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Possible Explosive Compounds In The Savannah River Site
t

Waste Tank Farm Facilities

DI T. Hobbs

WestinghouseSavannahRiverCompany ,
SavannahRiver
Aiken,SC 29802

Summary

Basedon acomparisonof theknownconstituentsin high-level nuclearwaste_ atthe SavannahRiverSite(SRS) and
explosivecompoundsreportedin theliterature,onlytwoclassesof explosivecompounds(metalNO_compoundsandorganic
compounds)wereidentifiedasrequiringfurtherwod_todetermineif theyexistin thewaste, andif so, inwhatquantities.Of
the fourteenclasses of explosive compoundsidentifiedas conceivablybeing presentin tankfarm_, nine classes
(metal fulminates,metalazides, halogencompounds,metal-amine complexes, nitrat_xalate mixtures, metal oxalates,
metaloxoludogenates,metalcyanides/cyanates,andperoxides)arenota hazardbecausethese classesof compoundscannot
be formedor accumulatedin sufficient quantity,or they arenot reactiveat the conditionswhich exist in the tank farm
facilities.Threeof rbeclasses (flammablegases,metalnitrkles,andammoniacompoundsandderivatives)areknowntohave
thepotentialtobuilduptoconcentrationsatwhichanobservablereactionmightct.cur.Conlmishavebeenin placeforsome
timeto limittheformationor controltheooncenlratimof these classes of compounds.A comprehensivelistof conceivable
explosivecompoundsis providedin At_ndix 3.

Introduction The totalnumberof explosive compoundsis so largethatit
wouldnotbe useful to list themali here.!nstead,the only

Since 1970,many studies have beenconductedconcreting com_ whicharelistedare thosewhichareknowntobe
thepotentialfor explosive compmmdsin tankfarmcWaw Wefentor couldcon__ivablybe formedfrommaterialthatis
tions including ammonium nitrate, metal oxalates, and knowntobepresentin thewaste. The generalapproachto
silver and mercurycompom_. The study currentlyin the problemis: (I) identifyall of the constituentsthatare
progressis themost comprehensiveto date,encompassing known to be p_esentin the waste together withthose that
allpreviousstudiesandextendingthescopeto includeall mightbepresentfr_,_,possible _jnical end radiolytic
compoundsthatcouldbe formedfiromtheknownspeciesin reactions, (2) ¢k,lexmine the compounds that could be

" SRS wastes. In addition to waste storase, the study also formed _ these constituents, (3) compare these com-
considerswasteremovaland wasteWocessin8 upemtiom, poundswith thoselisted in theliterature,and(4) assess the
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formation and stability of these tmmpoundsagainst the formeddrieddeposits include (l)leaks from the primary
cctufitious existing in the tankfarmfacilities, tankinto thetankromulus,(2) leaks into the waste feed-jet

enclosure,and(3) leaks into theevapomor cell.

Discussion Two additionallgtg:ess_ In-TankPrecipitation(ITP)and
SludgeProcessing(SP) arebeing developedto _ the
high-level waste for dispmaL These Im3cesses will be

General Description of Waste Storage and carriedoutin wastetankswhichhavebeenmodifiedfor

Processing chemicalpmc,ess_. Salt_ wiUberedissolvedwithwaterand transfen'edto the riP tank for removalof
The SavannahRiver Site has two high-level nuclearwaste radionuclides.Sludgewasteswill be slurriedwithwaterand
storageareas. TheseareasareIocat_ inFAreaandHArea transferredfromstmagetanksinto the SP tanks.
uljacent to the septmtks_ canyons. The storagefacilities
consist of 51 underground¢Jitbonsteel storage tanks,4 In rFP, su_t liquid is treated with sodium
waste ev_, and undergroundtransferlines. The tettaphenylborateand _um titanate to remove
uansfer lines allow waste to be tmnsponudfromthewaste radioactivecesiumandstrontium.The solidsareseparated
generator to the tanks, from tank to tank, from tanks to fromth_liquidbyfiltrationandwashedwithwatertoreduce
evaporators,betweenthetwo tankfarms,andto theDefense the solublesaltcontent. The washedsolids arestoredin a
Waste Processing Facility (DWPF) and the Saltstone wastetankuntiltransfenedtotheDWPFforproccssing into
Facility. a bemsilicatc glass wastefcmn. The decontaminated

supcrnatantliquid is stored in a separatetank until it is
High-level waste (I-ILW)generators include chemical transferredto the SaltstoneFacility for Wtge_ng into a
separations,reactors,decon_ facilities,theEfllu- cementwasteform. Washwatersarerecycled in theprocess
ent TreatmentFacility (WI_, the.Receiving Basinfor Off to dilute fresh concentratedsupenmtantliquid.
site Fuel (RBOF),mmdyti_ laboratories,and_ and
developmentlaboratories. Chemicalseparations_ In SP, thesoluble salts in sludge waste are removed by
themajorityof theHLWat the SRS. dilutingthewastewithwater,mixing,allowingtheslugryto

settleanddecantingthesupmmtantliquid. Thismethodof
Beforewasteistransferredintoatank,thewasteg_ is washingis continuedtmtilthesolublesaltcontentmeets the

' requiredtoneutralizethewastetopreventgeneral_ requirmnentforprocessingin the DWPF. For sludgewaste
of the tank. The degree of alkalinityis determinedby the ccmtaininghigh levels of aluminum, sodium hydroxideis
chemical compositionof the waste. For separationswaste, addedtodissolve thealumina,andthen thesludge is washed
the hydroxideconcentrationin fresh wastemustbe greater to remove the solublesalts. Washwatersarerecycledback
than 1.0 molar, into waste removal operations.

Fresh waste is placed in fresh-waste nsceipt tanks and
allowed tostandtoenable the insolublemetaloxidesand Waste Constituents
hydroxides to settle. Thesupet_qtantliquidis decantedand
sentto anevaporatorforconcentration.Afterevaporation, High-level nuclearwaste is storedat the SPS in a highly
thecow,entratedlkluidis transferredtoa concentratereceipt alkalineforminuudergroundcarbensteel tanks. Becauseof
tank andcooled. Upon cooling, salts crystallize fromthe thehighpH,thewasteconsistsof two phases,a liquidphase
concentratedstqwamtantliquid. The salts are allowed to or supemate,comprisedof watersoluble salts, anda solid
settle and the cooled concentrateds_tant liquid is phase or sludge, comwised of hydrousoxides of various
decantedand_ to the evaporatorfeed tank. metalims. AppendixesIand2 list thecompoundsassumed

to be presentin thesupcnmteandthesludgeon adryweight
Operatinglnctices preventthe waste from dryingat any basis. The compositionsarebasedon analyses of samples
stage of the storageand handlingopmuions. A layer of taken from waste tonks, essential material _, and
sutgnmtantliquidis maintainedcmtop of the sludgeor salt Wocess knowledge;aPeffectbleudof ali waste is assumed.l
in ench tank. Aaer each transfer,all transferlines are
flushedto preventtheaccumulationof solids. Ev_ Table I gives a list of otherspecies andcomimm_ which .
mealso flushedwhenshutdowntoremoveasmuchwasteas my be wesent in radioactivewasteas a resultof reactions
possible. Small amounts of driedwaste can be prvduced occurringduringchemicallm3Cessing,miscellaneousaddi-
when waste has leaked into a secondary enclosure and tionsto waste tanksandnew wasteIm3Cessingoperationsin
evaporates.Examplesof leakedwastewhichpossibly have suppm of the DWI_. Thereare two sorer.esof ammonia/

