up to and including charging the item
with CIF3. Then the item being decontaminated would be valved off from the
decontamination process equipment, and the process equipment would be moved to another
location to charge other items requiring decontamination with CIF3 until time to remove the
gases from the first item charged with CIF3. The process equipment would then be
reconnected to the first item to complete the recovery of the UF6 and the removal of the
fluorinating gases. The process of purging and evacuating the off-gases from the item
following decontamination is described in detail in the next section.
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The process equipment has the ability to flow the process gases in a recirculatingloop from
the decontaminated item, through the NaF traps for UF_ recovery and removal of HF, and
back to the decontamination item. This feature, which is furtherdescribed in the next section,
is needed for the following reasons. (l) The recirculating loop allows assurance that the UF6
has been removed to low concentrations prior to pumping the off-gases into the portable
tank, since gas analyzer capabilitywithin the recirculating loop allows a confirmation of low
UF6 levels prior to evacuating the gases. If the gas analysis indicates that the UF6
concentration is above a certai,l threshold, (i.e., 30 ppm), corrective action, such as slowing
the gas flow rate through the NaF traps could be taken to further reduce the UF_

" concentration in the gases exiting the NaF traps. If a recirculating loop were not used, an
excessive amount of UF6 in the gas stream would not be detected on the analyzer before
some of the UF6 is pumped to the tank with other gases. (2) The recirculating loop may
simplify a NESHAP air permit request since the process point may be taken as the
recirculating loop with a guaranteed low concentration of UF6 rather than taking the process
point as the item being decontaminated, which would contain a high concentration of UF6.
(3) Some items requiringdecontamination will have usually heavy uranium deposits which may
significantly deplete the CIF3 and raise the UF6 and HF concentrations to high enough levels
that they act a diluents, thus greatly slowing the reaction. In such cases, removing the UF6
and HF without removing the remaining CIF3 is very desirable from the standpoint of
restoring the reaction rate and from the standpoint of removing the UF6 to preclude possible
desublimation of the UF6 on the walls of the vessel. (The partial pressure of UF6would have
to reach 1.1 psia at 60°F before desublimation could occur). The recirculating loop will serve
this purpose. After removing the UF6 ancl HF present, additional CIF3 could be added to
make up the amount depleted. (4) The same reasons given in (1) above may also allow
nuclear criticality requirements on the portable tank and KOH scrubber to be relaxed since
the UF6 concentrations can be guaranteed at low levels prior to pumping the gases into the
tank.

All gases other than UF6 and HF will pass through the NaF traps unaffected. The other
gases will be pumped into the portable tank and later pumped from the tank through the
KOH scrubber for removal of the chlorine and fluorine constituents of the gases prior to
venting the effluent to the stack.
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4. CART DESCRIFHON AND OPERATION

4.1 EQUIPMENT FEATURES SUMMARY

The cart design must allow the process steps described earlier to be completed in an
effective manner. In addition, the cart must allow flexibility for an expanded role in the
Deposit Recovery Program.The desired cart features required to meet these objectives are
outlined below.

s Capabilityfor initial evacuation of air from a 400 ft3 volume to -0.02 psia (allows for
large contingency).

s Gas manifold for charging CIF3(26 lb max.), F2 (1.0 lb max.), N2 (10 scf), dry air (plant
header). Figures allow for large contingency. The equipment must allow CIF3to be
accurately charged to an evacuated vessel to a range of pressures from 0.25 psia to 7
psia.

s Two set._of NaF traps for selective removal of UF6 (22.0 lb) and HF (3.7 ib) from the
gas strea_n.One set temperature controlled to 200°F for UF6 removal and one set at
ambient temperature for HF removal. The NaF traps used to trap UF6 will be
regenerated.

s Capabilityto accommodate both series and parallel flow through the two sets of NaF
traps.

s Ability to circulate the process gases from the item being decontaminated through the
NaF traps and back to the decontamination item.

s Capability to connect with a Fourier TransformInfrared Spectrometer for gas analysis
at the points indicated in Figure 2.

s System for recovery of the UF_ from the NaF traps. The UF6 recovery system will
require a refrigeration unit with either a 5A or 5B cylinder (55 lb capacity) to freeze out
UF6, and a method for flowing a mixtureof F, and N2 in the direction opposite normal
flow through the NaF traps while heating the traps to 700°F.

s Portable tank of -280 ft3capacity for collecting the off-gases for transportation to the
KOH scrubber.

s KOH scrubber system for removing the excess CIF3 and other by-product gases
(designed for removal at ""2.3 lb/h of CIF3)from the process off-gases prior to venting
the gases out a stack.

