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Department of Energy
Washington, DC 20585

FEB162000

The Honorable John T. Conway
Chairman
Defense Nuclear Facilities Safety Board
625 Indiana Avenue, N. W.
Suite 700
Washington, D.C. 20004-2901

Dear Mr. Chairman:

This letter informs you of the completion of Commitment 113, “Document a Decision for
Polycubes Stabilization Path Forward,” included in the Implementation Plan (IP) for the Defense
Nuclear Facilities Safety Board (DNFSB), Recommendation 94-1, Remediation of Nuclear
Materials in the Defense Nuclear Facilities Complex, Rev. 2. The enclosed documentation, ?$%i?e
Paper SupportingDecision to StabilizePolycubes usingDirect Oxihtion in Muffle Furnaces,
provides supporting preliminary technical details related to the above-mentioned decision.

The selected path forward for polycube stabilization at the Plutonium Finishing Plant is to use a
one-step muffle furnace process instead of a two-step process, i.e., pyrolysis followed by muffle
furnace stabilization. This path forward will provide significant opportunity for cost reduction
and schedule recovery. Additional testing is required to develop processing parameters necessary
to determine estimated throughputs within acceptable limits. After integration with the balance of
plant activities, a schedule will be developed by February 29, 2000, to support the IP commitment
to determine a completion date for polycube stabilization.

We continue to closely track progress on all Recommendation 94-1 commitments and will keep
you and your staff apprised of our progress. If you have any questions, please contact meat
(202) 586-5151 or Mark W. Frei, Deputy Assistant Secreta~ for Project Completion, at
(202) 586-0370.

Sincere~

~. #&
David G. Huizenga
Deputy Assistant Secretary

for Integration and Disposition
Office of Environmental Management

Enclosure

cc w/enclosure:
M. Whitaker, S-3.1
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United States Government Department of Energy

memorandum Richland Operations Office

DAIE FE% - ? 2000
REPLYTO
AITNOF! MDD: WOO-MDD-036

SUBJECT’ PLUrONKJM FINISHING PLANT (PFP) COMPLETION OF DEFENSE NUCLEAR
FACILITIES SAFETY BOARD 94-1 IM3?LEMENTATION PLAN, REV. 2,
COMMITMENT 113, “DOCUMENT A DECISION FOR POLYCUBES
STABILIZATTON PATH FORWARD”

TO: David G. Huizenga
Deputy Assistant Sccrctary

for Integration and Disposition,
EM-20, HQ

References: (1) FDH letter, A. Clark, J. L. Buelt, L. J. Olguin to P. M. Knollrneyer,
‘White Paper Supporting Decision to Stabilize Polycubes Using IXreet
Oxidation in Muffle Furmces” (9959367), dated December 29, 1999.

(2) RL memorand~ K. A. Klein to C. L. Huntoon, EM-1,
“Proposed Revision to the Plutonium Finishing Plant Portion of the
Defense Nuclear Facilities Safety Board Recommendation 94-1
Implementation Plan” (00-MDD-O 16), dated November 8, 1999.

This memorandum reports completion of the Implementation Plan (IF) for the Define
Nuclear Facilities Safe& Board (DNFSB), Reco~en&tion 94-1, Remedia.tion of Nuclear
Materials in the D&nsc Nuclear Facilities Complex, Rev. 2, Cmnmitrncnt 113, “Document a
Decision for Polycubes Stabilization Path Fonvard,” due date for the commitment was
January 2000. Reference 2 provided a proposed revision to the PFP portion of the DNFSB
Recommendation 94-1 IF which includes adding the subject commitment. Actual
completion date for the commitment was December 29, 1999.

A one-step muflk fimace process wi]l be employed to stabilize polycubes (Refmcc 1).
This approach will provide significant opportunity for cost reduction and schedule recovery. ,
Additional testing is required to develop processing parameters necessary to determine
estimated throughputs. Mter integration with the balance of plant activities, a schedule will
be developed to support the proposed ~p cowitm~t to determine a completion date for
polycube stabilization by Fcbmary 2000.
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The stabilization process utilizing the ppolysis equipment developed by Los Alamos
National Laboratories (LANL) will be retained as a backup alternative. The equipment has
been crated up and maybe shipped to Hanford for storage.

