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EXECUTIVESUMMARY

This document evaluatesthe chemical compatibilityof wastes currently
stored in tanks 241-C-I06,241-AY-I01,and 241-AY-I02. Specifically,this
document describesthe acceptabilityto transferthese wastes in the following
sequence:

I. Tank 241-AY-I02supernatantto any other tank

2. Tank 241-AY-I01supernatantto tank 241-AY-102

3. Sluice tank 241-C-I06to tank 241-AY-I02,using the supernatantof
tank 241-AY-I02as the sluicing medium.

Four safety-relateddecisionelements applicableto the Waste Compatibility
Program were reviewed,as follows:

I. Criticality
• 2. Energetics

3. Corrosivity
4. Flammablegas accumulation.

Three transfer steps were reviewedagainst these elements, as follows"

I. Transfer of 2,044,116L (540,000gal) of supernatantfrom
tank 241-AY-I01to tank 241-AY-I02

2. Transfer of supernatant(sluicingmedium) from tank 241-AY-I02 to
tank 241-C-I06

3. Transfer of tank 241-C-I06contentsto tank 241-AY-I02to mitigate
the current high-heatsafety concern in tank 241-C-I06.

Of the 12 decision elements identifiedas needing analysis,only I was
not within acceptablelimits. However, this elementwill not hinder the
sluicing of tank 241-C-I06providedthat appropriatechemical adjustments areI

made before, or during,the specific transferof tank 241-C-I06contents to
tank 241-AY-I02.
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CHEMICALCOMPATIBILITYOF TANKWASTESIN
TANKS241-C-106, 241-AY-%OI,

AND241-AY-102

1.0 INTRODUCTION

Tank 241-C-I06 (C-I06)is a high-heat,single-shelltank. By definitionthis
means that the contents of this tank generate heat _tarate greater than
40,000 Btu/h. Radionuclidessuch as strontium-90(_Sr) are believed to be
responsiblefor this excessiveheat flux. Furthermore,it is believed that
these heat generating elementsare predominantlyin the sludge that has
settled to the bottom of C-f06.

The chemical compatibilityof the wastes currentlystJred in C-f06, 241-AY-IOI
(AY-IOI),and 241-AY-I02 (AY-I02)is the focus of this document. At issue is
whether the transfer of materialsplanned in the ProjectW-320, Tank 241-C-I06
Waste RetrievalSluicing System,work scope would cause adversechemical
reactions in the tank farms.

This study examines the retrievalaction associatedwith sluicingC-I06 waste
into double-shelltank AY-I02. The sluicingmedium planned-inthis effort is
supernatantfrom AY-IOI. To accomplishthis sluicing,AY-I02 needs to be
emptied as much as practical. The necessaryquantityof AY-]OI waste would
subsequentlybe transferredinto AY-I02, and this liquid would serve as the
sluicing medium for this project.

2.0 SCOPE

Available specific characterization data for C-106, AY-IO1, and AY-102 are
presented in Appendix A of this document. The interactions of these wastes
are discussed by defining specific portions of the C-106 sluicing sequence
(steps). Analyses are performed on these steps for potential safety problems
that could result from commingling of the different wastes.

Evaluation criteria applicableto the chemical compatibilityof the intended
transfers are presented in Appendix B.

3.0 DISCUSSION

Decisions about allowing, or prohibiting, the completion of transfers within
the double-shell tank farm system are based on waste compatibility (Carothers
1994). The primary objectiveof the Waste CompatibilityProgram is to prevent
formation of an unreviewedsafety question (USQ). Unreviewed safety questions
have resulted from past operationsof the double-shelltank system limiting
the ability to receive, process,and store waste. Therefore, preventing an
USQ in the double-shelltank system as the resultof sluicing C-I06 is
desired.

The goal of ProjectW-320 is to retrieve high-heatgenerating sludge from
C-I06. This is intended to be performedby slurryingthe solids (sluicing)
using supernatant from AY-IOI. It is preferredthat the sluicingof C-I06 be
performed in a continuous fashion. Therefore,the supernatantfrom AY-IOI is

I
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first planned to be transferredto AY-IO2.

Tank AY-I02 is ventilatedby the tank 241-A-702 (702-A)vessel ventilation
system. OperatingSpecificationsfor Aging-WasteOperationsin 241-AY and
241-AZ, OSD-T-151-O0017(Bergman 198ga)specifiesa maximum heat generation of
1.2 x 10_ W (4 x I0° Btu/h) for waste vented by the 702-A system. Other
double-shelltanks specifiedin OSD-T-I5I-O0007,OperatingSpecificationsfor
the 241-AN, AP, AW, AY, AZ, and SY Tank Farms (Harris1992) are limited to
20,000 W (70,000Btu/h) or less. The high-heatremovalcapability of AY-I02
makes it an optimumreceiver tank for the waste from C-I06.

From AY-I02, supernatantwill be transferredto C-f06. In turn, the resultant
slurry formed in C-I06 will be transferredto AY-I02. Clarificationof this
fluid by settling is planned such that it can be used in retrieving additional
sludge.

The current AY-I02 supernatantwill be transferredto a tank other than
A:-I02, AY-I01, or C-I06. This will accommodatethe transfer of waste from
A'_-IOIand C-f06 into AY-I02. These transfers (AY-I02to another tank, and
AY-IOI to AY-I02) will be completedbefore waste is transferredout of C-I06.

The resulting sluicingconfigurationwill be a closed system composed of:
C-I06, AY-I02, and the associatedwaste transfer and receivingsystems.
Graphically,Figure I illustratesthis final step.

This document analyzesthe transfersspecifiedabove againstthe four safety
criteria of WHC-SD-WM-DQO-OOI,Data QualityObjectivesfor the Waste
CompatibilityProgram (Carothers1994):

1. Criticality
2. Reactivity
3. Corrosivity
¢. Preventionof flammablewatch list tank.

These safety criteriaare based on empiricalstudy of previous waste transfers
within the tank farm system as well as the resultingbehavior of the waste
tanks after transfer.

The bases for criticalitysafety in the waste tanks are providedby
WHC-SD-SQA-CSA-20363,CSER91-004: Criticality Safety of Single-Shell Waste
Storage Tanks (Rogers 1994). This Safety Assessment has been further
clarified by WHC-SD-SQA-CSA-Z0363.The basic principles by which
Project W-320 shows criticality safety are derived from the double-contingency
principle using fuel concentration and poison content. This implies that the
waste tanks are subcritical if plutonium concentration is limited independent
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of the poisons in the tanks; and the tanks are subcriticalif the poison to
plutonium ratios are sufficientindependentof the fuel concentration.

None of the sluicing operationswill increasethe plutoniumconcentrationpast
1.0 g/L. Additionally,the sluicingoperationwill not change the form of the
dominant plutonium species. The highly basic waste tank environmentdesigned
to limit corrosionof tank structuralmaterialsyields a pH in excess of 8.0,
the limit above which insolubleplutoniumpredominates. The waste tank
chemistry specificationsensure that the dominantplutoniumspecies in the
tanks will be an insolublehydroxide.

Additional safety margins can be demonstratedbecausewaste tank criticality
does not depend on geometry,mass, or plutoniumdistribution. The tanks are
much larger than the geometry requiredfor criticality. The tank contents are
known to be heterogeneous,and provingthat the plutoniumis nearly uniformly
distributed in the tanks is difficult.

