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1.0 INTRODUCTION

This document establishes interim criteria for identifyingsingle-shell
radioactivewaste storage tanks at the Hanford Site that contain organic
chemicalsmixed with nitrate/nitritesalts in potentiallyhazardous
concentrations. These tanks are designated as "organic Watch List tanks."

Watch List tanks are radioactivewaste storage tanks that have the
. potential for release of high-level waste as a result of uncontrolled

increases in temperature or pressure. Organic Watch List tanks are those
Watch List tanks that contain relatively high concentrationsof organic

. chemicals.

Because of the potential for release of high-level waste resulting from
uncontrolled increases in temperatureor pressurB, the organic Watch List
tanks (collectively)constitute a Hanford Site radioactivewaste storage tank
"saFety issue."

The approach established for identifying single-shellwaste tanks to be
includedon the organic tanks Watch List requires that the waste in each tank
be classified as safe, conditionallysafe, or unsafe. The interim criteria
presented in this document will be used to achieve this classificationon a
preliminarybasis.

Sing|e-shelltanks with waste classified as "saFe" will not be included
on the organic tanks Watch List. Routine tank monitoring will continue.

Single-shelltanks with waste classified as "conditionallysafe" will be
included on the organic tanks Watch List. Enhanced tank monitoring will be
initiated.

Single-shelltanks with waste classified as "unsaFe" will be included on
the organic tanks Watch List. Enhanced tank monitoring will be initiated.
A tank with waste classified as "unsafe" will be subject to near-term
mitigation and/or remediation actions. The programmaticlogic for these
actions is described in Status Report on Resolution of the Waste Tank Safety
Issues at the Hanford Site (Reep 1993).

• The criteria are designated as "interim criteria" for the following
reasons.

• The technical informationsupporting the criteria is preliminary in
nature and of limited availabilityat this time. Additional
technical information is required to verify the technical basis for
the criteria.

• The criteria are subject to revision based on new technical
information.

I-I
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• The criteria are to be used to conduct a preliminary screening of
the 149 single-shellwaste tanks at the Hanford Site to identify
candidates for the organic tanks Watch List. The purpose herein is
to identify tanks that require enhanced levels of monitoring and
controls to meet safe interim storage objectives.

• The criteria are not intended to be used, in their present state of
development, for resolutionof the organic tanks safety issue.
Additional laboratory testing, waste characterizationdata, and
technical analyses are required to support safety issue resolution
in a satisfactorymanner.

I-2
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2.0 BACKGROUND

Nine single-shellradioactivewaste storage tanks are currently included
on the organic tanks Watch List, These nine tanks are identified in
Table 2-i. Eight of the tanks are included on the Watch List based on
inferred total organic carbon (TOC) content >3 wt.% (dry basis). A ninth tank
(241-C-I03)is included because it has a Floating organic layer. An
Unreviewed Safety Question was also declared for tank 241-C-I03 on
September 21, 1992 because the potential for ignition and combustion of the

" floating organic layer is not.adequatelyaddressed by existing safety_
documentation (Richardson1992).

Table 2-I. Organic Tanks Watch List -
September 1993.

- Ma.w,_m,,, ........... i i

Single-ShellWaste Tank Organic Cont'ent"'wt.%
TOC (dry basis)

.................._. -.......... ii,i i i i

241'B-I03 3.3

....24_-c-_o3.................--'...........
......2'4i-s-io2 .......6.i
.......24_-sx'_o6.... 4;3....

" 241-TX-Ios .......... 3 . 7 __ .........

...... ;- -- I ' ,,,,I,,

241-TX-118 5 g.........

z41-U-_o6III i_.6
241-u-io7........4.3

.... - 241-U'"-111 _ ' -14 " '

_Tan'k24"I'C_-103i"_'sincludedonthe org_ni_
tanks Watch List because the potential for
ignition and combustion of the Floating
organic layer is not adequately addressed
by existing safety documentation,

The technical basis For the current organic Watch List tank criterion
[TOC >3 wt.% (dry basis)], is described in lhe K/shtym Explosion and Explosion
Hazards with Nitrate-NitriteBearing Waste with Acetates and other Organic
Salts (Fisher 1990).

2-I
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The following technical deficienciesof the current organic tanks Watch
List criterion are recognized.

• The TOC >3 wt.% (dry basis) criterion is based on limited laboratory
screening studies (Fisher 1990). These screening studies are, at
best, qualitative in nature, and would be difficult to validate.

• The criterion does not address waste moisture content, which reduces
the potential for a propagating organic-nitrate/nitrite reaction.

• The criterion does not address waste temperature, a key parameter
controlling the potential for a propagatingorganic-nltrate/nitrite
reaction.

Accordingly, the criteria presented in this document have been developed with
the objective of redressing these technical deficiencies.

The Hanford Site Tank Farms Facilities Interim Safety Basis (WHC i993)
addresses the organic tanks safety issue in the following four categories:

• Potential uncontrolled reactions between air and flammable gases
(radiolytics,volatiies, and aerosols) in the tanks' headspace

• Potential uncontrolledreactions between a flammable liquid and air
(a pool fire) in tanks that have floating organic layer
(tank 241-C-I03)

• Potential uncontrolledreactions between air and solid waste
saturatedwith organic liquid at the air/waste interface

• Potential uncontrolledreactions between organic chemicals (Fuel)
and nitrate/nitritesalts (oxidizer) in solid waste.

This document addresses the Fourth organic tanks safety issue category,
potential uncontrolledreactions between organic chemicals and nitrate/nitrite
salts.

Criteria that address the remaining three organic tanks safety issue
categories will be developed as the Waste Tank Organic Safety Program matures.
Additional information is required to develop technicallybased criteria for
these remaining three categories. Rationale is outlined below:

• Instrumentationto representativelysample Flammable gases
(radiolytics,volatiles, and aerosols) in a tank's headspace has not
been deployed in the organic Watch List tanks. This task is
scheduled to be accomplished in the fiscal year (FY) ]994-1996
timeframe. Operating specificationsfor organic Watch List tanks
(Godfrey 1992) currently require that flammable gas concentrations
'n a tank's headspace be less than 20 percent of the lower
f1_mmabilitylimit before conducting any work inside the primary
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ventilation space (tank's headspaceor associated exhaust
ventilation system)*. The safety issue relates to the ability to
representativelysample radiolytic,volatile, and aerosol
constituentsin the tank's headspace. Heated tube sampling systems
are planned to provide representativesampling capability.

• The floating organic layer in tank 241-C-I03 has not been adequately
characterizedto permit assessment of the safety issue. Some
evidence suggests that the floating organic layer in this tank might
be made inert by dissolved water (WHC 1993). Near-term plans

" include the retrieval of dip samples of the floating organic layer
and underlying aqueous phase, their analysis, and completion of a

. safety assessment based on the analytical results. This is
scheduledto be followed by removal of the floating organic layer
from the tank during FY 1995.