• Ability to carefully regulate flow of the gases to the KOH scrubber to avoid excessive
heating.

• Ability to dilute the CIF3 in the off-gases with dry air to <5% vol to avoidoverheating
the KOH scrubber.

. Five-inch critically safe geometry for all pipes, NaF traps, cold trap cylinders, gas
sampling pump (P3), etc. to the maximumextent possible.

, Air jet and stack connection for final removal of the off-gas effluent from the scrubber.
• Pressure regulated dry air flow controller to allow dry air to be supplied to a vessel at

a range of pressures from 0.5 psia to 14.7 psia.
s Subatmospheric operation of all decontamination process equipment.



11

4.2 MATERIAL BALANCE SUMMARY

The largest item requiring treatment during the deposit recovery program is a size 1
converter which has a void volume of - 200 ft3. (A decision was made to recover the uranium
deposits from the 1300 ft3 surge tanks using mechanical methods rather than with gas-phase

treatments). The 200 ft3 volume base case was increased b_ 100% to 400 ft3 to allow a large
design contingency. The ClF 3will be charged to the 400 ft volume to a pressure of 4 psia at
75°F, which amounts to 25.8 lb of CIF3. An assumption was made that 50% of the CIF 3will
be consumed in a reaction with a 14.2 lb deposit of UO2F 2 (10.9 lb U) within the 400 ft3

- volume. The off-gases from this reaction, which is described by Equation 5, are summarized
in Tabie 1.

Table 1. Approximate gas composition at the end of the decontamination process

Off-gases from Mass (lb) Mol. wt. Moles (lb) Moles % Partial pressures
the item (psia)
dew,i'd

CIF 3 13.0 92.4 0.140 33.5 2.00

UF6 16.2 352.0 0.046 11.0 0.66

CIO2F 6.0 86.4 0.070 16.7 1.00

CIF 3.8 54.4 0.070 16.8 1.00

HF 1.8 20.0 0.092 22.0 1.32

Total ] 40.8 ! 0.48! 00.0 I

Following removal of the UF6 and HF from the off-gases by use of the NaF trap_ as described in
detail in the next section, the gas composition will be that shown in Table 2. These figures represent
an estimate of the composition and amounts of the off-gases that would be disposed in a KOH
scrubber.

Table 2. Approximate gas composition following removal of UF6 and HF

Off-gases from Mass (lb) Mol. wt. Moles (lb) Moles % Partial pressures
the item decon'd (psia)

.

CIF3 13.0 92.4 0.14 50.0 2.0

CIO2F 6.0 86.4 0.07 25.0 1.0

CIF 3.8 54.4 0.07 25.0 1.0

Total 122.8 10.24 100.0 [ 4.0

The above gas compositions are at best rough approximations because the amount of
uranium in each item will vary. Also, items of different volumes will be encountered. The

upper limit on the amount of fluorinating gases requiring disposal would result if no UO2F 2
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were present for reaction with CIF3. In this case, -25.8 lb of CIF3 would require disposal.
This amount represents the maximum theoretical load to a KOH scrubber.

An air supply will be required at the item being decontaminated and at the KOH scrubber.
Less than 400 scf of dry air will be required to conduct the purge and evacuation cycles that
rid the decontaminated item of toxic gases at the conclusion of the process. (These cycles are
described in the next section). This air may be supplied through the plant air header if the
equipment is located near a header; otherwise, bottled air could be used. An air header is
presently located in the area where the KOH scrubber will be situated in the K-27 Building.
The off-gases will be evacuated from the portable tank to the KOH scrubber at a rate of 10
scfm. These gases would have a maximumworst-case concentration of 100% CIF3.Since the
concentration of CIF3 should not exceed 5% as it enters the scrubber, an air flow rate of
" 190 scfm will be required to dilute the off-gases at a location upstream of the scrubber.

Supporting calculations and other technical design details are contained in Appendix B. The
process flow diagrams, which describe all process streams, have been completed and are
contained in Appendix C. During the engineering design, the piping and instrament drawings
and specifications will be completed, which will detail the design package.