2
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Table I. MiscellaneousAddedChemicalsandChemical before transfer. The digestion _ would serve to
, ProcessingReactionProducts chemically breakthe resin into smaller molecularweight

fragmentsandsolubilizetheresinby formationof hydroxyl
Ammonia/emmmiumion andcarboxylategrcmps.
Hymaz
Hydroxylamine

n-Peraff= PossibleClassesofExplosiveCompounds

n-Butanol conceivably being presentby comparingthe listof known
Gluconicacid elements and species in current or planned chemical
Ion-exchangeresins
Sodiumtetraphenylborate wocessing _ with explosive compounds and
Phenol reactions listed in the litegatuge.4 A list of the fourteen

classesof compoundsis _ven inTableII. Acomprehensive
list of conceivable explosive compoundsis provided in

ammoniumion in the waste: (1) impuritiesin thewocess Appendix3.
chemicalsand(2) reaction of nitrogen--onntainingchemi-

calssuch as sulfamic acid andhydrazineduringchemical Based on a review of the for[nationand stability of
• Wtgessing. lt has been estimated that >90% of the individual compoundsat the conditions which exist in

ammonia/ammoniumion comes fromthe secondsource? storage and _g operations,nine of the fourteen
classes were eliminatedas possible hazards. The nine

Hydrazine and hydroxylamineere chemical reductants ,_ aremetal fulminates,metalazides, halogencom-
whichhavebeenusedinthechemical_onspmcesses, poends,metal--amineonmplexes,nitra_oxalate mixtures,

i n-.Pmaffin,m_outylphosplu_,andtheion-exchangeresins metal oxalates,metaloxolmlogenates,,metal cyanides/ '

arealsousedin theseparationsIXOCeSSesfor_therecovery cyanates,andperoxides.Threeclasses(flammablegases,
and pmificaticmof uraniumandplutonium. Gluconicacid metalnitrides, andammoniacompoundsandderivatives)

i was used briefly in chemicalseparationsduring the late areknownto havethepotentialtobuilduptoc_r_trations1950's, butit hasnotbeen used sincethattime. at which an observablereactionmight occur. Specific

i compoundsof these three classes includehydrogen,ben.
Sodium tetraphenylborate will be used to remove zene, silver nitride, ammoniumnitrate, and ammonium
radi_um ftt_nsaltsolutionin theITP process.Phenolis nitrite. Administrativeandengineeringcontrolshavebeen

i one of thehydrolysisproductsof tetraphenylborate.Phenol in place for some time to limittheformationor controlthe

i will be producedin theDWPFanditwill be returnedto the concentrationof thesecompoundsintankfarmfacilities.
tankfarmin awocess ov_ recycle stream,

TWOclasses(metal NO, compoundsandorganiccom-
During separations wocessing, excess hydrazine end .pounds)may exist, but would be present in such low
hydroxylamineare destroyedby chemicalreactions with ccmcentrationsthatthey wouldnotpose a hazard. Further
nitrate and nitrite, n--ParaWmis volatile and effectively workis underwaytodetermine if these classesexist, and if
removedfrom the waste by evaporation. Thus, the sufficientquantitiescan accumulate to presenta hazard.
concentrationof hydrazine,hydroxylamine,and_m Specificcom_ of these clas.qesaregiven in TableTII.
in evaixnted wastewouldbeexpectedtobeextremelylow.

Through1984,it hasbeene_ that871,000 poundsof Classes Known to Exist but Controlled

i tributyl plmsphme had been added to the tank farm?

Radiolyticdecompositionof the thetributyl_ will
Im3ducen-butanol,dibutylandmonobutylpla3ephates,and Flammable Gases

dioxide,

Hydrogenis producedin thewastestoragetanksasa resultIon.exchange resins which have been used at SRS in of the radiolysis of wata'.Basedon experimentally
o productionfacilities include:polystyrene,styreno-divinyl- measuredhydrogenconcentrationsin thetankvaporspace,

i benzene _, and polyvinylpyridine. An esti- the hydrogengeatenttionratein SRS waste tanksis ._6.0mated124,000poundsofion-exclumgeresinhadbeensent ftS/millh3nBtu of fission product heat.s The hydrogen
to thetankfarmsthough1984. Approximatelytwo-thirds generationrateis also dependenton the nitrateconcentra-

of t._eresin was digested with potassium permanganate

J_nom_ 3
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Table ii. ConceivableExplosiveCompound pressure.Typically,the flow rate of airin thetanksranges
in SPS WasteTanks from 100--350cfm,

KnownTo Exist ButContinUed Hydrogenmonito_ are installedon lhewastetanks.These
• Flammablegases monitorsareset toalarmwhen the hydrogenconcentration
• Metal nitrides reaches 10%of the lowerflammabilitylimit (LFL)in air
• Ammoniacompoundsand (4%).7 Intheevent thattheventilationsystemis shutdown,

derivative_ administrativeproceduresrequirethat the system be re-

Possible A_lNend AdditionalStudy turne_ to operating condition within a period of time
• MetalNO_compounds determinedby thedecay heatloadof the tank?

• Organics Otherflammablegases thatconceivablycouldbeproduced
HotPossible in the waste tanksinclude methane,ethane,ethylene,and

• Metalfulminates n-b_l. Theamountof organicsin freshwasteis limited
• Metalazides to reduce the possible formationof flammable organic• Halogencompounds
s Metal.amine complexes vapor mixtures. Recent analyses of fi'esh-waste receipt
, Nilxate/oxalaWmixtures tanksindicatethatthe totalorganiccontentis less than350
• Metaloxalates ppm.Becauseof theverylow organiccontentandtheactive
• Metaloxoimk)gcmles ventilationsy,sxemon eachtank,thegenerationof flamma-
• Metalcyanide_cyanaU_ bE vapormixturesL,_notpossible. Even in theeventof a• Peroxides

, loss of the ventilationsystem, flammable organicvapor
mixturescould notbe accumulatedbecauseof theverylow
o_anic contentin the waste. Thus,theseflammablegases

Table i11. CompoundsWhich MayExist And do notpresentan explosionhazardin tankfarmfacilities;
: RequireAdditionalStudy

Benzene is a volatile organic compound that can form
Comnom_d Formula flammablevapormixtureswithair. TheLFL forbenzenein
-- _lercuryNO_compomKls air is 1.7%. Benzene will be producedduring the ITP

Millon'sbase (anhydrous) n_vH-g_O'_I'l)Nitratesaltof Milion's base NCh Wocess and this hazard has been identified. The rTP
pmcemingandstoragetanks,thefiluate holdtanks,andthe
cold chemical storage tank will be purgedwith nitrogen.