• No single-shellwaste tanks are currently included on the organic
tanks Watch List because of the potential for an uncontrolled
reaction between air and solid waste saturated with organic liquid
at the air/waste interface. However, the need for an Unreviewed
Safety Question screening for tank 241-C-I02, and possibly other
tanks, is being investigated. Tanks 241-C-I02, 241-C-I04, and
241-BY-112 contained floating organic layers at one time. The
safety concern is related to whether organic liquid could have been
absorbed in solids at the waste surface during operations to remove
supernatant and drainable interstitialliquids from the tanks.
blank.

*The National Fire Protection Association recommends 25 percent of the
lower flammabilitylimit. Operating specificationsare currently established
(conservatively)below this value.

2-3
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3.0 STRATEOY FOR SAFETY ISSUE RESOLUTION

The strategy to be employed for organic tanks safety issue resolution
(Christensen1993) is shown in Figure 3-I. This strategy was transmitted to
the Defense Nuclear Facilities Safety Board by the U.S. Department of Energy,
Headquarterson August 25, 1993 (Christensen1993). The following are key
steps leading toward safety issue resolution:

• Identificationof criteria for organic tanks safety issue resolution

• Classificationof waste in single-shelltanks into three levels
(safe, conditionally safe, and unsafe), in compliance with the

" criteria.

This document represents a first step toward identificationof criteria
for organic tanks safety issue resolution. However, as stated in Section 1.0,
the interim criteria are not intended to be used in their present state of
development for resolution of the organic tanks safety issue. Rather, the
interim criteria are intended to be used to conduct a preliminary screening of
the 149 single-shellwaste tanks at the Hanford Site to identify candidates
for the organic tanks Watch List.

Preliminaryclassificationof waste in single-shelltanks into three
safety levels (safe, conditionally safe, and unsafe), in compliance with the
interim criteria, will be accomplishedby the Waste Tank Organic Safety
Program during FY 1994 and reported in separate documentation.

The relationshipbetween classificationof waste into three safety levels
(safe, conditionally safe, and unsafe), and identificationof single-shell
waste tanks to be included on the organic tanks Watch List is shown in
Table 3-I.

Single-shelltanks with waste classified as "safe" will not be included
on the organic tanks Watch List. Routine tank monitoring will continue.

Single-shelltanks with waste classified as "conditionallysafe" will be
included on the organic tanks Watch List. Tank monitoring will be initiated
in compliance with operating specificationsFor Watch List tanks

• (Godfrey 1992). Technical activities supporting resolution of the organic
tanks safety issue will continue.

- Single-shelltanks with waste classified as "unsafe" will be included on
the organic tanks Watch List. Tank monitoring will be initiated in compliance
with operating specificationsfor Watch List tanks (Godfrey 1992). Near-term
safety issue mitigation and/or remediation actions will be implemented as is
technically Feasible. "Mitigation"implies in-tankwaste treatment to convert
single-shelltank waste classified as "unsafe" to a "conditionallysafe"
classification. Mitigation actions might include adding water to a single-
shell tank to increase waste moisture content, or adding water to and Force
ventilating a tank to reduce waste temperature. "Remediation" implieswaste
retrieval and out-of-tank treatment to achieve safety issue resolution.

3-i
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The followingwasteparametersare to be addressedin the interim
criteria:

• Wasteorganicconcentration
• Wastemoisturecontent
• Wastetemperature.

The single-shelltank safetyobjectivethat leadsto classificationof
waste intothreesafetylevelsis discussedin detailin AppendixA.

e

Table3-I. RelationshipBetweenWasteClassificationLevel
and OrganicTanks #atchList.

IncludeTank On ......
WasteClassification SafetyIssueManagement

Level OrganicTanks ResponseWatchList
lllliHlll=l rllll,,ll i =H i ill ,,i, ................

Safe No Continueroutinetank
monitoring.

Conditionallysafe Yes Initiatetank monitoringin
compliancewith operating
specificationsfor Watch List
tanks.

......Unsafe_ Yes Initiatetank monitoringin
compliancewith operating
specificationsfor Watch List
tanks.

Implementnear-termsafety
issuemitigationand/or
remediationactionsas
technicallyfeasible.

..................................................

3-2
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Figure3-I. Strategyfor OrganicTanksSafetyIssueResolution.
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4.0 INTERIR CRITERIA FOR ORGANICWATCHLIST
TANKSAT THE HANFORDSITE

Interimcriteria for organic Watch List tanks at the Hanford Site are
summarized in Table 4-I.

As indicated in Section 3.0, "Strategy for Safety Issue Resolution,"
waste in single-shelltanks will be classified into three levels (safe,
conditionally safe, and unsafe). Single-shelltanks with waste classified as

' "safe" will not:be included on the organic tanks Watch List. Tank with waste
classified as "conditionallysafe" or "unsafe"will be included on the organic
tanks Watch List.

Criteria for classifying single-shelltank waste as safe, conditionally
safe, or unsafe (and thereby identifyingsingle-shelltanks to be included on
the organic tanks Watch List in compliance with Table 4-I), are discussed in
this section. The technical basis supporting the criteria is addressed in
Section 5.0. Technical conservatism is addressed in Section 6.0.

Table 4-I• Interim Criteria for Organic Watch List Tanks
at the Hanford Site.

- _- _ : - -f : - i iil,ii i i _ ,,, ............. ,, ,,.,,,,,,,,,_ ,_,, ,,, j ,,,,,,

Waste Criteria
i l,ll,i i i

Level Classification Parameter Value
i i i i i ,

I Safe Waste organic concentration _<Swt.% T()c(dry
basis), and

Waste temperature <149 °C
,, i H ii i ,i H Hli_lll ,i i ,,

2 Conditionally wamsteorganicconcentration >5 Wt.% TOC (dry
safe basis), and

Waste moisture content _17wt•%, and

Waste temperature _90°C
ii iii i i ii,,iii ,i i l,,l,l,Jl!, i • __. ,,,,,,L _"''_'"_ '"""_ "' i _ _

3 Unsafe Failure to meet Level 2 Criteria
,, , , ,, , ,• ,, i ............

4-I
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Level I - Safe (Non-Watch List Tank)--Single-shelltank waste will be
classified as "safe" if the following criteria are met:

, The TOC content of the waste is sSwt.%* (dry basis), and

• Waste temparature is <149 °C**.