4.3 EQUIPMENT OPERATION

Figure2 isa schematicoftheequipmentnecessarytomeettheprojectobjectives.This
schematicisintendedtobedetailedenoughtoillustratetheconceptofhow theequipment
wouldbe used,butitisnotintendedtoshowdesigndetailssuchasinstrumentationand
interlocks.Pump PIshowninFigure2 willbeusedfortheinitialevacuationoftheairfrom
thecontaminateddiffusionequipment,fortherecirculationofprocessgaseswhen desiredto
removeUF 6and HF, and fortheevacuationoftheprocessgasesintotheportabletank.
Severalpump candidateshavebeenidentifiedforthisapplicationthathavetherequired
operatingcharacteristicsandthatcanbe usedforCIF3service.An Ebararotarylobepump
withnickelcoatedinteriorandN2 purgedsealcavities,aNormctexspiraldiaphragmpump,
and multiheadmetalbellowspumps run inparaUelarcpossiblechoicesthatarebeing
evaluated.A NaF trapbypasslineisshowninFigure2 toallowtheairinitiallypresentinthe
itemtobeevacuatedwithoutpumpingitthroughtheNaF traps.The by-passisdesirableto
keep moisturefromtheairout of theNaF. Ifpermissiblefroman industrialhygiene
viewpoint, the air from the initial evacuation will be released into the building interior after
passing through an alumina trap (not shown in Figure 2), which would remove residues of
UF6 and HF that may remain from the gaseous diffusion operation decades ago.

Removal of the UF6 from the off-gases prior to pumping the off-gases to the portable tank
is desirable for the reasons given in Section 3. The equipment described in Figure 2 will allow
the gas to be circulated out of the decontamination item through valves 11 and 12, through
the NaF traps, and back to the decontamination item via pump P1 through valves 30, 9, and
10.

The two sets of NaF traps will allow a series gas flow arrangement through the sets, and
each set is arranged to allow parallel flow through the two traps contained in the set. The first
set of traps will be maintained at " 200°F ("hot NaF_) to selectively trap UF6 while allowing
HF to pass through. (Two five-foot long, five-inch ID traps will trap > 22 lb UF6). The second
set of traps will be maintained at ambient temperature ("ambient NaF') to trap HF and
residual amounts of UF 6.The recommended flow rate for trapping UF6 in a single five-inch
diameter trap is 8.2 cfm (see Appendix B).
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When removal of the UF6 from the process gases is desired, the gases will first be flowed
in the recirculating loop through the hot NaF traps (with the ambient NaF traps valved out)
and back into the decontaminated item until the flow rate through the NaF traps is properly
adjusted with control valve 28 to ensure the UF6 is being adequately removed to low levels.
The ambient NaF traps will be valved out initially to minimize the accumulation of UF6 in the
ambient NaF traps. For this arrangement, the following NaF station valves will be open
(valves 13, 14, 15, 16, 21) and the following NaF station valves will be dosed (valves 17, 18,
19, 20, 22, 23, 24, 25, 26, and 27). The UF6 concentration will be monitored at a point after
the hot NaF traps by use of a FTIR. When the UF6concentration is confirmed at low levels
(perhaps <30 ppm), the ambient NaF set will be valved in a series arrangement with the hot
NaF set by opening the following valves 19, 20, 22, and 23 and closing valve 21.

The arrangement just described can be used with the recirculating loop described earlier
to selectively remove the UF6 and HF from the process gases for the purpose of continuing
the reaction of the CIFs with an unusually large uranium deposit (makeup CIFs could be
added while removing the UF 6 and HF), or this arrangement can be used in preparation for
evacuation of the process gases from the decontaminated item into the portable tank at the
conclusion of a treatment. To evacuate the gases, valves 31, 33, and 34 to the portable tank
will be opened and valve 30 located in the line back to the decontaminated item will be
closed. The gases from the decontaminated item will be evacuated to less than 0.02 psia via
the same pump used to recirculate the gases, P1. Following evacuation of the gases to 0.02
psia, dry air wi_llbe added and evacuated from the decontaminated item several times to
reduce the residual gases to a concentration of less than one part per million.

