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AB,Sq'RA_' (_,5 wt r_), The 0,5 % impurity,., is
consc_,ativelyassumed(a,_being) hydrogen

Moderationcontrolis thebasicparameterfor fluoride. TheH/U atomicratiowill, lhcrefi)re
ensuringnuclearcriticality safety during the notexceedavalueof 0._ whichindicat,,:_that
packagingand transportof low_U enriched the uraniumisessentiallyunm(_dcralcd,"l.tI
uraniumhcxafluortdebeforeitsconversionto
nuclear _wcr reactor fuel. Moderation Nuclear criticality safety control is
_:ontrolhas permitted the shipmentof bulk definedas "aquantityof fission;iblcmaterials
quantitiesin largecylinder_insteadof in many contained in such conditionsthat a self.
smallercylindersand,therefore,hasresultedin sustainingchainreactioni_ impossibleunder
economies without ct)mpromising safety, specifiedconditionsor that criticalitycannot
Overallsafetyanduraniumaccountabilityhave occureventhoughno limitationisplacedupon
been enhanced through the use of the possiblevalue of othervariables."[4]
moderation control. This paper discusses
moderation control and the operating Theconccptoflimitingmoderationfor
proceduresto ensurethat moderationcontrol nuclearcriticalitysafetycontrolwasfirstused
ismaintainedduringpackagingoperationsand in the 19._0sto permitbulk shipmentsof low
transportation, enricheduraniumhexafluoride(LEU) from

thePaducahOmcousDiffusionPlant(PGDP)
to the Oak Ridge OaseousDiffusion Plant

INTRODUCTION (ORODP) andlater to the Portsmouth
GaseousDiffusionPlant(PORTS). Shipments

"Moderationis the slowingdown of of moderationcontrolledLEU consistedof
neutrons from the high velocities and four "l-ton chlorine cylinders"which were
correspondinglyhigh energies. . . to low transportedby contract carrierson specially
velocities(and energ!es)at which!he capture dcsigne..dtrailers.Eachcylinderhada nominal
probabihtyin the fissile_SU atomis relatively capacityof 2.5 tons of UF6 with a _SU
large. Hydrogenmoderationis thus perhaps enrichmentlimitof 2%.
the most important ('actor affecting the
neutron economy of a chain reaction uranium The use of model 48X cylindershaving
system other than the actual enrichment of the a nominal 10.ton UF6 capacity evolved in the
fissile Z_SUisotope itself."[1] 1970s, and this method has been proven to be

safe and practical. Overall safety withdrawal,
ModeTation control is defined as "a packaging, handling, transporting, and

. method of assuring the nuclear safety of a refeeding operations of the gaseous diffusion
system of fissionable material such that the koo plants was enhanced since fewer cylinders were
<1 and the H/2a'_U atomic ratio of the needed and the potential exposure of site
hydrogen moderator and fissile material is personnel was minimized. Economics were
maintained below a spcciricd safe value .... achicvcd without compromising safety.t5]
Transport theory calcul_ttioDsindicate a kooof
only 0.80 for the moderation c()ntr()llcd, A recent study concluded that "a 10-
H/_SU of 1.9, 30-inch.diameter U(4.5)F6 ton cylinder filled with UF6 under moderation
cylinder with 0.4-inch steel wall. Since the control at a 23SUenrichment of 5.25 percent
infinite medium multiplication factor, koo,must will be substantially subcritical both as a fully
be greater than unity for criticality, a value of reflected single unit and as an infinite array
0.80 is considered adequate, in establishing withoptimal interstitial moderation. For single
nuclear safety .... "[2] 10-ton cylinders under moderation control, a

23sU enrichment of at lcast 12.7 percent is
"The moderation control method is required for criticality."[6]

based on the production of high purity UF6
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Ove,'_'!i safety was extended and ,,q_ccifled.This amount of v.+atcrwould n_t
intprovcd through the usc of the 30.in. createan unsafe conditiontf mixedwith any
L3,1indcrswhoseUF_,capacitywas ,bout ten alnountof UF6at "-lsUenrk:hnlcntsto re;,, A
times the "capacityof smaller t2+in,cyhndcrs 5(bib"hccr' is authorizedfi_r 10.toncylinders
that hadbeen previouslyused. UF_ relcascs enrichedup tu 4,5% At enrichmentsabove
wcre minimi_d because the humor of 5%, z__Ukoocur_cshavcpt+intsof inflc¢liun,
connections and disconnections to thc andcriticalityispossihlc.[7]
productionprocessequipmentwere similarly
reducedby a factor of 10, This greatly To ensurethat modcratkmcontrol is
reducedthe requirednumberof sampl= and achieved during shipping operations and
chemical and physical analyses which transportation, the following practl_ help

i concurrently reduced the potential for ensurethat inleakageof waterdoesnot occur
i exposureto the radioactive and chemical into filledUF6 cylinders:

hazards associatedwith UF6 and other
uraniumcompounds.Improvedenvironmental 1. Packagingsusedfor UF6 must

_ control wu realized by a reductionin the meet the standards of the
radioactiveand chemicaleffluence from the American National Standards

i !+ laboratory analyses. Institute-ANSI N14.1.[8]

i The reliability of UF 6 accountability 2. Opcratlons associated with
+ improved because multiple sampling and moderation controlled UF6
i l analyses were no longer required and the follow the guidance of U.S.