Nitrate/nitriteconcentrationand waste moisture content are not limiting
(constraining)parameters (Christensen1993).

e

Level 2 - Conditionally Safe (Watch List Tank)--Single-shelltank waste
will be classified as "conditionallysafe" if the following criteria are met:

e

• The TOC content of the waste is >5 wt.% (dry basis), and

*This criterion implies the following:

. The TOC content of the waste has, at no point within the tank, been
measured (based on waste sample analytical data) to exceed 5 wt,_
(dry basis), or

o

° The average TOC content of the waste, inferred From the TRAC
computer code (Jungfleisch1984), does not exceed x wt._ (dry
basis). The value of x will be determined by work currently in
progress by the Waste Tank Organic Safety Program to "calibrate" the
TRAC computer code using waste sample analytical data.

° The TOC content of the waste will be determined from waste sample
analytical data, rather than the TRAC computer code, if waste sample
analytical data is available.

**Based on temperaturemeasurementsusing instrumentationavailable
within single-shellwaste tanks as of December 31, !993.

4-2
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• Waste moisture content ts _17,t.%,* and

, Waste temperature ts _90°C **.

Nltrate/nltrlte concentratlon is not a llmltlng (constralnlng) parameter
(DOE1993),

Level 3 - Unsafe.(Watch.List Tank Subject to Near-Term Mltlgatlon/Remedlatlon Actions) $1ngle-shell tank waste w111 be classlfled as "unsafe"
If the waste falls to meet the Level 2 Criteria (Chrlstensen 1993),

|

*This crlterlon Implles the followlng:

, The moisturecontentof the wastehas, at no pointwithinthe tank,
been measured(basedon waste sampleanalyticaldata)to be less
than 17 wt.%,and

, Compliancewith the criterionmay be inferredfrom the presenceof
free standingliquidon the wastesurface. "Wastesurface"is
definedas a continuouslayerof solidsthat span the diameterof

. the tank,not as waste solidsthatmightbe presenton the surface
of free standingliquidbecauseof buoyantforces,or

• , Compliancewith the criterionmay be inferredfrom appropriate
laboratoryanalyticaldata on representativesingle-shelltank waste
simulants. The laboratoryanalyticaldata must conflrmthat the
equilibriummoisturecontentof single-shelltank waste,Fromwhich
water is free to evaporateunderrepresentativesingle-shelltank
waste storageconditions(includingactiveventilation),exceeds
17 wt.%. AppendixC illustratespreliminarylaboratoryanalytical
data obtainedto investigatethismethodvf demonstratingcompliance
with the wastemoisturecriterion.

**Basedon temperaturemeasurementsusing instrumentationavailable
withinsingle-shellwastetanksas of December31, 1993.

4-3
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S.O TECHNICALBASIS

The technicalbasissupportingthe interimorganicWatchList tank
criteriais presentedin the followingsections.

5.1 REPRESENTATIVEOR6ANICWASTESURROGATE

Large quantities of organic chemicals have been disposed to single-shell
' tanks at the Hanford Site as waste from chemical processing operations (Allen

1976,Martin1985,Gerber,eL. al. 1992). "EstimatedInventoryof Chemicals
. Addedto UndergroundWasteTanks,1944through1975"(Allen1976)suggests

that the majorityof the disposedorganicsare thoseshownin Table5-I.

Table 5-1. Organic Chemicals Disposed to Underground Storage Tanks.
II I rl II !1 III11111I II IIII I I i imrm I rill I Ullll I III I;I L_ _J IJIII

OrganicChemical Formulafor SodiumSalt3 Quantity(GramMoles)

HydroxyaCeticACid NaC,H,O, 9;0 X I0'
ii i iiiiiii ]L..... ILl .J II I JJ _k I!lllliJj . I . JLII IIIlflUl L ! I I IIIJl ....... I I ! - ................

CItric Acld Na_C6HsO7 3.3 X 104
IIIII i ! I [ I ir iiill 11111 i ...........................

HEDTAi ..... Na]C,oH,sOTNz 2.7 x tO'
IlL I!IlUl]I . I I II II II I I IIIIIII I I I I I,[ III I I I I I I I II IIIIIIIJ C_ .... :

EDTA2....... .... Na,C,oH,,OBN, 0.57 x 104
.......... ; ; ] I I ! ! i ii ..... ii .......... i ' ..... i, ii iii i ii iii1,11111111I I _ ..........

N-(hydroxyethyl)-ethylenedlaminetriaceticacid
Ethylenediaminetetraacettc acid
Form of compoundexistingin stronglyalkalineenvironmentof slngle-shell
tank waste

The informationin Table5-! was derivedfromprocessflowsheet
compositionsand recordedwastevolumessent to undergroundwastestorage
tanksfrom 1944 through1975 (A11en1976).

In AppendixB_ it is demonstratedthat sodiumacetate(NaC2H302)closelyapproximatesthe elghtedaverage chemicalformulaof the organicchemicals
. shownin Table5-1. For this reason,sodiumacetateis proposedto be a

representativeorganicwaste surrogatefor estimatingthe energeticsof
single-shelltankwasterelativeto a propagatingorganlc-nitrate/nitrite

. reaction.

The use of sodiumacetateas a representativeorganicwaste surrogate
needsto be qualifiedin threerespects:

• It does not accountfor the presenceof processsolvents
(principallynormalparaffinhydrocarbonsand trlbutylphosphateand
theirdegradationproducts)thatwere originallypresentin unknown
(butpossiblysignificant)quantitiesin the single-shellwaste
tanks. Althoughprocesssolventswere not routinelydisposedin the
single-shelltank systemas such (i.e.,as reflectedin process
flowsheetcompositionsand recordedwastevolumes),significant

5-I
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quantitiesenteredthe tanksentrainedin "organicwash waste"from
the chemicalprocessfacilities.The fate of processsolvents
disposedin the single-shellwastetanksis largelyunknown.
A majorfractionof the organicoriginallypresentmighthave been
lost over the courseof time as a resultof evaporationand waste
evaporatoroperations(e.g.,normalparaffinhydrocarbons),or
hydrolyzedto a less reactivewaste form (e.g.,tributylphosphate).
"Resolvingthe SafetyIssuefor RadioactiveWasteTankswith High
OrganicContent"(Babadet. al. Igg3a)indicates,basedon
thermodynamicconsiderations,that the energeticsof an organic-
nltrate/nitritereactioninvolvingnormalparaffinhydrocarbonwould
be significantlygreaterthan that of sodiumacetatefor a givenTOC
level. However,attemptsto inducea propagatingorganic-
nitrate/nitritereactionwith volatileorganics(e.g.,process
solvents)provednegativein earlierinvestigations.When heated
slowlyand uniformly,volatilehydrocarbonwas observedto evaporate
(unreacted)beforeignitiontemperatureswere reached
(Bacaet. al. 1978). To the extentthat processsolventsand their
degradationproductsare presentin single-shelltankwaste,use of
sodiumacetateas an organicwaste surrogatemightbe non-
conservative,However,basedon the currentstateof knowledge,a
definitiveassessmentof the degreeof non-conservatism(if any) is
not possible.

