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SCENARIOS AND ANALYTICAL METHODS FOR UF6 RELEASES
' AT NRC-LICENSED FUEL CY CLE F ACILITIES A

" ABSTRACT

. ..This report identifies and discusses potential scenarios-for the acciden:

tal release of UF4 at NRC-licensed. UF¢ production and fuel fabrication-
facilities based on a-literature review, site visits, and DOE enrichment
‘plant experience. ':Analytical tools needed for evaluating source terms for -

* - such releases are discussed, and the applicability of existihg methods is
reviewed.. Accident scenarios . are -discussed under the broad headings of - -

cylinder failures, UF process system failures, nuclear criticality events,
‘and operator errors and are categorized by location, release source, phase
- of UFg¢ prior to release, release flow ‘characteristics, release causes, initiat-
ing events, and UF inventory at risk. At least three types of releases are
identified for further examination: (1) a release from a liquid-filled cyl-
inder “outdoors, (2) a release from a pigtail or cylinder in a steam chest,
and (3) an indoor release from either (a) ‘a pigtail or liquid-filled cylinder
or (b) other indoor source depending on facility design and operating pro-
cedures Indoor ‘release- phenomena may be analyzéd to determine input -
terms for a ventilation model by using a time-dependent homogeneous
compartment model or a more complex hydrodynamic model if “time-

depcndcm spatial variations in concentrations, temperature, and. pressure RS

‘are lmportant Analytical tools -for modelmg directed jets and explosive
releases are discussed as well as some of .the complex phenomena to be
' ‘consndered in analyzing UFjg releases both mdoors and outdoors.’ -






"1; INTR , ggq-cnonem SCO _PE}’” i

The Nuclear Regulatory Commrssron (NRC) Office of Nuclear Regulatory Research is sponsonng the . .

Fuel Cycle Facrhty Safety Research Program for the purpose of developmg rmproved methods for determm- "
mg and charactenzmg accu:lental releases of radloactwe matenals at’ NRC-lxcenscd fuel cycle factlmes As‘
part. of that program the NRC Drvrsron of Rrsk Analysrs is preparing the Fuel Cycle Facility Accrdent

‘ Analysrs Handbook (AAH) to provrde analyttcal techmques and a data base for preparmg realistic accrdent

assessments. The NRC Transportatron and Matenals Rrsk Branch has requested that the Engmeenng Drvr-:.l'r" |

sion’ of Umon Carblde Corporatron, Nuclear Drvrsron (UCC-ND Engrneenng) assrst in developlng that

handbook by consrdermg UF6 handlmg systems The obJectrves of thrs pro_;ect are (l) to 1dent1fy andi i

"_deﬁne the major accrdent seenanos in fuel cycle facilities that mvolve the release of UF6, (2) to determme o

" the 1mportant parameters and data requrred for UF¢ release accrdent assessments (3) to evaluate avallable
methods for determmmg sourceterms for such accrdent assessments and (4) to document the above mfor- .
- matnon for inclusion in Chapters 2 3 and 4 of the AAH |
The accrdental release of UF6 results from the vrolatron of contamment of equrpment contammg UF6
velther by equ;pment farlure or operator error, Once a release occurs, UF and its hydrolysrs products may - -
l'ollowaone or several'of a number"tof pathways to the outdoor environmentdepending on the pointdof release_"' '
and the desrgn and operatmg procedures of thc facrhty Possrble UF; release pathways to the envrronment
-are 1llustrated m Frgures l and 2 For example consnder a release from a cylrnder that ruptures as a result
of bemg dropped from an overhead crane. The UF¢ would be released into a room where some or all of the
UF6 could be hydrolyzed If doors are open to thc outside, then a release to the envrronment of at least

some of the UF6 products would occur and UF6 and /or its hydrolysis products mrght also enter the ventrla-,.;

, a tron system If the ventrlatron system mcludcd ﬁlters some products of a UF.; release could be trapped L

.whllc untrapped products would pass on to the stack and out to the envrronment
The scope of this study has been. lrmrted to the initial release of UF¢ from containment into a room,
steam chest, or the outdoor envrronment (pathways A, B, C,and D in Fxg l) wtth some consideration for

the behavior after release. - Accrdent' scenarios were to be developed from information in the literature
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materral released‘ "as well as other source: term mformatron necessary to analyze a release 'Qu’antltatrvef

oL analysrs of release phenomena and consequences (such a "atmosphenc d1spers1on dose commrtments struc-

: vtural damage etc ) was beyond the scope of thrs mvestrgatron

As :a part of the Fuel Cycle Facrlrty Safety Research Program Los Alamos Natronal Laboratory :

' ‘(LANL) and Battelle Pacrﬁc Northwest Laboratones (PNL) are developmg a large ventrlatron system

. _model a compartment model and a source term model for accrdents 1nvolv1ng-: ﬁre and ‘losron These'

areas are' excluded"from this present _study except for a""review 'of: th‘e‘models for th}_eir‘ appliéability to acci- E

'»dental UF, releases : . . Ca L .

Several t‘,\ ms have_vbeen deﬁned that are requrred for thlS study and for subsequent actrvmes 4

. 'Important parameters are quantrtres that must be known or estrmated to appropnately anal" ze an accrdent ‘

: _- ;an'd '1ts consequences. An event controllmg parameter is: any. 1mportant parameter that srg_lﬁcantly affects;\ L '

'the event or the source terms charactenzmg the event A small error . 1n an unportant parameter that 1s ‘not ; .

an event controlhng parameter wrll not*srgmﬁcantly affect the consequences of the accndent Source terms o

" are param that deﬁne an e aracterrze the release mto the affected surroundmgs Source terms do not-_h.,,” o

" include a'mbient condmons. R S

The concept of source . térm-is- sometlmes confusmg because of its applrcatlon In the cas f a cylinder N

rupture m a room, the mass, temperature pressure and phase of UFg i in the cylmder at the tune of release o

_are source ‘terms for evaluatrng the amount of UFg vapor released from the cyhnder whrch m turn is a

: _source term for evaluatmg the mass of- UF6 hydrolysrs products and hence room air. concentratrons The,




_mass .of UF6 hydrolysns products and air coneentratlons are: source terms for a ventllatlon system odel that B

' calculates source terms for an atmosphenc dnspersnon model

Thls report mcludes the: results of the llterature revnew effort schematlc descnptlons of typrcal UF6 han- o '

-»dlmg systems, a eompllatron and dnscussmn of credlble UF6 release accrdent seenanos and a revrew of " L

" methods for determining, source terms for UF6'< release accident assessment. The mformatron provrded m

this report will serve as a basis for preparing :m.a_terial;for inclusion in the AAH.




) The ob_)ectrves focused on 1n the mrtral phases of this pro;ect were (l)ithe 1dent1ficat ,.“ and defimtlon 3

of major accrdent scenarios in fuel cycle facrhtres that mvolve the release of UF6 and (2) "the evaluatron of 3

e

available methods for determmmg source terms. for such accrdents A revrew of mformatron obtamed fromf- '

erght NRC dockets 1dent1ﬁed a few accrdent seenanos consrdered to be 'boundmg cases m some docu- .

,A.\ -

' ments The lack of specrﬁed scenarros from NRC sources led to the development of a hst -of . potentral_ :

ma]or accrdent scenarios rnvolvrng the release of UF6 based pnmanly on_the expenence of and studles per-

rcal methods 1ncludmg codes under development by LANL and PNL for the AAH were revrewed for therr

' applrcabrhty to developmg source terms and analyzrng accrdent eonsequences for UF6 releases To bnng

some perspectrve to the results of these actrvmes, the scenarios were categorrzed and drscussed m several

drfferent ways, whrch led to a drscussron of some boundmg consrderatlons for UF.; releases Modelmg tools: ,

needed for analyzrng various: UF6 releases were also drscussed
Chapter 3. drscusses mformatron from NRC dockets and licensees and presents the ﬁndrngs based on th1s

- mformatron ‘About 7000 pages of NRC documents for erght facrlltres ‘were searched mcludrng envrron- ‘

~ mental. 1mpact assessments and radrologrca] contrngency plans These documents descnbe only two basrc

formed by enrrchment facrlrty contractor personnel for the Department of Energy (DOE) Avarlable analyt- s

scenarios- and contaln lrttle useful 1nformat|on for developmg accrdent scenarios. mvolvrng the release of UF6 -

The principal goal of the NRC documents wrth respect to UF, accrdents was to consrder a boundrng event '

that 1nvar1ably 1nvolved the release of UF6 from a single- cylmder contarmng llqurd UF6 Cyhnder releases:, .

may not, however represent the. boundrng event with respect to off-srte consequenees (see Sectron 7. 2)
Furthermore 1t is mterestrng to note that several NRC-licensed. facilities predict : o SIgmficant off-srte
oonsequences for a postulated multr-ton UF6 release taklng place only several hundred feet from puber'
facilities. Visits to several NRC- llcensed facrlmes whrle yleldrng a few new scenanos dld support the applr-
o ~cability of several UFj release accident scenarros. ' i |
Descnptrons of UF(, hardling systems in ‘both UFs productron and fuel fabrrcatron facrlmes are provrded |

" in Chapter 4. These descnptrons whrch mclude block ﬂow dragrams of pnncrpal UF6 handlmg operatrons




m

and a list of equrpment and operatmg condltlons are based pnmarrly on material- developed by PNL for |

NRC’s Fuel Cycle Rtsk Assessment Program
Ma_]or postulated accrdent scenarios mvolvrng the release of UF6 at NRC hcensed facilities are mtro- -
» ,duced and dtscussed 1ndrv1dually in Chapter 5 under general headmgs of cylmder fatlures process ‘system

farlures cntrcahty events, and operator errors. Because detalled scenano data for acctdents mvolvmg the

. : Irelease of UF6 were not found in NRC documents, a greater rehance on DOE expenence and s1te visits to ‘

NRC-hcensed facrhttes was necessary than ongmally antrcnpated for thls proyect The credlbthty, probabll-
blty, and seventy of consequences for each scenano are hrghly dependent on srte-specrﬁc factors such as UF6. :
mventory, UF6 phase(s) UFG ennchment facrhty)and site desrgn, operatmg proceduresv emergency pro-’f-l
cedures and operator trarmng The distance to plant boundanes and the off-site populatlon densrty are
important in assessmg off-srte consequences ' -. . o :

Chapter 6 revrews the apphcabrhty of currently avarlable methods”l'or analyztng UF . releases Sec-
tion 6.1 presents an evaluatron of three codes developed for the AAH (TORAC EXPAC, and FIRAC)

i

' w1th respect to their apphcablhty to accrdental UF.; releases mcludmg several DOE methods Three prmct-‘

pal conclusrons resulted from th:s revrew '

1. At least ﬁve areas were ldentrﬁed that must be addressed m the tornado analysrs code (TORAC), the. |
: ;':explosmn code (EXPAC) and the ﬁre analysxs code (FIRAC) before they can srmulate UF6 transport
w1thout potentially large errors.
2. DOE has concentrated prrmanly ‘on the simulation of UF6 releases outside butldmgs, whereas NRC has
conoentrated on the- srmulatlon of hazardous matenal transport inside butldmgs it is, therefore,
:.belreved that both agencres may beneﬁt from an mformatton exchange in these areas.
3.. Several methods in ‘the open hterature exrst that could be modlﬁed for estimating the Uhs release rate .
R from ruptured cylmders R v | o
Chapter 7 has been mcluded 10 brmg some perspectrve to the. scenanos rntroduced in Chapter 5 and to: -
1dent1fy UF¢ release phenomena and_s';' a}nalyttcal_,_tools needed for-. analyzing UF; releases.' Uramum -hex-..

afluoride accident scenarios ‘are categorized in"Sect. '.‘7‘.?‘1_ by location, source, initial phase(s) prior to release,




flow charactenstrcs release causes rmtratxng events, and mventory at rtsk The latter method of categonza-

tron rs used in Sect 7 2 as a basrs for dlscussmg some boundmg consrderatrons for UF6 release events _ :

-,'because an mventory at rrsk can be deﬁned for systems of equrpment separated by hatch operatrons ) Thrs

drscussxon leads to the selectron of at least three types of UFG releases that should be consrdered further :

l release from.a hqurd-ﬁlled cylmder outdoors

: 2 release from a prgtarl or cylrnder rnsrde a. steam chest and

3. release mdoors from exther (a) a plgtarl or hqurd ﬁlled cyhnder or (b) other mdoor system, dependmg_ » '

on release rate and duratlon
| It is suggested that generrc source terms for the release of UF,; from plgtarls and cyhnders be developed RO
.because of thetr applrcahrhty to the above releases

Sectron 7. 3 drscusses two general approaches to modelmg indoor UF6 releases as well as an overvrew of *

outdoor release phenomena “The two- approaches are the use of erther a batch~mrxed or trme-dependent

i homogeneous mlxture model for determrnmg source terms to a ventrlatron model ora more accurate hydro-‘

dynamrc model when trme-dependent spatral varratrons m/ﬂhmperature, pressure, and composrtron aré -

‘ 1mp0rtant Analytrcal tools needed to model drrected and explosrve releases of UFG are’ also rdenuﬁed and ol

- aspects of UFs-hydrocarhon reactrons in the presence of- ﬁre or msrde a cylmder are hnefly dlscussed

Chapter 8 presents 28 calculatronal ‘methods requlred for erther a ﬁrst—order approxrmatron or a more_ .

accurate analysrs of a- postulated release of UF6 The apphcahrlrty of the methods ‘10, the scenanos: - “", :
presented in. Chapter 5 is given as well as the current avarlabrhty of those methods
Conclusnons many of whrch have been drscussed above, are’ lrsted in Chapter 9.

References for thls study are gwen in Tables 1 and 4, whrch may be found in Chapter 3, and in the ref-

erence lrst followrng the text of this report. A brbhography of other documents relevant o UF6 source termv o
development is also provrded Uramum hexafluonde release studres UF6 physrcal and thermodynamrc data,

experrmental studres hrstoncal release studres, and other studies are cned in thrs hrhhography
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.+ 3. LITERATURE REVIEW

‘A lrterature review was conducted to obtam currently avallable mformatron on accrdent seenanos and -

' analyses as well -as ‘to better understand the UF6 handlmg operatrons at NRC-hcensed facxhtles Tlus

‘ revrew was supplemented by mformatron on DOE experience in ennchment facrhtles and by vrsrts to several o

- NRC llcensed facrlmes

Documents pertammg to elght NRC selected facilities mcludmg two UF6 productron plants and six fuel" o

'fabncatlon facrlrtles were obtamed via several routes An mmal Search of the DOE llbrary fac111t1es in. Oak o

- __ "supplled several requested documents In ‘total, about 7000 pages of NRC documents were revrewed

'erge yrelded few documents After‘requestmg asslstance from the NRC PrOJect Manager, arrangementsf -

~ were made to mspect NRC hcensmg ﬁles in Sllver Spring, Maryland Thls route yrelded some useful docu-
ments, but trme drd not perrmt an m-depth review of all the available matenal. The NRC Pubhc Document ;' .
V:‘-Room was also contacted for mformatron on facilities of interest. A computer prmtout hstlng references for_" _
all docket matenals ‘ﬁled for the.selected facrlmes.smce 1978 was obtamed along w1th a less exhaustrve ref:’

' »'-erence hst of pre-l978 matenals pertarmng to the eight selected facxlmes After revrewmg these llsts,

number ‘_ documents were obtamed through the Public Document Room The NRC Pro_,ect Manager also';l';

Most mformatlon on major accrdent events was contamed in Envrronmental Impact Assessments (lEIAs)
-’j'-:'.fr_ ‘or in Radlologlcal Contmgency Plans (RCPs) The event usually con31dered in these documents was the
.release of UF6 from a damaged cylmder contalmng ltqurd UF6 or from associated auxrhary equrpment _ B
Release quantltres postulated vaned consrderably (23 - 96% of cylmder contents) from' one document to"

another. Although mmatmg events and detalled accndent scenanos ‘were not grven postulated condltlons’l o

' mcluded rupture on. heatrng from pnor overﬁllmg or contammatron w1th forelgn gas and farlure of a cylln :

der valve or assocrated p1p1ng Farlure of a cold trap in a UF6 productlon facility was also postulated to

: :have consequences s1m1lar to a cylmder rupture Table 1 lists dates of the most recent ElAs and RCPs for e
- facrlrtles of mterest as well as. sectrons of those reports that discuss accrdents mvolvrng the release of UFs.
The EIAs and RCPs revrewed drd not contam details of the analyses performed although chemical and'_.

'radlologrcal exposures to individuals at several locations (e.g., nearest resrdent) were given in several reports.

i
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Table 1. References to postulated UF¢ release accidents and criticality events found
in environment impact assessmeats and radiological contingency plans

Environmental Impact Assessment

Radiological Contingency Plan

- Facility . Docket  Date Applicable. Date Applicable
and location . number  published scctions published sections
UFg prodhction

1. Allied Chemical 40-3392 8-717 6.1.2,6.1.3, 6-81° 3.1, 33
Metropolis, IL ‘ 6.2.2

2. Kerr-McGee © 40-8027 10-77 None 3-82 33
Gore, OK : .

Fuel fabrication , 4 ,

3. Combustion Engincering  70-36 - 9-81 5.2.2,53.2 1-82 ' 31
Hematite, MO

4. Babcock & Wilcox © 70-135 10-78 6.2.3 8-81 None
Apolio, PA

5. Nuclear Fuel Services  70-143 1-78 None 6-81° None
Erwin, TN

6. General Electric 70-1113 6-75 None 1-82¢ 333 &
Wilmington, NC ‘ Appendix G ,

7. Westinghouse 70-1151 4-77 None 8-81¢ None
Columbua, SC : -

8. Exxon 70-1257 8-81 5.2.1 g-g1ef None
Richland, WA : : 11-818 - :

Other documents

9. Supplemental Environmental Information Related to Installation of Uranium Hexafluoride Conversion
Capability, B&W Commercial Nuclear Fuel Plant Expansion, Lynchburg, Virginia, BAW-1412, Annex
(Draft), Battelle Pacific Northwest Laboratories, Richland, Washington, June 1976, Sects. 5.3 and 5.4.

Potential Radiological and Chemical Toxicity Consequences of an Accidental UFg Gas Release in the

10.

11.

12,
13.

Exxon Nuclear UO, Plant, XN-NF-562, Exxon Nuclear, Inc., April 1981.

Radiation Control at NFS-Erwin and Generic Considerations Jor Other Fuel Cycle and Materials Plants,

SECY-80-519, Nuclear Regulatory Commission, November 24, 1980.

Environmental Survey of the Nuclear Fuel Cycle, USAEC, November 1972, pp. E-32 t6 E-34.

C. M. Vaughn (GE, 70-1113), letter to NRC Director (to attention of W. T. Crow), "Attachment 1,
June 1, 1981, (Letter Subject: "Modification 2 to Apphcatlon Amendment N-2, Expansion of Plant

Conversion Capacity®, 12-21-79).

*Updated 1-82.
bUpdated 3-82 and 4-82.

“Titled as Radiological Contingency and Emergency Plan.

“Titled as Emergency Plan.

¢Titled as Emergency and Radiological Contingency Plan.