The tanks are safe by the plutoniumconcentrationas the tanks currently
exist. The maximum plutoniumconcentrationin C-I06, AY-I01, and AY-I02 is
less than 0.2 g/L. The minimum critical concentrationfor plutonium in waste
is 2.6 g/L (Rogers Igg3).J

The tanks are safe by poisonswith the plutonium. If the necessary absorber
to plutonium ratios can be demonstrated,subcriticalitycan be shown based

;. solely on that fact (RogersIgg3). The safe poison mass ratios for selected
materials are as follows: 770 for natural or depleteduranium, 160 for iron,
32 for manganese, 135 for chromium,and 105 for nickel. These materialswere
formed as insolublehydroxidecomplexeswith the plutoniumduring waste
processing. The safe poison mass ratios for selectedsolublematerials are as
follows: gIO for aluminum,360 for sodium, and 270 for nitrates. The safe
poison mass ratio is defined such that k-effectivewill be less than 0.95 for
any combinationof water and plutonium. The solid and liquid portions of
C-I06, AY-IOI, and AY-I02 meet at least one of these poison ratios. Appendix
C reproduces the analysis of ProjectW-320 containedin CSER 94-001 (Rogers
1994). Additionally, it carriesthe argument further by analyzingthe wastes
assuming they have been transferredto the receivertank (AY-I02). This is
done by looking at the mass ratios existing in the waste at the completion of
sluicing operations.

The basis for reactivity safety is provided by actual measure of the energetic
potential of the wastes. Energeticssafety is demonstratedby the absence of
net exotherms in the waste conductedby laboratorythermal analyses up to
500 "C. However, historicalcharacterizationdata that support these analyses
for Project W-3ZO do not exist. Therefore, an engineeringanalysis is made
based on additional criteria which are judged to evaluatethe same potential
for adverse waste behavior.
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These additional criteriahave been developedby the Waste Tank Safety Program
(Turner1993). The criteria are based on conservativeboundingassumptions
about the nature of the energetic chemicalreactantspresent in the waste as
well as additional factors that could affect an energy release:

• The waste organic concentration
• The waste moisture content
• The waste temperature.

The Waste Tank Safety Programjustifiesthat sodium acetate is energetically
representativeof the water solubleorganic complexantsused in various
Hanford Site chemical processingoperations,and likely to bound the organic
contents of the waste tanks to be used by ProjectW-320. This justification
is qualifiedin severalways. First, it does not account for the presence of
process solvents (e.g.,normal paraffinhydrocarbon[NPH] and tri-butyl
phosphate [TBP]) that were inadvertentlysent to single-shelltanks in
unknown, but possibly significant,quantities. Second, it is believed that
the organic complexantshave undergonesignificantdegradationby oxidation

• over the years, loweringthe potentialenergy content of the organics.
Finally, any carboxylicacids generatedfrom contact of NPH/TBPmixtures with
nitric acid, which exhibit significantreactivitywith nitrate-nitrite
oxidizer systems, are assumed to not be present in the waste tanks in
sufficientconcentrationsto enhancethe fuel value of the waste tank

;. organics.

With these qualifications,testingof surrogatesodium acetatewaste mixtures
led to the developmentof criteriathat specifythe degree to which the
energetic content of the waste poses a safety problem. BecauseHanford Site
waste tank organic analyses have almost exclusivelybeen historicallyreported
in terms of total organiccarbon (TOC),TOC is equated to an energetically
equivalent mass of sodium acetate (NaCz_Oz)by the mass ratio of the sodium
acetate molecule to the mass of carbon containedwithin it (mass of NaCzH30z
equals 3.4 x mass of TOC). The degree of hazard caused by chemical energetics
falls into three categories: safe, conditionallysafe, and unsafe. These
categories, specifiedwith the organicconcentrationin terms of TOC mass in
dry waste, are as follows:

- Safe: (5 wt% TOC and waste temperature<149 °C

• Conditionallysafe: >5 wt% TOC, water content217 wt%, and
waste temperature_go "C

• Unsafe: Failureto meet either of the above
criteria.

The controllingdocument (Turner 1993) develops the analyticalmodel used in
evaluating the above energetic safety conditions. This compatibilitystudy
uses the model to evaluatethe chemicalenergeticconditions that are posed by
the sequence of ProjectW-320 waste processingoperations. Any condition
evaluated as "safe" or "conditionallysafe" is equated to satisfyingthe
energetics requirementsof the Waste CompatibilityProgram (Carothers1994).

Energy release from Hanford Site waste has been evaluated, and it has been

5
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established that use of sodium acetate (NaAc)as the surrogate form the
reported TOC takes provides a conservativeboundaryfor the maximum energy
release (Turner 1993).

An analysis of the radioactivedecay heat loadingin C-10G wastes and
potential relationshipswith chemicalreactivityare pres_nted in Appendix E.

'm

The waste compatibilityrequirementsfor corrosionare provided by the
Operating Specificationsfor the 241-AN, AP, AW, AY, AZ, and SY Tank Farms,
OSD-T-151-O0007 (Harris199Z). The intent is to limit the corrosionrate of
tank structuralmaterialsto minimizestructuraldamage and possible leak
formation. The waste chemistryis controlledwith the intent of restricting
general corrosionrates to less than 1 rail/yearand to inhibit stress
corrosion cracking. These criteriaare based on waste temperatureand the
concentrationsof hydroxide,nitrate,and nitrite.

In regards to the preventionof waste formationthat has the potential to trap
and contain flammablegases, it is stated in WHC-SD-WM-DQO-O01,Data Quality
Objectives for the Waste CompatibilityProgram (Carothers1994) that:

"The premise of the currentapproachis that we can use
SpG of the source and receivingwaste to identify
transfersthat may lead to flammablegas accumulation.
A key considerationin futurerevisionsto this Waste

r- CompatibilityDQO is the validationof this approach
through evaluationof historicaldata and developmentof
other potential indicatorsof potentialindicators."

All tanks at the Hanford Site generatehydrogen,which could originatefrom
corrosion, radiolysis of water, or an organicchemicalreaction. The rate of
hydrogen generation in any tank is low. If the hydrogen is vented at the same
rate it is being made, then there is no problemwith hydrogen flammability.
The main issue for gas flammabilityis the trappingof potentiallyflammable
gases in the wastes of a tank.

The question that is posed, then, is what parameters in tanks can be used to
prevent the waste from trapping gas. It is believed that solids must be
present in the tanks to trap gas; those tanks which contain only, or
predominately, clear liquid do not present any problem with gas retention.
The parameter used to identify which tanks may retain gas was chosen to be
specific gravity (SpG). Specific gravity is a measure of wast:e concentration.
Below about 1.35 SpG, the waste is liquid with only small amounts of solids.
Once the wastes are concentrated above 1.35 SpG, chemicals start to
precipitate from the waste. It was noted that all the double-shelltanks on
the flammablegas watch list had an averagespecificgravity of greater than
1.4. None of the double-shelltanks not on the flammablegas watch list had
an average specific gravity of greaterthan 1.4. This seemed to be a prudent
limit to set until further study could define better limits. Those studies
are ongoing and not complete at this time. As of this writing, a specific
gravity of greater than 1.4 has been the only waste property identifiedthat
is exclusive to tanks on the flammablegas watch list, and the 1.4 SpG limit
remains the most defensiblediscriminatoryet identified.

It should be pointed out that the average specificgravity of the tanks to be

G
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used in the retrievaloperationsare all below 1.4. Mixing them will not
raise the specificgravity beyond the 1.4 limit.

The implementedmethod of mitigatingtank 241-SY-101(SY-I01) is by mixing the
waste contents. The mixing disturbsthe solidsand allows any trapped gases
to escape. The tanks used in ProjectW-320 will be mixed during sluicing
operations. The sluicing activitywill consequentlyperformthe same function
for the wastes in C-I06 and AY-]02.

The ventilationsystem will be operatingin both tanks and will sweep away any
hydrogen that is released. The balanceof tank farm experience and modeling

of H2 radiolysis indicatesthat the generationof steady state H_ is not a
problem--eitherthe Hz generation is low enough,naturalventilationof the
tank is high enough,or a combinationof both indicatethis is so. The
highest flammablegas concentrationever measuredin naturallyaspirated
Hanford Site waste tanks has only been a few percentof the lower explosive
limit.

The safety documentationfor this projectwill look specificallyat hydrogen
and will address hydrogen burns and applicableadministrativecontrols on
ignition sources.

Appendix F documentsthe outcomeof previouswaste compatibilitywork
performed in supportof ProjectW-320. These studiesyielded the basis for
selection of the receivertank and sluicingmaterial.