Organiccomno-nd_ Formula Thiswill reducetheoxygen concentrationin thesefacilities
Nitrobenzene CsHsNO2 to _ level below thatwhich is requiredto supportcombus-
1,3,_a_enzene __:_
2-ni_nol CsHsNOs tim. Recommendedoperationalsafetyrequirementslimit
4-nitr_henol _Os theoxygenconcentrationinthesefacilitiestolessthan6.3%
2,4-dinitrophenol CsH_OI by volume?
2,4,6-4riniwopbenol _sO_
1,2--dini_ _aO,
l_-dini_ Cd-I,N_3,
2-niumniline C.dt_aOa Metal Nitrides

4--nitrmniline CsHsNzO2 In 1970,poppingnoises wereheardwhenpersonnelstepped
on dried waste deposits, when equipmentbumpedinto
surfaces contaminated with dried waste, and when a

tion in solution,s An increasein the nitrateconcentration samplingtool was intentionallysc_ againstdriedwaste
decreasesthe rateof hydrogengeneration.Since nitrateis in sepm'ateincidentsattheTank2lH fced-jetenclosureand
the pscdomimmtanionicconstituentin hif_level nuclear theBuilding242--HevaporatorcelL An investigationof the
waste,hydrogengenerationis suppressedrelativeto thatof incident implicated silver nitride as the cause of the
purewater, explosive deposits?

To prevent the accumulationof explosive mixtures of Silver nitride is formed by the decompositionof silver
hydrogenin the vaporspace of the waste tanks,ali of the diamminesolutions.Since silverandammoniawereknown
tanksareequippedwith active ventilationsystem. Air is tobeIm_t in thewastesentto theevaporator,conditions
pulled through the tank lo maintain a slight negative existedinwhichsilvernitridecouldhaveformed.Although

4
Mg_ l l l Jl
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the driedwastedeposits exhibiteden observablereaction, separationscanyons mntinue today when the vessel vent
the reactionwas nota _g reaction. Dried waste filtersare flushed.t

adjacent to thewastewhich was contacteddidnotundergo
any observablereaction. To prevent the formationof explosive ammonia/airvapor

mixtures,transfersof ammoniumnitrateinto the tankfarm
Topreventtheformationofexpiosivesilvercompounds, the are carefully controlled under written procedure. The
introductionof silver into waste tankswas discontinuedin lWOCedUrelimits the concentrationof ammoniumnitrateto
1970. Sincethisadministrativecontmlhasbeeninpiace,no <'7..5wt % andthe quantity.ofammoniumnitratewhichcan
otherincidentsof thistype havebeenobservedin tankfarm be received in any 12-hcmrperiod to _;1,000kilograms,
operations. Duringtransfers,thevaporspaceis moniggedforammonia.

Transfersarestoppedffthe ammoniaconcentrationexceeds
Silver-containingwaste will beremoved andprocessedfor 1.5%, which is an orderof magnitudeless thantheLELof
disposal duringthe ITP and SP operations. However, the 16% forammonia/airvapormixtures.

i hazardof handlingthiswastewill be verylowbecauseof the

hydrolysisof nitrite, the dilutionof the silver-.containing Because of the highpH, most of the ammoniapresent inwaste, and the lackof a _g reactionfor the dried freshwasteis removedduringstorageandevaporation.The

i waste. Nitride ion is reportedto slowly hydrolyze in limit of _2.5 wt % ammonium nitrate in fresh waste
aqueous solutims. Thus, any nitride which may have maintainsa safe concentrationof ammoniain tank vapor
formed initially would have decomposedduringstorage, space andin theevatgga_ overheads. Nitrite is produced
Silver-containingwaste will have been dilutedwith other by the radiolysis of nitrate. Thus during storage, any
wasteover theyearsby transfersamongtankssuchthatthe ammoniain the wastemay be present_ eitherammonium
concentrationwould be much lower than thatsent to the nitrateor ammoniumnitrite.
evaporator in 1970. Also, if small amounts of the

i silver-containing waste were to be dried and contacted, Ammonium nitrateis more soluble than sodium nitrate.

propagationof the reaction to other waste would not he Anyammoniumnitrateremainin8intheevaporatorconcert-
expected to occur based on the behavior exhibited in the tratewouldprobablyremainin solutionupon cooling and
1970incidents, eitherbe volatilizedand removed in the tank ventilation

i systemorwouldbereturnedtotheev_ andremoved

intheoverheads.Thus.thereisnoidentifiedmechanismfor
Ammonia Compounds and Derivatives concentratingammonium nitrate or ammonium nitritein

any of the tankfarmfacilities.

i Ammonium nitrate,ammonium nitrite, and ammonia/airmixturesarewell documentedexplosive hazards.4 Impure Two other ammonia derivatives, hydrazine and

,_ ammoniumnitrateandammoniumnitritearereportedtobe hydroxylamine, are used as reductantsinthechemicalmuch moreexplosivethanchemicallypurecompounds, separationsprocesses,andcouldconceivablybe inthe
_- The presence of organic material not only increases the high-loved waste. Both compounds are explosive under
i sensitivityof theammoniumnitrateto decomposition,but certain conditions. However, because of the chemical
| also increases the energy released by reacting with the instabilityofeachczanpoundattheconditionspresentintheal

oxygen presentin the air.tc separations_ andthetank farmhandlingfacilities,
o neitherwouldbe presentinstoredwaste.

Ammonium nitratehasbeentrandem_fromthechemical
.. separationsoperationstothewastetanks.Thefirstreported Hydrazine reacts rapidly with nitrous acid to produce-

I transferofalargequantityof ammoniumnitrateoccurredin nitrogen,nitrousoxide, andwater.2Thisreactionis usedin
1976, whenapproximately3,100 kg of ammoniumnitrate theseparationscanyonstodestroyexcess hydrazinewithout

- was discharged to two waste tanks. Radiolysisconverts forming ammonia. Hydrazine is a powerfulreductantin
nitrateto nitrite. Therefore,someof the ammoniumnitrate basic solutions.1_Knownspecies thatitcould re_ ithin

. is convertedto ammoniumnitriteduringstorage, the waste include nitrate, nitrite, and hydroxide.Ifan
__ insufficientamountof ni_te were added to destroy the

| An investigationdeterminedthatthe sourceof the anuno- hydrazineduringchemicalsepm'attons,thehydrazinewould• nium nitratewas the vessel vent filtersof the F canyons? rapidlyreact withoxidantsor metal ions in solutionwhen
i The f'flterswere flushed with watez to remove the mnmo- the waste is neutralized. Thus, hydrazinewould not be

nium nitrateand the solution was transferredto the tank expectedtobe i_esent in neutralizedSRS waste.
_" . farm. Infrequenttransfersof ammoniumnitratefr_ the

w_201J_J_ 5
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Alkaline solutions of hydroxylamine are unstable and Conclusive identifu:ationof thedeposits was notpossible
decomposetogive amixtmeof nitrousoxideandammonia, due to thesmallqmndty of materialisolated. Based on the
The rateof reaction is dependenton the concentrationsof analyticalresultsobtained,thedepositscontainedmercury
hydroxideand hydroxylamineand the temp. Be- andnitrogen. The solid depositsmay be a salt of Millon's
cause of the high hydroxideccmcentratkmand moderate base vi' some other mercuryNO_compound,n Millon's
tempetatmes in the waste tanks, the decomposition of base, HgaNOH,21L43,may exist in waste, but is not an
hydroxylaminewould be fairly rapid. Thus, significant explosivecompouncLThe monohydrateis feebly explosive
amountsof hydroxylaminewould not be expected to be andthe anhydrouscompound,HfoNOH,is explosive. The
presentin SRS waste, monohydrateand anhydrouscompoundaregenerallypre-

paredby dehydratingMillon's base in an atmosphereof
anhydrous ammonia or by heating in the presence of

Classes Which May Exist and Require Further dessic_ts.