If you have any questions, please contact me, or your staff may contact Peter M. Knollmeyer,
Assistant Manager for Nuclear Materials and Facility Stabilization on (509) 376-7435.

cc: C. J. S& Jr., EM-21
M. W. Frei, EM-40
R L. Kaltreider, EM-43
J. E. Newson, EM-43
J. A. Turi, EM-43
M. Whitaker, S-3.1
L. J. Olguin, FHI
A. F. Shattuc& FDNW
G. W. Jackson, WSMS
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Mr P N4 Knollmeyer Asslstanthlanager

I
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Nuclear Materials and Facdq
U S Department of Energy
Rlchlzirid Operauons Oft”lce
P O Boy 55o
Rlchland Wash]ng[on ‘39352

Dear Mr Kncdlmeyer

Stabll!z;[lcm

WHITE PAYER SUPPORTING DECISION TO STABILIZE POLYCUBES lJSING
DIRECT OXTDATION lN hlUFFLE FURNACES

Reference hlemo S A Jones FH to R K Leugemors FH snme sLIIJjecc
15FO0-99 16S dated December 29 1999

F]uor Hanford MS rcwmvcd d~coptmn for processing the Plutonmrn F]n]shlng Plant
(PFP) Inventory of Plutonwm (Pu) po]ycubm by thermal stabilization (muffle thrtmce)
without prtor pyrolysls processing We have deterrnmeli that the current or slnlllar
muttle furnaces in use tit PFP crmmd WIIIbe u[llized 10 sately and more e~clently
~tablllze these items

This dems]on ISbased on a technical cvaluat]on performed by the Plutonium Plnnt
Support Laboratories (PPSL) as documented In the abo%eReference \vhlch incorporates
the results of test]ng rind analysls cm:lpletwl (IIdrue by PPSL nnd the Pacific Northwest
NalIonFIl Laborfitones This repotl documents that polycube prucesslng can be performed
a~a 400 gram IoadIng and stall mamtam the peah flammable off gas below 25 percent of
the lower flammabthty hrnlt Thts loadlng camblned wi~h comervauve process c)c)e
per]ods lndlcates that thermal titabllmauon can be pet-formed more effklently than
pyroly SIS This will rdsu cllmlnste the e~pendlture for new equ]pmcnt ]nsmllmlon and
w!] support an enrl)er stanup of po!ycube stab]l]za~lon

A hepner Trego ewduahon was performed on December 22 1999 by a diverse group of
technical and project personnel The rewew included Rcomparison ofdwect thermal
procewng vs pyrolysls follcwed by thermal processing in rhc follouvng areas safety
abl IIty to meet 3013 and Materials Dlspasltlon Sumdards ALARA technical contidencc
schedule cost focll]ty Ioglstlcs process rehablllty and malntamab]llty The
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results showed that dlrectthermd stablJlzarlon was clearly preferentud topyrolysls
followed by thermal stabdlzatlon espec]ally m the categories of safety, schedule and
cost

This letter closes the lnternn commitment to ldentlfy the polycube srablhzat]on process as
iden~lfied ]n the ant~clpated December 1999 update of the Defense Nuc[ear Facd~ty
Safety Board (DNFSB) 94-1 implementation Plan A re~ised schedule for completion of
PFP polycubc su-tbtllzatlon WIIIbe developed based on thts selected pad~ forwrd for
polycube processing the results of SLlbseKjUentpot}cube testing at PFP and PNNL and
lntegratmn of the revised path fomvnrd wM~other DNFSB 94-1 comml[ments

If j OLIhiwe any qucst]uns or require add!tmnal inform~tion please contact Mr R K
Leugernors at 3730729