3.1 WASTE DESCRIPTIONS

Tank inventoriesfor C-I06, AY-]01, and AY-I02 are reported in Table I.

Table 1. InitialTank Inventories.
.........................

Waste Volume L (gal)
i i ill i i ii .

type Tank 241-C-I06 Tank 241-AY-I01 Tank 241-AY-102
ii .,| ii ml l i

Solid 746,000 (197,000) 314,000 (83,000) 121,000 (32,000)
.Ill II I

Liquid 182,000 (48,000) 3,100,000 (820,000) 3,433,831 (907,125)(s}
l II i l l

Total(b} 867,000 (229,000) 3,410,000 (901,000) 3,554,964 (939,125)
, ,,. ,.,, ........

(=)Alldata presented are from Tank Farm Surveillanceand Waste
Status Summary Report for September1993, WHC-EP-0182-65,Westinghouse
Hanford Company, Richland,Washington(Hanlon1994), except tank 241-
AY-I02 liquid volume, which was obtained from the ComputerAutomated
SurveillanceSystem (CASS) (2/24/94).

(b)Asa result of the presenceof interstitialliquid,waste volume
totals _ solid volumes + liquidvolumes.

" 7
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Of the data reported:

• For C-I06 liquid
- 61,000 L (16,000gal) are interstitial
- 121,000 L (32,000gal) are supernatant

• For AY-]01 liquid
- 7,600 L (2,000 gal) are interstitial
- 3,096,000L (818,000gal) are supernatant

• For AY-I02 liquid
- All is supernatant.

Specific chemical characteristicsof these wastes are reported in Appendix A.

3.2 WASTETRANSFERS

The transfers needed to sluice C-106 can be separated into three sequential
steps:

Step 1: AY-102 supernatant to any other tank
Step 2: AY-101 supernatant to AY-102
Step 3: C-106 to AY-102 (see Figure 1).

To effectively apply the guidelines of WHC-SD-WM-DQO-O01,Data Quality
Objectives for the Waste CompatibilityProgram (Carothers1994), a waste
compatibilitydeterminationis requiredbef,}rethe start of a transfer.
However, Step I is outside the scope of this report. Step 3 involves
"recycle"and effectivelyis two transfers in one. Three separate analyses of
waste compatibility are thus necessaryto allow the sluicing of C-I06.

If an acceptable waste compatibilityconclusionis to be reached,the
variables delineated in WHC-SD-WM-DQO-O01(Carothers1994) must be known
before the transfer. One of two events must thereforetake place if an
appropriatechemical compatibilityevaluationis to be made. These two event
choices are:

• Sample the sendingand receivingtank(s)before each transfer step
• Build a model that predicts intermediarywaste stream compositions.

It is preferred that waste compatibilityquestionsfor all transfers
applicable to ProjectW-320 be answeredin advance. Therefore, a chemical
model has been chosen for this analysis. To this end, a material balance
around the three transfersof importanceis presented.
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3.2.1 AY-102 Supernatant to Any Other Tank

The intentof Step I is to remove the contents of AY-I02 to the maximum extent
practicable.

Step I

There are three primaryfactors importantto successfulcompletionof this
transfer as follows:

• The hydrostatichead specificationsfor the tank bottom (Bergmann
lg8ga)

• The effect of operating the annulus ventilation (Bergmann 198gb)

• The volume of solids presently in the tank (Hanlon 1994).

These factors influence the minimum volume of waste allowed in AY-102 and
therefore have an indirect impact on the chemical behavior of the waste in
this tank. For the purposes of this document, it is assumed that a minimum
AY-102 volume of 121,000 L (32,000 gal) can be achieved.

Tanks C-106 and AY-101 are not involved in this transfer action and therefore
will not be affected.

P

Upon completion of this step, the inventories of the tanks will become those
values reported in Table 2.

i

3.2.2 AY-101Supernatant to AY-102

The second step in influencing the overall C-106 sluicing effort is the
transfer of supernatant from AY-IOJ to AY-102. This supernatant is intended
to serve two purposes:

• Function as the source of fluid to be used when performing the
sluicing of C-106

• Allow ample time for settling of solids in the receivingtank
(AY-I02).

Step 2

The slurry that is transferredout of C-I06 will need to settle within AY-I02.
The nominal supernatantvolume identified for this is 2,040,000 L
(540,000gal) (Estey ]gg3).

Before this step, there will be 3,100,000 L (818,000gal) of supernatant
available in AY-I01. Furthermore,ample receivingspace will have been
created in AY-I02 at the completionof Step 1. Hence, no volumetric
limitations are expectedthat might hinder occurrenceof this transfer.

Upon completion of this step, the inventoriesof the tanks will become those
values reported in Table 3.

g
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Table 2. Tank Inventoriesafter Transfer of Tank 241-AY-I02 Supernatant.
.........................

Waste Vol',meL (gal)
i i i i ,ml i

type Tank 241-C-I06 Tank 241-AY-I01 Tank 241-AY-I02
_, i illi, ii i , i ii|

Solid 746,000 (197,000) 3 14,000 (83,000) ]21,000 (32,000)
..... ,,,,, i i Hll

Liquid 182,000 (48,000) 3,100,000 (820,000) 0

Total 867,000 (229,000) 3,410,000 (901,000) 121,000 (32,000)
................

10
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Table 3. Tank Inventoriesafter Transferof Tank 241-AY-I01Supernatant.
, .................

Waste Volume L (gal)
,=n i

type Tank 241-C-I06 Tank 241-AY-I01 Tank 241-AY-I02
, ,u., ,,,. in, ,i i, ,, .,,, ,

Solid 746,000 (197,000) 314,000 (83,000) 121,000 (32,000)
=., i ,.,, i ., .,i ,,

Liquid 182,000 (48,000) 1,060,000 (280,000) 2,040,000 (540,000)
... i , iii m ,,, , , . i .,i i ,

'"Total 867,000 (229,000) 1,370,000 (361,000) 2,170,000 (57:_,000)

3.2.3 C-106 to AY-102

The final step in the overall sluicingprocess is the actual "sluicing"of
C-I06. This step was defined earlieras Step 3 and involvesthe complication
of "recycle" as shown in Figure I. To aid in furtherdiscussionof this step,
two sub-steps are offered:

• Step 3a: Transfer from AY-I02 to C-106.
• Step 3b: Transfer from C-I06 to AY-I02.

Step 3__ _

During this step, a closed-loop continuous transfer system w$11 exist between
C-106 and AY-IO2. A graphical description of this process is shown in Figure
I. Because of the low-wastevolume inventoriesrelative to the tanks'
capacities, no volumetriclimitationsare expected to hinder occurrenceof
this step.

At the completion of ProjectW-320, the inventoriesof the three affected
tanks will become those values reported in Table 4.

From this representation,a final C-I06 volume of less than or equal to
189,000 L (50,000gal) is expected. It is also expected that this reduction
in inventory will be sufficientto mitigate the current high-heatsafety
issue. Any additionalsludge removal from C-I06 will exceed the minimum
success criteria.

3.3 WASTECOMPATIBILITY

The basis for assessingchemical compatibilityof wastes within the tank farms
is formed by WHC-SD-WM-DQO-O01,Data QualityObjectives for the Waste
CompatibilityProgram (Carothers1994). Five generic steps from that document
constitute a recipe for performingthe followinganalyses"

1. Characterizethe sending and receivingtanks' wastes. Generally
this is accomplishedby in-tank sampling and analysis.

2. Compare these data with the guidelines in WHC-SD-WM-DQO-O01
(Carothers 1994).
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Table 4. Tank Inventoriesat Completionof ProjectW-320.
ii ,i ,, ........

Waste Volume L (gal)
i ,,, ,,,i ,, ,,,...q, ii ii.. ,.

type Tank 241-C-I06 Tank 241-AY-101 Tank 241-AY-I02
i i ......