Study The shock-sensitivedepositswereobservedto be formedat
high temperatures(>70°C) andhighnitriteconcentrations.

Metal NOx Compounds Since this initialwork, changesin DWPFprocessinghave
been recommendedwhich will significamly decrease the

Report_ explosive compoundsof this type include the amountof nitrite in therecyclestream.Testsarecontinuing
andydmusformandsaltsof Millon's base,leadhyponitrite, tocompletechamcterirattionof theshock--sensitivedeposits
andsilverhyponitrite. Sodiumnitrateis astrongoxidizers, and to determineif the deposits are formed at the new
andexplosionshavebeenre_ withmixturescontaining flowsheet concentrationsandat conditionswhich will be
cellulose. Cellulosic materials(wood, paper,etc.) havenot encounteredin the tankfarmfacilities.
been mixed with high-level waste, and thus, this type of
explosion hazardwouldnot exist in tankfarmfacilities.

Organk Compounds

Hyponitriteis generally formedby the reductionof nitrate High_evel wastestored attheSRS containssmallamountsby sodium amalgam. The necessary conditions are not
present in SRS waste. However, nitrate is reducedby of organic compounds. Based on receipts of organic
radiolysisto nitriteandlow_ oxidationstatenitrogen-oxy- compoundsin the tankfarmsthrough1984, a totalorganic
gen compounds _;uchas h_ may be pmduc_ caflxmconcentrationin the wasteassuminga perfectblend
radiolytically. Mercury,lead, and silver areali presentin is calculatedto be 2,200 ppm.t3 The actualconcentration
SRS waste so hyixmitrite salts with these metals are would be much lower than this due to radiolytic and

chemical decomposition. Recent analysis of two high
conceivable, activitywastereceivertanksindicatedatotalorganiccarbon

Leadandmercurichyponitritearereportedtodecomposein contentof 86ppmand220ppm,I+well below thatestimated
the presence of sodium hydroxide. Because of the high basedon organiccompoundreceipts to the tankfarm.
hydroxide concentration in SRS waste, both of these
comlxamds would not be stable and sufficient quantities Organic compounds which have been used in chemical
would not exist to presenta hazard. The introductionof _ andarepresentinSPS waste includen-pamWm
silver-containingwaste into the tankfarmswas stoppedin (primar/ly dodecane), tributyl-phosphate, and ion--ex-
1970. Asaresult, theconcentrationof silverinSRSwasteis changeresins. Significantquantitiesof organiccompounds
very low and silver is not concentratedby the ITP or SP will be IXOCessedin the H--Areatankfarmuponstartupof
operations.Thus, theformationof silva"hyponitritewould theITP ptvcess. Sodium tetraphenyiboratewill be used toremoveradiocesiumfromsaltsolution. Phenoxidewill be
be veryunlikely, returnedto the tank farm as a constituent of the DWPF

In 1988, shock-sen_tive deposits were detectedon _ offgas recycle stream.
torycorrosion testspecimens inmlersedin solutionssimu-
latingthe DWPFoffgas 'ondensate stream,which will be Wastetemlgtatme andactive ventilationsystemson waste
recycledtotheH-Areatankfarm.Thisstreamis arelatively tanksageusedto maintainthethevaporconcentrationof the
dilute aqueous solution containing nitrate, mercury, volatile organic compoundsbelow the I._. Whenev_
phenoxide,andhalides. Nitriteandhydroxidewill be added possible, the tem_ near the liquid surface is kept
to the wastestream to inhibitpossible pittingcorrosionof below 70°C, which is lowerthanthereportedflashpoint of
the carbonsteel waste tanks. 74°C for dodecane,the organicdiluent having the lowest .
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flash poinL For tanks warmer than 70_, the active Based on a review of the reported literature,phenol
ventilation system on each tank keeps the concentration _xide in highpH solutions)is relativelystable, If thetj

below the I.,FL,just as in the case of hydrogen, The phenoxidewereto react,themajorpmd_ts arepredictedto
minimumairflowrequirementshcgeaseas thetemperature be di- and tri-hydroxybenzene compounds,m However,
of the supernatantliquidincreases,ts theredoesexist thepotentialfortheformationof niUo-sub-

stlmtedcom_ which are known explosives (Table
Organicsolventis entrained_tcl dissolvedtosome extentin HT).Experimentalstudieshavebeenplannedto determine
the wastestreamsthatenter the tank farmfromchemical if, and in what quantity, explosive compounds can be
separations, The organic solvent consists of tributyl- pnxlucedfromthe radiolyticdecompositionof waste tank
phosphateinorganicdiluentswhichareprimarilydodecane, organics,s9
The LFLfordodecancin airis 0.6 vol %, The flashpointof
tributylphosphateis 146°C, which is well above tempera-
luresatwhichwasteis sf_d. Is Tempentturesas highas ClassesWhich areNot a Hazard
155°C can be achieved ,duringthe evaporationof waste.
However, the high wat_r content in the evaporaWrvapor
spacewouldpreventtheaccumulationof aflammablevapor Metal Fulminates
mixtureduringevap(ntion.

Silverandmercuryfulminatesarepreparedby theaddition
Tributyl_ isknowntohydmlyzeinakalinesolution of silver or me_ury nitratesolutions to an alcohol and
producing mono_tyl_, dibutylpbosphate,phos- allowing the mixture.,to stand,a° The resultingsolids are
phate,and n-butanol, n-ButanolhasaLFL inairof 1.7%._6 extremely shock sensitive. Because of the very high
Flammablevapormixturesofn-butanolarepreventedfrom hydroxideconcentration,the concentrationsof silver and
accumulatingby theactive ventilationsystemoneachtank, mercuryin solutionareverylow. Also, verylittlealcohol is
just as in the caseof hydrogen, presentin gRS waste. Thus,thechemistrypresentin tank

farmoperationsis very unfavorablefor the formationof
Shm'ies produced duringnormal rTP operationsare not metalfulminates.
ignitable due to the high water content. However, the
presenceof solid depositsof tetmpheny_ andnitrate During the investigatim of an incident in 1970, metal

i areconceivablyexplosive. No evidence hasbeen obtained fulminates were identified as possibly being formed.
that indicates that the drieddeposits of tetraphenylbomte _ testswere conductedto determineif silverand
salts areexplosive; however, thedeposits arecombustible mercury fulminatescould be preparedunderconditions