• Organicchemicalsdisposedin the single-shelltanks,particularly
the complexantsaddressedin AppendixB, are believedto have
undergonesignificantaging(degradation)over the courseof time,
resultingin more hlghlyoxidized(andthereforeless energetic)
waste forms(Babadet. al. 1993b). To the extentthatwaste aging
has takenplace in slngle-shelltank waste,use of sodiumacetateas
an organicwastesurrogateis conservative.Again,however,a
definitiveassessmentof the degreeof conservatismis not possible
basodon the currentstateof knowledge. In any event,it shouldbe
notedthat the criteriain this documentare not intendedto apply
to single-shelltanksknownto hold,or knownto have formerlyheld,
a floatinglayerof organic(referto Section2.0). Criteriathat
addresspotentialuncontrolledreactionsbetweenair and a Floating
organiclayer,or air and solidwastesaturatedwith organicliquid,
will be developedas the WasteTank OrganicSafetyProgrammatures.

l

• Recentwork by John Watkinof Los AlamosNationalLaboratoryhas
reportedthe presenceof very smallamountsof mononitroallphatic
carboxylicacids,and long chainaliphaticcarboxylicacids
resultingfromcontactof normalparaffinhydrocarbon/tributyl
phosphatemixtureswith strongnitricacid (at concentrationshigher
than thoseused in the PurexFlow sheet)(Watkln1993). Such
speciesare likelyto be somewhatmore reactivewith nitrate-nitrite
oxidizersystemsthan the parentcompot_nds.However,theirlow
concentrationunderthe highlyreactiveconditionsused by Watkin
suggeststhat they shouldnot significantlyenhancethe fuel value
of organicmaterialsin the single-shelltanks. The WasteTank
OrganicSafetyProgramplansto evaluatethe characteristics
(energeticsand degradation)of thesematerialsduringFY 1994.

5-2
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In summary,use of sodiumacetate as a representative organic waste
surrogate appears to be reasonable based on the current state oF knowledge.

Additional single-shell tank waste characterization tnformation_ whichaddresses specific organic constituents rather than TOCcontent is required
to confirm this contention. Thts waste characterization information is
scheduled to be obtained duping FY 1994 and outyears.

6.2 LEVELi CRITERIA

' The technical basis for the Level 1 Criteria lsa series of organic waste
surrogate energetics tests conductedby Fauske& Associates, Inc.

. (Fauske 1993) and the United States Bureauof Hines (USBM1993).

Fauske and Associates, Inc. used a Reactive Systems Screening Tool (RSST)
adiabatic calorimeter to assess the conditions under which a mixture of sodium
acetate-nitrate/nitrite salts could sustain a propagating reaction. The test
mixtures employedare shownin Table 5-2.

The test mixture with 7 wt.% TOC(Test 1, Table 5-2) exhibited
propagating behavior at about 300 °C (Fauske 1993). However, the test mixture
with 5 wt.% TOC(Test 2, Table 5-2) showedexothermic behavior close to
200 °C, but no transition to a propagating reaction (Fauske 1993). Results
for the Lest mixture with 3 wt.% TOC(Test 3, Table 5-2) were similar to those
for 5 wt.% TOC. From these data Fauskeand Associates, Inc. conclude that a
propagating sodium acetate-nitrate/nitrite reaction is possible at about
6 wt.% TOC, but not for TOCconcentrations below this value (Fauske 1993).
Accordingly, 5 wt.% TOCis selected as a reasonable upper limit for non-
propagating sodium acetate-nitrate/nitrite mixtures. Further, since sodium
acetate is proposed to be a representative organic waste surrogate (refer to
Section 5.1), 5 wt.% TOCis recommendedas a reasonable upper limit For
single-shell Lank waste classified as "saFe."

Table 5-2. Test Mixtures for Fauske& Associates, Inc.
RSSTAdiabatic Calorimeter Tests.

.......................... wtiSod u........
Wt.% TOC Wt.% Sodium Wt.% Sodium Nitrate/Sodium

Test (DryBasis) Acetate HydroxideI Nitrire"
fL,t,t II HI illll iiii i H i I I,H] I_ II I IIHII H, I ,,I,1,

e

1 7 24.0 12.0 64.0

" 2 ' '"' ' 5 ' 17.2 '_'"" _B.'5' 74.3"_-
I

i .i]] i! i I ii i i ilnilm i iiiinll . [ I i iiii iiii inlli Ilillll I I III]111 /LIlt I IIIIUI I __

3 3 10.4 5.0 84.6
i ................. I ....... ii L i i h H ill I i ............ ' "' '"'

'One mole sodiumhydroxide per mole sodium acetate.
2Sodiumnitrate/sodiumnitrite- 4/I weightbasis

Exothermic(butnot propagating)behaviorwas notedFor all threetest
mixturesincludedin Table5-2, at temperaturesaboveapproximately180 °C
(Fauske1993). Gas pressuresrecordedin the RSST,as a resultof exothermic
behavior,are summarizedin Table5-3. Significantgas pressures(aFter
cooldown)are evident. WhileRSST test resultsare not directlyapplicableto
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single-shellwastetanks,it is apparentthat gas pressuresgeneratedby an
exothermicorganic-nitrate/nitritereactioncouldconceivablycompromisetank
structuralintegrity,Therefore,criteriafor single-shelltank waste
classifiedas "safe"must addressthe potentialfor exothermic(as well as
propagatingorganic-nitrate/nitrite)reactions,A maximumwastetemperature
crlteri,nof 149 °U is recommendedaccordingly(referto Table4-I
Section4.0). This temperatureis 22 °C belowthe lowestexothermicreaction
initiationtemperaturenotedin organicwastesurrogateenergeticstestingby
Fauske& Associates,Inc. (FauskeIgg3)and the U. S. Bureauof Hines
(USBMi993),and is compatiblewith operatingspecificationsfor sing!e-shell
wastestoragetanks(Boyles1992). Maintainingsingle-shelltankwaste
temperaturesbelow 149 °C will ensurethat significantgas pressuresresulting
fromexothermlcreactionsare not generated.

Informationfrom differentialscanningcalorimeter(DSC)testsconducted
by the U. S. Bureauof Hines (USBH1193)also confirmsthe need for specifying
a maximumwaste temperaturefor single-shelltankwasteclassifiedas "safe."
DSC testswere conductedusingthe sodiumsalt of ethylenedlamlnetetraacetlc
acid (EDTA)in flowingair and nitrogen,withoutoxidizer(sodiumnitrateor
sodiumnitrate/sodiumnitrite). Test resultsare shownin Table5-4. These
resultsshow that,in air, EDTAdecomposesand releasescarbondioxideand/or
carbonmonoxidefrom the fouraceticacidgroups. The ethylenedlamineportion
(-NCHzCHzN-)is more stable,but if heatedfurther,EDTA decomposesand forms
a carbonate, Conversionto carbonateis completeat about750 °C. The
releasedcarbonmonoxideand the decompositionproductsoxidizein the flowing
air and give rise to the largeexotherm. The totalamountof energyreleased
duringthe exothermicprocessin threeseparatetestswas approximately
7,870Joulesper gram (J/g)of EDTA. Tests in a nitrogenflow resultedin an
exothermwhichextendsfrom roughly185° to 405 °C. The energyreleasefor
the main exotherm,foundin two testsin nitrogen,was 545 J/g. The residues
fromthe tests in nitrogenwere black,as a resultof pyrolysiswithout
oxidation,whereasthe residuesfrom the testsin air variedin color.