Solid 189,000 (50,000) 314,000 (83,000) 678,000 (179,000)
ill i , , ,,

Liquid 0 1,060,000 (280,000) 2,230,000 (588,000)
ii i ii ,., ., ,,i . ,, i .=,=

Total 189,000 (50,000) 1,370,000 (361,000) 2,840,000(751,000)

NOTE The maximum operatinglimit for the 241-AY tanks (Operating
Specificationsfor the 241-AN,AP, AW, AY, AZ, and SY Tank Farms,
OSD-T-151-O0007,Rev./Mod.H-5, WestinghouseHanford Company,Richland,
Washington [Harris 1992] and OperatingSpecificationsfor Aging-Waste
Operations in 241-AY and 241-AZ, OSD-T-151-O0017,Rev./Mod.D-O,
WestinghouseHanford Company,Richland,Washington [Bergmann1989]) is
reported as 3,710,000L (980,000gal). Therefore,a substantial
contingencyvolume will result for both tanks 241-AY-I01and 241-AY-I02.

3. If there are no discrepanciesbetween "as found" conditions and the "
criteria,then the transfer is allowed. If there are discrepancies
in this step, then a more detailed analysis is required.

4. _This"more detailed analysis"requiresa determinationof the
resultantwaste propertiesproduced.

5. If the resultingwaste propertiesobtainedfrom this "more detailed
analysis"are found to satisfythe criteria of WHC-SD-WM-DQO-O01
(Carothers1994), then the waste transfer is allowed.

Analysis of C-I06 sluicingrequiresmultiple applicationsof the recipe
specified above.

To effectivelymanage these analyses,the model outlined in Section 3.2 of
this document is employedbelow. Analysis of three specific events ensures
complete chemical compatibilityof the waste in AY-I01, AY-I02, and C-I06.
The relationshipsbetweenthe transfer steps identifiedin Section3.2 and the
needed analyses are as follows:

Transfer step Event needinq allaIy_is

2 Transfer of the 2,040,000L (540,000gal)
of supernatantfrom AY-I01 to AY-I02

3a Startup of the initial sluicing;transfer
of AY-I02 supernatantto C-I06

3b Completionof the sluicing;transfer of
C-f06 slurry to AY-I02.

These 3 events, when combinedwith the 4 safety criteria (Carothers1994),
result in 12 total elements requiringanalysis. These 12 safety elements are
presented in Sections 3.3.1 through3.3.3. A summary of findings from

12
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analysisof theseelementsis providedin Table5.

3.3.1 Comminglingof AY-I02Wastewith Any OtherTank Waste

This activitycorrespondsto StepI of Section3.2.1.

It is impliedthattherewouldbe no adversechemicalor physicalbehaviorat
the "source"tank as a resultof transferringwaste(Carothers1994).
Consequently,the act of removingliquidfromAY-I02in Step I will resultin
favorablechemicalcompatibilityfor this step.

Step I will not increasethe concentrationof the plutoniumin 241-AY-I02past
1.0 g/L. Step I will not removeenoughpoisonfromthe plutoniumto decrease
all the poisonsbelowthe safepoisonmass ratio. Also,Step I will not
reducethe hydroxideconcentrationor pH belowacceptablevalues. The two
controlson criticalitywill be maintainedduringthis step.

3.3.2 Comminglingof AY-101 Wastewith AY-102 Waste

This activity corresponds to Step 2 of Section 3.2.2.

A modeldepictingthe intermixingof AY-IOIsupernatantand AY-I02contentsis
offeredin Appendix_O.The AY-I02contentspresentedas feedmaterialto this
model are the solidsthat resultfrom the transferdescribedin Step I above.

S_eo_2SafetyDecision_le_ent__

1. Criticality

"Theplutoniumconcentrationis reportedas 0.072g/L for the
solids,a valuelessthan3% of the minimumvaluewhichcan be made
criticalunderconditionsof optimal moderation.The plutonium
concentrationin the liquidis reportedas 0.000004g/L. The total
plutoniumcontentforAY-I02is estimatedto be 8.7 kg.

ForAY-I02the measuredFe/Pumass ratioof 1,57gis g.8 timesas
largeas the subcriticallimit. The measuredMn/Pumass ratioof
166 is 5.I timesas largeas the subcriticallimit. The concentra-
tionsof bothcadmiumand boronare far largerthan requiredto
ensuresubcriticalityfor the plutoniumpresent"(Rogers1994).

Step Z will not increasethe concentrationof the plutoniumin
AY-I02or AY-]OIpast1.0g/L. Also,Step Z will not removeenough
poisonfrom the plutoniumto decreaseall the poisonsbelowthe safe
poisonmass ratio,and will not reducethe hydroxideconcentration
or pH belowunacceptablevalues. The two controlson criticality
will be maintainedin Step 2.

]3



Table 5. Waste Compatibility Sumary.
. i i

Safety Step
criteria Safety limit _ ,.

2 3a 3b

Criticality Source waste plutonium equivalent , a a
concentration <0.05 g/gal

Reactivity No separable organic in source waste; and b b b
source and receiving wastes individually
have an Jexotherm/endothermJ <].0 from DSC
and TGAconducted up to 500 "C

Corros i on NO]" 0.82 0.82 c _=Source waste: "(--)
[NO.,]<_1M OH" 0 45 0 45 =" • (I) ¢,_

,.-, 0.0] N <[OH'] <8 N, and NOz" 0 25 0 ?.5 ¢ -"''=" O.OZZ M -_<[N0;,']-_<5.5M • , • _.._=
tank .... 0 |

with receiving <75 "C (167 "F) "C 18 "C 56 "C 23 "C = m¢/1

(OF) (64 OF) (132 "F) (74 "F) _' f_
_o

Prevention of Specific gravity of source waste <1.3 1.1 1.I c o
flamable
watch 1ist
tank

,

aCSER94-001: Criticality Safety of Single-Shell Waste Storage Tanks, IVHC-SD-SQA-CSA-20363,
Rev. O, Westinghouse Hanford Company, Richland, Washington (Rogers 1994).

"Confirmed by engineering analysis in lieu of analytical data.
twill be within limits because of nature of transfer.

DSC -- Differential scanning calorimetry
TGA = Thermal gravimetric analysis
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Therefore,the transferis permitted.

2. Reactivity

No separableorganiclayeris reportedfor thewastein AY-I01and
AY-I02. Furthermore,TOC data for the two tanksare reportedas:

AY-IOI(liquid) <5,780mg/L
AY-IOZ(liquid) <2,724mg/L
AY-I02(solids) <3.82mol/kg.

EnergyreleasefromHanfordSitewastehas beenevaluated,and it
has beenestablishedthat use of NaAc as the surrogateform the
reportedTOC takesprovidesa conservativeboundaryfor the maximum
energyrelease(Turner1993).

Therefore,if all thiscarbonis assumedto be in the form of NaAc,
then the "NaAcequivalentconc.entrations"of thesetankswould be:

Tj_n_k NaAceouiv_lenl_concentration

AY-I01(liquid) 23.165g NaAc/Lsolution
AY-I02(liquid) 9.307g NaAc/Lsolution ,:.
AY-I02(solids) 211.437g NaAc/Lsolids.

Sodiumacetatereactsaccordingto the followingequation(Turner
1993):

NaAc+ 1.6NaNO3 -, 1.3 NazCO3 + 1.5HzO+ 0.7C0z + O.8Nz

where:

AHrx. <7.85 MJ/Kg NaAc(theoretical ).

The maximumexpected energy from AY-101 and AY-102 is:

T_j_rL_ MaximumenerqvDotentialof TQC

AY-I01(liquid) 0.18MJ/L solution
AY-I02(liquid) 0.07 MJ/L solution
AY-I02(solids) 1.66MJ/L solids.

j=
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It is possibleto calculatethe weight fraction of water needed to

suppress a propagatingexothermicreaction- xNzo, by the following
equation (TurnerIgg3):

XN2o > N/(I+N)

where:

N - [(x - Xn)_ R - Cw(To - Ti)] / [A + C,2o(Ts -

x - Weight fraction of sodium acetate in a dry
mixture for which x,zois to be calculated
(boundingvalue - 0.38, i.e., 11 wt% TOC
equivalent)

x, - Estimatedweight fraction of fuel (sodium
acetate) in a dry sample to produce a
propagatingreaction (xn - 0.172)* .