i andprodir.e denseblack smokewhenbunted,t7 Confined present in the waste umks. The tests indicated thatheating,mechanicalimpact,andhotwireor flamecontactof fulminatesarenotproducedatthe conditionsexistingin the
drysolidscontainingthemaximumandminimumlimits for wastetanks?
tetraphenylbom_ and nitrate mixtures did not produce
hazardousresponses. Becauseof the possibility thatmore Since1970, theintroductionof silverinto thetankfarmhas
energetic mixturescould be formed at levels betweenthe beensusved. Mercuryhas been usedand continuesto be
limits tested,additionaltestingis recommende_ used in separafims as a catalyst in the dissolution of

aluminum. Most of the mercury is precipitatedupon
To reduce the possibility of ignitionof tetraphenylb(nte neutralizationof the high-level waste. However,some of
solids,theITPWocessingandstoragetanks,thefiltratehold them_ury is solubleatthehighpHandwouldbe presentin
tanks,and the cold chemical storagetank will be purged the ITPprocess. The averageconcentrationsof silver, as

withnitrogen. Thiswill redu_ztheoxygen concentrationto NaAg(OI-I)2,andmercury,as NaHgO(OH),in the 1TPsalt
alevelbelow thatwhich is requiredto supportcombustion, solutionare calculatedto be 4.6xlO4M and 2.2xlO_M,
Recommendedoperational safety requigengnts limit the respectively,z
oxygen concentrationin thesefacilities to less than6.3 vol
%? Alcohols havenot been used as processchemicalsat gRS

andwould only be present in traceamountsas a result of

Sodiumtea'aphenylborateis known to undergoradiolytio- laboratory operations and decompostion of tributyl-

andotherorganics. Methanoland isopropanolinducoddecompositionreactionswhichwoduce avarietyof plmsplmteq

| compoundsincludingphenol, niWophenol,biphenyls,ter- aretwoimpuritieswhichmaybe presentin themonosodium
• phenyls, andphenylamine. The DWPFwill returna liquid titanate(MST)slurry,whichwill beusedin theITPprocess.

, wastestreamwhichcontainsphenol to the tankfarm. The To reducethequantityof alcohol whichwill be intr_uced
recycle streamwill be mixedwithotherlow activitywaste, into the tankfarm,the totalamountof alcohol in the MST
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slurryis limitedto less thanvol %,= MST slurriesrecently significantquantitiesduringthe generationof HNs. Thus,
andsubmittedtoWSRCby possiblevendorshave mevmricazide wouldbetheonly metalnitridewhichcould ,

beenanalyzedtocontain<0.1 vol % alcohoL be formed at this stage. Explosive or spontaneous-
detonatingmercuryazide is reportedto be formedonly

Assumingthatthealcohol concentratimof theMST slurry undercondltiom of slow diffusionalgrowth,u
is vol %, the maximumpossible concentrationin the rtp

tank is estimated to be 160 ppm.ts The _ tests indicatedno spontaneousdetonations in
concentrationof alcohol will be furtherreduced upon aqueous mercuricsolutions containing less than 0,02MJ

filteringandwashingof theslurryin subsequentprocessing azlde. In testswith boot ferricandmercuricions present
steps. Also, some of the alcohol will be removedfromthe (which would mine accurately representactual process
decontaminatedsupenmte daring_ stripping. Be- conditions),theprecipitatedsolkiscouldnotbedetonatedat
canse of theverylow concentratiomof sliver,mercury,and mercuryconcentrationsup to 0,0SM and aztdeconcentra-
alcohol, the formationof silver and mm'cre3,fulminatesis tiom up to 0.16M. The._ concentratiomgreatlyexceedthe
extremelyunfavorablein tankfarm facilities, concentrationof mea'curyin neutralizedstoredwaste.

Metal Azides Halogen Compounds

Hydrozoieacid, HNs, is re_ to be dangerouslyexplo- Halo--nitrogencom_ such as nitrogen triiodldeand
sive? The minimum explosive concentrationof HN3 is nitrogen chloride and halo-oxygen _pounds such as
reportedto be 4.7M (17%) in aqueoussolutions. Heavy chlorinedioxideanddichlorineheptaoxidea:e knownto be
metalazides such as silver, mercury,lead, cadmium,and explosive under.certainconditions. Ali oi_the necessary
bariumarealsore_ to be explosiveandhavebeenused elementsarepresentin SRS for eachof these compounds.
indetonationassemblies._ Eletmlx_tive metalazidessuch However, theccnditionsnecessary to producethese com-
assodiumazidearenotexplosive,anddecomposesmoothly pounds arenot presentin the SRS separationsand waste
at temperaturesabove 300°C: _' handlingfacilities. Also, thesecompoundsarenotstablein

highly alkalineaqueoussolutions. Consequently,noneof
Azideion is reportedtoreactwithnitritetoproducenitrous these compoundswould be present in sufficiently large
oxide andnitrogenas given inequation1._ Reactionrates enoughquantitiesto be anexplosionhazard.
have notbeenrepcmedunderalkalineconditions.

Nitrogen trichk_de and &trogentriiodideare formedby
4Nf + 2N0f-, 4N20 + 3Na (1) reacting the ammonium halide with the appropriate

h_ acid or halogen gas._ Tracesof hypohalous
Because of the high nitrite concentration in high-level acid or halogencould be present duringchemical sel_¢a-
nuclearwasteandthelow solubilityof heavymetalsathigh tions, andthus, these compoundscould be formedin the
pH,thereis noconceivable mechanismby whichhydrazoic separationscanyon. Howev_, underalkalineconditions,
acidand/ormetalazides couldbe producedduringstorage neitherhypohalousacidntr halogengaswouldbepresentin
orduringDWPFfeedpreparationWocesses. Asa result,the tank farm opemtkms. Nitrogen trichlorideand nitrogen
formationof explosive azides is not a hazardin tankfarm triiodide are readily hydrolyzed in alkaline solution to
operations, reformammoniumhalideand nitrogen. Since SRS waste

hasa highwatercontent,any nitrogenhalideformedduring

Hydrozoicacid is knownto be oneof the productsfromthe _parafions processing wouldbe rapidly hydrolyzedto
reactionof hydrazinewith nitrite in nitricacid solutions._ nonexplosieecompounds.Drieddepositsof wastecontain-
From a consideration of the accumulation of explosive ing these compoundswould be very unlikelysince these
solutions by disfillatim or the formationof explosive compmn_, if formed,would have hydmlyzedbefore the
mixturesof HN_in air by vaporization,it was established wastecouldhave leakedanddried.
thataconcentrationof 0.05M HNs in processsolutions is a
safe limitfor theseparationscanyons. Basedon lab(watm'y Chlminedioxide canbe producedby oneof fourreactions:
studiesand actual measurementsof Wocem solutions, the (1) dispmpot_onationof chloricacid, (2) oxidation of
maximumconcentrationofhydmzJcacid in unneutralized chloritewithchlorine,(3)reductionofchloratewithoxalic
wastesolutions is 0.012M. acid._ Since chlorineandacid conditions do not exist

during normalwastepmces_ andstorage operations,
Metalazidescouldbeproducedduringseparationsprocess- chlorine dioxide would not be expectedto be generated.
ing. Mm'curieion is the only heavy metal ion presentin During cleaning of a waste tank with oxalic acid, there

8
Mf_Ol l l Jl



PossibleExplosive Componndsin the SRS WasteTankFarmFacilities WSRC-TR-gI.-4&t

exist the possibilityof generatingchlorineo_lc if tion,pHand_n_). _ At thepHwhich is maintained
, chloratewere Wesmt. Chlorateis nota _ chemical, in the waste tangs(PH > 12), the metal-mnine complexes

but cor-_,ivably could be produced by the oxidation of wouldrapidlyundergohydrolysisto give metalhydroxide
chloride. However, from the enthalpyof formation,the andhydrousoxide species. Thus,metal_iine complexes
concentrationofcMmateinthehighlyalkalinewasteis wouldnotbept_umtinsufficientquanti_kssinSRS wastes
estimatedtobe<1.2xlO-ZM.Thus, rbe mnmmtof _ topresentanexplosionhazard.
dioxide whichcouldbe producedwouldbe extremelysmall
andwouldnotbe m explosionhazard.