Sincerely

Project Plann]n~ and integration Process nnd Measurement Technology
Nuclear Material Stab] llzatlon ProJect PircIficNorthwest NN~onzdLaborato~

f-

7/ “
] O@III Acting Proj Irector

Nuclear hfatei]al Stablllzatlon ProJect

rs

@Joo3 -

,At~achment
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From S A Jones T5-12 Tclcphonc 3733347

cc Djstrlbutlon

Subjc.t WHITE PAPER SUPPORT~G DECISION TO STABILIZE POLYCUBES USING
121RECT OXIDATION IN MUFFLE FURNACES

Rcfcrenccs (1) Levils, W S,” Stablllzatlon of Pol} cubes I?ng]neermg Study’,
WHC SD CP-TI-204, September ] !396,Westmghouw Hanford, Company,
Ibch]and, WA

(2) Jones, S A , G S Barney, and J Abrefah ‘Muffle I%macc Stabd]zatlon of
Polycubes”, September 9, 1999 B&W Hanford Compam Richkmd; WA

Purpose

As part of stribdizmg the m~entory of plutoruum at the Plutomum Fuushmg Plant, polycubes
must be kcalccl to produce plutwuurn and uranlurn oxides m a foml suitable for storage This
whltc p~pcr WIIIpro~ lde the technlc~l ]usttfications for the dec~sion to stabdlze polycubes using
muffle furnace o~ldatmn Detailed techmcal reports WIIIbe Issued separately f& the laboratory
s[uclles and calculauons that have been performed to supporI th~s declslon

,Orl~m of Polymlbes

Nuclear crltlcallty studies at Hanford m the 1960’s and 1970’s used polycubes IrIorder to
prepare Items w Lthfixed H/X ratios The ratio of hydrogen to fissde atoms affects neutron
moderation Using these solid forms, simulated “sohmons” that were easy to handle and
contained high concentrahons of fksde material could be prepared Polystyrene powder was
mixed with plutomum an~or uramurn owdes and heat pressed mto “cubes” The dlmensmns
were 2 mchcs iwdc by 2 Inches deep with he!glm of lA, 1, 1 ‘/2,or 2 mchcs The concentration of
plutonium was such that H/X ratios of 5, 15, or 50 were achieved Most of the polycubes
remammg m the Hanford inventory had an H/X tatto of 50 before radioljmc decomposition

Polmtvrene Thermal DezrsdatlM

When po]ystyrenc 1Sheated man merr envlro~eni, pyrolysis of polys~yrene produces styrene
monomer, toluenc, ethy! benzene, and other rdk~[ benzene compounds IrI the men enwronrnem,

A60V 122(08/9s)
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211of the polystyrene ISconverted to h) drocarbons am! a carbon chu Destmctmn of the char
reqwes l-watmg m an oxldlzmg atmosphere

\\’hen hcn(cd In afr, pj rot) SISalso occurs lo produce sryrcme ~oluene, and edq I benzene bu~
some of [he polystyrene ISowdIzecl producing uater, carbon mcmox]de, and carbon dlewdc The
themlrd dccomposlnon of polystyrene In air, generating these gaseous producw ISstrongly
Influenced by temperature and the temperature ramp rate A change ofttmperaturc not only
causes the renctlon rate to change but also changes the mechanism O\dalmn of pol) styrene
begins al a [oL\~r kmperature than pyrolysis

Up until about 19i35,the plu[omum m polycubes \\as recovered in the P!utomum Reclamation
Faclht~ (PRF) From the IIWmtory of nlaterlal at the Piutonlurn Fmlsl-ung Plant lt appears the
h@lest plutomum concentration cubes were processed What remains today arc appro~lmately
1600 pol}cubes contmmng about 35 kg of plutonlum Most of [hme polycub~s appear to be of
slm]hrr cornposlt]on Th]s crmcluslr)n ~vasreached by exanlm~ng the l~nl ]dcntlficatlon n~lmbers,
dle p}umn~t~nlcontent of the mchvxlurd Items, and the sge of the items