JRev. 10 of Part 1.
gRev. 6 of Part II.
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Several other“documents contarmng analyses of postulated UF6 releases are also lrsted in. Table 1 Table 2

v tabulates avarlable rnformatron on postulated releases mcludlng total UF6 released release duratron and :

,other assumptrons

Two cntrcalrty events were postulated by General Electnc (GE) In therr Radrologtcal Contmgency and
'-Emergency Plan (l 82 paragraph 333 and Appendix G), a cntrcahty event is postulated to result from'
.- the- mtroductron of UF6 into a.vessel contalmng water when the uramum ennchment exceeds the desrgn
;basrs enrlchment A letter from C M Vaughn (GE) 10 the NRC .brrector (June 1 1981) mcluded a
_' complete cntncalrty safety analysrs for UF6 cylrnders in steam autoclaves based on’ 5% 235U ennchment
; LAddmonal detalls of these postulated criticality events are grven m Table -3 while. addmonal reference mfor-

mation is grven in Table 1.
Reported hrstorrcal releases at facnlmes of interest ranged from much less than a pound to over 100 Ib -
~of UFs. Several documents reportrng these htstortcal events are lrsted in Table 4 These events mvolve

prgtalls valve seal or other valve farlures and prpmg gasket fallures occurring in UF6 feed vaponzatron»

 areas of fuel- fabrication fabncatron facrlltres and distillation sections and cold trap systems of UF5 roduc-
tion facrhtles Table 5 gives rnforrnatron on reported hrstortcal releases of UF6 | e

- ‘Most other NRC documents that were revrewed‘ did not contarn 1nformat1on vOn pro:stulated or.historic
‘UF(, accrdents however several documents repeated mformatron contamed ‘in the documents noted above n
o ‘These other documents mcluded safety evaluatron reports radrologlcal assessments of mdrvrdual dose from EE
: :;i'routrne operatrons a health and safety manual several emergency procedures predatmg the RCPs and varl-

""ous lrcensrng applrcatrons and renewals for the fuel fabncatnon facilities. In general httle rnformatron use-

ful for estimating UF@“release _'_source terms for mcl_usrdn;rn the AAH was found m'_the ergh_ti«NRC dockets W

Revrew of the NRC and NRC- hcensee documents did not result i m a comprehensrve lrst of credrble UF6
. release events Thrs was, generally the result of the NRC and the lrcensees concentratmg ,-thelrefforts on |
_postulatmg what they consrdered to be boundmg UF6 release accrdents Uniformly,‘ the'rupture of a cylin- '

der contarmng liquid UFG, erthcr 1ns1de or outsrde a facrlrty (but not both locatrons) ‘was consrdered by

"NRC and th’eir licensees to be al-boundmg UF; release event. Cylmder releases may not, however, represent




Table 2. Pdstui@led UF release events d_bcmﬁentéd for NRC-licensed faéﬂiﬁgs -

Licensee -

Av raié

5 UF; Release * Phase of . -
Event: and released  duration of release - UFg Other assumptions . Refs
“docket no. “(lb)  (min)  (Ib/min)  source o S Table 1,
Rupture of a Allied - 9200 Vapor - Temperature > 149°F 1, EIA
10-ton cylinder - 40-3392 . -+ .+ UFgreacts totally
' ' ' ' - with moisture in
ambient air L
v , : i s , _ . Released outs1de bldg
Rupture of a Kerr-McGee - 4500 50 112~ ' Vapor l.S-m.,hole in cylmder f-’ 2
_10-ton cylinder. - 40-8027 e : 100% _of release in bldg .
or cold trap ’ leaves through roof vent
R Cylinder cooled with water
T L S _ . spray to minimize release
Rupture of a GE -4800 long Solid  Bounding release outside - 6
2.5-ton cylinder 40-113 ‘ ,. facility : -
_Release of highly =~ NFS - 3 Particle size = 5 um B b
enriched uranium - 70-143 : (3 um AMAD) -
" from a 16-kg : ' " UFg reacts with water |
cylinder } in atmosphere
4 L ' Lo . < " Highly enriched material - ' : v
Valve or line Combustlon 1200 15 . 80 * Vapor/ * 22% of cylinder contents . 3 EIA
failure of a . 70:36 = - . solid  réleased as vapor . A '
- cylinder being - UFg reacts totally with
unloaded , _ : _ o moisture in amblent alr
UFg transfer B&W 85-140 = 15-25 - 5.7 ~ Vapor ’ Total UF; relcase in . < 9
line leak . ‘ IR : ' S ’

bulldmg goes to’ the
environment '

‘Cyhnder mamtau;éd at 212°F _

durmg release

*_l-in, line releases. UF6

“at a rate of 340 lb/h

tﬁ.

T




Table 2. (contmued)

_ Event-

i Lieensee'
" and

i docket no.

‘released

UF, | "Release
ase duration .
(b)  (min) . -

Av rate Phase of
~of release . UFg¢
.(Ib/min)

source

Other assumptions o '-‘»Refs’-}-"--“f‘ S
L i e Tabled

Vaporizer line
break inside

Release from :
2.5<ton

- cylinder. inside

‘an evaporator

‘Exxon
70:1257

. B&W -

”00

o 3 3

( outside)lb

- UFg reacts ‘totally. with.

50 . o _ ,:V_aper

~ inside is released -to

10% of UF6 released A

the enyrronment

'Rapid reléase to the

environment via exhaust .
stack:or-out of burldmg
at ground level

CSwt® U

HF concentratron outside
. at least ten times. airborne -
uramum concentratron e

water vapor in, arr to
produce UOze at pomt of
release to the envrronment

l% of cylmder contents is - S 9
released to the envifonment

*-Rélease via pr'eésuré relief -

valve and UF; scrubber, both
of whrch function' propérly o
Evaporator temperature 212°F .

S0




Table 2. (continued) -

Release

(outside)

HEPA filter plués resulting
in a slow release.to the
rest of the building

E . Licensee UFg¢ Av rate . Phase of T
‘Event ~ and released  duration  of release UFg." Other assumptions - . ~Refs .
: docket no. - ~(Ib) © (min) (Ib/min) source - ' SR - Table 1
Release from B&W - . 2965 50 18 1b/min " 10% of UFg released vents 4
2.5-ton 70-135 - (evaporator) of UO,F, - toworkarea’ '
cylinder B (2581 initially Fans without. HEPA filters
“inside an UO,F; to to environment ~ will not stop during
evaporator _ building) - " release to work area
B - " 50% of release will deposit

on building floor ~ .

Rate of release to environment -

. decays with time (half-life
constant = 301 s) '

. All UFg released reacts with

water vapor in building air
prior to release to the
environment

More than half of UO,F,

_ _ i A aerosol will deposit ‘
Overfilled Generic 1540 35 . . 44 1% of released uranium - 12
.2.5-ton fuel (inside)” ' o _escapes building - . L

cylinder fabrication 15 - 10% of HF formed escapes

. building

cx V[ .



Table 2 (contlnued)

W

‘'storage area
(cold storage)

Tornaddii‘r‘:\’d‘uced

release

B&W.

R 4750 . 2120 66 S " Tornado shears line from UF6 L ” 9

RN I?i(;;:nséé ‘ B UF¢ Rcleasc Av fate - Phase of B -
Event ‘and . © released " duration . of release . UFg  *"..  Other assumptions > * Refs
W docketno. = ~(lb).  (min) ° (Ib/min) - source, -~ . Ul o - Table 1
" Firein B&W 555-2775 25125 222 . Vapor  Twelve 30A cylinders per’ 9
cylinder, o _ , S ORI e _

1000-ft2 of concrete pad A
Truck crashes into cylinders - '
releasmg 100 gal of gasolme
Truck ruptures two 2.5-ton"
_cylinders .
Gasolme dlstnbuted over '/S
of ‘pad and burns 2 5 to*
~12.5 min . ’ 2
Radlatlve heat transfer Lo s
. coefficient for a 2000°F fire : -
."and an 80°F cylmder = 32 4 .
. Btu/h-ft’-°F -
Heat flux at 10.ft from .
center of 20-ft diameter pool
of ‘burning gasoline = 0,25
~_ times theradiative heat
s transfer coefficient. .-
.. The cylinder-fire ieiﬁnﬁe}ature ‘
~ difference = 1780°F, resulting "~ .
in:6500 Btu/min of absorbed
heat per cylinder -

‘...‘.“\.‘i&

er . -

cvaporator .

All released UFg reacts w1th

" 'water in atmosphere to form™ .
UO,F, partlculates of <10 um .
size - . :




."-'.‘Tab’le 3. PnStulated cntlcahty events involving U}% =

" Licensee - ‘UFs  Release

Event ~ - - and released - period Other assumptions * Refs,
.. - - docket no. (1b) - (h): SR Table 1-
" Criticality due to . " GE - : 1018 ﬁssion§ per event . 6 .'
- high enrichment UFg . 70-1113 - Vessel not safe for high
introduction into L , - enrichment UF. -
vessel: contammg o Volanle noble gases and e
- water ' o ~ iodines released
‘Steam autoclave - GE Variable * . <40 . 5% 2351} enrichment Co13e
o ' ‘Water accumulates in annulus

criticality - - 70-1113

:(>92 gal) or inside cylmder '

(>41 gal) following loss of ...
containment

-system.

Table 4. Doc_unlents reporting historical accidents

“Information was taken’ from a complete cntlcahty safety analysxs for steam autoclaves in the GECO

" Preliminary Notices of Event or Unusual Occurrences .

: Faeility . v : o 'No:'t_ice no.
. GE< . & ' PNO-II-80-92
2. GE PN0-11-81-76
3 Westi_nghouse'”d_ A .P‘NO-II'-SO-S".t
4 Westinghouse - PNO-I-80-133
5. Westinghouse " PNO-IL-80-135
6

“Exxon © % PNO-V-82-11

Other documents .

, 7 EIA for Allied Chem1ca1 8-77, Sect 6 1.2.

Date :
5-22-80
9-16-81
40780
7-31-80
 8-04-80
226-82

8 A. L. Kaplan toJ. T. Sutherland (NRC) January 19, 1979, letter and attachment

9. Radiation Control at NFS-Erwin and Generic Consxderanons for Other Fuel Cycle and
‘Materials. Plants, SECY-80-519, Nuclear Regulatory Commission, Nov. 24, 1980.
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Table 5 Snmmary of lustoncal accidents mvolvmg UF, , L :
o at selected NRC-llcensed facilities* i IR

Llcensee and - 'Date of . *‘."UFs'released PR C -7 - Refs. E
docket no. - release . (Ib) -ause. - Table 4
U1 Allied 0 12-668 - 95 - Valve failure in UFg i EO S
40-3392 AR T - distillation section : R
2 GE o 12:3-78 ot Main line. block valve 8
: .7Q-l 13: - ~ known - opened after nitrogen - ©
: s v purge '
Soi Y3 NFS . 87179 <66 Accidental venting of 9
L 70-143 0 A ' cylinder to exhaust S
. R A . stack
4 GE . 52080 <22 Pipe flange failure .~ 1
’ 70-1113 . -~ N
5. GE- L 9015-81 - < 163 Flange gasket leak I
; 70'1113 . ‘ ! : ' L '
6 '.»Exxon R 2. . 555 Softening-of Teflon seal 6~
i 704 1257 R -: on conversion line #1-

* vaporization chamber

o1 Kerr-McGee o 100 Overheated Teflon gasket <
. 40-8027- 7 T 7 while melting UFgin cod =
: : trap drain system

"Several nuisance releases of a few grams mvolvmg pigtail connectrons or
‘removal ‘of UF¢ plugs from pigtails are not listed (Table 4, Refs. 3, 4, 5).
l’Most of the UF¢ released may have been collected by the ventrlatron cleanup

system.
- tIdenttﬁed durmg site vrsrt

'the bouhdmg event ‘with respect to off-srte consequences Other types of accrdcnts ‘were ot postulated
“‘although several lesser hrstorrcal accrdents have been documented. Apparently, only a few of the NRC‘ _
licensees lhave released docurnentatlen of _detarled calculatrons_of the analysis of their boundmg UF5 release
accident_s. Other:‘referenbes usefulto this s'tudy'but not included in 'l'ables 1 and 4 areprovided in thet brb-

liography for cornpleteness.




Because detarled scenano datavfor accrdents mvolvmg the ‘release of UF5 were not found in NRC- docu-‘ '
ments, a greater relrance on DOE experience and s1te visits to NRC licensed facrlmes was necessary than _
origmally anticrpated for their pro_|ect Pro_lect team members who have srgnlﬁcant UFﬁ-related expenenee' ’
and who have partrcrpated in safety analyses of the DOE uramum enrrchment fac1lit1es provided the
greatest amountdf mformation on potentral accrdents 1nvolv1ng UF.; Based on this experience- possible
UF; accrdents in UF6 production plants and fuel fabrrcatron facrhtres have been postulated (see Chapter 5).

After rev1ewmg the NRC dockets for the erght NRC-selected facrlrtres and gathenng a list of potential
accident scenarios mvolv1ng the rel_ease of UFg, it was decrded that vrs_its to several NRC-lrcensed facrlrtles
would be made. The _purpose:i of the visits was to .gain a greater famil:ia}.‘ritv with these facilities and to
expand and/or confirm the list of pot_ential UF; rele'asescenarios-for NRC-licensed' facilities.

During the visits, it was noted that there is a vai'iety of site specrﬁc factors that can stronély affect the
potential for a_UFG release._v For example, tornadoes and high. winds can be 'important safety considerations
at some sites. Also, site speciﬁc ‘designs and operating proceduresvvery stronglv affect the potential for UFg
I . o , Lo s . i
Informal drscussrons werevheld w1th operatlng and managerrient personnel to develop or estabhsh the
- credrbrlrty of scenarros that could result in srgmﬁcant UF; releases, but few new scenarios were identified.
It was apparent from discussions and observatrons during these visits that the NRC hcensees have adopted
' lseveral engineering features to help prevent UF, releases. For example, legs were added to UF cylmder |
carriages to prevent ‘_cylinder dropping_ in the event of qcar’riage axle failure. From discussions ‘with NRC".‘ ’
licensees, it was concluded that': features such as this resultedfrorn_-an informal sharing of UFg _release expe-
rience among fuel cycle'facilities-.- |

Drscussrons wrth licensees revealed‘ no maJor UF; release however, several minor releases not found
through the llterature .rev1ew were . mentioned A release of about 100 lb of UF, resulted from the‘:"’
overheatmg »of_ a Teflon gasket when an ope'rator was attemptrng to melt UF6 that had solidified in a cold

trap ‘drain system. In another mcrdent a cylinder valve was. sheared off a cylmder contaimng solid UFg.

) Smce the cylrnder contamed SOlld UF6, the amount of UF6 released in the latter mcrdent was. very small.
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At several srtes cold traps are elevated 10 to 15 ft above the plant ﬂoor therefore a seismic release sce-*':‘:- .

nario durmg a heating cycle may be‘ plausrble At one facilrty where there is a potentral for high wind or":
" tornado damage; a special “pl_ant shutdown polrcv has heen mstr_t‘uted_‘»to rm_m_mize the potential- f)or a__ser_iousf.- 4
UFg release during penods when these conditions are likely. | | e w

| Pigtail reliabrhty was a major concern at one facrlity where each pigtall 1s replaced after usrng it to .":‘
empty, at most, 15 cylmders At a facrlity handlmg, hrghly ennched matenal cntrcahty was a concern ‘

“which led to the use of electrrcal heatmg for UF6 feed vaporrzatron however other. facrhtres that handle

* highly ennched matenal use steam heat. Automatrc UF6 leakffdetection methods for enclosures' where as o

UF release mrght not be lmmediately evident to operators were of interést at. UFg handhng facrlltles

Of major interest on one visu was a discussion about _UF6 release man_agement goals. 'One goal of UFG’
" release management might beto eontain anyvU‘Fﬁf release’ msrde a building. This goal is, however, in con-
flict with another possible goal of minimizing worker exposure within a -process building to UF6 and its
hydrolysis products. Depending on the goal desrred various UFg handlmg facilities could develop quite dif-

, ferent safety system desrgns ventilation requirements emergency procedures etc
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4. DESCRIPTION OF UF HANDLING SYSTEMS =

Uramum hexafluorxde is currently handled in three phases of the eommercral nuclear fuel cycle UF6.

1

' productron uranivm ennchment operatlons and fuel fabncatron In this sectron we are concerned w1th
‘ descnbmg UF6 operatlons at UF6 productron and. fuel fabncatron facrlmes lrcensed by NRC Addmonal

UF6 handlmg process mformatlon can be found m a recent PNL report descnbmg representatrve nonreactor ;

B facrlttres.

4.1 UF, PRODUCTION FACILITIES

There are only two maJor UF6 productron facnlmes lrcensed by NRC These facrlmes are located near

| - Metropohs Illmms and Gore Oklahoma and are operated byr Allled Chemlcal and Kerr-McGee, respec-

twely The handhng of UF6 at these two facilities dlffers srgmﬁca'? ly, the chlef drfference 1nvolvcs uranium

-purification. The Kerr-McGee facility uses solvent extraction to punfy the uramum before fluonnatlon and -

the Allled fac:hty uses distillation to purlfy the uranium as UF; after fluonnatron These facrlmes served as’

genenc models for the PNL report A process flow dragram for UF6 handlmg operatrons based on the

B fluonnatlon - fractronal d1strllatron process is presented in Frg 3. and another based on the solvent extrac-

.tlon process in Fig. 4. The various operatlons shown in Frgs 3 and 4 are dnscussed 1n subsequent “para-
v_:.-,.-'-graphs " ' o ‘ .' - . - Co = a ,

. A summary of 1mportant parameters 1nclud1ng UF¢ temperatures, pressures, 1nventones, _and phase as
well as numbers of vessels for UF6 productron facrlmes ‘and fuel fabrrcatlon facrlmes is presented in
Table 6 Wrth the exception of cold product cyhnders UFg is handled at pressures rangmg from shghtlyr._

above atmosphenc pressure to over 5 atm. These pressures help prevent mleakage of moist air that would

. react with UF¢ to iroduce a UO,F, deposit that could plug -e_qulpment_ and increase release potential.

-4.1.1 Fluorination

Solid UF, is-reacted with F, gas to produce UFs Vgas in this first UF¢ -handling step. Process tempera-
tures and pressures used in the two processes are similar. The fluorination-fractional distillation process
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Table 6. lmpol;tan( UF process parameters at NRC-licensed facilities®

-
Y

Max UF, inventory ]

bV = vapor or gas; L = liquid; S = solid. :
" “The actual inventory at risk in an acc:dent situation may mvolvc the mventory of several units dcpendmg on snte spemﬁc configuratlons. operatmg

" procedures, and accident conditions.

“Highly enriched uranjum.