Table5-3. RSST Gas PressuresAfterCooldowr,
----..... uiii i i i

I i i llrl - .............. i i i UmllILL:L II __. _il/t_l _]L -

Test Wt % TOC Holesof Gas Produced Gas Pressure' .......... AfterCooldownz
(Dry Basis) Theoretical_ Actual (psi), ................

i , i u uul i t,i __ i iL

1 7 ,043 .044 44 .
i i,lu,, _1,,i i ill, i i i i,ii u!, i i m i _ iiill ii, i,,lll ii ,_ !, ,,,, ii i _ i i,iim, I:_LL __.

2 5 .03 .008 8
i i i i[1111111 ._ iii i i ii i iiiiiiii ii! Ulllllll lUl _ [ i i _ i iil!mluii

3 3 .019 ,003 3 "
--- l I l i i __± I _ I . II il],llll . -- ....... j

IForreaction'.NaCzH)O+ 1.6 NaNO)-,I,3NazCO3 + 1,5HzO + 0.7 CO2 + 0.8 Nz.
2Fromreactiontemperatureto approximatelyroom temperature.
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Table 5-4. DSC Results for Sodium Salt of EthylenediaminetetraaceticAcid
(Without Oxidizer) in Flowing Air and Nitrogen.

,,,, , , ,,................ i i i i

Decomposition Peak Temperature Decomposition
Atmosphere Onset Temperature

(° C) (o C) Exotherm (J/g)
ii ,, i i i ,,,i i i i i,,i .,i,,,,r ii , li, i i i li,llli

Flowing air 290-300 400-410 7,8702
..,. i , i, ,i ii, li,,., i ii, ,,,ii ., 11H

Flowing nitrogen --].851 370 54,53
'" I

' IDifficultto determine.
ZAverageof three tests.
3Average of two tests.

In summary, the U. S. Bureau of Mines data confirms that at high
temperature,organics (such as EDTA) can decompose in the presence of air with
a large release of energy. A maximum waste temperaturefor single-shell tank
waste classified as "safe" needs to be specified accordingly. Table 4-i,
Section 4.0, therefore includes a maximum waste temperature of less than
149 °C as a Level I Criterion.

5.3 LEVEL 2 CRITERIA

Level 2 Criteria, applicable in single-shelltank waste classified as
"conditionallysafe," permit TOC concentrationsabove the 5 wt.% TOC (dry
basis) specified by Level I Criteria. This is possible due to the inclusion
of a minimum waste moisture criterion (_17 wt.%), and inclusion of a highly
conservativemaximum waste temperature (_90 °C).

Adiabatic calorimetry test results by Fauske & Associates, Inc., using
the vent sizing package (VSP) calorimeterindicate that the heat of reaction
for a sodium acetate-nitrate/nitritemixture is approximately3.7 mega Joules
per kilogram (MJ/kg)of sodium acetate (Fauske 1993). The VSP adiabatic
calorimetermeasures adiabatic temperaturerise to accurately determine the
heat of reaction associated with exothermic activity. Using the 3.7 MJ/kg
heat of reaction, and accounting for the sensible heat of reactants and the
latent heat of vaporizationof water, it is possible to estimate the weight
Fraction of water that would prevent a propagating sodium acetate-

. nitrate/nitritereaction with the Followingequations (Fauske 1993):

N
" XH_O> I+----N

N - (X- Xn)AHR - CtjTo - Ti)
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where:

x = Weight fraction of sodium acetate in a dry mixture,
for which X,zois to be calculated

xn = Estimatedweight fraction of fuel (sodium acetate) in
a dry sample to produce a propagating reaction
(X. = 0.172)*

_HR (J/kg) = Estimated heat of reaction per kg of sodium acetate .
(--- 3.7 MJ)

CM (J kg -iK-I) = Specific heat of dry sample (~ 1000 J kg"IK"I)

To (K) = Onset temperaturefor propagating reaction (~ 573K)

Ti (K) = Waste tank operating temperature (~ 323K)

;k(J kg"I) = Latent heat of vaporizationof water (~ 2.25 MJ kg"I)

CH,o (J kg-i K-I) = Specific heat of water (- 4300 J kg-IK-I), and

T, (K) - Boiling temperature of waste (~ 393K).

All parameters required to calculate X,2o,the weight fraction of water

required to prevent a propagating reaction, are specified except for x, the
weight fraction of sodium acetate in a dry mixture, For which ,zois to be
calculated. A bounding value for x is 0.38 (38 wt.% sodium acetate), that of
a stoichiometricmixture of sodium acetate and sodium nitrate (Fauske 1993).
Sodium acetate at 38 wt._ is equivalent to 11 wt.% TOC.

Using these values, the Following results are obtained:

N = (.38-.172) (3.7xi06) - (i000) (573-323)

2.25xi06+(4300) (393-323)

N = .204

"17.2 wt.% sodium acetate, corresponding to 5 wt.% TOC (dry basis), From
Table 5-2. Although the 5 wt.% TOC test mixture did not support a propagating
reaction (refer to Section 5.2), this value is used in the calculations shown
here to estimate a conservativevalue For minimum required waste moisture
content.
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N .204
X.,o> "

Xsao > . _.69

t,

In summary, for an estimated heat of reaction (- 3.7 MJ/kg sodium
acetate), and assuming a stotchlometric mixture of sodium acetate and sodium

" nitrate, a waste moisture content _17 wt.% will prevent a propagating
reaction. This is the technical basis for this criterion.

The remaining criterion, maximumwaste temperature _90 ° C, is
established at this conservative level for two reasons:

* It is far below the lowest exothermic reaction initiation
temperature noted in organic waste surrogate energetics testing by
Fauske & Associates, Inc. (Fauske 1993) and by the U.S. Bureau of
Mines (USBM1993), which is 171 °C.

• It is 10 °C below the lowest possible boiling point of aqueous
single-shell tank waste (100 °C) and 30 °C below the boiling point
expected for aqueous waste saturated with sodium nitrate. A maximum
waste temperatureof 90 °C will help to limit water loss From
single-shelltank waste solids.