Table 3 contains an illustration of how these evacuation and dilution cycles may be used
to reduce the residual gas concentrations to 0.4 ppm by pumping the gases and the diluent
air from a decontaminated item of 400 fts volume to a portable tank of 280 fts volume. The
"E"in Table 3 represents an evacuation of gases from the decontaminated item. Initially the
item is assumed to contain gases at a pressure of 6 psia. The composition of the gases will be
roughly that shown in Table 2; but as a simplification, the gas mixture will be assumed as a
pure gas (that is, initially at a concentration of 1,000,000 ppm). The gas is assumed to be
evacuated to a pressure of 0.02 psia during each evacuation cycle, except during the last
evacuation cycle shown it is evacuated only to 0.1 psia since this is sufficient to obtain the
desired dilution upon increasing the pressure to 14.7 psia with air. The "D" in the table
represents a dilution step in which dry air is added to the item to dilute the remaining gas
prior to the next evacuation. In this example, air is added until the pressure reaches 0.5 psia,
which dilutes the residual gas by a factor of 25. A range of pressures could have been chosen
for the air dilution step, but the choice is not totally random. If a higher pressure is used, a
higher dilution factor will result per step, but more air will be used to obtain an equivalent
dilution of the gas, which would result in filling the portable tank faster. Minimizing the
amount of diluent air is desirable to avoid having to empty the portable tank before finishing
the evacuation and dilution operation. Note that the total gas pressure in the portable tank
resulting from the evacuation cycles in this illustration is less than 10.5 psia, well below
atmospheric pressure.
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Table 3. Off-gas evacuation and dilution cycles

Crasevacuation from 400 fts Dilution Gas conc. in Resulting pressure in
decontaminated item factor decontaminated 280 fts portable tank

(psia) item(ppm) (psia)

E1 6.0 -. 0.02 - 1,000,000 8.5
D2 0,02 - 0.5 25 40,000 8.5
E 0.5 - 0.02 - 40,000 9.2
D 0.02 - 0.5 25 1,600 9.2

" E 0.5 -,0.02 - 1,600 9.9
D 0.02 -. 0.5 25 64 9.9
E 0.5 -. 0,I 64 10.5

" Ds 0.1 -.14.7 147 0.4 10.5

I , _,' I II "I'I I I I II

1. The pressureof theoff-gasesin the400 fts decontaminateditemis assumedto initiallybe 6.0psia.
The pressureis evacuated(E) to 0.02 psia and the evacuatedgases are pumpedinto the 280 ft3
portabletank.

2. The residualgases in the decontaminateditem are diluted (D) by addingdryair to increasethe
pressureto 0.5 psia.

3. Ventingtheevacuateditemto atmosphericpressurecompletesthedilutionof theoriginaloff-gases
to 0.4 ppm.

Since the CIF3is _hargedin excess into the itembeingdecontaminated,the off-gases from one
decontamination operation could be used as part of the charge gases for the next operation following
removal of the UF6 and HF. Reusing the gases would minimize scrubber wastes as well as conserve
CIFs. (Eventually the buildup of CIOzF and CIF will require disposal of the off-gases but better
utilization of the CIFs can be realized reusing the gases as long as possible). The equipment shown
in Figure 2 will allow the gases to be pumped from the portable tank into the item requiring
decontamination (assuming the decontamination item was previously evacuated) by closing valve 31
and opening valves 30, 32, 33, and 34. Of course, if the off-gases are to be reused, they would not be
diluted with air as described above.

The equipment illustrated in Figure 2 will allow parallel as well as series flow through the
- two sets of NaF traps. Parallel flow is alwaysundesirablewhen significantamounts of UF 6 are

present in the gases, since collecting the UF6exclusively in the hot NaF is desirable. However,
the concentrations of UF6, I-IF,and fluorinatinggases will be slight after the first evacuation

. of the process gases to 0.02 psia. At this point, the flow rate through the NaF traps could be
doubled by switching from series flow to parallelflow through the hot NaF and ambient NaF
sets. To make the switch from series to parallel flow, the following valves would be closed (19
and 20) and the following would be opened (17, 18, 21, 24, and 25).

When the NaF becomes fully loaded with UF6, the UF6 can be recovered from the NaF
by heating the NaF traps to -700°F while flowing a stream of nitrogen and F2 gas through
the traps in the opposite direction of normal gas flow. The UF6will then be purged from the
NaF traps into the refrigeration unit, where it will be frozen out into a 5-inch M5A or M5B
UF6 cylinder. UF6 will be recovered only from the hot NaF set because transferringthe HF
contained in the ambient NaF set to the UF6 freezeout cylinders is undesirable.This process
can be accomplished by closing valves 13, 14, 19, 20, 22, 23, and 28 and opening valves 15,
16, 17, 18, 21, 26, and 27. F2 and N2 will be administered into the flow loop as desired via
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flow control valves 4 and 6 until the desired concentration of F2 (3%) is obtained. A metal
bellows pump, P2, will be used to circulate the gases through the NaF traps and the
refrigeration unit in a closed loop arrangement.