: S Y - ' Approximate Approximate -, Number of
: .,chess _ anensee Stage pressure (atm abs)  temp (°F) -,UF° phase ~ units” - (Ib/unit) -
v Fludrinatiéﬁ Kerr-McGég Primary ~17 750+ 110 V.. 5 ~3
- . = Compressor oo~ © . NA \' 2. NA
: Cleanup “=1) . ~850. v . 2 NA
: Allied . Primary S~1- © 795-815 -V 2-+ 1'spare ‘NA
- Cold trapping Kcrr'-Mc_Geé . Primary <1 36 . V/8 P C 4 21,000
(collection). o Secondary <1 ~67 v/S 2 3,000
‘ Allied Primary - <1 <20 . V/So. 10 10,000
- Secondary <1 . NA V/S~ 6 - 2,000
] “Tertiary & sample <1 - NA V/S. 5 1,000 -
Cold trapping All All- <1-7 147-250 L ‘NA NA .
(liquefaction) _ o . : . N
Distillation .  Allied Still feed. - ~57 5 ~200 V/L 3 20,000
C a o Vaporizer - ~5.7 ~200 - V/L.. 1 10,000
Low boiling column 5.7 200 (avg) V/L~ 1 2,000
* Low boiler reboiler ~5.7 " .20 . V/L S 10,000
" Low boiler condenser ~57 ~200. v/L. . 4 1,000
- High boiling column 6.4 240 (avg) V/L. - b 1,000
- High boiler reboiler ~6.4 ~240 - V/L R 10,000 .
o , . High boiler condenser ~6.4 - - ~240 L VL .| 1,000
"* Cylinder filling ~ Kerr-McGee Inside building <1.7 Ambient-250  V/L/S - 2 *. 215000-27,600
and sampling Outside building/ <1-7 “Ambient-250 V/L. 3 - 21,000-27, 600
: - Steam chests N e o
Allied Inside building <17 Ambient-250  V/L/S . NA 2sooo
" Cylinder storage  Kerr-McGee ~ Cooldown outside ~~ <I1-7 Ambient-250 ~ 'V/L/S <10 21,000-27,600
T A e _ Cold storage outside . ©o<l Ambient S >10 .. 21,000-27, 600
Allied - Cooldown outside <17 Ambient-250  V/L/S <14 28000 .
) . oo - -Cold storage outside <l . Amblcnt - >14 { .. 28,000 - =
. Cylinder heatmg/ Al fuel fab. ' <1-6 ' Ambient-250"  V/L/S e 11074800
" steam chests ' _ B e
Hydrolysis -All fuel fab. ... - =1 Near ambient = V- 1-2 <50
UF6 scrubbing Al . ’ B! Ambiéht-' v 1-2.. ~0-.
 @NA = not available in the pubhc domam v ’




. uses a calcnum fluonde (Can) flundlzed bed to carry out the reactxon cThe Can bed becomes contamx-_ :

- X nated by 1mpuntxes in the UF4 feed and must penodrcally be replaced The spent catalyst or ash" from the

T .,_bed is -sent to an ash tre ment process to recover any uramum The solvent extractlon process uses a.._ T

//////

*flame tower Imcompletely reacted uramum and some 1mpur1t1es in the process are collected at the bot- e

"':"tom of the flame tower xn an ash receiver” and Aare recycled to recover uramum

The fluonnatron reaction is strongly exothermrc The reactlon temperature is controlled by the drlutmg "“':"‘N R

/,'r»'

effect of the calcmm ﬂuonde and by an arr-cooled Jacket in the fluldlzed bed The flame towers are cooled?

l;, i

A 'by an external steam corl

The fluonnatron product gases from the flurdrzed beds flow through two lO-pm smtered mckel ﬁlters

o and then on to the pnmary cold traps Product gases from the flame towers are cooled passed through two '

sintered metal filters and a bag ﬁlter and then compressed prior to ‘primary ‘cold trappmg
" 4.1.2 UF; Collection and Gas Cleanup

In both processes product gases from the fluonnatlon reactors‘ are passed through cold traps to condense.
3 ‘UF(, as a SOlld Gases that pass through the cold trap, mcludmg unreacted Fz, HF and other noncondensr- |
bles, as well as a’ trace amount of UFg are removed from the second pnmary cold trap by an arr eJector or.
by pressure dlfference and subsequently, pass to a‘ gas cleanup system | | |

The gas cleanup system for the tluorrnatlon-fractlonal drstlllatxon process reacts cold trap off-gases with -
h potassrum hydroxrde (KOH) 1n a two—step process and recycles the uranium preclpltates The gas cleanup’
approach in the solvent extractlon process is to react excess F2 in. the off-gascs with fresh UF4 solxd at ele-
vated ‘temperature in a cleanup reactor After sllghtly coolmg the cleanup reactor off-gases in a."screw
cooler the gases pass through two smtered metal ﬁlters and a bag ﬁltcr These filtered. gases are then
. passed through a prrmary cold trap (36°F) and ‘then a very cold secondary cold trap (-58°F) to condense
UF,. Off-gases from the secondary cold trap are mixed with air, burned, and fed toa burner/hydrofluonc
':'acid scrubber before being released tothe environment. | |
Once the: cold traps are full, the UF is melted and drained by gravity to the distillation feed vaporizer

“the fluorination-fractional distillation or directly to prOduct cylinders in the solvent-extraction process.




%
'5_‘,,‘4.1.3.UFgDi_s,t_illationgPuriﬁcaytionf, e R

‘ Saturated UF; vapor from the dlstrllatron feed vaponzer is fed to the low botler stnpprng column that_ ’

-

Y, removes hlgh borlmg contamrnants from the raw UF6 as the overhead condenser product Off-gases from 3
: the overhead'condenser ‘on the low borler pass through a-cold trap and are routed to the off-gas treatment,
“system for uranium recovery and scrubbmg Stnpped UF6 quurds are pumped to the hrgh boxler rectrfymg'
,l‘_column where hrgh borlrng contammants are. removed as column bottoms Punfied UF6 vapor from the

hrgh borler column overhead is collected in cold traps The UF6 1s then melted in these traps and ﬂows by

»gravrty to a lO- or l4-ton product cylmder
'4.1.4 UF, Product Cylinder Handling

' lFilled UF¢ cylinders are.either sampled or sent directly to a cool;down area outside. At one facxhty,v
: ﬁlled cylinders are moved outside the burldmg to be homogemzed by heatrng in.a near-atmosphenc—pressure -
steam chest The homogemzed cylmders are then moved to a samphng station msrde the facllrty ’where a
sample of less than 5 lb is taken After samphng, the cyhnders are moved to'a cool-down area outsrde the.
mam burldmg where they are left several days before bemg moved to a cold storage area.  Cold cylmders
are ready for shrpment to enrrchment facrlmes. ” |

Product cylmders for UF6 productron facrlmes have nommal capacrtres of 10 or l4 tons Som'é 14-ton
,

4 cyhnders have a wall thickness about half that currently acceptable for new cylrnders Addrtlonal_data o‘rf

cyhnders can be found 4n refs. 2 and 3.

4.2 FUEL FABRICATION FACILITIES

| Details of UF, feed processes at NRC licensed fuel fabncatron facilities vary. srgmﬁcantly dependmg on
: eylmder size, uramum ennchment ‘UFg oxrdatron process, etc. Most fuel fabncatlon facrlmes in this study |
~ handle UFg as shown in Fig. 5. Cold cylinders are moved by forkhft or other devrce to either a steam auto-
.clave (usually just_a stearn ic_hest) or an enclosure where the cylinders ‘ca,”n be heated by. "electrical resistance

pads. . Cylinder temperature and often pressure are monitored during cylinder heating. In the ammonium
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Frg 5 Flow dragram for UF¢ handlmg operations at a typical fuel fabncatlon facllrty

dr ate process for producmg UOz, UF6 vapors (typlcally at about 230°F and 80 psra) are passed;_; .
through heated prprng to a hydrolysrs unit where the UF6 vapor reacts w1th water: to produce U02F2 A

gas- phase hydrolysrs process (drrect conversron flurdlzed bed) is being mvestrgated for’ future use by at least

one fuel fabrlcatlon facrlrty, but in any case all uranium in this UF6 vapor is converted mto nonvolatrle ura-

. nium compounds Efﬂuent gases from thesc UF6 conversion processes are passed through venturi; or ~

packed- tower scrubbers and then through roughlng filters and a HEPA ﬁlter before they are vented to the -
' atrnosphere. It is not. known vvhether an_ NRC-llcensed facilities vent effluent gases to: scrubbers and/or" ’

through HEPA filters.






R 5UF6ACCIDENTSCENARIOS b

Based on a rewew of avallable hterature, expcncnce at DOE facllmes, and results of DOE ennchment

) facxhues safcty nalyses, a lxst of genenc sccnanos for NRC—hoensed UF5 handlmg facnhtxcs (Table 7) has ' :

‘ been developcd Many of th se' mc1dents are based on lnstoncal events

.:’;g::. v

*

“Table 7. “UFj accident scenarios

UF(, cylmder fatlures

11.2
1.3
1.4
1.5

1.6

S W

s

e

__'-Droppmg a llquld ~filled cyhndcr

Introductlon of rcactlve hydrocarbons into a cyhndcr o

- Impact of a liquid-filled.cylinder against an object or impact.of an ohject on:a:cylinder - R
Valve or pigtail failure due to movement of a connected cylmder contammg UF6

,;_;Hydrauhc rupture of a.cylinder exposed. to fire .- :
“Hydraulic rupture of an overheated cylinder

Hydraulic rupture of an overfilled cylinder

Heating or filling a defective cylinder

Heating a cylinder containing excessive volatlle and /or gaseous contammants TR

2. UF(, process sys!em fallures

,'-2.1 Excessxve heatmg of | process eqmpment contammg sohdxfied UF6 e
TFatlgue failure of a process system - : S

' Impact on a process system contammg UF6 : R .

Valve failure of a cylmder or a system contammg UF6 S e IR
+.Pigtail failure 4 : B
. Process system loss of contammcnt caused by natural phenomena . - ..

i“"Heatmg a cold trap oontammg excessive volatxle and/or gaseous contammants P

" 23

25~
2.6

2.7

'_129 '
C 210
2. ll

G227

Heating an overfilled cold trap
Overheating a cold | trap '

Cold trap failure. caused by corrosion, fatlgue, -or- thermal shock
" Ventmg ‘of UF6 through a hydrolyzer ‘

3 Naclear crmcalny event

73
32

: Nuclear criticality in a UF6 vaponzcr

Nuclear cmxcahty resultmg from a safe spacmg violation

4, Operator error

4.1..

4.2

43

Valving a cold trap to a vacant posmon
Bypassing. safety ‘controls fo
Removmg a'valve from a cylmdcr contaxmng UF6




These postulated scenarros are’ beheved to be credrble _

}«

. 'cally, few srgmﬁcant UF6 releases have been experrenced at UF6 handhng facrhtles wrthm the three DOE' N

c s

'-uramum enrlchment plants and the NRC-hcensed facrhtres and these releases have not resulted in fatahtres

o - BRI S R

o on-srte or off-srte personnel As each reportable event occurred, 1ts cause and eonsequence were
evaluated and in many cases, admlmstratlve or design ﬁxes have been made to reduce the hkehhood and/or'} '

: "‘the potentral consequences of a future UF6 release. Comphance wrth the Amencan Natronal Standard |

Instltute (ANSI) standard ANSI Nl4 1 entrtled Packagmg of Ummnm Hexaﬂuonde for Tmusport can
B prevent or mrmmrze the consequences of future 1ncrdents mvolvmg cyhnders

No attempt has been made to supply mformatlon on consequences or probabrlmes for the postulated

p'scenanos Consequence analysrs requlres such site specrfic detarls as cyhnder size, 1sotop1c ennchment pro—

ductron capacrty, bulldmg volumes srte boundarres locatrons, populatlon densrty, meteorologlcal condmons,iv'

J

g_..postulated natural phenomena, contamment phllosophy, proccss layout operatmg procedures, and process

e parameters such as. temperatures : pressures-* and rflow rates.: Expenence m consequence analysrs for srmrlar :
scenarlos at 1 uramum ennchment plants mdrcates that: consequences wrll depend strongly on site specrﬁc 3

o detarls and that consequences can vary eonsrderable between drfferent operatlons wrthm a facrhty Sum-

;.

‘ ] larly, personnel of specrﬁc UF6 handhng facrhtres should be mvolved dnrectly in assessmg the probablhty of

" occurrence based on slte speclﬁc operatmg procedures, desrgn parameters, and hrstorrcal expenence .

Although some. scenanos may not be credlble it all NRC-lrcensed UFs handlmg facrlmcs (e g nuclear_ :

'crmcahty in a UF6 feed productlon facrhty) at least two evcnts arfe bclreved to be credrble at all such

_facrhtres (l) release from. a cylmder contarmng lxqurd UF6 and (2) farlure of a prgtall Followmg )

-,

. approved operatmg procedures and usmg safety systems such as UF6 contamment devrces may prevent the

Ly

release of srgmﬁcant quantmes of UF6 from a facnhty

In summary, consequence analysrs of postulated’ UF6 release scenanos for- NRC llcensed fuel cycle facil-

1t1es will requlre detalled srte specrﬁc mformatron The plausrbrhty of each scenano hsted in Table 7 and .

descnbed in’ the remamder of thlS sectron should be consrdered for each facrhty, as appropnate
-In the followmg scenarro descnptrons an understandrng of UF6 physrcal propertxes is assumed as well as

'a workmg understandmg of equrpment and termrnology genenc to UF6 handhng facrhtres These_ scen'anos

-

therr oecurrence may be mfreq ent. Hrston- :

s




" “appear capable ‘of resulting in ‘significant consequences unde in conditions; sce

- small, nuisance-ty

releases are not included. -\

' 5.1 UF; CYLINDER FAILUliES o

Uramum/-hexaﬂuonde cylmders are used to transport solrdlfied UF6 at subatmosphenc pressure A
release may result if-a cyhnder is damaged in transport and the damage is not detected and acted Jupon

i prior: to pressurmng the cylmder by heatmg . ! '1

Cylrnders contammg liquid UF6 are susceptlble to rupture when dropped dunng handhng operatrons or -

: ,‘:A' vwhen 1mpacted Cylmders that do not comply w1th ANSI Nl4 1or thm-walled cyhnders used at some UF; S

.productron plants are more susmptrhle to such fallure these cylmders have been aceepted under the current'

versron of the standard as exrstmg equlpment Cylmder ﬁll hmlts based on UF6 punty specrﬁcatrons such '

- .that the liquid - UF6 occupres not more than 95% of the cylmder volume at 250°F are also specrﬁed m ;

ANSI N14 1 Vrolatrons of these c.,ndmons increase the probabrlrty of- the postulated release scenanos
Although the mechamsm of the chemrcal reaction between ‘the UF; - and hydrocarbons: is somewhat:-_v:
. uncertam it is. known that the reactron of gram to krlogram quantrtres of hydrocarbon contammants wrth -
hqurd UF6 rs capable of producmg sufﬁcrent energy to explosrvely rupture equlpment from the ‘size of :
: plgtarls to- cylmders respect1ver Because analytical techmques for detectmg the presence of these contam- ,
mants are not practrcal for routrne use, care must be exercised to prevent mtroductlon of these contammants l
into: any UF(, cylmder as specrﬁed in ANS] Nl4 1. | o P o

. In the case of noncatastrophrc cylmder farlures if effeetrve correctlve‘actron is not or cannot be taken
lmmedrately when the failure occurs, most of the contents of a cylmder eontarmng hqurd UF6 can be
released. _Th_e exact quantlty of UFj released wrll‘depend on the temperature and pressure of :the quurd :UF6‘
-prior to rel.ease 'As well as on the characteristics of the cylinder failure.' For example, if-a cylinder fails
above the quurd level shortly after removal from an. autoclave or electnc heater: system ‘and if the UF6
| wrthm the cyhnder is at 113°C and 5.61 atm prior to release approxrmately 60% of the- quurd UF6 may be ,

released as UF6 vapor The remaining 40% will form solrd UF¢ partrcles -If a small hole or crack has-

formed, most of the solid UFs_partlcles may be retamed w1thm the cylmder; however, a large’ crack may



release most of the partrcles along wrth the gas. i a large cylmder breach occurs below the hqurd level,

nearly all of the UF6 in the cylmder may be released B o ;’f -

11

1.2

- Nine cylmder farlure scenanos have been developed Comphance w1th ANSI N14l could prevent or

mlmmlze the consequences of these postulated scenarios:

" Event: vIntroduction of reactive ’hydrocarbons into a 'cylinder
‘_'Descr'iptio'n The use of oil: lubncated vacuum - pumps to evacuate resrdual "UFs. from cyhnders could
: transfer oxl toa cylmder containing UF6 either by operator error or madvertent pump shutdown Sub- '

: sequent reﬁllmg and then heatmg of the cylmder could result in an explosrve reaction; thus releasmg-

the cylinder contents. -

' Comments: Although the :’rnechanism of the reactionf‘fbetween UF},» and hvdrocarbons is’somewhat ._

’ uncertam several hrstoncal 1nc1dents have occurred dunng whrch cyhnders were bulged or ruptured

Event Impact of a llqmd filled cyhnder against an object or 1mpact of an obJect on a cylmder

Descnptton' Operator error oroequrpment failure may sub_]ect a cyhnder -to an 1mpact from'a moving

g object or a cylmder may 1mpact a statlonary ob_]ect whlle bemg transported

S 1.3

1.4

Comments: - Unprotected cylmder valves are vulnerable‘to such mcndents Operatmg procedures at

..some facrhtles requxre the use-of protectlve valve covers when liquid-filled cyhnders are bemg moved ‘

The movement of such a cylmder as well as the lift helghts are also mmumzed

,.Event: ,Valve or plgtarl farlure ‘due to movement of a connected »cyhnder contaming 'lJF6

Description: Inadvertent movement of a cylinder connected to the process system can be caused by
operator error or failure of a cyhnder support and could result in failure of the cylmder valve or con-

nectmg pxgtarl

.Event Hydrauhc rupture of a cyhnder exposed to fire.

Description: Exposure of a cylmder to an mtense heat source, such as burning fuel could result in
hydraulic rupture:of a cyhnder; however, slower release of the UF due to solder failure in the valve
coupling threads by melting is more ‘probable. Fuel could come from: sources such-as a fuel storage

tank or a fuel tank-_t_ruck.



5 -’:EEverir; Hydraulic rupture of an overheated cyltnder

'Des"cnpuon An operator error or the malfunction of temperature controls could result in. cyhnder’:f“? '

failure whrle heating a cylmder durmg samplmg or vaponzmg operatlons '

. "»vCommems UF6 densrty changes from 318 lb/ft3 at 68°F to 190 lb/ft3 at 300°F ANSI N14l

. .. . 8pec1ﬁes a maxrmum cylmder temperature o 250°F where UFs densrty 15 203 lb/ ft3 Rupture is

g

1.9

| _meltlng is not probable

; ‘more hkely here than in scenano 1 4 because failure of the solder in. the valve couplmg threa ds byb_‘ R

Y

Evg_nl Hydrauhc rupture of an overﬁlled cylmder

’Des’crxpuon' Normal heating of a cylmder durlng sampling or vaporizmg operations could result m P
o hydraulic rupture if the cyhnder ﬁll lirmt ‘has been exceeded |

Comments Venﬁcation of cyhnder werght and volume for compllance ‘with ANSI N14. 1 fill lrm1ts _ R

would preclude thls event

Event: Heating or ﬁlling a defective cylinder.

Descriprion Cylinders or cylinder valves may be damaged in handling or transport mcrdents If a

.

defect is not detected a UF6 release could occur when the cylmder is pressunzed durmg heating or

filling.

- Comments- Complrance w1th ANSI Nl4 1 would reduce the probabrlity of this event o |
- '\EvErzt Heatmg a cyhnder contarmng excessrve volatile and /or gaseous contamxnants |

‘Descrrptron Cylmder fill' limits. aré based on UF6 spectﬁcations deﬁned in the Federal Regrster 14 The ; i

y.

presence of volatile lmpurmes such as. HF or fluorocarbons and/or gases such as air may cause

excessive pressures _and suhsequent cylinder failure when contaminated -cyhnder,s,;;are heated at normal

~ temperatures.