5.4 LEVEL 3 CRITERIA

Single-shelltank waste that fails to meet the Level 2 Criteria
(conditionallysafe) will be classified as "unsafe" (by definition).
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6.0 TECHNICALCONSERVATISM

The interim criteria presented in Section 4.0 are to be used to conduct a
preliminary screening of the 149 single-shell waste tanks at the Hanford Site
in order to Identify candidates for the organic tanks Watch List. The purpose
herein ts to identify tanks that require enhanced levels of monitoring and
controls to meet safe interim storage objectives. The criteria are not to be
used, in their present state of development, for resolution of the organic
tanks safety issue. Additional laboratory testing, waste characterization

' data, and technical analyses are required to support safety issue resolution
in a satisfactorymanner. Given this qualificationregarding intended

. application,the interim criteria are believed to be reasonably conservative
For the following reasons.

6.1 REPRESENTATIVEORGANICWASTESURROGATE

In Appendix B, it is demonstratedthat sodium acetate (NaC2H_Oz)is a
representativeorganic waste surrogate For the organic chemicalsknown to have
been added to the slngle-shellwaste tanks in large quantities. The "weighted

Ii II

average" chemical Formula calculated in Appendix B is Na C_H 0 N
This is then rounded to the nearest integer to yield "NaCi_4,(J,._"e_Bh'y_IrOgen
to carbon ratio from these two chemical formulas is shown in-Table 6-I.

Table 6-I. Carbon to Hydrogen Ratio.
............ .................................................. _,,,

Calculation Step ! chemical Formula

"Weighted average"........? ........Na,a_C2H2.sGO2.0sN,18

"Rounded to nearest i'nteger;' I........ NaC2H]02

Use of sodium acetate (hydrogento carbon ration - 1.50) as a surrogate
For the waste originally present in the tanks (hydrogen to carbon
ratio : 1.29) is, in itself, a significantconservatism From an energetics
standpoint. The energetics of an organic nitrate/nitritereaction are
expected to increasewith hydrogen to carbon ratio (Babad et. al. 1993a).

, Hydrocarbon-likechemicals (chemical formula [CH2]x)present a limiting case
where the hydrogen to carbon ratio is approximately20..

. The conservatismnoted above is enhanced by waste aging (degradatinn)
over the course of time as waste species originally present in the tanks are
converted to more highly oxidized (and therefore less energetic) waste Forms
(Babad et. el. 19g3b).

However, as discussed in Section 5,0, these conservatisms are offset (to
an unknown but probably small extent) by the possible presence of process
solvents and mononitro aliphatic carboxylic acid salts in the waste.
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6.2 WASTETEMPERATURE

Section S.2 discusses the technical basis for the 149 °C maximumwaste
temperature specified in the Level I Criteria. This temperature criterion is
believed to be reasonably conservativefor the following reasons.

• The 149 °C temperaturecriterion is 22 °C below the lowest
exothermic reaction initiation temperature noted in organic waste
surrogate energetics testing by Fauske & Associates, Inc.
(Fauske 1993) and the U.S. Bureau of Mines (USBM 1993).

, The 149 °C temperature criterion is compatible with operating
specificationsfor single-shellwaste storage tanks. Operating
specificationsfor single-shelltanks (Boyles 1992) require that
waste temperaturesnot exceed 300 °F, which is equivalent to 149 °C.

Section 5.3 discusses the technical basis for the 90 °C maximum waste
temperature specified in the Level 2 Criteria. This temperature criterion is
believed to be very conservative for the following reasons.

• The 90 °C temperature criterion is 81 °C below the lowest exothermic
reaction initiation temperaturenoted in organic waste surrogate
energetics testing, as discussed in the preceding paragraph.

• The 90 °C temperature criterion is 59 °C lower than the 149 °C
temperature criterion specified in the Level I Criteria.

• The 90 °C temperature criterion is 30 °C below the boiling point
expected for aqueous waste saturatedwith sodium nitrate. Tab]e 6-3
indicatesthat sodium nitrate is the principal inorganicconstituent
in Hanford Site tank waste, and waste solutions are genera]]y Found
to be saturatedwith sodium nitrate.

• The 90 °C temperature is 10 °C below the lowest possible boiling
point of aqueous single-shelltank waste (100 °C For water).

6.3 WASTEORGANICCONCENTRATION

Section 5.2 discusses the technical basis for the 5 wt.% TOC criterion.
The test mixture with 7 wt.% TOC* exhibited propagating behavior at about
300 °C. The test mixture with 5 wt.% TOC* showed exothermic behavior close to
200 °C, but no transition to a propagating reaction (Fauske 1993).
Consequently, the safety objective stated in Appendix A (that no propagating
organic-nitrate/nltritereaction be possible) Fails at some TOC concentration
above 5 wt.% TOC and below 7 wt.% TOC. The value of 5.0 wt.% TOC was
conservatively selected as the basis for the criterion. A somewhat higher TOC
content might exhibit non-propagatingbehavior, but this has not been verified
experimentally. Nevertheless,5 wt.% TOC probably represents some small (but
presently unquantified)degree of conservatism.

*Based on sodium acetate as the organic waste surrogate.
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6.4 WASTEMOISTURECONTENT

The waste moisture content required to prevent a propagating sodium
acetate-nitrate/nitritereaction is calculated in Section 5.3. The
calculationuses an estimated heat of reaction (3.7 MJ/kg sodium acetate) and
assumes a bounding value for sodium acetate concentration (38 wt.%), that of a
stolchiometrlcmixture of sodium acetate and sodium nitrate (Fauske 1993).
The assumption of a stoichiometricmixture is highly conservative for the
reasons outlined below.

' A stoichiometricreaction of sodium acetate and sodium nitrate is
represented by the reaction:

NaC2H302.l.6NaNO3 - 1.3Na2CO3+i. SH20.0,7 C02+0.8 N2

Table 6-2 calculates stoichiometricreactant quantities on a weight
basis.

Table 6-2. StoichiometricReactant Quantities.

Reactant Moles Molecuiar _qeight Grams Wt. %

Sodium acetate 1.0 82.04 82 38

Sodium nitrate 1.6 85.0i 136 62
....... i ii , i, _ ill lllmllii i ] rri rlli i i i!................................................

Total 218 I00
........ -_ -- l _ i i!,,, ,,,,,il rl _- .....

The waste moisture content required to prevent a propagating reaction
will decrease as reactant quantities deviate From the stoichiometric
proportions shown in Table 6-2. This is because, at other than stoichiometric
proportions,either excess Fuel (sodium acetate) or excess oxidizer (sodium
nitrate) is present. The heat of reaction available is at a maximum For a
stoichiometricmixture, and decreases as the proportion oF reactants varies to
either side of the 38:62 weight percent proportion.