‘Thefirs[ melhorl to rccoker plutonlum from po]> cubes Involved burmng po]) cubes m the
Plutonlum Reclnmnuon Faclllty Any tape and pa:m coating WMremo~ed from the polycubes
Using a hammer and cold chisel the polyctlbes were brukcn tIp IntQsma][er pieces and placed
Into a Hoskns typc furnace at 600 “C ~there thel burnecl 17ur\nS hea~in~,air was pulled
kough the furnace lnd four it ms nm]ntrtlncci nt rcd hcnI nbof c ~hecrucible ignded \ apors
?lcarbonlza[mn was considered complete when there was no longer am flmr e or gloit Ing II-I~hc
cmc]ble This process produced piu[onium o~lde of acccp(abl~ qual]ty Hoi\ m er this process
produced considerable amcmnls of suet hit plugged off gas filters The temperawe was
dlfflcu]t to control once the Ignition temperature of the styrene monomer was reached
Controlhng the Temperature was significant In this um.e, because the h]ghcr frred owdes were
more difficult to dissolve ‘I_hlsplutonmrn recovery was being performed during a t~me when
plluonmm weapons production was SIII1act]ve and the quallty of the owdc for [his purpose was
an ]mportant consideration

A new process developed in 1969 consisted of remowng the coatings, dlstlll)ng sryrene monomer
in an inert enwIronment, and clecarboruz[ng the owdc product of rhc dlst]llat]on This method
\\IS Cllscon(lnlled d~le to many problems Inc]udlng Inadequate collection of tinestyrerre monomer
in a condenser During this operauon, stjrenc monomer was obsened outside the dlstlilatlon
appmatus condensing and runmng down the mowor glovebox walls

A6002l>’ (0S/9S)
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Reason for Stab]] Izlnq Pol~cubes

The currenl storage configurrhon for polycubcs ISurmccepmblc for long term storage Because
radlol~ tlc decomposluon of polyst} rcne by the deca} plutonlum generated gases [hat pressurized
scaled containers, these Items me stored m a vented configurmon Radloljws h~s degraded the
polyst} rum When the polycubes ~~crefirst placed m these storageconmners they could be
handled with Iitde concern for crmtam]nauon control because a coating ~f paint and tape sealed
the polystyrene and piutomum cubes Containers were vented and n fiher placed over the
operung so that gases produced by radlolys]s could escape \\hlle mamtmmtg cantammation
control By 1985, the polys~yrene had degraded enough Ihat m h~dllng the containers and
]nvertmg them, an mr borne con{am~natton was produced Dccompos[t[on of [he glue hoklmg
the filter m place allowed radioactive particles IOescape from the storage container during
]n~ erslon of the storage contmner me fl]ter~ glued o~ cr the opening are adequate for storage
\I hen the Items arc not rnovcd

Pure pol} S) rer.c and the polystyrene m achwd pulj cubes differ because of the effecl of rad]at]on
on the pol~styrene High energy rwllat]on ISnonsptclfic and all chcmlcal bonds have a cefiam
probablhry of ]nvoivement, which depends on rhe]r electron dcns~ry The process rarc[y COnSIStS
only of clmn sclss]on, usually cross ]]nk[ng occurs slmultaneouslj one effect of radlatlon on
polystyrene ]s to cause It 10 lose hydrogen The ]nlual effect ISto produce cross lm.h;ng Cross
lln!!mg of the polj styrcne 111poly~ubes hiis IcMercd tht!r mechanical sirength and has caused the
polystyrene to ha~e I hlghQr p) rolysis ternper~turt

Radlatlon damage to polystyrene ~ncrcmes mdlcal producuon, wdmchIncrcwcs the raw of
polystyrene owdatlon Polymer o>ldatlon reactions gerierally shotv a slow induction period
during wluch no v)slbk changes occur m rhc mattna! O\ldatlon leads to decreased molecu]ar
\\vIgilt and dlscolurat]on uf [he polymer In the presence of air, auto owdauon also occurs

through react]ons with atmospheric oxygen These pol} cubes were stored In veined cormurters to
prevent pressurization from the release of hydrogen This means ~hat o~ygen was presen~
E*]dcnce of o:.ldatlon ISseen m that the pol} cubes have become frmble

A repon of results of crltlcal experiments perforlned with polycubes having an I-WLI ratio of 50
hsted Ihe tsotoptc abundances of the plutomurn Isotopes that had a 240Pulsotoplc content of
IS 35% m 197o Calcu]atmg the decay of 241Puand the m growth of 241&n, these polycubes