The off-gases contained in the portable tank will be disposed in a KOH scrubber I"_cated
at the K-27 building. The K-27 building is already equipped with a suitable stack and a work
area for a scrubber. A scrubber which was built and placed into service shortly before the
shutdown of the gaseous diffusion cascade is still located in K-27, but it is far oversized for
the present project. Preliminary contacts with vendors who have previously built scrubbers for
the disposal of CIF3 indicate that a small scrubber suitable for the project may be purchased
for less than the cost of reactivating the present scrubber. Figure 3 is a simplified schematic
of the connection of the portable tank to the KOH scrubber. The gases will be pumped from
the tank through a control valve that will control the flow rate of the gas. Dry air will be
added to reduce the concentration of the fluorinating gases to less than 5% upstream of the
scrubber. The scrubber will remove the fluorine and chlorine constituents of the off-gases very
effectively as described in section 1.3, and the cleansed gases (mainly air) will be vented out
the stack. The portable tank will be evacuated to less than 0.02 psia in preparation for its next
use.
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5. CONCLUSIONS

The preconceptual design of the gas-phase decontamination demonstration equip,_ent has
been completed, which will serve as the starting point for the engineering de,.gn. This
equipment will allow the process steps to be conducted in an effective manner. The
equipment based on this design will be suitable for special applications beyond the initial
demonstration. Assisting the Deposit Recovery Program in removing uranium deposits from
selected items of gaseous diffusion equipment in the K-25 building may be one special
application. Since a size 1 converter with a void volume of -200 ft_ is the largest volume of
interest for gas-phase decontamination in the Deposit Recovery Program, a 200 ft3 volume
has been chosen as a base figure for the design. A design contingency of 100% has been
added to the base figure tO allow flexibilityof the equipment for special projects, therefore,
a maximum volume of 400 ft3 has been assumed for the largest item to be decontaminated.

The two NaF traps that are intended to trap UF 6 at 200*F are capable of trapping >22
lb of UF6 without being regenerated. These traps are followed by two additional NaF traps
which will be operated at ambient temperatures to trap HF. These HF traps will also serve
to backup the UF6 traps. When the UF6 traps are fully loaded, they will be regenerated by
heating them to -700*F and purging out the UF6 into a freeze.out cylinder. The proposed
equipment design will allow the amount of UF6 in the off-gases to ae reduced to very low
levels as confirmed by analysis with a FrlR gas analyzer before the gases are pumped into
a portable tank for transport to a KOH scrubber for disposal. The entire system will be
maintained at subatmospheric pressure.
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AppendixA

COffF ESTIMATE FOR DISPOSAL OF CI-IIL)RINE TRIFLUORIDE IN A
POTASSIUM HYDROXIDE SCRUBBER

As describedin the main body of the report, the KF constituent of the waste KOH solution
can be regenerated to KOH by addition of Ca(OH)2. This method for regeneration of the
waste KOH solution would likelybe used duringa full-productiondecontamination campaign;
however, for the demonstration, the regeneration step is not practicalfor the relativelysmall
amounts of waste solution generated. For the demonstration, the waste solutions would
probablybe neutralized with HCI and then calcium chloride would be added to precipitate
calcium fluoride (CaF2). The CaF2 precipitate is the main solid waste resulting from the
process. The costs for the chemical processing requirement for disposal of the waste solution
without regeneration andthe cost for CaF sludge disposalwere estimated by personnel at the
K-2.5Site at $11.77 per pound of CIF3 costs disposal. (These costs are summarized below).
These costs do not include any allowance for the initial equipment construction or scrubber
operation. Since environmental requirementshave changed greatly since this process was last
used at the K-25 Site, modifications to this method would be required that would likely
increase the costs considerably if the process were to be implemented today.

POUNDS OF KOH NEEDED

CIF3+ 4KOH -*3KF + I/3KCI + 2H20 + 2/3KCIO3

One moleofCIF3consumesfourmolesofKOH.

If All of the KOH Were Used,

1 mole CIF3 56.09 lb KOH lb KOH
lb of KOH = 4 moles KOH x x = 2.42

1 mole C/F3 92.45/b C/F3 1 mole KOH lb CIF3 .