' Inorganicconstituents in HanFord Site waste are summarized in Table 6-3.
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If the inorganiccompositionof single-shelltankwaste is represented
(on average)by the valuesin Table6-3, a stoichlometrlcmixtureof sodium
acetateand sodiumnitrate(or sodiumnitrate/nitrite)is highlyunlikely,
The presenceof 23 wt.% inertdlluentswould significantlyreducethe heat of
reactionavailable,comparedto the stoichlometrlcreactiondiscussedabove.
The wastemoisturecontentrequiredto preventa propagatingreactionwould
thereforebe reduced,as is evidentfrom the calculationsshownin
Section5.3.

An additionalwastemoisturecontentconservatismis relatedin the water
of hydrationassociatedwlth many organiccompounds. The U.S. Bureauof Hines
makesthe followingobservationin the sectionof theirreportentitled
"Sample Preparation:"

"Anhydroussaltsof the tetrasodlumEDTA and of the sodiumcitratewere
not commerciallyavailable. Instead,tetrasodlumEDTAdlhydrateand
sodiumcitratedlhydratewere used in the tests. The weightsof the
fuelsin the mixturesof the hydroussaltswere modifiedto allow for the
presenceof the waterof hydration. In each of the mixturescontaining o

thesefuelsthe waterof hydrationwas releasedat a lowertemperature
than the temperatureat whichdecompositionbeganin the DSC tests."

The endothermsassociatedwith loss of waterof hydration(at low
temperature)partiallyoffsetthe exothermresultingfrom an
organic-nitrate/nitritereaction(at high temperature)(Bechtold1993). This,
in effect,contributesto suppressinga propagatingreactionin a manner
similarto that of unboundwater (wastemoisturecontent). The water of
hydrationboundto organicchemicalsin the single-shelltanksrepresentsa
degreeof conservatismthat is not quantifiedin Section5.3.
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The heat of reactton used tn Section 5.3 to determine the motsture
content required to prevent a propagmtjng sodtummcetmte-nitrmte/nttr!te
reaction ,as not affected by,ater of hydration. This heat of reaction
(3.7 HJ/kg sodiumacetate) was estJmmtedustng reagent grade mnhydroussodium
acetate. Sodiummcetate also extsts as a trihydrmte.

AppendtxC is a preiJmtnary mttempt to place the sJn_le-shell tank waste
motsture |ssue into perspective. The following questton is addressed in
AppendtxC.

e

"What Js the equtltbr!um moisture content of single-shell tank waste.
under acttvely ventilated storage conditions. ,here the waste ls

. continuously exposedto ambient air representative of that at the
Hanford Stte?"

The answer to thts questton provtdes a very conservative, bounding
condition for the single-shell tank waste motsture lssue. The preliminary
results shown in Appendix C suggest that the equilibrium moisture content is
about 22 ,t. percent. It is of interest to observe that this equlllbrlum
moisture content is above the mtnJmummoisture content of 17 wt. percent
specified tn Sectton 4.0 For the "condttiona]]y safe" waste classification,

The waste tank organic safety programplans to support additional work tn
this area durtng FY 1994 and outyears.
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APPENDIXA

SAFETYOBJECTIVE

The primary safety objective is to ensure that no chemical reaction of
the organic-nitrate/nitrite waste be possible that could

1. Produce radiation doses or toxic exposure either on-site or off-site
in excess of applicable limits, or

o

2. Damage the tank so as to compromise its ability to safely store
high-level waste.

The primary objectivewill be met by imposing the more stringent
secondary safety objective that no propagating exothermic reaction be
possible, regardless of the severity of its consequences. A propagating
reaction is one that can spread beyond a local point of ignition.

The purpose of categorizingthe organic-nitrate/nitritewaste hazard into
safety levels is to help define single-shellwaste tank monitoring and
controls required to meet the safety objective stated above. The use of
safety levels allows ranking of the tanks in terms of relative risk. At one
extreme, where wastes are non-reactive,no monitoring or controls would be
required to meet the safety objective. At the other extreme, reactive wastes
(if any exist) would require mitigation and/or remediation in order to meet
the safety objective.

Two key safety questions are posed to identify three safety levels.

QUESTION1

Is a propagating exothermic reaction possible during interim storage?

The phrase "possibleduring interim storage" in Question I refers to
conditions that could theoreticallyoccur if n_.oocontrols were placed on
tank operations. This no control stipulation allows for possible but
unlikely events such as waste dryout and the introductionof local
reaction initiators. The no control stipulationdoes not, however,

, include operations that could be conducted during future efforts directed
at waste retrieval.

• If the answer to Question I is no, then the waste can be safely stored
without human intervention. If the answer to Question I is yes, then a
second key question is posed as follows.

QUESTION 2

Is a propagatingexothermic reaction possible under present conditions of
waste moisture content?

If the answer to this question is no, th,_nthe safety objective can be
met by imposing monitoring and controls that maintain moisture content
above a level that prevents a propagatihg exothermic reaction.
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If the answer to this question is yes, then the safety objective can be
met only by imposing controls that prevent the introductionof reaction
initiators. The more stringent secondary safety objective cannot be met
if the answer to Question 2 is yes.

Answers to these two key safety questions lead to the definition of three
safety levels as follows.

SAFE

This safety level corresponds to a ]LQanswer to Key Safety
Question I: a propagatingexothermic reaction is not possible
during interim storage. The safety objective can be met by a
hypotheticalunattended operationalmode. Monitoring and controls
are not required for safe storage.

In terms of reaction phenomenology,the requirement is that any
reaction be self-extinguishing,i.e., a reaction could not propagate
at a measurable rate as the result of a localized reaction
initiator. A second requirement is that radionuclidedecay heat and
heat generated by chemical reactions within a single-shelltank be
passively dissipated without inducing a propagating exothermic
reaction. Both of these requirementsmust be satisfied for a
moisture level of zero.

CONDITIONALLYSAFE

This safety level corresponds to a _ answer to Key Safety Question
I followed by a no answer to Key Safety Question 2. Single-shell
tank waste in this category is safe on the condition that moisture
level is maintained at or above a definable critical level.

In terms of reaction phenomenology,the requirementsare the same as
for the SAFE category with the exception that moisture level above a
critical level applies. Therefore, a propagating exothermic
reaction can be ruled out for this safety level.

UNSAFE
D

This safety level corresponds to yes answers to both Key SaFety
Questions. For single-shelltank waste in this category, a reaction
initiatedat a local point could propagate through a significant
quantity of waste. Accidents would be prevented by imposing
controls that prevent the introductionof reaction initiators.
Waste in this category is subject to near-term mitigation and/or
remediationactions.

Storage of wastes in this category is inconsistentwith the more
stringent secondary safety objective because a propagating
exothermic reaction cannot be ruled out. A change in waste storage
conditions, for example by adding water, would be required to assure
that waste storage met the level of safety required by the safety
objective.
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APPENDIXB

Table B-1 calculates a "weighted average" chemical formula for an organtc
waste surrogate from Information presented tn Tab]e 5-1.