0’ 2JtAm relatwe to total plutomum Ttus amer]clum conccntrat]onnow contain appro.tlmately 5/0
ISconsistent 1~l[h ~hehigh radmtlon doses reporkd on lhc contamcrs of po]ycubes

,46007 1’2(OS98)
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Calcdauons bwvxl on the amount of pluLoniunl in the polycubes ]n contact with polystyrene for
30 yertrs yield that the polycubes would have be:n eiposed LUa close of 10 to 100 mega.rads
during their storage This dose IS sufficient to hale redtlced the hydrogen content ]n the
poly cubes slgn[ficantl} 13y comparmm freshl} prepared polyethylene pol} cubes with an H/X
rauo of 15 decreased to an H/X ra~o of 14 2S m 98 dus Based on the 30 ) ears since the
preparation of.these po]ycubes, the iimotmcof h) drogen m the sys[em ISsignificantly lower than
f}as Orlglnally present

As a result of radmlys]s the amount of h} drogcn contalnmg carbon compounds IS lower tn

Jmclmld polycubes compar~d to pure polyst} rene Ccrnsequemly the flammable organic
compounds generated m themml Smbtilzauon of degraded polycubcs will be lower compvcd IO
that observed m p[lre pulyst) rem

Historical-Bnsel]ne UsIrIz P \ rolvsls

Thc current basclme process was selected based on m cnqlneerlng study ofpol) cube
stztbdlza~lon that concltlded ~hcpyrolysls mc(hod de! eloped at Los A]amos Nmlona! Laboratory
(LANL) with a silent gas plasma off gus treatment was the preferred altcrnlttve (Levus, 1996)
The off gas trc~tment mas lalcr changed to a catalytlc ctxlda[ion process The pyrolysls method

m elves a devlcc [hat heats ~hepolycubcs to 750 ‘C ]n an inert atmosphere Flwnmable orgaruc
products of the pyrol} SISarc collected m a resewo]r After accumulrmng sufilclent quantity of
Ihese fiwnmrdde compounds, a SCrIeSof pumps and valves feed [he compounds and alr Into a
catalytic converter (hit oxidlz~s the hydrocarbons hlomtors for h}drocarbons pro~lde comrols
for the process [hrcwgh a computer feedback s}strml Although considerable effort has been
Invested a[ LANL Into the r!eslgn and opumlzat~on of this process using pure polysryrenc no
tests were conducted using actual po]) cubes The residue from the pyrol>sis step rrIust b

kansfcrrccl to a nluftle furnace \\here the carbon char M oitdmed to complete the stabdlzaticm
prucess This stablllzatlon process was identified as the baselmc m the 1999 submittal of the
PFP Integrated ProJect Management Plan (IPIMP)

proposed Base!lne Chrmee to D]rect OwdatloD

Studlcs of the gases generated \\hen polyst} rene \\as heated m a]r ~~erc performed m the PFP
plLlhlllUnl Process s~lppo~ Laboratories (ppSL) ZISput of Ihe plutrrnlum sludge stablhzatwn
safet) rmalj S15 It was found dmt when pelt sryrene was heated m flowing mr, a slgnlficmt

porhon of the poiys~rene was directly owdlzed t~lthout combustion SIrndar results were
ldcnt]fied d~lrlng lnltla! tests atPNNL concl~lctedfor evaluahon of the LANL pyrolysl~

processes The results of these stud[es ]ndlca~ed~hat]t might be possible to safely stabd]zc
pol} cubes using the exlsnng muffle furnaces at PFP .~ddltlonal srudles \\ere performed m rhe
PPSL and at Pacific Northwesl NaLlona]Laboratory (PNNL) The results of these studlcs are the

A6602122(0S/9S)
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bmis of the cleclslon That muffle furnace okldlt]on should be used rather than pyrolysis for the
stab] lizauorl of pol ycubes