The scrubber is initially filled with 20% KOH solution. This is used until the concentration
falls to 10% KOH. The solution is then replaced. Therefore, only half of the KOH is used
and the other half is wasted.

lb of KOH = 2.42/b KOH reacted x 2 Ib KOH = 4.84 lb KOH
1 lb CIF3 lb KOH reacted lb CIF3
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COST OF THE KOH SOLUTION

KOH solution is 90% KOH and costs $0.75/1bsolution.

CostperIbofCIF3 = 4.84IbKOH $0.75 x I /bsolution
IbCIF3 x Ibsolution 0.9/b£OH

= $4.04/tbCIF3

m

POUNDS OF WASTE SCRUBBER SOLUTION GENERATED

. For every pound of KOH reacted, one pound of KOH is wasted. Since the concentration of
the waste solution is 10 % KOH, 10 pounds of waste solution are generated per lb of KOH
reacted.

2.42/b of KOH reacted 10/b solutionPounds of waste scrubber solution = x
lb CIF3 lb KOH reacted

-- 24.2 lb waste solution/lb CIFs

CALCULATION OF WASTE SCRUBBER SOLUTION DENSITY

For every 1001bof initial KOH solution, there are 201bof KOH of which 101breacts with
CIFy Therefore, per 1001bof initial KOH solution, the following amounts of product_ will be
generated per the indicated equation.

CIFs + 4KOH -. 3KF + 1/3KC! + 2H20 + 2/3KCIO 3
lit

CiF3 KOH KF KC! H20 KCIO3

Mol wt. 92.4 56.0 58.1 74.6 18.0 122.5

Mass (Ib) 4.06 10.00 7.67 1.12 1.58 3.68

Moles 0.044 0.178 0.132 0.015 0.088 0.030

Density 17.06 20.70 16.59 8.34 19.51
(Ib/gal)

From the above figures,the total weight of the resulting solution following reaction with CIF3
can be summarized as follows:
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Mass (ib) Mass Fraction
H20
KOH 81.59 0.7840
KF 10.00 0.0961
KCI 7.67 0.0737
KCIOs 1.12 0.0108

Total 3.68 0.0354
104.05 1.0000

Assuming one pound of an ideal solution, the following specific volume of the solution can
be calculated.

0.7840//71120+Volume ffi 0.0961 lb K011 + 0.0737 /b KF + 0.0108/b KCI
8.34/bl&a/ 17.06 lblgal 20.70 lblgal 16.59 lblgal

0.0354tb Kclo,
+

19.51 lb/gal

Volume = 0.1057 gal for one pound of the solution.

Specific volume = 0.1057 ga///b

Density = 9.46 lb/gal

GAIJ.X)NS OF WASTE SCRUBBER SOLUTION GENERATED

Assume density of solution = 9.46 lb/gal

24.2/b waste solution
lb CIF3 2.56 gal waste solution

Gallons of waste scrubber solution = =
Ib IbClFs .9.46

gallon

COST TO PROCESS THE KOH WAffFES SOLUTION

According to G. D. Conner(4/14/89), cost to process KOH waste solution = $1.20/gallon.

Cost = 2.56 ga/waste solution x $1.20 = $3.0711bCIF3
lb elf 3 gal waste solution
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POUNDS OF CaF2 GENERATED

CIF3 + 4KOH - 3KF + 1/3 KCI + 2H20 + 2/3 KCIO3

3KF + 1 1/2 CaCi2 -- 1 1/2 CaF2_ + 3 KC!

One mole of ClF3 results in 1 1/2 moles of CaF2.

" I_I caF22 I mole CIF3 78.08/b CaF2

lb of CaF2 - moles C/F3 x 92.45/b C/F3 x 1 mole CaF2
- = 1.27/b CaF2//b C/F3

POUNDS OF SLUIX_E GENERATED

Assume the sludge would be about 60% solids. This assumption is based on previous sludge
density figures following centrifugation of the sludge.

1.27
IbClF3

Pounds of sludge = = 2.11 /b sludge/lb CIF3
lb CaF20.6

lb sludge

SPECIFIC VOLUME OF SLUDGE

Assume an ideal solution.

n

Pc,o,= = 3.18 &/ml = 26.52 lb/gal

Ps,o = 8.34 lblgal

1 Ibsludge = 0.6/b CaF2 + 0.4 lb ti20
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o.6• o.4
Specific Volu_ = + = 0.0706 galflb

26.52 /b 8.34 /b
gal &al

VOLUME OF SLUDGE GENERATED

Sludge generated 2.11 lb sludge sal sludgeffi × 0.0706 = 0.149 gal sludge/lb CIF3
lb CIF3 lb sludge

O3SF OF SLUDGE DISPOSAL

According to J. L Shoemaker (2/19/93), it is going to cost $50 million tO dispose of 32,000
drums (1.6 million gallons) of pond sludge. This estimate may not be strictly applicable to the
KOH sludge, but it is the best basis for approximation at present.