As showntn the rt ht hand columnof the lower portton of the table, the
"weighted average" chemca] formula ts NaCaH302,corresponding to sodtum
acetate,

e

Table B-1, Representative Organic Waste Surrogate.
............................. - . .--

" MO. Constituent FO_tI (Tlbt, S-l) Grain HoLes (TIbL, 5-1)
.....

1 $o¢Hunlhydroxy acetate NIC,H_O_ 9,0 x 106
.].,.,...,-,< .=..,,,..,. ,,,,,, .,, , ... , ,, , , L

2 Sodium citrate HI,C,H,O? 3.3 x 10'
:1_i:, i. _.: _ .... ............................ ---

3 Sodium silt of HEDTA NI,C,,H,,O,N, 2.7 x 10'
L i _ i i iiii i i

4 ,odiumsilt o, t.T* ,,.c,.,,.o.,. o.sT_lO'
i iii ii i iiii1,111 ii i ir

Const|tuent (Grm Notes x 10') NormaLize to Rour¢l to

From No. 1 N . 2 From He. 3 From He. 4 Total ' Integer
......[

NO 1 x 9.0 + 3 X 3.3 . 3 x 2.7 . ; x .57 • 29.28 .42 .84 1
!1 i I . !... i i i i i ii : i i i ......

C 2 _ 900 * 6 _ _'_ " 11'; _ 2. '7 , 10 '' '._ . _0. SO ..... 1"" loG ''] 2.00 2

I I llll! I III1"1"111TI r r l

H 3 X 9.0 . '"5 X 3'.3 . 1_ X 2.? + 12 x .57 " 90.84 1.29 2.58 3
IlL i i illll i iiiiiii nil i i i [ i ill i ,ill i

o 3_9.o, 7,3.z. T,z.7. 8,.s7. n.s6 i".o4 2.IS z
II.l. I '"'" ' .I I II ...... i

, o, ,.o . ox 3.3. z', z.7',. 2 ,,".sT. _,.s4- .o9 .le o
1 __ i i i iii iiii i i iii ii i ...... i iii iii
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_: September 7, 1993
i

XQ: Dave Tu..,'nar Vea=Lnsho_Je Han_ord Comply

_: Hans K. Fa,Aeke Fa,AJka 6 AJJlO4J, I_ll, Zna,

 p,.n oaa, .NzcCe AZ.ZNGLV.STt

^ 1on& peru dr,yin| exper_,,Nnc La heine performed ic FA2; co decermAne

:he m_n_ moLacu:e concertoof sLaulacedHartfordor&snAp :oncaLnAnj vases,

The scopLnl experLaenc scarceA euc vLch a LAquAd seLuc£on conJ£scLnl of',

H_q03 . 16,_ fLm 2_,6 5_,.4,

HaC2H302 . 9,21. lpa ],3,9 30.7

NaOH - A,_9 _ 6,8 _4,9

, H20 - 36,i,2 lPa _,,7 -

, The above soluc:Lon (LnJ.:_.ally no snlLda present) was ooncat.ned Ln an open

250 ml Pyrex beaker and exposed :o aabLonc aLr vL:h a relacLve humAdA_ of

about 50q (correspondAns co che yearly svera|e va_uo ac ::he Hanfo_ sLOe),

S_.nce the so].uc_,on vas peppered on Ju],y 28, L99), a mass Loll o_ 27,93 p

has been meastA:ed as o_ September 7, 3.99:3, A_cer :3&days, sceady.scace

appears :o have been reachedvi:h no _ur:herveL&hc loss _n_Lca_ecL.

Zn the fLrs: 2_ days =he mass _oss yam 27,3.2_a an_ du:In8 =hAs period

_he ma_erlal chan_sd _rom an all.L£quld so_ucLon co a so1_d.ILquid mixture
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TO: D&vs T_er • 2 • September 7. %99!

(niL= cs_k, _ncL _lAk, _oz'_Lon s_ct sol_d prsaJ.pt.cJcLon) and evenra,%%), c©

ill dry._oolcin| aryscAllLms soiL,s.
4

The s_bssquen_ slp%e vot_: loss bshsvtar beyond 25 ci_ys La LI.
P

3.UnCrAted J.n FLf. ]. tnd(cactns the spproJch co 8cssdy-sCil_e diC dtbo_c 3_ Cldt_8

of cizTin |, _'he oorreSlDOnCl_n| _as Loss is 27.92 I11 4n4 ssa_ut_nl all _,J due

:o vet:or lo110 vo elt:_mJce • mo_Jl:urs _ot:ent:Lon oE 8._9 pt vh£ah LI equLv.

&_,snc r.a 22 Vat. 1:CLJ st Lnl:s1'eieCt_otloce tthst: r.h,Lsv&],_s aonpsl_'es yell

v:Lr,.h1:hecI_i.ssc %0_.-|Y d41:&.

Ftn411y, .. nat, r._c L! r_, aoLsc_rs =oncsn= aannoc E,3 1 belay sons

mLnLm_ vi],us {aue,h is 20 Vt) due t:o Lnl_srsnc n,:u:6_ phenortemt, r.he vuc.

C&_ &1sO be conl:Lds_sc_ _rih_ent:ty lisle :r.hdspendenc o_ t:hs fuel ¢otlcen|:l;sc:r.on

(s_n P,ef. [%1). The m_.n_a _oLJ_'_t', _onc:enc should chefs,ore p%Jy , key

:'o_e Lri eJt:ib].LlhLnj r.ite S&_tC_ c::_.ce_L4 _o[ _:hi v&sct C_n_S. As d_¢h. Vet

p161! Cu ¢a_ out: s dedLc,st:sd, P.SST ?_'op&|i:Lor_ "..sl,_: _sLn8 t:he :'esu].c_.n|

_e_Ldue _ora :he cu_'_et_t:dry:Lnj expel'LassO. Bued upon o_* _'_snC _ndez'.

a:ind_,ns {see P.if. [ %]), 8 dt_ mLxr.u_e vL:h 9 ;Tt TOC should nor. exh£bLt:

p:'opsia¢:Lni bsh,JvLor Lh _he presence o_e S moLi_'_c'econtent of 22 VS.

&_y comsencs yo_z m_y _v, :,_e=Lns :o :he shove obso_-vacLons _o_Ld be

_sscly ,pp_s_L_:sct.
f_

.tszJt

1, Feueke, 1_, K., "AdL_,b&t;£_¢_].oz_._e1::_ {P.SSTand VSP) Ts_cs v_._ SodL_
Acetate'. _euo co O_vs Tuz'ne= cl_sc_ _,uiF_acLT, L993,

co' R. J. ¢6s_, _d¢
D, Jeppson, _.[C
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