~escrlDtlon ofcument Mtlffie Fllmace 0ucratlon5

The muffle furnaces currerrdj used for stablhzwlwr of plutonium ovdes scraps, and sludges
have an mtemrd fr-mmce\ olume of appro~lmatel y SIx ilters A programmable temperrdurc
controller 1sused to stdJust~hetemperature ramp rmes xncludmg dwell tlrnes at fi~ed
temperatures A~r IS drawn m through the space nround the loosely fitted door ofthc fixnacc
using a \ acuum source at the back of the furnace separate from the glovebox ventilation For
some feed macerlal carbon dloxlde JSadded to the atr m Ihe furnace to reduce the Potential for a
flammable gas mlxmre de~eloptng In lnc fumacc Feed matenai I>placed m stainless steel boats
and then Inserted Into the furn~ce Aft.r the hc~tlng cycle is comple[ed thefurnace IS allowed to
coo! before the boat IS removed

I)mcct Olldltlon Process

An accumulation of orgmnc vapors iIbo\ e the lower flmnrnribllity lumt insldc a plutotnum
handllng glovebo~ lS an unacceptable slwatloll LAN’Lp}rolys]s equlprncrrt uses an argon
atmosphere to exclude o~~gcn during the pyrolysls The hydrocarbons generated by that process
are owdlzed m a separare step using a mcterln~ pump and \ alves to control the amount of
hydrocarbons and m combmed at any [lnw

‘rhe proposed process for direct owrintlon of poi~ cubes in muffle furnaces WIIIproduce
flammable gases m the mr at \ eq io~f concen[ra[lons Tests were deslgnerl to measure the race
of flammable gas generation and Ihe conlposltlon of the gases resu[tlng from d]rect oxldatlon of
pure polystyrene, simulants and actual polycube sw-np!es

Testing at.Hnnford was conducted m three areas
1 At PPSL, G Scott Barney tested synthetic polycubes using polys~ rene, polystyrene

mlxccl with cer~um oxide to snmulate the effect of plutomum oxide, and polystyrene
cross lir&ed wl[h di~]nyl bcn~enc to simulate the effect ofradmtlon OR polycllbes These
tests were pc:forrned on null igrarn scale tests In ii Thermal Analyzer Mass Spectrometer
(TA MS) system and on mulbgram samples m a muffle furnace

2 At PNNL, a \ ery s~mdar TA MS system was used by John Abrefah to test m]lllgrarn-
slzed samples of actual pol) cubes These actual palycubes were se\ected as ones that
\\ ere representa~lveof Ihe mvcn~ory of polycubes tO be stabl] tzed

3 Also at PPSL, Susan Jones tested ftdl sized, actuai polycubes m a muffle fimace These
polycub.s contained less radloactl~lty than the ones tested atPNNL These are thought
to be the worst case pol} cubes
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A number of cons en at we assumptions have been made for the safet> analysls Pure polys~ rene
was used for calcula(lon of the ma~mmm gas gcncratlon rate Expenmenls using ~~ Ing
degrees of cross lmkng m pure polyst} rene have demonstrated that the gas generation rate
decreases with mcreasmg crass lmkmg Addltionrdly, e~penments wth the actual polycubes at
PNNL and PPSL slIo~~Ihat the rate of weight 10SSISslot}er than wlch pure polystyrene This has
been demonstrated using small (up m 6U0mg] samples m the TA-MS and using full stzed
pol) cubes (up to 218 g) m the laboratory muffle furnace

The laborato~ muflle furnaces are much sn]a]ler than the units used for full scale operations at
PFP The Interior \ olurne of the laboratory ft~m~ce ISappro~lmatelj I/IOih Lhesize of ‘[he
production furnaces The airflow m the laboratory furnaces for direct oxldatlon testing was
scaled down m proportion to [he mtenor volume Calculations for full scale operation have been
based on stablllzlng two polycubes con(amng 400 grams polystyrene per furnace cycle

Since the tke]ght loss by Ihe polyclibe ISclueto p} rolysis (approvmately 50Yo)and o~tdatlon,
rinj crtlculatIons ~ha~Ignores the Conmbutlon of the o~]d~~lon10~het~eight lIXSISconse~a(i} e
In the e.smnale of flammable gases concentrations Another significant obsejwa~lon from the
testing ~hat ~~1]1influence the flamnlablll~y of the o<ldatlon process IS that as the vrelght of the
sample Increases, the rclanvc rate of weight loss decreases Thus, the flammable gases
generation rate will be lower for full sized polycubcs compared to what would be e~pected from
n Ilnear eitractton based on rates measured for [he sm~ll samples used m the TA MS
e~permmnts