Cast per gallon = $50,000,000 = $31.21ga/
1,600,000 gal

Cost per lb of C/F3 = 0.149 _l S_e X $31.25 = $4.6611bCIF3
lb CIF3 gal sludge

SUMMARY OF COSTS TO DISPOSE OF 1 POUND OF CIF3

Cost of KOH $4.04
Cost to treat waste solution $3.07
Cost to dispose of sludge

Total $11.77
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AppendixB

GAS-PHASE DESIGN INFORMATION

MAXIMUM CIF3 CHARGED

Corresponds to a 200 ft3 size 1 converter charged tO 4 psia with CIF3 at 75°F.

M (mass) = mol. wt. x moles ---92.4 (PV/RT);
R = 10.73 psia eft3/(Ib molee °R)
i = 92.4 [(4 x200)/(10.73 x 535)] = 92.4 (0.139)
M = 12.9 ib CIF3

The above figure of 12.9 lb of CIF3will be doubled to 25.8 lb CIF3to allow for a large design
contingency.

Any gas at 1 psia, 75°F in a 200 ft3 volume will consist of the following number of moles
moles = 0.139/4 - 0.0348 moles/psia (at 75°F in 200 ft3 volume)

elf 3 - UO2F2 EQUATION (BASE CASE FOR A SIZE 1 CONVERTER _ A VOID
VOLUMEOF

3CIF3 + U02F2. H20 - 1.5CIO2F + 1.5elF + UF_ + 2ttF

Assume that half of the CIF3contained in a size 1 converter reacts with uranium in the form
of UOzF2 • H20. This assumption is equivalent to assuming that -6.4 lb of the initial 12.9
lb CIF; present in the converter reacts with 7.1 Ib of UO2F2 (5.49 lb U) leaving an excess of
6.5 lb of CIFv An excess of CIF3 is desirable for increased reaction rate and to avoid the
generation of CIO2 as a reaction by-product.

CW_ U0_F2 H_ QO2F OF UF_ HF

Mol wt 92.4 308 18 86.4 54.4 352.0 20.0

Mass (Ibs) 6.5 7.1 0.41 3.0 1.9 8.1 0.92

Lb moles 0.07 0.023 0.023 0.035 0.035 0.023 0.046

In Table 2 located in the body of this report, the above figures were doubled to allow a large
design contingency.

CHEMICAL TRAP INFORMATION

Assume 5-in-ID critically safe traps for highly enriched uranium (HEU) service.

Volume per foot of 5-in-ID trap = n (5/2)2 x 12 in = 235.6 in3/ft (0.136 ft3/ft).
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Bulk density of NaFm: 65 lb/ft3

Amount of NaF trapping agent per foot of 5-in-ID trap:

(65 lb/ft3) (0.136 fts/ft) -'- 8.84 lb/ft

Recommended design loading of UF6 on NaF expressed as a weight percent of NaF: 25% m

Amount of UF6 that can be trapped in two 5-in-ID traps that are five-feet long:

2 x 5 ftx 8.84 lb NaF/ft x 0.25 lb UF6 per lb NaF - 22.1 lb UF6 (14.9 lb U)

" Thiscapacityismuch more thanenoughinthemajorityofcases.Ifgreatercapacityis
needed, the traps will be regenerated.

Recommended face velocity for gas-flow in NaF traps (reference pressure near atmospheric
pressure):

1.0 ft/s (near room temperature)m

Flow rate through traps based on recommended face velocities (5-in traps):

Area --- nr2 - n(2.5) 2 - 19.6 in2 (0.1361 ft2)
Cfm for one 5-in-ID NaF trap: (lft/s) (0.1361 ft2) (60 s/m) --- 8.17 cfm NaF trap

TRAP PRESSURE DROP m

'__._P- Cltt U. + C2 p.U2.,
L

where Ap = pressure drop (torr)
L = height of bed (ft)

- C1 = 54.4 (for 1/8 inch right circular cylindrical pellets of NaF)
C2 - 14.9 (for 1/8 inch right circular cylindricalpellets of NaF)
I_ - fluid viscosity (cP)
U. = superficial fluid velocity based on an empty vessel (fps)
p. = mean fluid density (lb/fts)

The above data are the results of the tests that were made over a pressure range of 0.5 to
750 torr at ambient temperature and with an average superficial velocity of 0.05 to 4 fps. As
an illustration of the above equation, assume the following:

L ---5ft
I_ - 0.022cP
U.= 1.0fps
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p. = 0.101 lb/ft3 (calculated by assuming the product gases shown in Table 3 located
in the report body are ideal).