Nitrate/Oxalate Mixtures
Dichlorineheptaoxideisproducedby the dehydrationof
perchloric acid. Perchlorates are not used as process Based on the heats of formation,the re_tion of sodium
chemicalsat SRSandtheformationofappreciebleamounts nitrateand sodium oxalate is extremely exothermicand
of perchloratesis not expel;ted_ on thermodynamics wouldgenerate largeamountsof gas thaicould exceed the
(see Metal tlalogma_). Since the waste is stored as a capacityof the I-IEPAfilterson the wast_ tanks, Fromthe
highlyalkalineaqueousslurry,formationofdichlorinechemicalreactioninequation2, the heatofreactionis
hepaoxideisnotpossible.Ifdriedwastedepositswere calculatedtobe-203.4kcal/mole.
produced,the focmationof sufficientquantitiesof
dichkgine heptaoxide to presenta hazard would not be 2NaNO_+ 5Na.-CaO4_ 6Na2CCh+ 4CO2+ N2 (2)
possiblebecauseof theextremelylow equilibrium_-
tration of perc_ (2.3 x 10-_M) in SRS waste. No referencesto explosive hazardsof mixturesof sodium

nitrateandsodiumoxalatehave,beenfocnd in theliterature.
Differentialthermalanalysesofmixtm_ ofsodiumnitrate,

Metal-Amine Complexes _ sodium nitrite, and sodium oxalate indicate that both
endotlwamicand exothennic reactionsare initiatedupon

" Aminecomplexesof metals containingoxyanion ligands heating to about 150°C. Endothennic reactions me ob-
a havebeen_ tobe explosive endexhibit moderateto servedts be initi""'_Afromabout160°C to 315°C. A single

i strongshocksensitivity. Thesecompoundsareparticularly exothermicreactionis initiatedin _ rangefrom375°C tohazardousbecauseof the_ of boot fuel(amine)and 4500C.= The observed reactions ap]_ to be well
-, oxidant (oxyanion ligand) in the same compotmd. SPS behaved.

wastecontainsallthreespeciesforformingcomplexes of
this type: ammonia,metalions,and oxyanions (e.g.,nitrate, Since SRS waste is evaporated,stored,,and processed at
nitrite,and sulfate). Metals ions which are_t in SRS temperaturesof <155°C, which is well below thetempera-
wasteandwhich couldconceivably formaminecomplexes mre,s necessaryto initiateexothermic_tctions, exothermic
include copper, chromium, cobalt, mercury, palladium, reactions of sodium nitrate and oxahtte would be very

platinum,silver,andzinc. unlikelyduringstorageand_g operations. Thus,SPS waste mixturesconutiningmixutres of nitrate and
The chemistryexisting in SPS tankfarmoperationsis oxalatcafenotahazardunderexistingopcratingconditions.
extremely unfavorable for the formationof these com-
plexes. Also, anymetalaminecomplexes which mightbe
introducedinto the tank farm would rapidlydecompose Metal Oxalates
because of the high pH and produce nonexplosivecom-
pounds. Thus, metalaminecomplexesarenotanexploskm Duringsludge removalfromTank 16, a specialprocedure
hazardin SRS tankfarmfacilities, using oxalic acid was used to assist in slurryingthe final

i 15% ofthesludge.Underacidcondiitions,mercuryand

Preparat_ of meaat-.aminecomplexes is generallycarried silver oxides canreactwithoxalic acidlo produceinsoluble
outinconcentratedammoniumhydroxidesolutionorliquid mercury and _v¢¢ oxalates.= Since Silverandmercury
ammonia.Synthesesofmetalan_necomplexeshavealso oxalatesare_ tobeweaklyexpk_ve,anexperimen-
been_ in which metalsaltsareu_uuedwithamnmnia mlstudywas undertakeatodetermineriteexplosive hazards

, gas at elevated temperature._' None of these conditiom of this procedure.
exist in any tankfarmfacility or operation. Based on the amount of nw.xcurym the waste, it was

i Metal-aminecomplexesareknown tohydmlze inaqueous _ thatthemaximumamountof mercuryoxalatethat
, solutions.Thereactivityofaparticularcomplex,variesfor couldbewoducedinthewastetankw,:mldbe900kg.The

iii me.mlandthe slgcific chemicalconditions(e.g., concentra- concentrationof silverwasnotknown,lintbasedon analysis
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of similarwaste in othertanks,theamountof silver was fgr halogenates which ace estimated to be present in liquid
less,and thusthemnomt of silveroxalale inthis tankwouid waste,thisclassofcemi_ends is notanexplosionhazardin
beinsignificmtcoml_redtotheamomtofme_uryoxalate. SRS tankfarmfacilities.
For other waste tanks, the amount of silver may be
significantly higher and therefore the amount of silver
oxalatecould be significant. Metal Cyanides/Cymates '

Experimentaltestingindicattedthatneitbercompoundcould _ class of compoends is often endethermic and can
be ignited by an electric arc when dispersed in air.m undergoviolent oxidation undercertainconditionswhich
Explosionswell belowdetonationconditionswe_ observed , releases significant amounts of energy. For example,
only whenthe materialswere confinedoxdryandin apure mixturesof solid potassiumand mercury(II)cyanides and
form, which is not likely to occm'in tsnk farmfacilities, sodiumnitriteage_ to be explosive when heated.
T_ also _ thatbothme_ury andsilveroxalates Me_ury cymmtcis _ to explode when crushedand
undergome_ reactims underalkalineconditionsto endothermiccomlxxu_ such as cadmium cyanide and
give the insoluble metalhydroxides. Thus,duringtypical nickel cyanide can decompose explosively undercertain
tankfarm_g and sto_e opmafims, me_ury and conditions.
silveroxalates would notbe expectedto be presenLlt was
thereforeconcludedthatsilver andmercuryoxalatesdo not Potassium,nickel, and me_'uryareknowncomponentsof
representanexplosion hazard. SPS highlevel waste. Cyanidehas beendetectedat a very

low levelinone of theSRSwaste tanks.However,basedon
theabsenceof anidentifiedsom_ of significantamountsof

Metal Haiogenates cyanideandcyanateandtheinstabilityof bothspeciesto the
physkMend chemic,_dconditionsat which waste is stored