AHn(J/kg) - Estimatedheat of reaction per kilogram of
sodium acetate (-7.8S MJ)

CN(J kg.IK.4) - Specific heat of dry sample
(-I,000 J kg.IK.1)

To(K) - Onset temperaturefor propagatingreacticn
(-573 °K)

T_(K) - Waste tank operating temperature

A (J/kg) - Latent heat of vaporization of water
(-2.25 MJ/kg)

C,zo(Jkg.I K.I) = Specific heat of water (-4,300J kg.I K.I)

Ts (K) - Boilingtemperatureof waste (-393 °K).

"17.2 wt% sodium acetate,correspondingto S wt% total organic carbon
(TOC) (dry basis), from Table 5-2 (see Interim Criteria for OrganicWatch List
Tanks at the Hanford Site, WHC-EP-OG81,WestinghouseHanford Company,
Richland, Washington,D. A. Turner, 1993). Although the 5 wt% TOC test
mixture did not support a propagatingreaction (referto Section 5.2), this
value is used in the calculationsshown here to estimate a conservativevalue
for minimum requiredwaste moisturecontent.

IG
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The approximatetank operatingtemperaturesare currently.

Temperature(,K}

AY-101 (1iquid) 296
AY-102 (1iquid) 291
AY-102 (solids) 291

This results in the following N and x,2o values for the tanks:

N _.zo

AY-101 (1 iquid) 0.5 0.337
AY-102 (1iquid) 0.5 0.334
AY-102 (solids) 0.5 0.334

The water content for eachof these tanks is knownto be:

Tank wt%water X_,zo

AY-]01 (l iquid) 86 0.86
AY-IO2 (1iquid) 95 0.95
AY-102 (solids) 60 0.60

P

This evidence showsthe presenceof more than twice the quantity of
water neededto suppress any possible exotherms. Consequently, a
substantial safety margin exists for these wastes.

Therefore, the transfer is permitted.

3. Corrosion

Tank 241-AY-I01supernatantconsistsof the following:

[OH]--7.6 g/L - 0.45t¢withinlimitsof 0.01N <_[OH]_<8#t

[N__]= 50.7g/L- 0.82# withinthe limit01/#°fo[NO_]<_IM[NOz]--11.7g/L - 0.25# withinlimitsof . I _<[NOz]<_5.5M.

The averagetemperatureof AY-I02is approximately64 "F, whichis
less thanthe limitof <167"F.

A chemicalmodelformixingthe supernatantin AY-J01with the
solidsin AY-I02is providedin AppendixD. Resultsof this mixture
demonstratethat both solidand liquidphasesremainvirtually
unchangedin theirrespectivechemicalcompositions.

Therefore,the transferis permitted.

17
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4. Preventionof FlammBbleWatch ListTank

Tank 241-AY-101liquid has an SpG= 1.1 g/mL. This is less than the
limit of SpG <1.3.

Therefore,the transfer is permitted.

5. Summary

The proposed transfer of 2,044,000 L (540,000 gal) of supernatant
from AY-IO] to AY-102 is acceptable from an engineering process
control perspective. The large margins of safety identified in this
analysis eliminate the need for further sampling of these tanks.

The analyses conducted above demonstrate that the transfer of
supernatant from AY-IO] to AY-102 is allowable.

3.3.3 Commingling of C-106 Waste with AY-102 Waste

This activity corresponds to Step 3 of Section 3.2.3.

The sub-steps describing this activity are as follows:

Step 3a: Intermixing of AY-102 supernatant (resulting from Step 3) with
C-106

Step 3b: Intermixing of C-106 with AY-102.

Step 3a Safety-Decision Elements

I. Criticality

"A sizablemargin of criticalitysafety will be maintained
throughoutthe process of transferringwaste from C-I06 to AY-I02.
No mechanismcapableof causingcriticalityas the result of mixing
these wastes has been found" (Rogers1994).

Although this analysisdoes not take waste from AY-I01 into account,
a substantialsafety margin will still exist. This is evidenced by
the followingstatement:

"A conservativeestimate of the plutoniumconcentration in C-106
solids based upon 3 samplesis 0.127 g/L. The minimum concentration
of plutoniumwhich can be made critical in conservativelydefined
waste was calculatedto be 2.6 g/L. Therefore, the measured
plutonium concentrationis less than 5% of the minimum value which
can be made critical under conditionsof optimal moderation.

Although the actual water content of the waste has not been
determined,it is very likely that the waste is overmoderated.
As the level of moderation increases,so also increasesthe
concentrationof plutoniumrequiredto achieve criticality. In a
solution of plutonium in full densitywater the minimum critical
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concentrationis 7.Z g Pu/L. The presenceof absorbersin the waste
wouldincreasethe minimumconcentrationof plutoniumrequiredfor
criticality.

The use of waterfor sluicingactuallyincreasesthe marginof
safety. Allowingthe wasteto dry out,as it wouldeventuallyif no
waterwereto be added,wouldactuallyincreasethe reactivity.
However,the wasteis so far subcriticalthat the increasewould
have no significanceto safety. Evenwith completedrying,the
wastewouldremainwell subcritical"(Rogers1994).

Step 3a willnot increasethe concentrationof plutoniumin AY-I02
or C-I06past 1.0g/L. Also,Step3a will not removeenoughpoison
fromthe plutoniumto decreaseall the poisonsbelowthe safe poison
mass ratio,or reducethe hydroxideconcentrationor pH below
unacceptablevalues. The two controlson criticalitywill be
maintainedin Step3a.

Therefore,thistransferis permitted.

Ig
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2. Reactivity

There has been no separableorganiclayer reported for C-I06 or
AY-I02 waste. Furthermore,at this step, TOC data for these two
tanks will be:

Tank TOC
C-I06 (liquid) <20,000mg/L
C-106 (solids) <4,620 mg/kg
AY-I02 (liquid) <6,780 mg/L
AY-I02 (solids) <3.82 mol/kg.

Evaluatingthese data using the approachemployed in Section 3.3.2-

Tank NaAc equivalentconcentratio_
C-106 (liquid) 68.3 g NaAc/L solution
C-I06 (solids) 22.6 g NaAc/L solids
AY-I02 (liquid) 23.165 g NaAc/L solution
AY-I02 (solids) 211.437 g NaAc/L solids

Maximumenerav potential of TOC
C-I06 (liquid) 0.536 MJ/L solution
C-I06 (solids) 0.177 MJ/L solids
AY-I02 (liquid) 0.182 MJ/L solution
AY-I02 (solids) ,: 1.66 MJ/L solids

Ta_39._ Temperature(°K)
C-I06 (liquid) 328
C-106 (solids) 328
AY-102 (1iquid) 296
AY-102 (solids) 296

Tank N &,,,
C-106 (liquid) 0.5 0':_54
C-106 (solids) 0.5 0.354
AY-102 (1 iquid) 0.5 0.337
AY-102 (solids) 0.5 0.337

Tank wt% water
c-I06 (liquid) 77
C-I06 (solids) 45
AY-IO2 (Iiquid) 88
AY-I02 (solids) 60

As in the analysis presentedin Section3.3.2, there is sufficient
water in the waste of these two tanks to suppress any exotherms that
might result from the presence of organiccarbon. A substantial
margin of safety is again maintained.

Therefore, the transfer is permitted.

_q
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3. _orrosion

At the beginningof this step, AY-I02 supernatantwill consist of
the following:

[OH]= 7.6 g/L - 0.45 # within the limits of 0.01 M _<[OH]_<8M
[NO3]---50 7 g/L - 0.82 H within the limit of [NO3]-<IM
[NOz]= 1117 g/L - 0.25 g within limits of 0.011 M <_[NOz]<5.5 g.

The averagetemperatureof C-106 is approximately132 "F, which is
less than the limit of <167 °F.

Therefore, the transfer is permitted.