Then

Ap = 5 (54.4 x 0.022 x 1.0 + 14.9 x 0.101 x 1.02)
AP = 13.5 torr

GAS CYLINDER CAPA_

CIF3 available in 160 Ib cylinders (6.8 psig @70°F).
F 2 available in 4.9 ib per cylinder (400 psig @70 ° F).
N2 available in 360 scf cylinders (2000 psig @ 70 °F). May also be available in plant header.
A plant air header runs through the K-25 building. Repairs may be needed at locations of
interest in the building.

VISCOSITY OF COMPOUNDS OF INTERF.ST AT 1 ATM PRESSURE

The viscosity is notexpectedto vary significantly at lower pressures.Viscosity values will be
needed during the engineering detailed design to calculate pressure drops in the piping and
equipment.

The following viscosity values were selected from the indicated sources (highest temperature
available was included). All data is expressed in centipoise (cP) units.

°C °F cPaa

CIF3 20 68 0.0139
30 86 0.0143
90 194 0.0169
147.2 297 0.0193

°C °F cPa3
CIF 20 68 0.0171

30 86 0.0176
90 194 0.0206

°C °F cPa3

CIO3F 20 68 0.0141
30 86 0.0146
90 194 0.0172
150 302 0.0197
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°C °F cPm cPe4

UF+ 20 68 0.0170 0.0168
30 86 0.0175
84.9 0.0240
90 194 0.0205
200 392 0.0261
263 505 0.0322

°C °F cpW
" HF 20 68 0.0126

3O 80 0.0130
90 194 0.0156

" 150 3O2 0.0183

°C °F cPm cPes

F_ 20 68 0.0239 0.0222
26.7 80 0.0228
30 86 0.0245
90 194 0.0279
93.3 200 0.2900
343.3 650 0.0530
371 700 0.0560

°C °F cPas

N2 20 68 0.0174
26.7 80 0.0177
30 86 0.0178
93.3 200 0.0205
343.3 650 0.0302
371.1 700 0.0312

°C °F cPes

O5 20 68 0.0200
" 26.7 80 0.0203

93.3 200 0.0234
343.3 650 0.0335

• 371.1 700 0.0340

°C °F cPas
Air 20 68 0.0177

26.7 80 0.0180
93.3 200 0.0208
343.3 650 0.0295
371.1 700 0.0305
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VISCOSITY VALUE ESTIMATES FOR GAS MIXTURES FOR USE IN THE PROCF.XS
FLOW DIAGRAMS

The effect of pressure on gas viscosity is not significant up to pressures of -10
atmospheresm. The viscosity of a gas mixtureis seldom a linear function of composition, and
the _i_ty of a mixturecan exceed the viscosity of either component by a factor usually less
than 30%_.

(1) Estimate of off-gas mixtureviscosity at -80 °F: The off-gas mixturewill contain the
following constituents: CIF3, UF_, CIO2F, CIF, HF.

From the viscositydata for these compounds we see that the viscosity varies from a
low of about 0.0130 cP for HF to a high of -0.0176 cP for CIF, which is not greatly
different. Since the mixtureviscosity can exceed the component viscosity, the viscosity
of CIFwill be multiplied by 1.3 as a conservative estimate for the mixture viscosity.

Mixture viscosity - 0.0176 x 1.3
- 0.022 cP

(2) Estimate for the N2 - 1:2mixtureused duringregeneration of the NaF trapsat 700°F:
The N2-F2 mixture is only 3% F:, and contains only a small percentage of UF_;
therefore, the viscosity will be approximated as that of pure N 2 at 700° F.

Viscosity of N2-F 2 mixture at 700°F - 0.0312 cP

(3) Estimate for the initial air evacuation and air dilution and evacuation cycles: The
viscosity is that of air at 80° F.

Viscosity of air at 800F - 0.0180 cP
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