Event: Dropping a liquid-ﬁ_lled cylinder. o o o

Description: Causes of cylinder drops include operator error in securing‘lifting'devices,,failure of"_cvl-'

. inder support structures, failure of cylinder handling equipment hydraulic systems, and ﬂt‘ailure of - -
crane components or lifting fixtures. The probability that a cylinder drop will result in a. UF release .

s believed to increase as the lift height (drop .heigyht)j, increases. :




52 UF6PROCESSSYSTEMFAILURES T

A srgmﬁcant UF6 release may result from a farlure ol' any of the followrng process equrpment handlmg

UF,. The extent of the release is dependent on the effectrveness of correctrve actron

| Pzpmg — Because of the hrgh coefﬁcrent of thermal expansron of sohd UF6, prpmg and mstrument tub-_

ing contarmng sohdrﬁed UF6 can rupture if heat is unproperly applred These systems are also subject to -

e . R

,fatrgue resultmg from vrbratrons and cychc stresses, and to rmpacts from falhng or movmg objects

Valves — Cylmder or ‘process valves can farl from leakage through the valve seat valve body l’flarlure,r =
. valve stem packmg farlure mechamcal damage ‘or leakage through valve couplmg threads as a. result of sol-‘
. der meltmg as ma fire. o | | -
| Plgtalls — Farlure of | a, prgtarl connectmg a cylmder to the process system can result from defectrve
o damaged or 1mproperly desrgned prgtalls fatrgue overheatrng, or operator.error : |
Cold Traps — Cold traps may rupture rf overﬁlled traps are heated to normal ‘temperatures orl 1f prop— .
erly ﬁlled traps are overheated Farlure may result from excessive pressure 1f a trap contarns excessrve vola-,._
"trle 1mpur1tres Fatrgue or thermal shock may also lead to trap farlures | |
Hydronzers —_ lnadvertent release of UF6 from feed cylmders to. the. atmosphere through hydrolyzers or: -
ldOze storage columns can result from madvertent system shutdown or operator error. | |
| Natural phenomena such as selsmrc tornado hrgh wind, or floodmg events may also drsrupt processmgv_,

@

equrpment cylmders or therr supports

Eleven scenarios leadrng to releases from process equrpment have been postulated

S 21 .Event:. Excessrve heatmg of process equrpment contammg solrdrﬁed UF6
‘fDescripuon A prgtarl a valve or process prpmg contammg condensed UF,; may rupture if heat rs'}""j
: rmproperly applred This event may result from operator error or it may result madvertently when
. "'system heat is restored after a system shutdown
R 2.2,’", ‘ Eve}rt:;-. Fatlgue farlure of a process system.

o Description' Process plpmg, systems and mstrument tubrng are subject to v1brat10ns of cyclrc '

' stresses and can fail, causmg srgmﬁcant UF5 releases when systems contam UF. -




by 1mproper assembly

2.5
o 'may be: caused erther by operator error mvolvmg unproper ﬁttmg or: by physncal abu

26"

28

"r'Descri ption: .

. talnmen‘t._'

- E vent: ““Valve failure of ?"a- cylinder or a..systern' eontaining lJF6.

; QOl'l'OSlOll. ’

'vdesrgn matenal fatlgue, or overheatmg B - o

'-‘Event:f ,Process system loss of contamment caused by natur?al‘phenomena.

Event: Heatmg a'n overﬁlled cold ,trap.

Inadvertent movement of mamtenanee equlpment or process equlpment bemg reparred

5

2

Descrt'plion: Valves .can fail from erther seat leakage valve body fallure, or valve stem packmg farl-

Fa . ure. The va]ve may be madvertently removed from the eylmder by remote or automatlc valve opera- o

-:' ‘tors ‘Farlure can also be caused‘by operator error such as overtorqumg whrle opemng or closmg, or KR

Comments SOlldlﬁed UF6 or corrosron productrons wrthm the valve often make valve operatrons dlf--, ~

b s

-4

ﬁcult leadmg to: the mrsoperatlon of overtorqumg Some valve components are vulnerable to. stress o

Event, Pigtail failure. . -~

’Description Fallure of the ﬂexrble connectlon (plgtall) between a cyhnder and the process~ system

'Descnptlon Selsmlc tornado w1nd or floodmg events may dlsrupt processmg equrpment‘ 'ylmders

= . - . PPN

" or thelr supports resultlng in fallure and UF6 release

'~Event Heatmg a cold trap contammg excessrve volatrle and/or gaseous eontammants

Desc‘rip’tion: Operator fallure to momtor cold trap pressure mstrumentatron dunng the heatmg cycle -

. can permlt excessrve system pressures resultmg in. vessel fallure ‘and release of UF6

‘Descrxptlon Operator error or fallure of cold trap welght momtonng mstruments whrch permlts the’

‘ trap to be overﬁlled may result in hydraullc rupture of the trap durmg the heatmg cycle

S 29

Event: Overheatmg a cold trap

L PR

Desciiption:u Operator error-or failure of trap. temperature controls may cause hydrauhc rupture of

the vessel.durmg’the heating cycle.
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2.10 Event: Cold trﬁé failure caused by corrosion, fatigué, o;' thermal shock.
Description: Expﬁsure “:of cold traps to the oonoéive UF¢ atmos;phefe and repeated thermal shocks
may cause failures ﬁndcr v’nor.mal operating conditions and result in UF; recleases external to the trap
or iﬁtemal to the refrigerant system with ultimate release of UFg to the atmos_phcrc.

ﬁ.ll Event. Venting of UF¢ through a hydrolyzer. )
Desg:rription:‘ Atmospheric venting of UF from feed cylinders tﬁrough bydrolyzers and UO,F; stor-
aéc columns can‘!;c caused. by the inadvertent shutdown of a‘recirculating water system, or by opera-
tor v'ermr which could either terminate the water flow or overload the system capacity by iht_roducing

excessive feed from the feed cylinders.

5.3 NUCLEAR CRITICALITY EVENTS

Postulated scenarios inclucnlc> rcle#sc of enriched assay UFg into a steam-heated vaporizer containing an
excessive accumulation of oondcnsaic or violation of safe spacing of enriched assay containers. Criticality ‘is
dependent on the enrichment of the uranium involved, the presence of a ﬁcutron moderator, and the shape
and dimensions of the space in which the accident is postulated to oocut Therefore, analysis on a case-by-
case basis is required to determine whether or not an accident can occur. The following postulated
accidents would not be expected in UFg production facilities because natural l;ranium presents no plausible
criticality hazard. These accidents may occur, however, in fucl fabrication facilities where enriched ura-
nium is present. These scenarios shouki be considered illustrative of the types of criticality events that

could occur.

3.1 Event: Nuclear criticality in a 'vaporiz.cr.
Description: A UFg release from a cylinder or pigtail‘into a steam-heated vaporizer of unsafe gecome-
try containing an excessive aocumﬁiation of condensate could r@lt in nuclcaf ériticality. Causes of
the cxccssi\ié condensate aécumulation include operator error, 6ondcnsate trap failure, '<:>r obstruction

of a condensate drain linc in a vaporizer.



3 2" .Even o Nuclea; crmcahty resultrng from a safe spacmg vrolatron

Descnpuon 'Operator error or mechamcal farlure could cause a vrolatlon of nuclear safe spacmg

of Cylinders:containing enriched UFs; -re'sultmg in nuclear‘;;:cntncalrty.

5.4 OPERATOR ERRORS

A number of the events descnbed in Sects 5.1, 5. 2 and 5. 3 can be mmated or allowed to progress asa-

'result of operator error.” Several other events are descnbed in. thns sectron that can be drrectly attnbuted to
operator error These events whrch can result in srgnrﬁcant releases of UF6, mclude openrng cold trap

‘ drain valves to a posmon that is’ not connected to a recervmg cylmder crrcumventmg pressure or tempera-

ture controls requrred for safety, or. madvertent removal of the valve from a cylmder contammg UF6

41 ;Evenr:‘ Valvmg a.cold trap toa vacant posmon

‘Descripuon:' Operator error 1nvolvmg mrsvalvmg a cold trap to a posmon that 1s not connected to a
receiving c'ylinder could result in a sr_gmﬁcant release of UFg: -

.4.2" ‘Event: Bypassrng safety controls

" _:.;?t{Descrxptron If controls requrred for safety, such as UF6 system pressure or temperature controls are
i crrcumvented subsequent fallures could. result in srgmﬁcant releases of UF6

43 E Evenl Removmg a valve from a cyhnder contarmng UF6

Descnptzon“ -C - error whlle attemptmg to. open a valve can result in valve removal 1f con-

V densed UF6 or corrosron products cause a valve stem to freeze Most cylmder valves are screwed into™
the cylmder head.. Opemng the valve can result in removal of the valve if excessive torque is applred

| : ‘ _byu using a..,mechamcal lever rod, for example.







6. APPLICABILITY OF AVAILABLE METHODS FORANALYZING UFGRELEASES .

ThlS chapter discusses avallable methods for analyzrng UF6 releases .The first section revxews the,, o

' apphcabrhty of several codes developed by LANL and PNL for the AAH for sxmulatmg UF6 release )

- phenomena Methods that have been used or developed for analyzmg UF6 releases are dlscussed in"the - o

seeond section. -

61 mmmmm OFAAHcoDEs .

1’ s

The tornado analyms code (TORAC) the explosnon analysrs code (EXPAC) and the’ ﬁre analysrs* :

} code (FIRAC) as descnbed in Appendices A B and C respectively, of draft material for the AAH .’;: E

_ have been evaluated wrth respect to (1) their applicabihty to accndental UF6 releases and (2) therr i

’ abrlity to sunulate such releases In this respect the revrew mvestrgated the basrc assumptions and: )
physxcal phenomena but not the detarls of the mathematical formulation or the’ adequacy of the models

for purposes other than UF6 applications Based on this r_evrew, at least ﬁve areas were ldentiﬁed with ‘
- : respect to UF6 releases that should be addressed
1. vpha“se ’changes and chemical.reac_tivity of UF6 and UFG_yhydrol'ysis products are neglected; YR

2. 4 uniform temperature and chemical composition within a compartment is assumed;

"3 an approxirnate_ gravity settﬁné "depl’etion model‘vvithi{n a:compartr_nen_t is used,

4. the ability to 'simulatechangin'g particle size distribution__ as a function of time 1s limitedi and

: 5 chemical degradatlon effects of UF6 and 1ts hydrolysrs products on: the performance of plant

equipment such as fans, ﬁlters and ducts are not consrdered

With respect to the first area hsted above, consideration should be given to
L. inclusion of water, UF,, UF¢ hydrolysis products, and .their thermo-physical properties ‘in’ the -
models;

2. srmulation of chemical reactions of UF6 and UF; hydrolysrs products with water hydrocarbons,-' -

ventllation duct walls ﬁlters fans, etc.; o

G



0

3 incluslon of ‘phase_cha'nges-suchas"UF, sublimation;and Hf _oondensatiOn;“'and_' : ‘-

4 moorporatron of the effects of energy released by these chemrcal reactrons

, .il‘Because HF polymenzatlon has only a small effect on the final specrﬁc volume, pressure, and tempera-'
ture that results from a UF6 release 1nsrde a compartment the neglect of HF polymenzatron 1s -

belleved to be reasonable

The models should mclude the srmulatron of the transport and chemrcal reactron of water, UFG, and '

UF6 hydrolysns products Although FIRAC does allow the user to model the transport of inert sub- '

stances the user cannot model the transport of a chemrcally reactmg specres, such as UF(, TORAC, »

and EXPAC can model the transport of only a srngle inert matenal To obtam reasonably accurate

- results, transport of a multlcomponent mlxture must be modeled durmg the srmulatron of accrdental

UF.S releases Specrﬁcally, the models should consrder at a mmunum, the multrspecres transport and , :

_chemrcal reactrons of a1r HZO UFG, UOze, and HF The hydrolysrs of UF6 and the vapor-quurd

N equrhbrrum of HF and HZO should be srmulated because they s1gmficantly affect temperature pres-

_sure specrfic heats, molecular welghts deposrtron rates and pamcle size drstnbutrons of matenals o

msrde a compartment Also, phase changes such as UFG sublrmatron as well as HF HZO vapor-quurd

‘-'equrlrbrrum should be srmulated
Because accrdental releases of lst msrde a bulldmg can.produce large changes in the burldmg

-atmospheric temperature and pressure, it is rmportant to mclude the heat of reactron which i is strongly.

'exothermrc . '. |

Several observatrons can be made about UF6 releases msnde a burldrng by consrdermg a release of "

»UFs mto a compartment contarmng morst air. ata specrﬂed 1mtral temperature, pressure, ‘and relatrvev.

humrdrty This case can be- analyzed by assummg that a UF; release inside an arrtrght oompartment I

will result ina homogeneous mlxture of air, UF, and UF6 hydrolysrs products and by not consrdermg
a heat transfer to‘ plant;equrpment and_. tothe_ burldmg 1tself. For example, if the arr in f»the compartme_nt
1s initially at'1 atm and 80°F with a 60% relatrve humidity, the estrmated resultmg temperature and
‘ pressure in the closed compartment followmg an mstantaneous UF6 release are those shown in- Frgs 6

: and 7, respectively. As can be seen in Fig. 6, the temperature rise resulting from some__re{lease_scan be .




et e . L ORNL- owe 83-16702A -
240 M 1 IlTlll[ T ITIIII] T Illﬂl] —TTIT
_=—— LIQUID RELEASE, 148 °F |

. YIELDING 0421 Ib VAPOR = .-
. AT1338°F/IbLIQUD .. *

- LIQUID RELEASE, 250 °F = -
"“YIELDING ‘0.647 1b°VAPOR
AT 133.8 °F /1b LIQUID

200 F----- VAPOR RELEASE, 148 °F
. = — VAPOR RELEASE, 250 °F

o --'220%_ ‘

'S
e
W
x -
D
-
s o
- 160-
[1 )
2
-
-
Z
ST

140

100

80 e AR 1 |5"1'1'|'1;1'|‘: Ll g 1 @:1'1'1-1
107% 03 - 02 ot 10°
Ib UFg RELEASED/"soF COMPARTMENT VOLUME

Fig. 6. Compartment temperature change due to an lmtantaneous UF release assuming perfect mix-

_ UFgin-a closed compartment contammg air at atmosphenc pressure. and 80°F with a rel:. -
ative humldlty ‘of 60%. UF¢" temperatures Were selected based on ANSI Ni4.1 concernmg cylinder ﬁll“ :
limits (95% of cylmder vo]ume at 250°F and the triple’ pomt of UF6 (147 2°F) o

""large' The- pressure rise, due to both the heat and the addmonal ‘moles . of gas generated from the -
hydratxon of UF6 and its hydrolysxs product HF may, under certain. clrcumstanees, be enough to dam-i
age the bulldmg and/or to increase leakage from ducts rooms, etc. -The no‘ leakage” “or. airtight com-
partment assumptnon previously noted for thls model may not be reahstnc for many exlstmg facnhtles

handling UFg, but it does yxeld an upper bound estimate of the pressure rise wrthm a compartment %

This 1deahzed predlctlon of expected pressure nse does suggest however that total contamment of: a‘:"_

UF6 release mto the bulldmg atmosphere may be an unpractlcal if not ‘undesirable, goal
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Flg 7. Compartment pressure change due to an mstantaneous UF6 release assummg perfect ‘mixing
" of released UF¢'in a closed compartent contammg air at atmosphenc pressure and 80°F w1tI| a relative -

. humidity of 60%. UF; temperatures were selected based on ANSI N14.1 concermng cylmder fill limits
(95% of cylinder volume at 250°F) and the tnple point of UF6 (147, 2°F)

‘The secood _;area:thrat_ ‘must be:..addressed is tbe“asstlmption that tlrecomposition aLd temperature -
~are .uniform. Lthrodghotxt a ‘compart.m'ent‘ Altboogh‘this should not be a problem Wlth tlie';‘multidimen;
‘s1onal models. bemg developed by LANL the problem will ex1st at least until those multldunenswnal
models are completed and are’ avanlable for use In actual crrcumstances, concentratxon and thermal
;gradxents wrll exrst m a bulldmg after an accldental UFg-release and thelr effects could. be significant.

For example, low concentratron areas of UF6 could totally react with mcommg morsture and leave the




such as evacuation and response time are important o

sir. 57

The third area to be addressed is; that the deposmon model uses only a gravrty settling correlation

| ) Other effects, for example condensation on solid surfaces of species such as HF may have a s1gnifi- o

cant- impact\on the rates of deposrtion of UF6 and UF6 hydrolySis products The deposrtion models.;,:

.used could affect which reactant is. predicted to lim1t the reactions

The fourth area of concern is the method of Simulation of particle size distributions and agglomera- o

‘tion ‘rates For FIRAC the deﬁCiency is not the inability to deal with' changing particle size distnb

tions over time, which FIRAC can do crudely, but the requirement that the user specify the time-

_ dependent distributions For TORAC and EXPAC the user can only specify the average particle Size '-
of _the distribution; however,'-,s_ize distributions of .particl_es are eirpected to’ have a w1de range of sha’pes’_f'
"that are :complex functionsof the temperatu_re, pressure humidity of the:"a‘ir,.and the condition of the
» UF6 prior to release Therefore spec1fying only an average particle size may lead to large errors when‘
-:?for. example removal mechanisms for certain particle Sizes are Signiﬁcantly different from those for the
other Sizes The state of the art has not advanced enough to accurately compute changing size distri-_i
butions With the physrcal data available | i ey :
The requirement that the user specrfy the particle size distribution in FIRAC will probably cause .
‘ the user to take one of two approaches The ﬁrst approach is using iterative. computer runs to estimate:‘ :
_ the tune-varying particle size distnbutions because changing conditions Will change the s1ze distribu-';‘

tions over time., Changing srze distributions can alter the conditions that determine subsequent Size-'?

distnbutions through such mechanisms as ﬁlter plugging or heat generation “rates. The'second';"

. ;),.

approach is assuming one distribution for all time. This latter approach will probablyv lead to signiﬁ-'
cant errors; for example, the removal of relatively small particles by a ﬁlter is much different from
removal after srgmﬁcant agglomeration has occurred R |

The ﬁfth area to be addressed is the inability to Simulate corrosive effects of UF5 and its hydrolySis vv :

products on. equipment performance in a building “This would include possible. degradation of filters,




S

' 'fans, ducts and other systems as a result of chemlcal reactlons thh UF6 ‘and ‘its hydrolysns products
dunng a release Possible. adverse effects that corrosive UFG and UF6 hydrolysxs products may have on
systems and equlpment performanee should be taken mto account m the ventllatlon systems modehng

’and srmulatlon effort

Several areas that should be addressed in the models to properly s1mulate accndental UF6 releases -
| have been noted. Not addressmg these - areas may result in poor sunulatlon of stream eomposxtlons
.pressures and temperatures whnch in turn, may lead to large errors in estlmated coneent:atlons, flow
rates, and‘d:rectlons of ﬂows ‘The overall effect of :temperature and »pressurechanges on.the flow drs-
-ttnbutlons will be system and accndent dependent It is- known’ that the estlmated pressure drops will be

i mcorrect because a change in the composmon wnll result in a change in the den51ty and vrseosrty ‘of

the mlxture
6.2 OTHIER\AVA]LABLE METHODS ~

The methods discussed in the precedmg sectlon have been developed for mclus1on m the AAH, but )
. they have not been developed specrﬁcally for UF6 releases Thls sectlon dlscusses methods used or spe- _
cifically developed for analyzmg UF6 releases, mcludmg lnformatnon from NRC and thelr hcensees-

-methods from the open literature, and prellmmary mformatlon on avarlable DOE source term__.models.~

6.2.1 NRC Licensee Models EEEEE S e s

Most of the methods used by NRC hcensees for analyzmg accxdental UF6 releases havea been con-
' ,"cerned w1th modelmg atmosphenc dnspersron rather than dispersion wnthln a burldmg Because atmos-
phenc dlspersron is outslde the scope of thls pro;ect no eomments on the techmques used will be glvenu
No detarled source term models or methods were descnbed in the NRC and licensee documentatlon -
_ rev1ewed to date however,' assumptlons made by NRC heensees in analyzmg UF6 releases are summar-

“ized in Table 2 and bnefly discussed in Chapter 3.
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6.2.2 Methods from the Open Literature

A review of the open hterature likewise revealed no methods for analyzing releases of UFj inside a |
'bmldmg, but two reports were found with mformatlon that is appheable to the NRC AAH.