4. Preventionof FlammableWatCh L_si_Tank

Tank Z41-AY-I02liquid will have an SpG= 1.1 g/mL. This is less
than the limit of SpG <1.3.

Therefore, the transfer is permitted.

5. Summary

The proposedtransfer of supernatantfrom,-AY-102to C-106 is
acceptablefrom an engineeringprocesscontrol perspective. The
large margins of safety identifiedin this analysis eliminate the
need for further samplingof these tanks.

The analysesconductedabove demonstratethat the transfer of
supernatantfrom AY-I02 to C-I06 is allowable.

Step 3b Safety Decision Elements

1. Cr_l;icalitv

The criticalityevaluationpresentedin Step 3a also applies in this
step. Furthermore,confirmationof criticalitysafety is presented.

"The slurry distributorfor AY-I02 is designed to spread the
incoming slurry over the surface of the waste. For criticalityto
occur the plutoniumwould have to be concentratedmore than 20-fold
without at the same time concentratingthe iron, manganese, boron,
and cadmium. In additionto this, the presence of water, or other
hydrogenouscompounds,would increasethe required plutonium
concentrationby a factor of nearly 3. For these reasons
subcriticalityis not dependentupon the distributionof the waste.
No criticalitysafety requirementsneed be placed on the slurry
distributor"(Rogers 1994).

Step 3b will not increasethe concentrationof the plutonium in
AY-I02 or C-I06 past 1.0 g/L. Also, Step 3b will not remove enough
poison from the plutoniumto decrease all the poisons below the safe
poison mass ratio, or not reduce the hydroxideconcentrationor pH
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belowunacceptablevalues. The two controlson criticalitywill be
maintainedin Step 3b.

Therefore,the transferis permitted.

2. Reactivity

The elementsrequiredfor determiningthe safetyof reactive
componentsin this stepare the sameas thoseof Step3a. The only
differenceis that the sourceand receivertanksare reversed;
however,the conclusionis identicalregardlessof the tank order.

Therefore,the transferis permitted.

3. CorrosioKl

Tank 241-C-I06liquidconsistsof the following:

[OH]= 0.176mg/L - I X 10.5M and the limitis 0.01M <[OH]_<8M

• INBI!= 67,IS6mg/Lo.21_.OBMand the limitis [NOz]<I,zJ = g.75g/L g within the limit of 0.011 _f <[NO2] -<S.5 M.

Tank 241-C-106 solids consist of the following:

No reported [OH] and the limit is 0.01 N <_[OH]<_8N

[NOz]= 1,129mg/kg- 0.0255M withinthe limitof !NO_!<IMNo reported[NO2]and the limitis 0.011M_<[NO2]<5

Therefore,basedon thisdata alone,C-I06as a sourcetank wouldbe
unacceptablefor transferintothe double-shelltank system.
However,ProjectW-320will be capableof addingNaOH and/orNaNO2
to adjusttheseconcentrationsbeforetransferringthis waste into
AY-I02. The rangeof NaOHthat may be necessaryis specifiedas
0 kg to 1,400kg. Basedon the expectedintermixingof C-I06with
AY-I02,the resultantNaNO2 concentrationis expectedto be within
specifications(Estey1993).

The averagetemperatureof AY-I02at the beginningof this stepwill
be approximately23 "C (74"F),whichis lessthanthe limitof
75 °C (<167 °F).

Therefore, the transfer is permitted as long as any needed chemical
adjustmentsaremade.

4. Preventionqf FlammableWatchListTank

Tank 241-C-I06waste has a liquidSpG= 1.18g/mL,and a solidsSpG
= 1.43g/mL. This is greaterthan the limitof SpG<1.3 so an
analysesof the weightedmean specificgravityof the commingled
waste is necessary.

"4
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At beginningof this step, AY-I02 will have a liquid Spg =
1.12 g/mL, and a solids SpG= 1.4 g/mL. As an extreme case, the
respectivevolumesof waste applicableto this transfer will be:

Waste Volume L (aal)
Start FJ1d

C-f06 (liquid) 182,000 (48,000) 0
C-I06 (solids) 746,000 (197,000) 0
AY-I02 (liquid) 2,040,000(540,000) 2,230,000 (588,000)
AY-102 (solids) 121,000 (32,000) 867,000 (229,000)

The weighted mean SpGof the commingled waste would therefore be
calculated by the following equation:

Weighted mean SpG- (Volume1 * SpG1 + Volumez * SpGz)/
(Volume1 + Volumez)

Therefore the weighted mean SpG that would result in AY-102 would
be:

[ (48) il. 18)+(197) (1.43)+(540) (1.12)+(32) (1.4) ]/(48+ 197+540+32)

where:

Weighted mean SpG- 1.2.

This is less than the limit of weightedmean SpG _1.41.

Therefore, the transfer is permitted.

5. $_mmary

The proposedsluicing of C-I06 to AY-I02 is acceptable from an
engineeringprocesscontrolperspective. Large margins of safety
have again been identifiedin the analysiseliminatingthe need for
further samplingof these tanks.

The analysesconductedabove demonstratethat the transfer of waste
from C-I02 to AY-I02 is allowable. The only provisionis that the
corrosion specificationsbe met by chemical adjustmenteither
before, or during, the transfer.

4.0 CONCLUSION

This study reaffirmsthe findings "that the safety issues central to Waste
Tank Safety Program (WTSP)are not adverselyimpactedby the Project W-320
effort" (Fulton1993).

Furthermore,the chemicalmodels presentedin this document demonstrate that
no chemical reactionsidentifiedin AppendixD will result in future waste
incompatibility. Thus, no chemicalsafety issueswill be exacerbated in any
way by retrieving the contents from C-I06 and transferringthem to AY-I02. In
fact, a safer overall farm configurationis envisioned.
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ABBREVIATIONSANDACRONYMS

DSC differentialscanningcalorimetry
NPH normal paraffinhydrocarbon
TBP tri-butylphosphate _-
TGA thermal gravimetricanalysis
TOC total organic carbon
USQ unreviewedsafety question
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APPENDZXA

CHARACTERZZATXONDATAFORTANKS

The tables tn this appendix have been excerpted from ]O]-AY, ]02-AY, &
106-C Data Compendium, WHC-SD-k_I-T]-578, Rev. O, Westinghouse Hanford Company,
Rtchland, Washington, B. A. Castaing, 1993.

C-106 SoLfdl
__ i ii __ iI __ i illII Ill IllIII - -- iiii iili i iii __

Range
Coq>onant " Average Un|ts

Lo_ N|gh

L _So_--_d_ll'l" z l IH *lzll -- z,i .. ii i 5_ i , e "'
- i i i ,ll - i, i i ,,i

Zliatar - - {,5 -

n.tko,_Ity i.z7 1.43 1.4o o/,_
, if,, - -- ,, , i i _ n,,

F 86 720 /,03 mglkg
, ill i i i l • i, li iiiiii i i ii

,o3 9zn _ 1.33o 1.Iz9 q/k,
i, ,ll ..... i __ *

_ .. i, i lu i i ii i i

804 936 &,850 2,893 mg/kg
"" ii in _ L

At 30,000 40,900 35,450 mg/kg
i . i n I ,. • . I

Be " - 4,890 I_/ko "
i - i i i,,,,nl ,.,,, =i _ ,,,,,,,

Fo 5z,_oo 6_,_oo s8, _oo ee/k_ -
LI " " 5,960 I_/kg

Pb - - 1,060 . Iql/kg

P - - 9,210 aglko

K " " 1,_70 nlg/ko

_ zo._'o _;ooo ',,,_ .... _/_,-
-,. - 3s,.O ...... _,ooo " _,6,4oo _/_ -

=.

u .ooo_ 4o_ z_ q/kg--
,., __ ,,= ,11 nu, __ rim, H,,n .