Surface Areri Effect

The effect of smfacc area on flammable gas generation from polycubes during direct oxidation IS
\ try dlffic~dt to de[ermlne When polystyrene IS heated, It melts and the surface area changes
At the same time, the rnldatmn and pyrolysls processes are occumng Tests on pure polystyrene
m he PPSL have determined that as the weight of smple lncrcascs, the relntwe rate of wmg.ht
loss decreases lVhen radlatlon of polystyrene causes Ihe surface area to mcrcase m the
poll cubes, ox]datlon ISalso occurring The latter two processes have the counteracting effecl of
dccreasmg flammable orgamc gases generattun and WI1lnullIfi, If any, the effect of Increased
surface area This wII1have the effect of counteracting the effect of increased surface area The
tmltmg temperature of polystyrene ISmuch lower than ~hetcmpernture pyrolysls occurs at a
slgndicant rate The meltlng of the damaged po]ycub: WII1fise the smaller particles, effectl~ely
reduclrrg the surface area

\ 6002 l?? (OS9S)
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Flammabllltv ~ lt of Ml~t~

The mos~ rellable me~hod ofdetennlnlng tlammablllty lImIts for mlxrures ISto experimentally
determme the value for specl fic ml~ture~ The orgw’uccompounds thm are produced as a result
of pyrolysls’]ndl~ ~dually hay t Io\\er flammability l~m]ts (LFLs) of approximately 10/0by volume
m iur Cwbon rnonovde Mproduced through mcomple[e o~]dat]on of carbon I_heLFL for CO
s 12 5% For s~m~lmorgamc compounds, Le Chatllers rule may be applied lo estwnate the LFL
for the mnture The amount of each orgamc compound and Its LFL are scaled to produce the
LFL for the mixture Because carbon monowde 1ssigmficantly different from aromatic
h>drocarbons, It seems ]nappropr)ate to apply Le Chat]lers rule to estmlate the LFL for the
rmxture On the other hand, there ate no mechanisms present that would produce a lower ]lmlt
for the mlvure than for the lndl~Idual compound wlrh TIMlowest LFL

For the purpose of e~aluallng the fire safely of the direct ox]dat]on process, czdculatlons were
performed us{ng 400 grams of polystyrene When considering whether the process could safely
operate at 23V0 of the LFL, the LFL value of O 8’% for ethyl benzene was selected Rhyl
berizerre IS the compound w~th the lowest LrL of all ~he flammable gases obsemed m
cxpenmenls a{ LANL, PPSL, and PN’NL IJs]ng Lc ~halcllcr’s rule, the LFL for LIWnuxture
\\otlld be higher than O 8%, so using this va~ue M a conservatwe approach

Ma\lmmn Flammable Gas Generation Rate

The highest flammable gas generation rate hm been observed m small s-tmples of pure
pol) st) rene with no cross l]nhng The we[ght loss rnte of samples ]s related IOgas generation
rate Under men atmosphere condmons, all of this weight loss may be attr~buted to pyrolysis
gases In TA MS experiments using polystyrene cross llnhed with 8% dlvln} 1benzene,
mcreas]ng ~hesample s]ze from 20 mg to 100 mg decreased the maximum weigh~ loss riatc from
21% to 15°~ per minute The same material was used m larger scale muffle furnace tests
Samples melghmg 10,20, and 40 grams were heated rap]dly m a muffle furnace flushed wi(h
mtrogen The ma~imtim we]ght lass rate for rhese larger samples decreased from 4 8°/0 to 47%
per mmute as the sample size increased

I
@lolo

15FO0-99-168

Large scale tests with actual polycubes were performed m flowlng alr atmosphere The
ma~mwm weight loss rate obsem cd for 200 grams of polycube was 1°/0per mmute h-i the
presence ofa]r, the \veIght loss M due both to owdauon and pyrolysis
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Conchmons