The ﬁrst report hy Okgmoto and Klyose’ _deccribed aoalytreal methods and indicated the predicted
UFg vapor release rate to the atmosphere as 2 function of time from a gas line connected to & heated
cylmder (type 30A). The results were summarized in a plot of cumulatrve UF¢ vapor released versus
time for various mmal cyhnder temperatures. The expected effects (including failure) of UF¢ hydroly-
sis products on HEPA filtcrs were also discussed assuming that all UF, had been hydrated.

The seoond report by Ericsson and Gmndfelt‘ descnbed analytical methods and mults that provrde
estimates of the mass ﬂow rate of gaseous UFg as a funcnoo of time from an unheated cylinder (type
30B) containing liquid UF. It also discussed the volumetric flow rates of ambicnt“ air necessary to
totally react the UFg released and the dispersion of the hydrated UF plume in the atmosphere assum- -
ing a ncutrally buoyant, chernieel‘y inert plume. It is unclegr whether the solid UF¢ formation within

the cylinder is properly modeled. The results of this report should be used with cauticn.

6.2.3 DOE Source Tenn Methods

A number of methods arc used by DOE for analyzing accidental UF¢ releases.. Some of these
methods might be useful for dev_eloping source terms or for modifying the NRC_eodes. -lt should be
recognized that these methods are pmhminary in nature; _they bave not been documented, nor have
they been verified by ficld experience.

Ooe method is a batch-mixing homogencous eompgrtrnent mode! for predicting the final average
composition, pressure, and temperature following a postulated .accidental release of UF¢ and/or HF
inside a single closed ‘compartment with allowance for HF oolymcﬁzaﬁon. The program requires as
input data the building’s volume and its initial pressure, temperature, and relative humidity as well as
the mass of UF and/or HF relcased, the temperature of the UF¢ and/or HF released, the molecular

weight of oranium, and the UF; phase (liquid or vapor but not a mixture of both). Output from the
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. program mcludes the final _average pressure (assummg the ideal gas law and polymenzed HF) the‘_"‘.v;f'
"Hﬁnal average temperature, and the ﬁnal mass and average nass fractron of each component in the -

‘compartments atmosphere - AR g

A second method is a transrent homogeneous compartment model that computes as a“functlon of By Yoz

trme the average composrtron, pressure, and temperature followrng a postulated accrdental release of
UFg¢ or HF msrde a compartment w1th allowance for HE polymerrzatron and deposrtron of U02F2
and/or hydrate \The program requrres as mput data the volume, lmtlal pressure, mrtral temperature,
rmtral relatlve humrdrty, and ventxlatron rate of the compartment and the ambrent pressure, tempera-
lture and relative humrdrty as well as the total mass and temperature lof the source, the mass flow rate‘
i from the source as avstep l'unctlon of trme and the UF6 phase (re the mass flow rates of solrd and
gas) - The program ’s output mcludes the average .pressure ‘temperature and composrtron of the
| compartment s atmosphere at user-specrﬁed times. ’ . |

A thlrd method whrch is based on the Hrrst model for axrsymmetnc Jets has been formulated ) )
however there are currently no plans to develop and 1mplement thrs method The modlﬁcatron would b
extend thé Hrrst model to negatrvely buoyant flows such as postulated aocrdental UF6 releases The
'modlﬁed Hirst model requires as mput data the radlus densrty, and horrzontal and vertrcal velocrtres of
the exit jet and the ambient densrty and horrzontal velocrty Such a method can predlct the entram- .
' ment velocrty of morst air mto the Jet and from that the mass of moist a air entramed into- the Jet ‘can be
estimated. Thrs model” can be developed by comblmng a homogeneous mixture model with an entram-'
" ment rate model (rnodrﬁed Hirst: model) and by solving horrzontal and vertrcal momentum equatrons
A fourth method can be used. to calculate the gaseous UF, release rate and the total mass of UFg
: released as a function’ of trme from a UF6 cylmder The calculatrons assume that UF6 is an 1deal gas
i that undergoes an 1sentropxc expansron wrth unchoked flow The calculatrons allow for the coolmg of :
the UF and the cylmder due to the release of the UF.; gas The mput data are the initial cylmder
temperature and pressure the volume of the cylmder and the cross sectronal area of the opemng in the

cylinder. The output data mclude at specrﬁed tlmes the cylmder pressure and temperature, the mass

flow rate of UF6 out of the cylmder and the total amount of UF6 released




A ﬁfth method is a tool for evaluatmg an arbrtrary UF6 ﬂow system that is deﬁned by the user. i

The method is apphcable to a steady—state ‘a 1abat1c release of nomdeal UF6 gas in erther choked or

| unchoked ﬂow through plpes, valves orxﬁces and/or a nozzle The mput data mclude pressure and '

li

: .-.‘__temperature of UF6 in a cyhnder and the prpmg, valve, onﬁce, and/or nozzle arrangement Other"‘- .

data may be requrred as mput for the desrred output data For example, the output may mclude noz-}jf -

: zle drmensrons, onﬁce drmensrons, and erther the ‘mass flow rate or the exit velocrty

The above calculatronal methods requlre UF5 physrcal and thermodynamrc property data as well as

, -UF6 hydro]ysrs product charactenzatron The brbhography includes some referencx: documents for such )

mformatlon.







7. PERSPECTIVES OF UF ACCIDENT SCENARIOS AND ANALYSIS'

A Tist of "'accid:’enta'llUFG release' scenarios ’was presented.and discussed in Chapter 5. The ,individ-
" i‘ual seenanos may be grouped xn a number of ways to permrt greater understandmg or insight that'
N could lead to an overall approach for consrdermg scenano analysrs and eonsequence assessment Sec

:tlon 7.1 drscusses vanous methods for categonzmg the scenanos A partrcular method of categonza -

i

tron is oonsrdered further in Sect Nk 2 that may ald m selectmg speclfic events for analysts UF6

release phenomena and modelmg consrderatrons are dxscussed m Sect 7.3. Sectlon 7.4 provrdes a”

summary of thns-chapter,

7.1 METHODS FOR CATEGoermcsCENAmos _

The scenanos presented m Chapter 5 ‘were grouped for convenrence under four general headmgs ’
that are nerther mdependent nor of the same general nature In thrs sectlon, no attempt will be made

: to separate soenarros into mdependent groups, however the vanous groupings presented may lead to

- some msrghts as to an overall approach for consrdenng scenano analysls and consequence assessment, S

The various groupmgs whrch mclude locatlon release source (equtpment) phase of release flow

i charactenstrcs, release causes, mmatmg events and mventory groupmgs, are’f‘ummanzed in Table 8"

#

‘and are discussed. helow. -

" ‘7_.;1.li Loi:ation"

Accrdent scenanos can be drvnded mto those occurrmg mdoors, whrch may offer addmonal levels of L o

‘ contarnment and those occurrmg outdoors Prooess equrpment and prpmg for UF.; is- generally
assumed to be located mdoors A further conslderatxon is the possrble (though perhaps margmal) con-"
tainment afforded by steam chests used to homogemze UF6 in cylmders at UF, productlon facrhtres
and to vaponze UF; at fuel ‘fabrication facrlmes. Whrle most steam chests are located mdoors some :
‘arevlocated outdoors (at least at one UFG p'roduction vfacility). : Therefore,:‘ three location categories arg-.,,-c.

- used: inqsbrs? 'outdoors-,'_‘-‘.and:inside. stearn.chests. | ‘ o |
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" Location

Reiease source *

loguipment);

Sorme possible

3
.P

&
L/ S \(.
3, S "j}‘
. - \"fz} &/ (L " "ét\" A eph\ ¥
< g Cylinder faitures . .
+ Introduction of reactive hydrocarbons imo o eolele oo sflefe . o .
& cylinder s "
2 Impact of 2 liquig-filled cylinder against an ° | e . °|» . [. LRI . .
object o impact of an object on a cylinder 5 .
3 Valve or pigtail tailure gue to movement of s leie sjeofelel e . . -
2 connected cylinder containing UF ¢ . . . -
1 Hydraulic rupture of a cylinder exposedtofire | » [ @ - o | e s[e|eo] @ 0
5 Hydraulic rupture of an overhested cyhinder L EERENRE] of e efeo] e . .
5 Hvaraulic rupture of an overfitied cylinder DD elef e ool e . .
7 Heating of filling a defective cvlinger e jelefe B elele]e| ool - . . .
3 Heating a clinder containing excessive > lele|e cfe|w il e K . .
volstile and/or geseous contaminants ’ ”
Dropping # liquig-filled cylinder N sl . . . 1 . )
" g Process system failures «F B
1 Excessive heating of process equipment s . . . . o s]e .
containing solidified, UF ¢ ! . ' .
" 7 Fatigue Tailure of 8 process system s, - . R 0
3 ‘Impact on a process system containing UF ¢ - . BRI o . .
4 Vaive failire of 3 cylinder or a system sfoje ealeoe(o]eieie . . .
containing UF ¢ . )
5 Pigtail feilure . . Lle|efeje] e . . .
& Process system loss of containment uunﬂ : LEEREN R e(ale|[o|[oje]|e o e . .
by natural phenomena :
7 Heaung a cold trap containing excessive . .l efefa]e e
volatile andior gaseous contaminants | '
3 _Heating an overfilled cold trap . ofe ejeojele .
. 3 Overhesting a coid trap . e|eole .
- 0 Cotd trap failure caused by corrosion, fatigue, | ® | ojefofeale .
o thermat shock
i Venting of UF, through a hydrolyzer . . K . .
sclear criticality events?
1 Nuclear criticality in a UF g vaporizer® .
2 Nuclear criticality resuiting from a safe .| 0 .
spacing violation
erator errors .
3 _Valving a cold trap o a vacant position . (o alafe .
2 Bypassing safety controls o [eTo]e sfeafeloeleo[o|oteafale e )
3 Removing a valve from 3 cvtinder . . e (ojeo eie . .
containing UF ¢ ! ) o

oment tailure refers 1o failure of noncnnummﬂ\uelned egquipment that

events are iliustrative of types of crini

lity events.”

release in the absence of safety controls may lead to criticality’

. ator error can be dnecuv responsible for » relem 8 in scenario 4.1, or ope: wv -vvnv can initiate or contribute lo the course o! #0 accident.”




7,12 Releasé Source “(EQuipméit)

; ‘{:&-release of UFs, followed -by cyhnders and therr assocrated

. prpmg systems w1th therr pumps, valves etc. )

' 7.13 Phase of Release

B bly be ma smgle phase, but UF6 in cylmders or vessel-type equlpment wi

'of a release is attempted The flow charactenstrcs wxll set release at

Due to therr frequent handlmg and use it is beheved that plgtalls are the most llkely source for‘:‘;, .

lves and fittmgs Frxed process equrpment '

:and plpmg are. expected to be less vulnerable Soenanos are drvrded by equrpment 1nto several release

. source groups cylmders, ﬁttmgs (mcludmg plgtarls) for chargmg and dxschargrng cyhnders cold traps,

_' Tvessel-type equrpment (tanks drstrllatron columns etc. ), and other process cqulpment (mcludmg ﬁxed Lo

: All accrdents 1nvolv1ng hqurd UF6 released to atmosphenc pressure wrll ultrmately release solrd UF6 |

o partrcles and UF6 vapor that will react w1th moisture in the ambnent envrronment to form U02F2 or

UOze-coated UF6 partlcles. Prior to release, ‘UFs wrll exist in elther the hqurd or 'vapor%phase or in

two-phase equllrbrlum of either llquld and vapor or vapor and solid.. UF6 in prpmg systems w1ll proba-

’,lways exrst m two phases =

b

R For practlcal purposes however a cold cylrnder contarmng UF6 may be assumed to contaln only solrd L

: v_ UF6 vbecause the UF6 vapor avarlable would produce only a musance release

. 714 :Flovv" Characteristics

The ﬂow charactenstrcs of a UF6 release wrll be unportant partrcularly if a very exact s1mu1at10n

m%nd the rate of mrxmg of UF6

” : - with the ambrent atmosphere “There: re three categones of mrtlal release charactenstlcs that can be
conceptualrzed followmg loss of contalnment an explosrve telease, a jet, and a slowly expandmg cloud

A release that can be categonzed as a slowly expandmg cloud is expected to result only from an acc:-

dent mvolvrng sohd UFG, therefore because the. release will not be significant, thrs release category is

‘ not consrdered further. However, an explosrve release or a Jet release may often be charactenzed by a

“a e ‘-v_s-.-r

slowly expanding cloud after the_mrtralf momentum of the release has been transferrcd to entramed;arr.




A hydrodynamrc model (see Sect 7. 3) can then be used to analyze the mass: transport of UF6 in“a

S compartment Releases mvolvmg quurd UF6 will generate large amounts -of vapor as the hqund ﬂashes

to solid and vapor as 1t expands to 1 atm A Jet may ongrnate from erther a regular openrng (e g s
crrcle when a prpe breaks) or an 1rregular opemng (eg., a rupture m a cylmder wall) Releases from
lrregular opemngs are normally'approxlmated by jets resultrng from well-defined openrngs (e.g ctrcles,

' rectangles, . slots etc. ) Releases from very large openings may often be approxrmated as mstantaneous_

releases if the release time is relatrvely short f equrpment has. relatrvely weak areas, possrbly caused

by corrosion or defectrve welds, overpressurrzatlon wrll be more lrkely to cause a rupture resultrng in a _
..jet. If the equrpment has no weak-areas-or if . overpressurization occurs raprdly_, however, the equip--
a “”"ment may explode and formfragments Analysis methods for:‘directed jets and ‘explosive.releascs.are.

" discussed further in' Sect. 73

7.1.5" Release Causes

A release of UF6 may result from a sequence of events or one event A release cause is defined as .

‘ the end event that is, the last event in a sequence that results 1n the release ot' UF6 (e g overpressure

for scenario l 5 and operator error for scenario 4 l) Possrble release causes: mclude mechanrcal fall-
ure from overpressure nnpact or dropprng, mechamcal farlure under normal’ process condltlons, and
operator error. A comparison of pnmary release causes and release sources yields several generrc

~ events that may be analyzed in a similar manner: .

Yt

. .loss of cylinder, contalnrnent _by overpressure (l._l, L5, 1.6, 1.7, 1.8, 1.4);
A loss of cylinder containment by impact[dropping V(l.2,4l.§,f i4',‘3)_;" .

o 3. loss of cold trap containment by ove‘rpressure (2.7, 2.8, 2.9, »2il0_); and VAL

»

pigtail failure (1:3, 2.1, 2.3, 2.5).
Actual conditions for a generic event may vary depending on the specific scena_rio under consideration
' ‘f(,l_.'7,, could occur at.or below normal o_p;er'ating, conditions); and post release analysis couldbecomplr- ‘

R

' cated [e.g., consequencesof a UF(,.release in a ﬁre"(l_;:4v) 'ma"y;diffler significantly from_ oth;rjcylinder ‘




it releases] Scenanos l 1: and l 4 may require specral analytrcal consrderatron because of the possrbllrty

of a raprd pressure rise.

+ 7.1.6 Initiating Events

Initiating events include operator er'rbr,' ‘equlpment failure funder normal conditions [€.g., failure of
a cyhnder hftmg device may lead to rupture of a hqurd-ﬁlled cylmder (scenano 19)] natural

phenomena, and ﬁre. ‘An mmatmg event may be the pnmary release cause, as m the case of sce-

7.1.7 Inventor'y Groupings

The UF6 handlmg processes descnbed in Chapter 4 may be grouped into several systems that are

separated by batch operatlons and that have a deﬁnable maxrmum mventory of UF6 that is placed at

ﬂ’.r;sk followmg a breach of contamment. “These systems are

1.” System A Fluorination and Cold .;':'I'rapping‘,

2. System B: Distillation,

3. System C (C 1) Cyhnder Frlhng and (C.2) Indoor Handlmg of quurd Filled Cyhnders

4, System D: (D. 1) Outdoor Handlrng of qullld Filled Cylmders and. (D 2) Cooldown Storage of

quurd Filled Cylmders, and ‘

5. System E: . (E. l) Homogenization of Cylinder Contents and (E.2) Fuel' Fabrication Feed

All systems except System E 2 are applrcable to UF6 productron facrhtres System E 2 (and possrbly

- Systems C.2, D.1, and D.2) is apphcable to fuel fabrication facrlr_tres. Each of these systemsconslsts

of process equlpment and/or cylinders as well as associated pipmg; therefore;» an accident involving any

. portion of a system places the total ihventory_of that system at risk. It should be noted that cold traps _ o

operate in several vmodes, including cooling, heating,' and standbyg The systems defined above assume

‘that cold traps are being operated in the mode appropriate for that system. Interconnectihg prpmg sys--

tems between cold traps operating in different modes are assumed closed in the followlng discussion;




hoWever'_;_ operator‘.verr‘or in opemng and/or closing--yalves could eomhine:iseveral'systems’ together For ”
clarity, such interconnectiné piping 1s not shown in figures illustrating the systems.‘ ' L -
Systems ‘A, B, and Cl are rllustrated in Frg 8 for ‘a UFg productron facrhty based on thev
ﬂuonnatron-fractronal distillation process The mventory of UF6 in System A (Fluonnatlon and Cold
Trapprng) mcludes the UF, produced in the ﬂuonnatron reactor as well as the UFg in the cold traps,v
however, the UFg m the cold traps is pnmarrly solid, so it can probably be neglected in determrmng
the UFg mventory Therefore, the mventory at risk in System A consists pnmanly of the UF6 pro-
\' duction rate multrphed by the time requlred to shut down after a breach of the system.- System ‘B
.(Drstrllatron) contains several major vessel, of whlch the dxstxllatron eolumns are assumed to operate”
eontrnuously If the drstrllatlon feed tanks operate in a batch mode, then this. system could’ be dlvrded
into two systems feed tank ﬁlhng and drstlllatron The maximum UF6 mventory at nsk in thrs system
1sthe sum of the UF6 mmally in the head end cold trap‘(or traps if several are drarned srmultaneously

into the feed tanks), the UF6 in the feed tanks and the UF6 in the distillation columns and assocrated o
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Fig. 8 Major UF6 handling components and flow paths in a UFG production facllrty based on the
fluorination-fractional distillation process illustrating Systems A, B, and C.2 (see Chapter 4 and Fig. 3
for addmonal process details). Interconnecting piping between systems is assumed closed and is not :
‘shown for clarrty - ' : " g



equipmer;t UF6 in‘the tail end"cold.rtr"ap Sshould be sohdrﬁed and, therefoi'e,.WOuldnof béa'mﬁjor :con-' .