Zr 735 2.170 1,_53 mg/kg

-- -- ,inn . i .,i i __ i., i

T,m . - z_.ooo ,Ct/k=-_
......... _

-- -- -- .-1 i ill . l, llll I II

Rare EorZhs - - 450,000 gci/kg
,,. , , ,m __

_

Sr-89190 6 1, 980,000 990,003 _C|/kg_
., ,,.. , ,,_ _ _ ,.,.. __ •
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C'106 L(quid
i ii ,i

Range
ill ii i

C_t Lou High Average Un!ts
i

_olidl - - 22.57 -
i i ,ll

_ater - * 77.&1 -
i i i i i

' i214 11o 1.16 g/_
""ct 1'7 ao2 ,,, .,lu
|1 i i ii i

18,600 91,900 44,860 I_/L
H i i

F 15 530 164 mg/L

,oz z.,, 13.2,S ,.7_0 .,/.
, i i

NO3 1,400 112.220 67,1S6 mg/L

o. '.o, ...... .32i .176 w,
,_ _ 11.1oo ,.039' ../,
,o, 3.,z6' 6,,7o ,.99, ,_/_

I I I I I I I I I

At 3/, 752.6 270.1 mg/L
i i i i i i

II i 111 2.000 1,056 mg/Lii i ii Hi i

st los Z.sao 1,343 ,o/u
ill i , i ,

Nil 73,830 127.420 91,094. mg/L
ii

U 162 958 560 mg/L

TO(: 2,520 20,000 11,260 mg/L
• i i i pl i i i i

pH 9.B1 10.7 10.3 -

TRU - - 991.9 #Ct/L

Tglama - - 27,800 ,u£t/L

Pu-239/240 13.9 978 216 ;¢|/L

Am'241 " - 13.9 #C|/L

c,..137 zT._ 17_,600 11s.761 _,Ci/,
Sr-89/90 1.650 13"3.000 67,325 _.Ci/L

' ' i

A_4 °_



WHC-SD-',_4-ES-290
Revision I

AY-101 Liquid
i ii • ii,

Range
Average Un| ts

comonent Lo. .tih

_e-L id8 10.13 ' 13.2 _1.6 -
i

mJeter 86.8 90.0 88.4 -
e

e,_. 1.09 1.12 1.10 g/eL
--r-- i i i

Ct 430 518 462 q/L
i

rn, 13,740 19,740 16,965 wI/L

- F 380 760 559 " molL

NO2 9154 13,570 11,696 mg/L

Hn3 38,380 63,860 50,763 ug/Li

• OH 2,278 14,977 7,608 Ig/L

P04 770 1,425 974 mg/L

4,a38 7,6o2 6,277 _/_ ,i

At 1,431 1,951 lw fra q/L

• Ha 44,830 68,080 56,748 moiL
i i

U 16.1 23.3 19.7 mill

TOC 4,470 6,780 5,735 mg/L

'EDTA " - .00096 14i i

. .ooo_s .HEDTA "
ii

i

I_ 12.1 12.8 12.45 "

T_I 26.51 42.4 31.3 _Ct/L
i i

Tatl_a " - 109,000 /LCt/L

Pu-2391240 .004 12• 1 6.34 /_C!/L

Am-241 19.6 30.3 25.0 ACi/LllJ

[ Cs-137 115,000 140,000 129,_ /_Ci/L

- Sr-89/90 144,000 200,000 169,667 ;C51L

(0-60 " - 95.2 /_C11/L
ii
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AY-102 Sot |ds
i ii

Rmmnge
i

Coq:Jonent Low H|oh Aver119e Un|t 11
i

XSoLtds ' 3/, 45.6 39.8 -
i

:l;lllter 5&.4 66 60.2 -
ii i

Density 1.3 1.& 1.35 g/N.

Ct . - 8,3&3 mg/k9
i

F - " 2,660 Ilg/kg
i

NO?. - - 2,9_ q/kg

NO3 . - 682 IIg/kg

PO& - - 1,710 ing/kg
i

At - - 37,800 mo/kg
ii i

811 - - 2,055 Ilg/kg

!1 - " 2,808 q/kg
i i,ii

Ca - - l&,O00 I_/kg
i ii ,i i i

Cr . • - 3,7&4 Ing/kg
i

Fe - - 83,700 Iig/kg

L11 - - 4,031 mg/kg
i ii

NO - - 6,804 m/kg
i i i

Nn - - 8,784 m/kg

Ni - ' - ' 3,052 ng/kg

p - " 6,200 mg/kg

I( ' - - 1,_3 mg/kg
J i

Si - - 12,0&0 ;l_kg
i ii

Ag - " 7,236 IIg/kg
i

Ne - - 41,400 mg/kg
i

U - - l&, 756 mg/kg
i

TOC - - 3.82 mot/kg

TIUJ 21,200 30,610 25,905 _Ci/kg
iii II

Pu-Z39/2&O 3,000 3,610 3,305 /:Ct/kg
i i

Am-241 18,200 27,000 22,600 _Ci/kg
i Ill

Ca-137 - - 265,000 /LC|/kg
i i i

Sr -89/qO - - 29,500,000 _Ct/kg

Eu-15& - - 51,400 /_C|/kg
i
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AY-102 Liquid i
ir

, Range
Average Units

Coqxalent Low High ii

_ottds " - 5.2 -

i

-- SpG . - 1.o4 g/mL
i i ii

CL . - 355 lt/L

C:03 . - 3,660 mg/Li i Ill

F . - 171 q/L

NO?. 828 1, 150 989 mg/L, i|

NO3 248 23,126 11,687 mg/Li i

OH - - 5,032 _/L

PC_ 27 285 156 mg/L
i

SO4 106 1,344 725 q/L

At 1.5 135 M.2 mg/L
i

i

We . - 2,162 mg/L •

TO(: 288 2,72/, 1506 mg/L

TIC . - 348 mg/L

pit . . 9.5 - ..

TRU . - .236 /LC|/L,i i,i

Pu-239/240 " - , .234 /_Ci/L ,

Al-241 . - .0015 /_Ci/L i

Cs'137 ' 4,320 296,000 150,160 /_Ct/L

Sr-89/gg 6,580 23,180 14,880 _C|/L ii,,
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APPENDIXB

CHEMICALCOMPATIBILITYEVALUATIONCRITERIA

Objectives of the Waste Compatibility Programapplicable to the Hanford
Site double-shell tank system are delineated in WHC-SD-WM-DQO-O01,Data
Ouality Objectives for the Haste CoapatfbtlYty Program (Carothers 1994). 1
These objectives have been extracted from that documentand are listed in this
appendix. The objectives form a set of criteria by which the intended
transfers are then evaluated against.

Two specific rules serve as guidelines for deciding whether individual
transfers are to be permitted. Four sub-rules for each of these two rules
exist.

However, it is noted at this point that the general waste compatibility
decisionelementfor criticalitywas originallydevelopedin
WHC-SD-SQA-CSA-2OIOg,CSAR79-007, Addendum1, Waste Storage Tanks and
Associated Equipment (Friar 1989).z Thus, 0.01 g/L (0.05 g/gal.) is an
historicallimitthat arosefromthe simplecalculationof the concentration
of plutoniumin a million-gallontankwith a 50 kg inventory.This limithas
carriedover in subsequentcriticalitysafetyevaluationreports(CSAR)and
continuesto be used in Tank WasteRemediationSystemcriticalityanalyses.

Becausethe plutoniumconcentrationin the sludgeof tank 241-C-I06is
approximately0.05g/kg,and thesludgedensityis about1.4,the waste
compatibilitydata qualityobjectiveslimitfor criticalitymay place
restraintson the maximumslurryconcentrationthatcan be formedduringwaste
transferoperations.The key argumentfor criticalityconcernsfor
ProjectW-320 Is that none of the sluicingoperationswill significantly
increaseplutoniumconcentrationsor changethe formof the dominantplutonium
species,or will not significantlyalterthe preponderanceof the poisonto
plutoniumratios.

The "keydecisionrulesusedfordesignpurposes"are as follows.