Halogenatcssuchas perchlorates,pe_, chloratesand andprocessed in the tankfarms,theaccumulationof metal
chloritesforma well knownclass ofexplosive compounds, cyanides mK!metal cyanates in quantifiesthat would be
Acidsormetalsaltsof thehalogenateshaveneverbeenused stffficlentto be an explosion hazardaPlg_s unlikely.
in separationsopc_om, akhoegh verysmartamountsof
halogetmteshaveprobablybeen introducedinto the waste Cyanide and cyanatecom_ have not been used in
tanksfrom use in labonttm7stmiks. Since clflofide and im3cesses at the SRS, although very small amounts of
iodideareknownconstituentsof SRSwaste, thereexists the cyanideandcyanatecouldhavebeenintroducedinlhcwaste
possibility of generatingthese species by oxidationof the f_om use at site _es or as impuritiesin process
halidesin the waste, chemicals.Theonly documented8u_lysisof wastein which

cyanide was detectedoccurredin 1986 fora sample taken
Possible oxidantsinclude oxygen, nitrate, nitrite, ma'- fromTank50H. A cyanideconcentrationof 3.6 ppm was
cury(1),mercury(II), andchromate. In thehighly alkaline determined._°In 1986,Tank50Hcontainedalow-level salt
wastes, oxygen is the strongest oxidant of those listed, solutionproducedby the 1983 full-scale demonstrationof
Basedon the_ulox potentialsn'fortheoxidationof chloride the rrPprocess. Since1989,c_tmed saltsolutionfrom
to perchlorate and reductionof oxygen to hydroxide,a the ETFprocess has beenaddedto this tank.
chlorideconcentrationof 0.022M in solutionandanoxygen
_tration of 0.01708 mIJmL of solution, theequihl_- A reviewof _e radiationchemistryliteraturerevealed no
rium concentration of pe_hlorate is calculated to be reportsof cyanide being fctmedby radiolytic sources.3_
2.3xl0mM. _ Inslx_on of the redox _tiais for the However, them were no relxms of radiolysis of alkaline
other oxychlorides indicates that the f(mnatkm of each solutions containing _ and nitrite/nitratelevels
wouldbeless farmed thermodynamicallythanperchlorate, characteristicof high-level waste at SRS. Therefore, the
As a result, theconcentrationof eachat equilibriumwould radiolytic generation of cyanide appears doubtful, but
be less thanthatcalculatedfor perchlocate, cannotbe ruledout. The mostlikely sourceof cyanideis as

animpurityin otherchemicalssuchassodium hydroxideor
Of all thehalogenatcs,iodatewouldbe themost thamody- sodiumtetraphenylborate.
namicallyfavoredspecies. Assuming an iodidecew_ua-
tion of 2.1xlO"M andan oxygmconcentratlonof 0o01708 Cyanides ere easily oxidizedto cyanatesin solution,n
_ofsolution, lheequilibfiumconcenlrafionforiodate Cyanideis also reportedto decompose in the presenceof

_. wouldbe l.lxlO-UM. Thisconcentratkmis equivalentto ionizingradiation."-u

i about 10mgof iodatein awaste tankcompletelyfdled with

supetmte. Because of the extremely small amounts of
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Cyanates are repml_ to undergo radiolyticdecomposi- aresult,thecotgetmationoforganicpemxidesgeneratedby
• tionu and hydrolysis in strongly alkaline solutions._ eitherofthesepathways would also be verylow.

Hydrolysis of the cyanate produces carbonate,carbon
dioxide, and mnnmnia. Based on the absence of an One of the prefezTedmethodsfor the disposal of organic
identified source of sign/tic,ant amountsof cyanide and peroxidesis to treatthe peroxidewith sodiumhydroxideA

cyanateand the instabilityof both species to the physical soluticm._'_ _ofthehigh hydmxide_',_ncentrationin
and chemical conditions at which waste is stored and SRS waste,organicperoxideswould notbe stable,andthe
pr(ges.ud in the tank farms, the accumulationof metal accumulationofhazardousquantifiesoforganicperoxideis
cyanides and metal cyanates in quantitiesthatwould be notpossible.
suffk:ientto bean explosion hazardappearsunlikely.

Becauseof the chemicalandphysicalconditionsat which
waste is storedend ixocessed in thetankfarms,accumula-

Peroxides timof metalperoxidesin quantitiesthatwouldbesufficient
tobe an explosionhazardappearsunlikely._ Heavymetal

There are three possible types of peroxide explosion peroxides(e.g., Ag, Cd, Hg,andZn)are notstableinwater.
hazards:(I) peroxide/organicmixtures,(2) organicperox- _ of tbehigh watercontentof SRS waste,thebeavy
ides, and(3) metal peroxides. Hydrogenperoxicle/organic metal peroxides would not be stable and signific_mt
mixturesare reportedto be explosive when the ratio of quantitieswould not produced. Po_um peroxideis
peroxide to water Js >l and the overall fuel/peroxide _ tobe stableonly incold(<10°C)aqueoussolutions.
composition is clos_ to the stoichiometricvalue. Metal Since SRSwastesarestored at muchhighertemperatures,
peroxidesarereportedto be explosive whenheatedabove potassium peroxide would not be stable and would
100°C. Metalperoxides thatcouldconceivablybe We.cent immeAia_ly0ecompose. Drieddepositsof wastecontain-
in thewasteare thoseof silver,barium,calcium,cadmium, ing metal peroxides would be very unlikely since these
mercury,potassium,sodium, strontium,andzinc. compoundswouldhavedecomposedbeforethewastecould

| have leakedanddried.

i Hydrogen peroxide is not used at SRS in chemical- wocessing operations. Very small amountsof peroxide The alkaline earthperoxides (e.g., Ca, Sr, and Ba) are
may have been added to the tank farm from use at SRL. reported to react with sodium cadmnates and sulfates
Radiolyticgenerationof pemxide is wellknownin aqueous wecipitating the alkalineearth carbonateor sulfate and
solutions,rt The yieldor G value(moleculesper100cV) for liberatingoxygen. Sinceappreciablequantitiesof carbon-
peroxide varies slightly with pH, decreasing slighdy in ateandsulfatearepresent in SRS waste,any alkalineearth
alkalinesolutionsas comparedto acidicsolutions, peroxideswhichmightbe formedwouldimmediatelyreact

with _ and/or sulfate. Sodium peroxideis fairly
The G value for peroxide formation is _ by stable in aqueous solutions and will crystallize from
hydroxyl radical scavengers such as chloride, tm3mide, aqueoussolutim. However, transitionmetal ions (e.g., Fe,
iodide,andnitrite. Since nitriteandchloridearepresentin Mn, Cu,Co, endNi) areknowntocatalyze thedecomposi-
relatively high concentration,the formation of peroxide tionofsodiumperoxide.Sinceallof thesemetalsareknown
wouldbe expected to be suppressedin the highlyalkaline, to be presentin SRS waste, it would appearunlikelythat
high salt containing waste. Consequently, there is no appreciablequantitiesof sodium peroxide could formand
plausible mechanism by which peroxide coigemxation crystallizefromwastestot_ in the tankfarms.
wouldbegin toapproachthatof waterpresentin thewaste.
Thus, _e possibility of forming an explosiveperoxide/of
ganic mixturewouldbe unlikely. References
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Appendix 1. Average Composition of Supernate (page 1 of 1)
4