cern The mventory of System C 1 (Cyhnder Filling), whrch could total about twrce the mventory ofa’

. full cyhnder rs the sum of thé " UFG mmally in the cold trap and of the UF6 heel rmtrally in the cylin-

- Note that some detalls of Svstem A dlffer between the two facrhtres but that the major contnbutor to C

Systems Cl and C 2 (Indoor Handlrng of quurd Frlled Cylmders) are. srmrlar and are therefore -

-Fig. 10. System.E.1 (Homogemzatron of Cyhnder Contents); whxch is found,rn'-UF&productron faerh-

. der All of these systems are assumed to be mdoors

For a facrlrty based on the solvent extractlon process Systems A and C 1 are ﬂlustrated in Flg 9.

the UF6 rnventory at both facilities is the UF.; productron ratc of the ﬂuonnatlon reactor Because

cold traps and cyhnders usually used in a facrhty have approxrmately the s same nomrnal capacrty,

grouped together Systems C.2, D. (Outdoor Handlmg of quurd Frlled Cyhnders) and D 2 (Cool--z
down Storage of quurd -Filled Cylinders), whtch are not rllustrated consist of a cyhnder contalmng lig- -
- f; . 'urd UF6 along wrth a small amount of ‘UF¢ vapor. These systems differ only in locatron and whether
E or not the- cyhnder rs in transrt The UF6 at nsk in Systems C.2,D.1, and D 2i is. the mventory of UF¢ |

~ in the cylmder

System E.2 (Fuel Fabncatlon Feed), which is found in- fuel fabncatron facrlmes is illustrated. by-» o
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_ ess detalls) Interconnectmg piping between systems is assumed elosed and is not shown for clarity.
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SYSTEM E.2 : FUEL FABRICATION FEED

 STEAM CHEST

R ol HYDROLYZER
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: - " |UFg VAPOR - OXIDIZER

th 10. Major UF6 bandling components and flow paths in a typical. fnel fabncatlon faclllty lllns-
trating System E2: (see Chapter 4 and th 5 for additional process details) o :

ties, is similar to System E. 2 except that there is no UFg -flow out of the cylinderv System- -E.2 is usu-
ally located mdoors and - will handle cylinders bavmg a smaller capacity than those found in
System E.1, which may be located elther mdoors ‘or outdoors. The maxrmum UF6 mventory for
System E is the con_tents of a filled cylmder.l | |

These'systems:ﬂ:as defined abov‘exa're based on the assumptlon that a plant is operating in its normal
configuration. If in‘terconnecting pining or manifolds are‘opened, nossibly by "operator .err_or, to more
,than one systefn, ortto parallel systems, dlfferent consequences would be expected because of combined, ;

UFg inventories.
7.2 BOUNDING CONSIDERATIONS FOR UF, RELEASE EVENTS

CAlist Fof--‘scenarios such as that given in Chapter 5 (see Table 7 or 8) is desirable for ldentifyiné- |
potentral problem areas and for takmg steps to av01d them however, a consequence analysls for each
.scenano would be time consuming and probably unnecessary On the other hand selecting appropnate
release events to hopefully bound the consequences of the various scenarios can be difficult due to the

‘many faetors that must be consxdered Whlle it may at first appear reasonable to seleet appropnate

 release events l'or consequence analysrs based on. the total amount of UFg released, such a basis’ may



;not yreld the most severe consequences (health effects etc) For example ‘a ow-flo' rate long-‘

duratron release may be more severe than a hxgh ﬂow-rate short-duratlon release even though less

o total UFs is released m the former case than in’ the latter Nevertheless, as a ﬁrst pass use: of total,:‘:

"_"-" UF6 released as a major factor for selectmg boundmg cases may be reasonable (unless UFs of several
drfferent assays is bemg handled) A rev1ew of the scenario list reveals a number that mvolve cylmders

:erther drrectly .or mdrrectly vra prgtarls Each scenario places the same amount of UFg at rrsk. Such

- reasonmg, when extended tovother equrpment_ leads 0 consrderatron of UFG release events based on

. systems rather than on specrﬁc preces of equrpment Reprmntatrve systems have been descnbed in the

A last part of Sect 7.1 under Inventory Groupmgs It should be rerterated that release consequences are

: and the locatron w1thm a facrhty where the loss of contamment occurs can also be 1mportant factors

In lookmg at potentlally boundmg events Systems C D, and E can be most. easrly consrdered All‘@'

three systems mvolve hqurd UF6 in. cyhnders The maxrmum mventory for Systems C 2 D, and E is -

the cylmder capaclty, whrle that of System Cl may be greater than cylmder capacrty (perhaps by .

”about a factor of 2) dependmg on cylmder ﬁllmg procedures (e g toppmg off an almost full cylmder

\

; from a full cold trap) Drfferences between the systems indicate that UF6 could be released mdoors

’»“-'outdoors, or mto a steam chest that may be located mdoors or outdoors dependmg on the faclhty At a' ‘

UF6 productlon facrhty, the nommal capacrtres of the cyhnders handled are 10 and 14 tons, wlnle

'2 5-ton and 55-1b cylmders are handled at fuel fabncatron acrhtres, dependmg on the uramum ennch-,yv

. ;:_ment of the UF6 The results of prehmmary calculatrons at saturated eondmons (see Frg ll) mdrcate o

,that more than 40% of the hquxd UF6 released from a cylmder Wlll flash to vapor when released to the
. 'atmosphere As the temperature of the hqund UF6 mcreases, 50 does the amount of vapor produced
The two curves shown in Fig.. ll thermodynamrcally bound the mmal vapor mass fractron expected as
a functlon of temperature | |

The pnmary contnbutor to the mventory at nsk in System.A is. the fluormatron reactor- Exrstmg .

i

facrlmes in the Umted States have nommal productlon rates of 55 and 77 lb/mm ! Based on a rate of ‘

-v -

77 lb/mm, it would take over- 100 mm to produce 8000 lb of UF6 vapor (40% of the capacrty of aw»
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0.537 and 0.557 when a release to a pressure of 1 atm occurs. )

10-ton 'cylindcr).. If the fluroination system can be shut down within that time frame, analysis of an
indoor cylinder release mayr bound a release from tﬁe fluorination process.

The distillation system (System B) is the most complex SM vgf the five considered, and its inven-
tory will proba»blyb exceed 'tha't‘of a vsystcm vcontaining 8 cylinder. In fact, this system may yield the
greatest indoor UF; release potential at a UFG production facilify utilizing distillation to remove impur-
jties found in the natural‘uranium. If this system can be subdivided because of batch operation of ihc‘
feed tanks, then the ihvcntbrj that could be released would be reduced for the two new systems that
arc subsystems of System B A further paftial reduction in the inventory relcased might also occur,

depending on system configuration and where in the systi:m a breach of containment odcurs.



pare the release potentlal

L kmore of these events may not be apphcable'to a specrﬁc facrhty

. ‘ .'stea‘rn chest«a

- "(although perhaps margmal) contamment afforded by the steam chest

Srmrlarly, UF6 ﬂow rates from breaks in- :the drstrllatlon'

For exampl ;

e ~release potentlals grven the trme requrred to bnng a release under control Facrlrty desrgn may requlre» -

consrderatron of more than one mdoor release event A release from a prgtall or a cylmder msrde a-‘,' L

Whrle facrllty desxgn and procedures may greatly affect the ultlmate consequences of a release

;‘.:kdevelopment of source terms for prgtarl and cyllnder releases is desrrable because such source terms-_, N

could be used for any facrhty Such source terms should be functrons of process condmons and UFs .

' g . cylmder or cyllnder plus cold traps)

drffers from the other releases because of the hrgh ambrent morsture and the secondary e
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The discussion in this section has so far becn limited to thc release of ‘UF‘ from a single breach
that occurs during normal operation. ln the event of & more extcnsxvc aocxdent {explosion, fire, eanb
quake, etc.), UF¢ could be released from multiple source points [e.g., several cylinders, a cylinder
(fragmented) and other vessels (ruptured by the impact of cylinder fragments), etc.]). Also, if operator
error has resulted in opening interconnecting piping or manifold systems, the inventory of scveral paral-
el or series systems could bc released.

Fire, as a heat source, has the potential for causing vessels eontammg UF to fail from overpressur-
ization or by weakening ‘welds or walls of vessels or pipes. Once released, UFg may react with
unburned hydrocarbons. The amount of UF in jeopardy will depend on facility construction and thé
ability to extinguish the fire. Releases that occur within & building may or may not be closed off from
the eavironment. Outdoor fm could jeopardize cylinder storage areas.

Natural phenomena, such as earthquakes, high wipds, tornadocs, and floods, may also jeopardize
UF¢ operations. For examp!é, earthquakes could .lead to failure of elevated vessels a;xd piping, torna-
does could generate mxssxles that could penctrate process equipment, and flooding could lead to critical-

ity or equipment damage.
7.3 RELEASE PHENOMENA AND MODELING CONSIDERATIONS

Previous sections of this chapter have introduced a number of variables and approaches useful for
analyzing potential UF¢ accident scenarios. This section will address more spccifieaﬁj the phenomena
that could be observed following .2 breach of containment and the types of models that would be
needed for simulating these phenomena. The status of some currently existing mbdcls applicable to

UFg release analysis has_been discussed in Chapter 6.

7.3.1 Initial Characteristics of UF¢ Releases

Postulated UF release scenarios at NRC-licensed fuel cycle facilities include releases from process

equipment, piping, or cylinders containing UFs. The release form may be a multiphase mixture of UF,



61

sohd hquld ':'_and vapor, a multlphase gas-solld mrxture, .4 sing] -phase vapor release Thevrelease -
_.can be exther a short release that ‘may. be approxrmately modeled as an_ mstantaneous release or a B

longer release that must be modeled as a finite duratlon release For many engmeermg apphcatlons,

' release lastmg less than a few mm ‘tes may be approxlmated as an mstantaneous release The processv

and ambxent condmons pnor to the release, as well as the physxcal charactenstlcs of the, breach in the* ‘

' cyhnder or pressure equrpment must be cons1dered m developmg a source term for ‘a postulated UF5

release

At NR¢ censed faclhtles durmg normal operatlon, UF6 may exrst as. a, vapor a sohd-vapor mxx-" ‘

 ture (e.g., in: a cold trap) a hqurd-vapor mxxture (e - m a coolmg cylmder a cold trap on 1ts heatmg S

~ cycle, or distillation column), or as a sohd Batch operatlons of cold traps and cyhnders will result '
routmely in elther hquld-vapor or vapor-solid mxxtures bemg present but three-phase mixtures would :

not be expected Thermodynamrc condltlons for the exxstence of UF6 as a smgle-phase or as a° multl- .

phase mrxture can be seen in’ Flg 12 a UF6 temperature-entropy dlagram

Some charactenstxcs of UF6 behavnor followmg a breach of contamment can be 1llustrated by con-

sidering rupture under vanouslmtxal conditions. For practxcal purposes a cold cylmder contams only"_- el

. UFg sohd although a small amount of UF6 vapor and trace amounts of noncondensable gases fill the

i

- void space wlthm a cyhnder at subatmosphenc pressure Therefore, the rupture of a cold cylmder w1ll- '

result only in a small nuisance release hmrted by the rate of subhmatlon rather than in a s1gn1ﬁcant'

health hazard If a defectlve cylmder is. not mspected pnor ‘to subsequent heatmg, however, a sngmﬁ- 3

cant release may occur -on heatmg because the undetected damage would result in a weak spot suscep-.
uble to fallure dunng heatmg On the other hand the faxlure of a cylmder contammg elther pressur- o
ized hquld UF; or a large amount of UF6 vapor (up to several hundred pounds in a lO-ton cylmder :
contammg only saturated UF6 vapor) can result i in a sxgmﬁcant release The UFfe phase eomposmon '
(ie., sohd-vapor fractlon) after the released material has expanded to 1 atm w1ll .depend ‘on the process :
conditions pnor to the release'and the release process. .
Upper andnlowei’f limits of theUF.; vapor .fraction can beestimated_ from’?t;he thermodynamic con-

siderations. If the expansion to 1 atmis assumed to be a reversible, constant nentropy (isentropic)
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Fig. 12. An approxlmate temperature-entropy (hagram for UF (adapted from rel' 44 p 102) -
The reference pornt for both entropy and enthalpy 1s llqurd UF6 at the tnple pomt

process a lower bound on thc vapor fractlon ‘can be estunated If an adlabatrc constant enthalpy
(1senthalp1c) process .1s assumed an upper bound on. the vapor fractlon and ran upper bound on the'_
change in entropy can be estimated. As shown in Frg. 11, the vapor fractlon after an expansron of hq-'
Aurd to 1 atm wrll increase w1th an mcreased change in entropy Because the change in entropy is pro-
portlonal to the exhaust rate of a high velocity release the vapor fractron for many release scenanos;

will increase wrth an increase in the exhaust_'rate.
R

7.3.2" Characteristics of Equipment -Iu'lnilur_e o

There are two prirnary'causes for equipment failure: internal overpressure and external mechanical
forces (impact or dropping). : Potential causes of overpressure -include overheating; heating when fill

limits or contaminant lirnitsv, have been exceeded, 'and_ che_rnical reactions between UF; and a




ocarbon(s) Depending on the conditlon of the"equipmen't, the: ‘r’ate of overpressurization, and- the

magn_itude; of the ox}e}pfessure;. the' éﬁuipment will eit_her;rupture (e.g., weld, 'fai,lure;‘:fi:.formation of a
crack etc.) or explosrvely fragment. . o

| If the equlpment has relatwely weak areas, possrbly caused by corrosron or defectrve welds or, in
';the case of cyhnders by transportatlon damage an equlpment rupture will be the more hkely result of o
overpressurir,atron.,;jgl—_lowever, 1f the equrpment ‘has 'no_A.Wea_k areas or if the overpressure::results from a:
‘ rapid pressure risev,' it may explode and_ form f-ragm_ents: These fragments may causesec;ndary failures
,;.,by,aim_pacting other equi_pme'nt, and they; may repr_ese_nt a signiﬁcant_ safety ‘hazard to personnel in" the -
" jvicinlt')f:‘of‘ the acciﬂdent.‘ . " | |

To determme the farlure mode,” the postulated accrdent scenario must be known." For example, if a

cyhnder contalmng UF6 is unpacted it may rupture however, ifa cyhnder contalnmg UF6 falls from ..
an overpressure it could erther rupture or explode A stress analysrs can be used to predrct the possr-
ble failure mode(s) usm‘g‘ information related to the mechamcal and them_x_al ‘,loads_.‘_o;n the ‘process

equlpment. , .
7.3.3 Introduction to Release Analysis - -

Consrderatlon‘ of- the equxpment fallure modes drscussed above leads to the conclusron that at least
two ge_nerrc‘xfallure ~rnodes are‘_possrbl_e:’ a drrected release through an equlpment rupture (mcludrng
. pipe hrealts and leaking Valves): and a multldlrectlonal explosrve release." 'Therefore, multlple analysis
tools may be recjuired to develop source terms for postulated releases from equipment containing UF,. -
"There are two different approaehes that the analyst can’ pursue in eharacterxzrng a release mto a com-

partment from equrpment contarmng UF6 that wrll be dxscussed before lookxng more closely at analyz—

ing the release from the equlpment

The s1mpler less accurate approach 1s to neglect the detaxled concentratlon pressure and tempera-
ture profiles that develop within. the compartment For certain lnstantaneous or finite duratlon releases
inside buxldrng compartments, a satisfactory source term,(for' a v,entlla_tron model) can befdeyeloped by

assuming a homogeneous mixture of UF, air, and UFg hydrolysis.productsthat may vary unif_ormly



v wrthm a eompartment as a functron of time. | Tlns type of model wrll be miost accurate whe
' release is -rapid, the, ,ventilationrate from the‘compartment rs*sufﬁcrently low, and the srze of the conl-.
partrnen_t is .sufﬁciently small to allow thenlvUHFG hydrolisis products to become well mrxed prior to
release from the compart‘ment.”‘ If the ventilation rate is high or if the compartment is large, the homo-
d. geneous mixture :assumbtion fay be signiﬁcantly in error. 3
: As an alternative to the homogencous mixture ruodel, the analyst may elect to;use a rnore__accurate o
a‘.pproach--a rl;..ydrodynamic model--to ‘calculat.e.ventilati'onfﬂow patte'rns and temperature, pressure, .and
composition prof'rles. inside the "cornpartment. Thé: ‘use of a hydrodynamrc model would yreld “more
accurate estrmates and becomes necessary if trme-dependent spatral vanatlons in concentratlons of .
v UFg and its hydrolysis products are important. Its. use, however ‘would be expensive, not only because
a smgle run would be more expensrve, but also because multiple runs may be réquired to fully charac—
_terrze potentral releases (eg, a quurd-ﬁlled cylinder could be dropped at several different pomts in a
cornbartment with each ‘drob having different results). “ The source terrnvfor such a hydrovd);namic'
Amodel would probably be descnbed by source charactenstrcs at the release point such as the release
rate, drrectlon, composmon and exhaust area, rather than a descnptron of the process eondmons pnor :
to'the release and the failure..mode of the UF, contamment.l However, the error that ma'y be associ-
ated wrththe attempt‘*'to‘nr‘odel the mixing of a.::'chemically:reacting substance :-’;su.ch -as UFg within a’” :
compartrnen‘_t;‘, or a sectron ol"‘ a compartment rnay be deecmed bsuvfﬁcientlyv la’rge to justify «the use of the

less rigorous homogeneous mixture model.

7.3.4 Analysis of a Directed Release

A directed release can be categorized aceordlng ‘to thenature'ofﬂ the"-'flow (i.e., choked or unchoked)

- and the level of interaction' with solid surfaces. If the flow is choked the release rate can be deter-

_’ mmed from the process condmons and flow area at the choked ﬂow locatron However, rf the flow is

not choked a flow analysrs must be used to determme the release rate from the pressure drfferentlal.

Py



z_‘i:;across the ﬂo;\_ ‘passagc and the geometry of the ﬂow passa el ‘ted m Sect 6 2 several tech-
k‘,,.:,’_’mqucs are avmlable for predxctmg UF6 ﬂow rates through pxpes, nozzles, valvw, and other ﬂow pas-_? ‘

- :vsages The calculated l‘low rate could then be used asa source term enther for the homogcneous com-:i‘{?:'

: .partment model or the more aocurate hydrauhc models

Aftcr the UFG release rate from a rupture has been determmed the next step xs ‘to analyzc the ini-

tlons a vcmcal rclease dlrected dowu, a vemcal release dlrected up, and a honzontal release »

" ORNL-DWG-83-16708
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' If .';a release is drrected down usually"""the exhaust stream w1ll 1mpmge on the ground (or floor of a__‘_
’ compartment), resultmg in an axrsymmetnc, expandmg, ground-hovermg cloud of UFG However, for
low velocrty or elevated releases, the downward momentum may be completely transferred to the sur- B

roundmg air through entramment resultrng in a UF, cloud below the release pomt

If the release is directed up, the UF6 w111 usually be dtluted with ambrent air through entramment -

'pnor to srgmﬁcant mteractlon wrth process equlpment or the walls and cetlmg of the compartment

However,‘lf the _release has a large ;mmal honzontal vclocrty component, the UF, wrl_l~often_ have srgmf-.