1 Factors aftectmg the concentration of flammable gases produced during the process can
be controlled

a Process des~gn will conwd the charge sme to the furnace and therefore the
amount of pol) styrene that ma) be present m the system

b The rates of omdauon and pyrolysls are temperature dependent The rate of each
process has different temperature dependence Process testing NIII prov]de a
temperature profile that w d] mawmizc owda[ion while prowdmg a sufficient
[hroughput for the process

c The temperature ramp rate and dwell times at temperatures can be controlled
using the existing muffle furnace controllers

d A!rtlow through the furnace can bc ad~usted to prowde sufficient dllut]on of
flammable gases

2 The proposed process does not Ignite the polystyrene as was the case during PFP
processes utd]zed m the 1960 s As a result, plugging of ~heoff gas system wII1not bc a
problcm In laboratory tests, a filter from the production furnaces was placed m the
off gas llne and dd not plug

3 There have bee!! some cotlcerns that the flammable grtses produced WI1l cod and
condense In the off gas system Crt]culatlons based on the rate of alr flow and flammable
gas gcncratlon rate ha~c sho~~nthlt the vapor pressures of the flammable gases are
sufficiently high that condensauon w]ll not occur

4 Ablllty of the owde material produced to meet storage crnerla has been demonstrated
The carbon char ts des(royed under the oxldizmg cond]tlons used m [he d]rect owdauon
process

5 The amount of material handhng reqlured ISslgmficantly lower for direct owiation
compared to the pyrolysis folloi~cd by oxldatlon process Destruction of the polystyrene
mtrtr]x and oxldat~on of the resu]tlng char material m performed m a single firnace
without having to move the materud to a separate furnace Due to the high radiauon dose
operators WI[1recel~e when handhrtg this material, any reduct Ion m handhng M
slgnlflc,nnt and wdl have a dwect bearing on the achievable stabdmmon schedule

6 Using direct owdauon can be treated m a feed shift for lhc muffle furnace operanons
breed on compkmon of the Safety B3s1s documentation rather than an entirely new
process This wIII ehm]n~te the need to Install new equlpmcnt m a new glovebox, wnw

A 6002112 (0S/98)
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procedures for the ncw process and tram operators to the new equipment In order to use
the pyrolysis process, a testing program would have m be developed to cleterrmne
operaung parameters for actual polycubes

Using extstmg furnaces prowdes the abdlty to more effectwely utihze lag t;mes for
srabdlzatlon ofpolycubes whale operating other processes

Thurman Cooper m the PPSL has modeled several upset condluons for the process
mcludmg a runaway temperature event m the furnace, loss of vacuum to the fbmace, and
loss of ventdatmn m the glovebox These scenams have the potential to produce
flammable conccntmtlons of organic gases The mammum fhmt.rnable gas gencrrmon
rate used m ~hese models was obta] ned from 40 gram sample of pure polystyrene The
models show that the glovebox contmnrnent \t il1not be compromwd under condttlons of
fadwe of any two of these controls whie processing 400 grams polystyrene

Removal of the ewstmg polycube coaung ISnot necessary Ahxmnn paint and Plastlc
tape was used to coat p~iycubes so that t~ey could be ~dled m the Cr~tlcal Mas;
Laboratory without corttarmnaung the worker or equtpment Prcv]ous reeovery processes
removed these coatings prior to plutomum recovery The quahty of plutonium was a
slgmficant factor at the ume With time, these coann~s have degraded so that It would
not be possible to remove the coating Because the pur]ty to lhc plutomtun Is.no longer a
concern, no effort should be e~pcndcd to separate the coating material from the
poly cubes

Flecommcndatlons

Based on analyses performed m the PPSL and at PNNL, using a batch size of 400 grams m
cxlstmg PFP muffle furnaces, po]ycubes can be safely s[abll]zed m a one step, direct oxlda[]on
process The marenal produced m this process wdl meet the requmed storage cntcrla

Laborato~ testing to prowde input for the safety analysls for direct oxldatlon and to determme
opt~mum process parameters should contmuc Techrucal reports w~th the results of ~hese lests
should be written

A6002122 (O!WB)