+ corresponding accountability losses were Department of Energy Report
t reduced. Nuclear fuel processors wore also O R O- 6 5 1, Ura n|u m
i receptive to the concept of moderation control Hexafluorid¢: A Manu_[...Of
! because their operations also reflected similar Good Handling Practices.t9]
i cnhancements, In allcases,economics

continuetobc realizedthroughthcuseof 3. Thc internalcylinderprcssurc
modcrationcontrol, isvcrificdbeforefillingto

vcrifythatitissuba|mosphcric.
Strictmodcrationcontrolprocedures Ifprcssurcisatmosphcric,a

arc followedduringUF6 cylinderfilling leakmay bcindicatedandthc
opcrations.UF6 iswithdrawnasa gasfroma cylinderis rcmovcd from
cascadcunitandcondcnscdforliquid-phasc scrviccforcvaluation.
transfcrtoashippingcylindcr.Sincchydrogcn
fluoride([IF)isthconlypossiblehydrogcnous 4. Cylindcrsarcfillcdwithliquid
contaminantinthccascadestrcam,condensing UF6 at prcssurcscxcccding
operations arc based on equilibrium studies of atmospheric pressure. Any
the UF6-HF system to ensure that the liquid breach in the cylinder wall,
UF6 is virtually free of HF. In addition, a plug, or valve assembly will be
nonhydrogenous material is always used as the readily detected by the
primary condenser coolant to preclude presence of a white wlpor
inadvertent moderation of the UF6 in the [consisting of uranyl fluoride
event of equipment failure. (UO2F2) and hydrogen fluoride

(HF), which arc products ot'
To evacuate large UF6 cylinders after the water reacting with the

each use, an allowable cylinder "heel" is t:F,1and the strong odor of
established on the conservative premise that hydrogen fluoride. Corrective
any residual material would be water. In the action would immediately bcgin
case of the 2.5-ton cylinder, a 25-1b "heel" is to stop the leak. Also, a valve
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cap ,_ith a Teflon" ,seal i.s have implemented pr,_cedurcato achieve
in,tailed ,wer the valve reiteration control, In addition, facility
opening =isa _econdI¢;tk;_ge- per,sonnel who pcrh)rm shipping and
c_ntainmentbounda_,. Both packagingo_ratic_nsarc trainedandqualified
the valvedesignand the Ic;ik with the,seminimumqualil'icatk)ns:the u_cof
lest opcr_|t_on_ensure th;J!a equipment to load and unload p_ckages;
single crrc_r will not allow c()rrecl I(_adingand unloadingprocedure;
w:tter I_ h,nk Jni(_the cylinder, knowlcclg¢ of radiati_n, criticality, and

contamination safely; understanding of
5. The c3,1indcris cooled after industrialsafety and emergencyprocedure;

filling for at least 5 days in implementing U.S. Department of
order for the UF6 to solidity. 'rransportatior=regulation=(49 C_ PI, 173)
After 5 days,a pressuretest is requirements;andfollowingspecificpackaging
performed to verity that rcquiremenu of the U,S. Department of
cylinder pressure is Energy and/or U.S, Nuclear Regulatory
subatmospheric,andthe valve CommissionCcrtificate_o{'Complianceand
cap is secured. This ensurcs the correspondingSafetyAnalysisReportsf.or
thai water inlcakagccan not Packaging,

occurducto a singleerror, Over40 yearsof packagingoperations
6. During cool downandon-site and transportationof low USU enriched

storage, a breach of uranium hexafluoride have been safely
containment would be performed because of the succcssf.ul
indicated by a visible white implementation of moderation control
vapor. Should this occur, practices.
corrective actionswould be
taken to stopthe releaseand
before any water could cater
the cylinder.

7. A visualinspectionof the lull
cylinder is also made before
loading it into an ovcrpack to
verify tha; the containment
boundaryis maintained.

8. A filled cylinder is placcd into
a protective ovcrpack, and a
numbcrcd tampcr indicating
device (TID)is placed on the
ovcrpack. When the fiilcd
cylindcr in an ovcrpack is
rcccivcd, the TID is verified by
the rccciving site.

CONCLUSION

Theoretical studies have shown that
moderation control ensures the safety of
fissionable materials, and operational practices
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