., icant lnteractions \yith process equipment and/for compartment: enclosures.' |

_ The(initial flow charac'teristics of a .Vdirected UF; release -\that does not impinge on process equip- '

’ .ment or compartment venclosures may be analyzed usmg a Jet method such as the one descnbed m"r
'Sect 6.2 Such a method can be used to predlct the initial trajectory of the dtrected UF5 release the‘

- dllutron rate thh the ambrent arr "the chemrcal reactlons wrth the ambxent morsture entramed into the

G jet. etc. After the' Jet .has exp’anded to 1 atm and after the mltlal momentum has been dtssnpated to

- the entramed air, the jet characterrstlcs can be used to develop the input data for a hydrodynamlc o

: model of the compartment
) If UF6 contacts sohd surfaces such as process equrpmentu the velocxty, dlrectron and temperature o
of the UF¢ may be slgmﬁcantly altered A multtdunensronal hydrodynamtc model 1s requtred to pre-'

"drct the charactenstxcs ol' the mixture of arr UFg, and UF6 hydrolysrs products that result from a
directed UF release "The model must be able to predrct the flow of the mlxture “of UFs and. UF6'
g hydrolysns products in the vicinity -of solid surfaces (e.g., around process equrpment) and ‘the exoth-

_J‘.ermlc chemrcal reactlons assoc1ated with UF6 hydrolysrs, if composntton temperature, and pressure”'

proﬁles are to be accurately predrcted "The accuracy of such a model would be further unproved if

B heat transfer to sohd surfaces and depletton mechamsms are also sunulated It is belreved that a sig-

»»»»»»

735 Analysis of an'Exploslye ,Fragmentation

As noted prevrously, if

pro;ecttles that may endanger personnel in’ the vncrmty of the accndent and that may cause s1gmficant'

preeer of equrpment farls exploswely, the resultmg fragments may form



o _-damage and""addrtronal farlures by unpactrng process equrpment The number of pro;ectrles, thelr srzes, -

- nd therr veloertres may be estrmated usmg standard techmques J If UF6 hydrolysrs is neglected durmg _ »

‘the 1mtral expansron, the explosrve release of- UF6 vapor can also be charactenzed (temperature, pres- o

’4 ;",-rsure, velocrty, etc.) by using avarlable teehmques for the analysrs of a pressunzed gas release 8 If the

effects of UFg hydrolysis are 1ncluded a hydrodynamrc model smnlar to the model descnbed above wrll.

be: requrred to accurately predict composmon, pressure and temperature proﬁles durmg the mrtral Do

" expansion of a UF6 vapor release Alternatrvely, a homogeneous mixture model may. be used to

) develop a source term (temperature pressure, composition, etc) for a ventrlatlon model

“The analysis of an explosrve liquid UF(, release is very: complex.’ The hquld UF6 w1ll ﬂash to form S

a gas-quurd mixture as the UF6 expands to the tnple pomt at 1. 54 atm. As the UF6 mrxture further

i expands tol’ atm, it becomes a vapor-solrd ‘mixture. Therefore an explosrve release of UF6 hquld may

- result in a three-phase cloud" contarnlng a mrxture of UF, hqurd sohd and vapor Because the stand-

ard techmques for analyzmg an explosron assume the rsentroprc expansron of an mert perfect gas, they
. are 1napplrcable for the proper analysrs ofa flashrng chemrcally reactmg substance such as’ UF6

~If liquid UFGIrs rapidly depressurrzed a rarefactron wave w1ll pass through the hquld UF6, forming

b i-,_"smau UFs vap'o‘r‘ bubbles ~ Although only trace amounts of UF; bubbles will be present mrtrally, the -

o presence of these bubbles can reduce the sonic velocrty in the hqurd UF6 srgmﬁcantly (see Flgs 14 and R

-15 for some prelrmmary results) As the rarefaetron wave passes through the UFG, the outer layer of S .

‘ liquid UF6 wrll form an expandmg cloud of UFs. The rate of this expansron wrll be hmrted by the" :

_sonic velocnty of the UF6 mrxture and that of air. The analysrs ‘of thrs expansron should account for

hydrolysrs reactron

' . 7.3.6 Analysis of a UF; Release in the Presence of a Fire -

The analysrs of a fire inside a UF, handlmg facility will mclude charactenzatron of the ﬁre phe-:

hock waves erther in the UF6 or in the ambrent air, flashmg of hqurd UF6 in the eloud and the UF6 )

nomenon itself and assocrated heat transfer to process equrpment the farlure of process equrpment due ’

to the effects of the fire, and the interactions “between released UFg and the fire. The ﬁre.-transport
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Fig. 14. Predictéd sonic velocities as functions of temperature for UF at saturated conditions.

and energetncs can be srmulated by codes such as FIRAC prior to the release of UF6, and possrble
‘farlurcs of prooess eqmpment may be predrctable grven the ﬁrc charactenstlcs When UF6 is released..
from containment, however, the chcmlcal reactlons between UF; and hydrocarbons present in the fire

will be much harder to charactenzc Thereforc the more important UFG-hydrocarbon reactxons should»

:,bc mcorporated mto FIRAC as 1t is further refined and developed.
© 1.3.7 UF-Hydrocarbon Reactions®:

j The reaction between UF¢ and hydrocarbons is expected to only marginally increase the seyeﬁty of
. a fire from the standpoint ‘of total heat generéted' however the rate of combustion nréy incrcaSc LIf

, . Based on Ref. 10 and pcrsonal commumcatlon vnth E J. Barber Oak Rjdge Gaseous D:ffusron Plant, Oak Rxdge,, :
Tennessee. February 24,1983, ° . . Lo
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Fig. 15. Predicted sonic velocity as a function of vapor mass fraction for saturated UF at 100°C
and 4.12 atm. ‘ : ,

UF; reacts with water formed by hydrocarbon combustion,the fire could be sliéhtly more severe than if
UF; reacted only with hydrobarbc_ms. The UF¢-hydrocarbon rcactiox;s will form carbon-based fluorides
(such as CF,), UF,, and HF.

UFg liquid can also react with hydrocarbons inadvel;tently introduced into a cylihder and may Ead
to failure of the cylinder by ovcrprc#urc if sufficient hydror;ax.'bons. are present. The rate of reaction

between liquid UF¢ and hydrocarbons is expected to increase with time as UFg dissolves into the oil



,’ﬁphase The energy' release rate may reac::such a velocrty that the reactmg UF5—011 phase actually'

detonates

738" Special ConcernsWhen Handing Highly Enrichedv Uranium

Some fuel fabncatnon facrlmes handle highly ennched uramumv(mcludmg fully ennched uranium -
"that is approxunately 97% 235U) In addmon to crmcahty, another concern beyond the scope of thrs"
'.study that should be kept in mmd when assessmg consequences of postulated accldents involving UF6 is :
‘the hlgh alpha activity resultmg from the presence of 24U i in the hxghly ennched uramum because the o
cconcentration of B4y is also mcreased over its natural concentration by the ennchment process Itis
‘ possrble that radrologrcal concerns may .become primary in assessmg the consequences of a postulatedv
release at those facrhtres handlmg hrghly er;rrched uranium while chemrcal toxrcrty effects will proba-
Vbly be of greater concern to facrlmes handllng only low ennched uramum - | i

Methodologres for determmmg condltlons that may result m crmcahty have not been consnderedﬁ‘

rdurmg thrs study

: _7'.3.9"'Analysis of a UFg ll'eleasej,.l()utdoors

A release of UFg from damaged equxpment outdoors at ground level results in ‘a.dxrect mtrusron of .
' UFg into the envrr,onmen_t., Although source term determmatxon for an outdoor release can: follow :
approaches similar to. those drscussed for lndoor releases, analysrs of the dlspersron- of UF; and rtsv '
hydrolysrs products after the release is very complex in both thc near- and far-ﬁeld zones. Near-ﬁeld:;
- analysrs may be greatly affected by bunldmgs and other structures and site topography UF5 may be
trappcd between buxldmgs or -on the downwmd side of a bulldmg and only slowly be entramed into the

"bulk flow of air. The presence of ventrlatron system air mtakes near a release _may draw UF6 into
bulldmgs Such near-ﬁeld concerns, rf madequately addressed, could lead to nonconservatlve estimates .
of ‘on-snte svorker exposure ) Other comphcatmg factors to consxder mclude the use 'of plugs (to stop

the release) and knock-down procedures (to "wash out" UF6 from the arr) used to minimize the release

of UF,.
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Far-ﬁeld analysrs w111 be comphcated because of the umque aspects of UF6 plume behavro

. plume may be posmvely, negatrvely, or neutrally buoyant dependlng on lts composrtron and tempera-" '
b"t,;ture, and it may be elevated or ground hovenng (gravrty spreadrng) Exothermrc reactions assocrated ,_ _' L .
wrth the hydrolysrs of UF6 and HF wrll occur and sohd UF6 partrcles may subhmate whrle HF S

hydrates and condenses Plume densrty may decrease srgmﬁcantly as- UF6 reacts wrth ambrent mors-

ture and the plume is drluted by cntrarned ‘air (the densrty of UF.; is about 0 93 lb/ft3 while the- den-

: =_}?:'5s1ty of air is about 0076 lb/ft3 at 60°F) Frgure 16 xllustrates the possrble behavxor of al plume fol-, '

s lowmg a moderate-veloclty, _vertlcal release of UF6

.. “ 1.4’ PERSPECTIVE SUMMARY

UF. acci'dent scenarios can be"categorized by location, source, initial phase(s), flow. characteristics, - -

release causes and inventory at risk " Release ’loca‘tions»in‘clude indoors, outdoors, and. inside a steam

- chest Sources for UF6 releases mclude cylmders, cyhnder ﬁttmgs (rncludrng prgtalls ‘and valves) cold'_

_ traps, and other process equrpment Immedrately pnor to release UF6 may exxst asa quuld or vapor or -

as-a multrphase mrxture of hqund and vapor or vapor and solrd Flow charactenstrcs can ibe o

a represented by'a Jet release or an explosrve release A number of pnmary causes for release were rden-

trfied to show that some accrdent scenanos could be consolldated for analysrs of event consequences

S Some mruatmg events were also 1dent1ﬁed

1. a release from a’liQPld?ﬁlled cyllnder outdoors;

A basrs for drscussrng some boundmg consrderatrons for UF6 release events was, to defme systems of :

E equrpment that are separated by batch operatrons and that have a deﬁnable maxrmum rnventory at _

rrsk Subsequent drscussron led to the selectron of at least three types of UF6 releases that should be o

consrdered further

' 2.. a release frorn\v_ a pigtail or cylinder inside"a steam chest; and

3. arelease indoors from either (a) a pigtail or liquid-ﬁlled cylinder or (b) other indoor system.“
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_Reglon 1: A negatively buoyont mixture OfVUFS, oir, woter, ond: -~
: o UF6 hydrolysts; products rises until-the inittal . -
vertical. momentum Is ”tronsferred" to the entrolned
air ond woter. ;

Reaion 2: The negatively. buoyont Dlume wlll foll to the ground
7 “’unless the decrease in density resulting. from chemical
~ reactions ond entrained air s sufficient. to form a
*buoyont plume prior to Dlume touchdown S

Regloh 3. A ground-hoverlng (grovlty—spreodlng) plume s
' : -transported downwind, while entraining air and water ‘ '
.-ot:o reduced rate, until the plume becomes buoyant, ' SR R

) Reglon_ﬁ: The buoyont plume 1ifts off from the ground, rises
© 0 T until further entrolnment and UFg hydrolysis Droduces
- =an inert, neutrolly buoyant Dlume.

' Réélon 5 The plume moy be.adeauately modeled as @ Goussldn |
' v olume

Flg 16. Example of a possnble plume. trajectory from a modente-veloclty, vertlcal release of UF,
vapor » : : . : e ‘




‘ éelection of Can mdoor rélease’ would be basedonan .ievaluatlon ofreleaserates fro'm the varlous sys- "
‘temsv containing ‘UFs. - | : ..
It 1s suggested that genenc source terms for the release of - UFs from plgtalls and cyhnders be; )
,'developed because of their apphcablllty to the above releases These source terms should be functlons'l
‘of process condrtlons and UF6 mventory and would be tlme dependent N -
There are, two general approaches to modehng mdoor UF6 releases .One approach is to analyze a
»worst» case scenano usmgAapproxxmate models to obtam a conservatlve estlmate Thrs approach would c
use a‘homogeneous mrxture model for determlmng{ source terms for a ventrlatron model A more accu-b :
: .rate (and also more expensrve) approach is to charactenze release behavxor in’ the momentum- g

dommated zone of a compartment by usmg a dlrected or explosxve release model and in the rest of the -

"compartment by usnng a hydrodynamlc model to- determme the tlme-dependent spatxal varratlon in- -

temperature, pressure and composmon The relatlve benefit of usmg one model over the other would’?‘-. .
» need to be cons1dered with respect to the relatronshxp between release rate, ventllatlon rate, and com-

‘j-partment srze, the accuracy of the ventrlatlon system and atmosphenc d1spers10n models to be used;

"_‘and the type of mformatxon des1red (e g the time avaxlable for evacuatmg the room w1th respect to

. operator locatlon)

Analysrs of dlrected UFg releases wrll requlre analytrcal tools to predlct
"~ 1. the perturbations in process éonditions caused by the rel'ease;

'-2."_ the flow characteriStics“through process equipment to deternline release rate, composition,i_,and

3. the behavxor of a )et m the regxon where the Jet s momentum: and’ buoyancy dommate the Jet tra-.

Jectory, e

4. intéractions between a jet and 'bsolid'ﬂ"Surfaces (e.g.; change in-flow direction, deposition,'iand heat
*transfer);

5. the behayior of the resulting cloud ‘of UF and 'UF, hydrolysis products when diffusion and con:.

vectiye processes are dominant (including hovering plumes); and




| .74111. -

6. the time-dependent compoSit_ion, te.xng‘pcré_mrc,{ prp_ésuxe, etc., of the com‘pa'rtméi;f atmoépl_qcré dur-
ing and following the release (homogeneous or hydrodynamic modél)}
Analysié of explosive-type st release will require analy_tiéal tools to predict
" 1. possible failure mode(s) of equipment (e.g., weld failure, explosive fragmentation); = - '
2. the number of fragments, as well as their sizes and velocities;
3. the behavior of flashing liquid UFs;
4. the flow chathcter_isticépf an éxpandigg éloud’.d_f UFs;_, and .
5. the time-depcndent'conipositig‘)‘n, temperature,- preséuré, etc.; of the Jco_x'n.partmént atmbSphére dur-
mg and folldwing the release, (_homogenéous or hydrodynamic model) ¢
A few éd(iit_ipnal problcm»-,a;eés of particular interest when analyzing UF. accident scenaﬁbs were also
" .discussed brigﬂy‘.fi,, These areas included fire-related releases of ~UF6‘,‘UF6-hydfocarbOh‘i reactidhs, thé :

.. releasveb__obf high_.-éséay UF6, and UF¢ plume behayior outdoors.



8. CALCULATIONAL METHODS NEEDED FOR ANALYZING UF¢ RELEASES

Based on the socnaﬁog prescnted in Chapter § and the modclling considerations dlscussed in Chapter 7,
a list of 28 calculational methods required for either a first-order approximation or a more accurate analysis
of a postulated UF rclcaée was prepared. The applicability of the 28 methods to the 25 accident scenarios
is given in Table 9 based on whether the scenario can result in‘ a directed or an explosive release of UF,.
Table 10 shows the availability of the various methods and the fevel of need (first-order approximatiop or
more accurate analysis). Methods 8 through 13 and 21 are considered as necessary for a first-order i'
approximation. Some rcquifcmcnts for these methods are briefly discussed below in the same order 8s they

appear in Tables 9 and 10.

8.1 METHODS FOR PREDICTING FAILURE MODES

The first six methods ippearing in Tables 9 and 10 are useful for predicting the failure mode of equip-
“ment containing UF,. Methods 1 and 2 are concerned with predicting internal forces acting to breach the
containment, while methods 3 through 5 deal with external forces. Method 6 applies applicable forces to

the containment to determine potential failure modes and characteristics of the breach.

1. Liquid UF;— Hydrocarbon Chemical Reactions |
An estimate of .the heat liberated from these reactions, the rates of reaction, and the change in
chemical composition is required .to predict the pressure and temperature inside a conteinment vessel
(eg.,a cyiindcr).
2. Physical and Thefmodynamic Conditions Immediatel§ Prior to Failure of Containment
The temperature and pressure of the proccés stream immdiatcly prior to failﬁrc must be known to
determine the possible failure mode(s). The characteristics of the process stream (¢.g., phase, composi-
tion, ctc.) must be known to evaluate the initial release rate. Temperature-pressure time histories may

be required for some stress analyses.

(]
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3 _ Effects of Natural Phenomena (Earthquakes, _Tomadoes, ngh Wmds etc )

The effects of natural phenomena, such as pressure of impulse loadmg, must be known to predrct pos-.
| snble.fallure modes For example, the pressure force resultmg from a lngh wind mlght cause a crane to DR
fall wnth a resultant loss of contamment through an 1mpact on a contamment vessel |
4. Charactenstlcs of an Impact on Process Equlpment .
The charactenst:cs of an xmpact mcludmg the mass,'mcrtla and shape of projectde(s) and thelr
_ pomt(s) of 1mpact are requlred to predlct the fallure mode of an mpacted pleee of equnpment For

. example, a hlghly locahzed 1mpact force could puncture the contammcnt vessel whlle a dnstnbuted(' C

force could result in a weld fallure

5 :Charactenstlcs of a Drop of Process Bquxpment
- "'As for an unpact on- process equipment, thc predlctlon of the fadure mode of a dropped plcce of ;
process equnpment requnres the. evaluatnon of the 1mpact forces Analysls wﬂl use the mass mertla: e
. Yshape, and onentatlon of contamment at the pomt of 1mpact and the charactenstxcs of the xmpact sur-_

'faces

6 Faﬂ“fe Mode(s) of Contamment

To predlct the release rate after a loss in UFs contammcnt a faxlure' mode must be predlcted If a |
dlrected release is predlcted (e.g., from a weld fallure valve fallure etc) the geometrlc charactenstlcs o

of the flow channel must be known to predlct the release rate.

8.2 METHODS FOR PREDIC_I‘ING SECONDARY FAILURES

'I'he seventh method appeanng in- Tables 9 and 10 1s uscful for evaluatmg secondary effects followmg .-

loss of contamment from the prlmary equxpment of mterest

7 Number of Fragments, Thelr Sizes and Velocxtles B

If an explosxve-type release is postulated the resultant prOJectlles may cause secondary fallures by e

]

impactxng other equlpment.