Camnound Wt %
NaNO_, 45.7
NaOH 7.30
NaNCh 18.5
NaAIO2 10.0
Na=CO3 7.70
Na_O4 10A
NaCI 0.313
NaF 2.03 x 10-2
Na[HgO(OH)] 6.27 x 10-2
GroupA 1.31x l0 s
GroupB 3.74 x los
Ne_'eO_OH_ 234 x 104
UOgOH_ 1.66 x 104
Na_RuO_ 5.il x los
N_RhO4 5.24 x los
CsNO3 9.76 x los
n_O_ 1._ x los
Sr(NOs_h 1.47 x los
Y(NCh)_ 1.04 x 10s
Nai 2.95 x los
Totalorganiccadxm' 730 x 10-2

GroupA:Tc,Se, 're, Rb,andMo
GroupB:Ag, Cd,Cr,Pd,TI,La,Ce,Pr,Pm,Nd, Sm,'l'o,Sn,Sb,Co, Zr,Nb, Eu,Np, Am,
andCm

' Basedonhighestmeasuredvalue forfreshwastereceiptlanksupernatesamples([3.T.
Hobbs,"OrganicContentof Tank33andTank34 Supenme Samples",IWT-
LWP-91-033, March7, 1991).
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Appendix 2. Average Composition of Sludge (page 1 of 1)

C_Tlrx3nlui _Vt% Comrtound Wt¢_

Fe(OlDs 30.1 AI(OH)s 32.9
MnO2 5.10 Ni(OH)2 1.94
CaC_ 4.00 Zeolite 3.65
SiO2 5.87 NaOH 3.28

NaNOs 2.83 H_ 1.60
CaSO_ 0.475 CaC_ 0.404

Ces(PO4_h 0.373 CaF2 0.101
SaO 0.1Ol ThO._ 0.576

PbSO4 0.141 O'(OH_ 0.384
AsOH 2.03 x 104 CU(OH_ 0.112
Co(OH_ 6.06x 104 Zn(OH_ 0.293
Mg(OH)_ 0.505 Cadxm 9.81 x 104
GroupA 0.274 GroupB 0.902
PuO2 3.68 x 104 SrCOs 0.105

Y2(CO3)3 6.91 x 104 Ru(_ 6.62 x 10.2
RJK_ 1.40 x 104 CsNCh 1.06 x 104

. BaS(A 0.151 UO2(OI_ 3.40
Nal 1.01 x 104

_. Zeolite: 48.0 wt % SiO_ 19.1 wt % l-I_, 18.6 wt % ,,dd3_,4.1 wt % Na_O,10.2 wt % CaO.
_ GroupA: Tc, Se, Tc, Rb,and Mo

I GroupB: Ag, Cd, Cr,Pd"Vi,La, Ce,Pr,Pm,Nd, Sm,Tb, Sn, Sb,Co, Zr,Nb, Eu, Np, Am,and Cm
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Appendix 3. Comprehensive Listing of Conceivable Explosive Compounds (page 1 of 3)
|

Comnound Fm'mula . ,
Bariumh_xmi_lde B_6

Badum I_roxide BaO_

Calcium lmroxide CaOl

Chlodn_hepUmxide Cl_,
Chlorineoxide CIC_

Hcxaammincchromium(m)nitrate [_r](NO3)3

Diamminenitralocob_t(]])nitrate [(HsN)zCo(NOs)](NO_)
Tmmmi_tflni_t (HsN)_o(NO3)3,,
Trlhydmzinecol_t(U) nitrate [(H_z)3Co](NC_)_
Ammonium hexani_,,obalU_ (F.N+)_[Co(NO3)6]"
Peatmnmi_aitratoco_t(m) nitrate [_,,,'3_o0,,TO3)](NO_.
Hexamminecobalt(m) penn_gmmt_ [_]L__
Hexam_t(m) mmu_ [(H,N)_o](NO0_
Hexahydroxyamminecobalt(HI)nitrate [(HONI-_)eCo](NOs)s
Hexmnmincccbait(m) [(H._l)0Co][CoNO_)6]

hexanitratccobalUUe(llO

T_ine copper(H)nitrite _u(NO2)_ .
TetmamminecoI_r(ID nitrate (ttxN)_u(NO3_h
Tetraamminecopper(]])sulfa_ _CuS04
Cuprates_ide CuNs
Cupricazide Cu(Ns):
Tetraammine copper(II)azide (HsN_Cu(N_)_

Lead_te FoCIO:
LeadTetrachloride PbCh

hyponilrite PbNzO:

Manganese oxide MnCh
Pomssimnpermanganate I_n_

Potassiumperoxide K_h

¢

i

=

i '
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Appendix3. ComprehensiveListingof ConceivableExplosiveCompounds(page2 of 3)

Com_no,rod ...... l_onn.ta
fulminate _(CNO)_

Memuricoxalate Hg.-C_O,
Mercuricoxycyanide Hg(CN_.HgO
Mercurouschlorate l-lgClO_
Me_ nitrate H_Os
Mercurousnitride I_N_

'Mercuryperox/de _

Ni_ _Oa

2,4-dini_l _307
2,4,6-trinitmphenol C.d4_,
1,2-dinitrobenzene __3,
1,3-diniU'obenzene C._3_
2-ni_e_e __h

4-nitroanil_ne Cd.t_32

X_Eenn'ane_emO_nitrite _(nOz)_
_Lmmin_tadi_ nitrate (tt,n)_(no_)_

cb-Diammineplafinum(l_nitrate (H,_C_

Selenimnnitride

Silicondiiodide SiI_

Sodiumperoxide NmOz

Strontiumperoxide S_O_

Didydrazinednchloride (H_)_SnCh



PossibleExplosive Compoundsin the SPS Waste TankFmlnFacilities WSRC-TR-91_

Appendix 3. Comprehensive Listing of Conceivable Explosive Compounds (page 3 of 3)

Comgound , Form-lh
Zinc peroxide Zn02
Dihydroxyamndnezincchloride CdONI_)-_ZnCI_

Nitrogentrichloride NCh
Nitrogentriiodide NI3
Ammonianitrogentriiodkle
Hydroxylamine HONH_
Hydroxylaminenitrate NH_H, HNO_
Ammoniumnitrite NINO2
Ammoniumnitrate NH,tNO3
Ammoniumiodat_ I_-IAO_
Ammoniumchlorate NH_CIO3

Ammonumpcrcldor_ NILCIO_
Hydrazine N_-h
Hydraziniumnitrate Nd-h,HNO_
HydrogenAzide CHydrozoicAcid) HN_
HYlX_trousAcid HaN,aO2
HydrogenPeroxide Ha02

Silveroxalate Ag_243_
Silverazide ' AgNs
Silver nitride AgsN
Silveramide AgNl-h
Silver azide chloride AgCIN3
Silverperchlorete AgCIO4
Sflv_ chlorate AgCICh
Silverchlorite AgCIO2
Hydrazinesilver nitrate (tt_a)AgNCh
Silveriodate AgI03
Sfiverperoxide AgzO2
Silverfulminate Ag(CNO)
Silverhyponitrite AguN_h
Diamminesilverpermamganate _Mn04

_oma_ 18