UF, cylinder taitures ~ ©

Table 9. Applicability of calculational methods
.to analysis of postulated UF¢ release scenarios

“some siress analyses).-, . -
3 Eftects of naturai phenomens l-nhqun o, ornagoes. high | B N BB o | : PR

' 4. Characievistics of an impact on process equipment (includes [~ | © - B Ll 0 R : . . B .
" the mass, inertia, and m.p.nt pvopecnle(:) and their pointtst |© |- | : i e e

5. Characteristics of & rop of process squipment (ingludes the } i [ ] T 1= 11" o
., s, inertia, shape, and orientation of containment 3t the || ) A : L
"point of impact.and the characteristics of the impact surface). - : . N )
6. Failure models) of containment (mclm-ngg-omn: w00
: ~ ‘description of failurel. i
7. Number of fragments. their sizes and vefocities. - - - _
8 O istics of fiow through equi and piping.
9. Characteristics of fiow theGugh a rupture in containment,
10. T ; nhv»auna
during felease. 5
11, Characteristics of !Inhmg liquid UF ..
12. Choke fiow criteria for multiphase ur, sysems
{sonic velocity). " -
13. Chemical reactions betweenUF ¢ and moist air (includi
energy batar.ces, density dunrs etc.). o B
14. UF -steam interactions inside » steam chest. ' {p 3] p{o|b|D RERE] i . ‘D ’ . . R co
15. Release of UF ¢ and UF ¢ hydrolysis products froma | © CH D|O|D]|D BEEE b 1 D e g S o T
:  steam chest. ..t . - - ) A ) - N o N : N H o
16. - Deposition rates of UF, and UF¢ hydrolysisproducs. - - B D ID|B 8 |88 [Bibp[B]pD A K . ol
. 177 Rggiomeration rates of UF s snd U g nvavonvmwouum B(D(D|[B|[6|B|8B|8B|D
18. e ol{o[D|[D[D
 feacting mixture of urema UF, hvovolvm ploducu - .
% Note: Jeuumumghumwewl-ownm,mom» . g R - .
o -, spproximated using jets from regular openings).” DO 5 . s - - | .
- - | 19. Fiow crevistics of » " reacting jet i n
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on a surtace. -

20. Dnucmm-a ol 3 expinding cloud o! UF g and UF6
‘Products in a ing effects ofa i

chemicatly .reacting mum.n of UFs and UFS hvdrolvm i . N : e
products), . . B .

21. Average physical and lhevmodvrumw: propertieswithina .- |8 (D |jDiBiB|B|B|(B|D|B{D|DD|D.[DjB |6 |8
<+ compartment (homogeneous compartment modet; — canbe | 1 . o B .
used 10 predict » sieady state of trafisient source term fora ° . 8 .

.on modet gm the nleu rate, auuan nnd. : R . - . : -

- N K22 Wmumuotmcw-ndmgckwd oi UF g and UF
: ) ' hydrolysis products resulting lmm an oummr r-iuﬂ
nesr the release point. -

23. UFg ~ hydrocarbon reactions in the presence of fire. -
24. Mass tranzpon within » fire. - e N

25. Mass transpont that results from an exnlonnn B 1€
26. Fikration efficiency. B|D
27. Tunlporl ot UFg and UFg hvwnlvus products through - 8}D|D

o

ojow|mio|lo
m
m
m
m
m
m
m
™

28 Cuhuhlvmodtl.r ; . . . ] - : | v-|v I ’ . o

“Operator error can also initiate of ibute to scenarios in ies 1,2,and 3.
KEY.
. 8 = methoo -pm:we 16'both & directed and an explosive reiease for the poﬂulnm scenario o . o . L o oo ' . S
D = method spplicable to a directed release for the postulated scenario L ) K ’ '
E = method applicable to an explosive release for the postulated scenario N . .
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Method status
Method D n ion must be
and levet of nnd available revised or prepered

B
Table 10. Status of caiculational methods for
. analysis of postulated UF release sceanrios
- . g «')
Catcutational methods - ¥
1. .Liguid UF - hvdvocarbon chemical reactions (e.g., inside a cylinder}.: [ 3 14 ‘v
2. Physical and ther y iately prior to failure of -+ . (; ., .
containment {time history may be required for some stress analyses). - - v
3. Effects of natural phenomena (earthquakes, tornadoes, high quds, etc} C v
4, Characteristics of an impact on process equipment (includes the mass, [of R V v -
. +kinertia, and.shape of projectile(s} and their poini(s} of impact). .
6., Characteristics of a drop of.process equipment (includes the mass, inertia,: [+
shape, and orientation of containment at the point of lmpacl and the v Vo |
characteristics of the impact surface. - N
6. Faiture mode(s) of containment {including geometric descnpnon of falluu)A C ? » v
7. Number of fragments, their sizes and velocities. v
8. ‘Characteristics of flow through equipment and piping. s [ b b
*9.- Characteristics of flow through a rupture in containment. S v b b
10 Time-dependent, physical and thermodynami itions during release. S B v v
1. Characteristics of flashing liquid UF . . “ N - v L v v 5
12: Choke flow criteria for multiphase UF systems {sonic velocity). S v c
13. Chemical reactions between UF and mom air (nncluqu energy balances .5 v v \/ o
density changes, etc.). . ) i
14. UF g -steam interactions inside a steam chest. Vv . T v |V
Release of .UF ¢ and UF ¢ hydrolysis products from a steam chest. c- | . VoV
16. Deposition rates of UF g and UF ¢ hydrotysis products. G e R
17. Agglomeration rates of UF g and UF g hydrolysis products. c’ 3 . . |
18. “Free" jet istics {i g effects of a ically reacting c? . .
mixture of UF6 and UFg hvdro!vsns products; — Note: Jets resulting from - f = I
irregular openings are ohm approximated using jets from regular openings)y.
19. Flow istics of a ically reacting jet impinging on a surface. .C
20. Characteristics of an expanding cloud of UF ¢ and UF ¢ } hvdrolyns -C
products in a compartment (i ing effects of a 4 eacting %
mixture of UF ¢ and UF ¢ hydrolysis products). . ’
21. Average phvsura! and lhermadvnamnc properties within a compartment. S X
(homageneous comparlrnem model; — can be used to predict a steady -+ v’- : .
" state or transient source term_ for L3 venulmun model gwen the's release . "
rate, duration, and composition). - K
22. Characteristics of an expanding cloud of’ UFG and UF hvdrolvsu products 5 .
resulting from an outdoor release near the release pom( ; - v v
23. UFg — hydrocarbon ions in the p of fire. N C o v ?
724, Mass transport within a fire. - ol [
25: -Mass transport that results from an explosion. -
26. Filtration efficiency. 38 by
27. Transport of UFs and UFg hvdrolvus products through ‘ventilation systems. - S - N
'28. Criticality model.‘ v v

KEY .
S = needed lnr first-order appmxnmmon as well as lor more accurate ana!ym (order ol analysis may affect formutation of muhod)

C = usefu! for more accurate analvsls -
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Footnotes to Table 10 "Status ol' Calculatlonal Methods for Analysrs of Postulated UF6
Scenanos - y

= "An exploswe-type release is’ cons1dered much less lrkely than a drrected release Although several
‘postulated scenarios eould possrbly culmmate in an explosrve-type release, only scenario . 1.1 (rntroduc-*

“tion of reactive hydrocarbon into a cylmder, whlch results in a UF¢-hydrocarbon reactron) is’ consxdered o

reasonably likely to. occur;

" bThe fourth and ﬁfth methods dxscussed in Sect 6 2 under DOE Source Term Methods as well as' S

the two reports discussed earher in the same sectioni under Methods from the Open Lrterature, include
some mformatron apphcable to these Calculational Methods (8-and 9) These reported methods do not,;,;,;_ :

‘lnformatron 1s generally avallable for estrmatmg somc velocmes

dThls method is needed 1f partlcle -deposition rates are requrred This method can: also be: used to

e improve the accuracy of analytlcal results.

‘ ‘Addmona] data are needed to apply these methods

fl' his’ method is needed if partrcle size drstnbutlons are requlred Thls method can also be used to‘ .
1mprove the accuracy of analytlcal results . e

£Two levels of methods for "free” jet charactenstlcs need to be. developed First,a: "free jet method
. needs to be developed. for a chemlcally reactmg ‘jet, then this method needs to be expanded to handle

E . flashmg in a: multlphase ‘jet.

hA “free” Jet method is not belreved to be requlred to obtam a reasonable ﬁrst-order apprommatlon. .
of a source term for an mdoor release, however; a "free” _|et method may be requlred to obtam a rea- .

" sonable approxlmatron outdoors

, ’The thlrd method drscussed in: Sect 6. 2 DOE Source Term Methods has not been 1mplemented or.
. documented ‘ ' . : , _ .

fT he ﬁrst and second methods. drscussed in Sect. 6 2 DOE Souree Term Methods are documented e |

“in mternal memoranda These documents need to be revised to reﬂect ehanges in: the eomputer pro-
grams they descnbe s _

"FIRAC may be applxcablewrth modlﬁcatrons to handle UF6 (see Sect 6. l)

. lEXPAC may be applrcable:wlth modlﬁcatlons to handle UF6 (see Sect 6. l)

_ "'FIRAC TORAC and/or EXPAC may be apphcable thh modxﬁcatlons to handle UF6 (see. ’
Sect. 6.1). ' :
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.83 METHODS FOR PREDICTING RELEASE RATES -

Az

'Methods 8 through 12 listed in Tables 9 and 10 are needed for determining release rates from'-.breaehed'

equipment. Four of the methods — 8 9 11, and 12 — deal wrth ﬂow phenomena, whrle method lO deals'_ g

wrth the behavior of UF4 within the equrpment followmg loss of contammcnt

8.

10,

11.

12.

Charactenstncs of Flow Through Equlpment and Prpmg ‘
: The pressure drop of a compress1ble, ﬂashmg mixture needs’ to be calculated for flow through prpes, '
valves, etc Some correlatrons exist that reduce to equatrons for smgle-phase, mcompressnble flow under”’
appropnate condmons
Charactenstres of Flow Through a Rupture in Contamment -

Thls methodology estimates the flow rate through an 1rregular openrng The methodology would
probably assume a rough pipe, developlng flow, and an equrvalent diameter vappr,onma_tron._ V
Tlme-Dependent Physncal and Thermodynamlc Conditions Dunng Release

A methodology wrll be needed for predrctmg the temperature pressure, and UF6 phase(s) inside a

V UF6 cylmder during a postulated release

Charactenstrcs of Flashmg quuld UF6

A model to predrct the solrd/vapor sp11t of- hqund UF6 after erther an’ 1sentrop1c or an 1senthalp1c
expansron to a glven pressure wrll be needed | |
Choke Flow Cntena for Multlphase UF6 Systems

Choke flow criteria are needed to hound the release rate of UF6 Thrs method may involve predrct- ’

ing the ‘sonic velocnty of a multrphase UF6 mxxture and the somc velocrtles of UF,; hqund and vapor

8.4 METHODS FOR PREDICTING THE BEHAVIOR AFTER RELEASE

Methods 13 through 22 given in Tables 9 and 10 are usel'ul for evaluating the"phy'sical consequences of

a release of UFg. Method 13 deals with chemical reactions and phase equilibria associated with the hydrol-

ysis of UFs. Method 21 is the simplest — and most uncertain — method for analyzing the behavior of



B much more eomplex models needed%

' ‘.UF6 in a compartment followmg a release Methods ‘14 and : mcorporate basrc mformatlon used 1in o

. methods l3 and 21 a]ong wrth characterrstrc 1nformatron related to steam chests The other methods are

r advanwd levels of analysrs requlrmg spatral resolutxon of the charac-

terrstlcs of a release. .

o 13 Chemrcal Reactrons Between UF6 and Moxst Air .

The pnmary reactron assocrated wnth UF6 hydrolysw; tbe mcorporated rnto m'é,thodology‘for' -

lestunatmg the resultmg oomposrtron and temperature after ,yhydrolysrs

' 14 UFG-Steam Interactrons Insrde a Steam Chest

Thrs method would be s1m1lar to Method 13 except that: the pressure and temperature rnsrde the

steam’ chest must be predrcted

L 18, Release of UF6 and UF6 Hydrolysrs Products from a Steam Chest
The methodology for predrctrng the release rate from a steam chest consrders the scenario in whrch

a release from a steam chest is through a short prece of prpe followmg the "farlure of a rupture drsk

16 :Deposmon Rates of UF6 and UF6 Hydrolysrs Products

Deposrtron rate data and a deposmon rate model are . needed to determme the fractlon of ‘the

» released matenal that 1s deposrted on surfaces w1th1n a burldmg or. ventrlatron system If reentrarnment' '

B can- be neglected the deposrted materral will not be released to the. amblent envrronment

1';7,._-.("-Agglomeratron Rates of 'F6 and UF6 Hydrolysrs Products

An agglomeratron rate model 1s requrred to predlct partrcle srze drstnbutrons as functions of trme

[

'Deposmon rates. and ﬁlter efﬁcrencres wrll usually be strongly dependent on. the average partrcle size.

A l'_8:"1:'Free Jet Charactenstrcs

A free Jet model 1s requrred if erther/spatral varlatlons of _]Cl. charactenstrcs in the momentum- " '
dommated ﬂow regime are to be predrcted or 1f a)souroe term is: needed to srmulate an expandmg cloud
(see Method 20). Important jet charactenstlcs rnclude the jet size, trajectory, composmon, tempera;
‘ture and concentratron proﬁle The model should mc]ude the effect of a’chemically reactmg mtxture
of UF5 and UF; hydrolysrs products Jets resulting from 1rregular openmgs would be approxunated

» usmg Jets from regular opemngs




19,

82 -
Flow Charactenstlcs of a Chemlcally Reactmg Jet Implnglng ona Surface - |

An estxmate of the flow ﬁeld assoclated with a chemlcally reactmg Jet lmpmgmg ona surface may be ;

: requlred 1f spatlal vanatrons are lmportant Heat transfer deposmon processes, and chemncal reactlons

w1th solid surfaces may be 1mportant

20

Charactenstxcs of an Expanding Cloud of UFg and UF Hydrolyms Products ina Compartment

. This model is also requ:red if .spatlal variations are 1mportant Because this model requlres the

| results of method 18 as mput and because it will provide mformatnon s1m11ar to the Jet model ’

‘methods 18 and 20 could be combmed ina. smgle model. The effects’ of a chemlcally reactmg mixture

of UFg and UF; hydrolysxs products should be mcluded

21

Average Physrcal and Thermodynamlc Propertres w1th1n a Compartment (Homogeneous Compartment ;

_ Model)

This model can be used to predict a 'batch‘-mixed or tranSient ~source term for a ventilation model B

‘given the release rate, duratlon, and phase composrtlon of a postulated UF6 release. Output from thrs'; .

‘ model would mclude the trme-dependent spatxally averaged composmon and ‘the temperature W1th1n a

' compartment ThlS model can be used as an alternatlve to methods 18 through 20 if spatxal gradlents o

.

’ are not unportant

Charactenstncs of an Expandmg Cloud of UFg¢ and UF.; Hydrolysxs Products Resultmg from an Out-
door Release Near the Release Pomt

This model would be similar to Model 20:excep't”that ambient characteriStlcs such as wind and pre-

: cipitation may be important. .

‘85 METHODS FOR PREDICTING BEHAVIOR IN A FIRE OR EXPLOSION

'Methods 23, 24, and 25 (see Tables 9 and l(l)' deal ::with"phenomena associ'_a'ted Vwi.th fires’ and explo-.'

sions.

vvvvvv




:’ ‘F6-Hydrocarbon Reactron th 'Pfesence of Fire

The methodology srmulates UFs-hydrocarbon reactlons 1n a fire rncludmg changes 1n composrtron,: .
heats.of reactlon etc | . | | S

24 Mass Transport Wlthm a Flre
- A transport model is reqmred to s1mulate the movementvof UF6 and UF6 combustlon products
: .,.'WIthtnaﬁre - o , . L
25 Mass: Transport that Results from an Explosxon

A transport model lS requrred o, sunulate the '-:-mass transport that. results from ‘an. explosron

Phenomena such as shock_l wayes and v»ﬂashmg ‘of .hqul_d UF.; may.;be unp‘ortant.-f

.86 METHODS NEEDED;TO' MODEL FLOW TI-IROUGHAVENTILATIONSYSI'EM TR

Methods 26 andv2 (see Tables 9 and 10) are useful for evaluatmg the effects of a ventllatron system

on. the UF6 release products vented to the atmosphere

“ 26, Filtration Efﬁcxency
A model to predrct the fractron of:; UF6 hydrolysrs products retatned by a-filter i is requlred 1f flow.
through a ﬁlter is to be srmulated ' i »
y 27 Transport of UF6 and UF, Hydrolysrs Products through Ventrlatron Systems
A ventrlatlon tranSport model; whnch consrders the effects of UF6 hydrolysls, ‘is. requrred 1f a s1gn1ﬁ-

cant quantlty of UF6 1s transported through a ventrlatlon system contamrng morsture
8.7 CRITICALITY METHOD

The last :method appearing in'iTables 9 and 10 is needed because of the radioactive nature of ,uraniurn‘_ A
corfipounds.

28. Crmcalrty Method

Exxstrng cntrcallty methods can be used for evaluatmg the plausrbrhty of nuclear cntrcahty resultmg

frorn an accrdent
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9. CONCLUSIONS

- This study and this report have focused on determining the various possible accident scenarios in NRC-
licensed fuel cycle facilities that involve the release of UF to identify and evaluate the analytical methods

needed and available for determining source terms for such aocidcnts; The study is part of a program that

will lead to documentation of the necessary analytical techniques and data bases for realistic' accident

assessments in a Fuel Cycle Facility Accident Analysis Handbook (AAH).

Conclusions derived from this study are as follows:

. Review of available NRC and NRC-licensee documents did not reveal a’oomprehensive list of credible -
UF¢ accident scenarios or any specific analytical methods for assessing the consequences of such
accidents.

. Heavy reliance on site visits to NRC-lioch facﬁitiw and on operating experience from uranium
enrichment facilities was necessary to establish a list of credible UF¢ accident scenarios (Table .
many of which are based on historical events.

. No attempt has been made to assess the probabilities and/orv consequences of the listed scenarios. Such
an assessment requires detailed site-specific information and is best done on a case by case basis. Criti-
cality events and radiological concerns related to the fclcasc of high assay UF¢ have been touched on
briefly but need to be addressed further. |

. UFs thermodynamic, chemical, and physical characteristics and behavior are ‘\miquev and are consider-
ably different tban. those for most other compounds. Therefore, modifications to most available analyt-
ical methods, including those currently being developed for the NRC AAH, are necessary for them to
be applicable for assessing situations involving UFg releases.

. In addition to classical methods for determining UF flow rates through process equipment (e.g., pipes,
valves, orifices, etc.), DOE/UCC-ND khas scveral other analytical methods that are within the scope of
the AAH that arc in various stages of development but that are not formally documented.

. The procedures and criteria for selecting (a) bounding release events to be analyzed, and (b) the mini-

mum generic analytical tools to be developed for and/or documented in the AAH are very complex.

8



Thrs report and especrally Chapters 7 and 8 on perspectlves and calculatlonal methods, respectrvely,
gives the basic matenal for amvmg at. such selectrons ‘

- 7. Consideration of the mven;_ones, relatrve probabrlrgr_es, and generic nature involved.leads to the identifi-

/" cation of at least three types of releases that are definitely worth investigating:

a. release from q liquid-filled cylinder outdodrs;
b. release from a pxgtall or cylmder ms1de a steam chest and

C. release mdoors from erther (l) a plgtall or hquld filled cylmder or (2) other mdoor system
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