SafetyRules

I. Criticality--Ifmeasurementof thewasteto be transferredindicates
that the plutoniumequivalentconcentration<_0.01g/L (0.05g/gal),
then allowtransfer;otherwise,the transfermay occurif after
re-sampling,the meanof the new data is<_0.01g/L (0.05g/gal). If
the mean of the re-samplingdata is >0.01g/L (0.05g/gal),then the
transferwill not be allowed.

ICarothers,K. G., 1994,Data QualityObjectivesfor theWaste
CompatibilityProgram,WHC-SD-WM-DQO-O0],Rev.O, WestinghouseHanford
Company,Richland,Washington.

ZFriar,D. E., Ig8g,CSAR79-007,AddendumI, WasteStorageTanksand
AssociatedEquipment,WHC-SD-SQA-CSA-20109,Rev.O, WestinghouseHanford
Company,Richland,Washington.
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2. Enerqettcs--If the source waste has no separable organic, and the
source and receiving wastes (Individually) have an absolute value of
the exotherm/endothermratio <1.0 (i.e., no net exotherms) evaluated
from laboratorythermalanalysis(differentialscanningcalorimetry
[DSC]andthermalgravimetricanalysis[TGA])conductedup to 500 "C

- (932 "F), then allow the transfer. Otherwise, delay the transfer
and perform a detailed technical evaluation of the reactivityof the
waste exhibiting the potential reactive behavior to determine the
conditions neededfor safely receiving and/or storing the waste.

3. Corrosion--If measurementof the waste to be transferred is [NOz'_
_i N, 0.01 N <_[OH']_<8H, and0.011 N _[NO_'] <_5.5N, then allow J
transfer (assuming receiver tank is operating at <75 "C (167 F).
Otherwise,thetransferwilloccurafteradditionsto the source
havemitigatedthe problem.

4. FlammableGasAccumulation

a. If the specificgravity(SpG)of the sourceis <1.3,then allow
the transferor elsedeterminethe weightedmean SpG of the
commingledwaste.

b. If the weighted meanSpG_1.41, then allow the transfer. If
the weighted meanSpG>1.41, then perform a detailed technical
evaluationof the potentialfor flammablegas accumulationin
the commingledwaste.

Ooeratio.rIsRules

I. If the wastesource(transuranic[TRU])is EIO0 nCi/g,then transfer
wasteto a TRU storagetank,transferto non-TRUtanks,or performa
technicalevaluationdemonstratingthatTRU segregationin a TRU
storage tank will not be jeopardized.

2. If the receiving tank plu_.waste t.i_4)nsferheat generation rate
(estimated from the mean"St and '._'.C_i concentrations) is <_the
operating specifications documents''`'_ limit for the receiving
tank,thenallowtransfer,or selecta differenttank.

3. If themean (totalorganiccarbon[TOC])is >10 g/L at double-shell
slurry feed composition, then transfer to a complexant waste
receiver tank.

ii i

1Bergmann,L. M., 1989, Operating Specifications for Aging-Waste
Operations in 241-AY and 241-AZ, OSD-T-151-O0017,Rev./Mod. D-O, Westinghouse
Hanford Company,Richland, Washington.

2Boyles, V. C., 1992, Operating Specifications for Single-Shell Waste
Storage Tanks, OSD-T-151-O0013,Rev./Mod. D-l, WestinghouseHanford Company,
Richland, Washington.

ZHarris, J. P., 1992, Operating Specifications for the 241-AN, AP, AW,
AY, AZ, and SY Tank Farms, OSD-T-151-O0007,Rev./Mod. H-5, Westinghouse
Hanford Company,Richland, Washington.
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4. If the N,,-pOv/l/,[ca)culatedusingdensity_), viscosity(/_),
pipe diameter(D),and velocity(v)]at the conditionsof the
transferis >ZO,O00,and the volumepercentsolidsis<30, then
allowthe transfer,or performa technicalevaluationto justify
transferwithoutplugging.

Specificdataneededas inputto this decisionprocessare as
fol 1ows:

Ziapu [NOz"]
Z59pu Temperature

24°Pu [C1"]

Z41pu [COs"2]

mU [S04"2]
zlsu [p04"3]

• ZZTNp [Na*]

241_ [F']
SpG wt% water

[A1"z] 9°Sr
'_" TOC lZTCs

TIC Viscosity

DSC % Sol ids

TGA Cooling curve

RSST Pipe diameter

[OH'.] Pumpvelocity

IN03"] Homogenei ty
Heterogeneity

However, the purpose of this study Is to confirm safety of the subject
wastefrom a chemicalcompatibilityperspective.Therefore,of greatest i
importanceare the safety-decisionrules. The safetycriteriaand data needed
in this studyare as follows.
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Safety criteria Data need'ed
,. , ,, ,,,,, i i i _ i ii i i ii i, ii, jll llll ii Hi , ,, ,, ,

_"Crtttcaltty Source'waste plutonium-equivalent co'ncentrat'ion -
,,,|,,, , ,,i, i, II I I I llll ' III lllllll I III II I l I I II IH II II[ I [ I I I II

Reactivity Quantityof separableorganicin sourcewaste, and
source and receiving wastes individual
/exothenn/endothem/ from DSCand TGAconducted up
to SO0"C (932 F)

i l i iii : ii i ii ..... iiii iiiUlll l II l I Ill l _ llml L_

.... Cor"roston Sourcewaste [N_'], [OH'], and [NOz"], and
receiving tank temperature

ii m i I i I iiii ii I iN i I I L :I I III i - _ Ill mli,I ,,, , , ,,,,........... --- .. --

Preventionof' flamable Specificgravityof source waste
watch1Ist tank

i ii i i imiii I i iii iii iii i •

.............DSC ' Difflerentl'al'scanningcalorimetry
TGA- Thermal gravimetrtc analysis
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APPENDIX(_

TANKWASTEMASSRATIOSNORMALIZEDTO PLUTONIUM

CSER94-001,CriticalitySafetyofSingleShellWasteStorageTanks.
(Rogers,1994)developstheargumentthattanksC-I06andAY-102aresafefrom
criticalitybasedon bothplutoniumconcentrationaswellas theconcentration
of neutronabsorbingelementsandchemicalcompounds(i.e..poisons)also
presentinthewaste.Section9 ofthatdocument,whichanalyzesthetanks
involvedin ProjectW-320,is reproducedat theendof thisAppendix.

Thisdocumentsimpl_furtherstheargumentthatbasedon thesame
principles,the sumtotalofwastesintankAY-102willalsoremainsafeafter
allthewastesin tankC-106havebeentransferredintoit. Forthis
calculation,it is assumedthatatthecompletionof sluicingoperationsthat
allof thewastesintankC-106havebeenretrievedandtransferredto tank
AY-102(about200kgal)andthatanadditional600kgalof supernatanthas
beenaddedto tankAY-102as a resultof thesluicingoperation.Thisresults
in a volumeof wasteintankAY-102composedof 200kgalof C-106solids,30
kgalof AY-102solidsand600kgalof AY-101liquids(assumedto be
equivalentto AY-102liquids),fora totalof B30kgal.

The absorbersof greatestconcernreportedhereareAluminum.Chromium.
Iron.Sodium,Nickel,Nitrate,andnaturalUranium.The finalmassratiosof
thesespeciesarecalculatedas follows:

solidsmassratio= F30*(AY-I02solids)+ 200"(C-I06solids)lforab@orber
[30"(AY-I02solidi)+ 200"(C-106solids)]forplutonium

liquidmassratio= ratiointankAY-102liquidwheretheplutonium
concentration,reportedat 0.0000g/L,isassumedas
O.000005g/L

The resultsor theabsorber-to-plutoniummassratiosareshownbelow:

AbsorberMassRatioinAY-102Solids MassRatioin AY-102Liquids

Al 30(36.45)+200(37,60)- 708 > 26.000
30(0.054)+200(0.053)

Cr 30(1.170)+200(3.740)- 64.1 ---
30(0.054)+200(0.053)

Fe 30(58.I0)+200(B3_70)= 1510 ---
30(0.054)+200(0.053)

Mn 30(7.970)+200(8.780)= 163 ---
30(0.054)+200(0.053)

Na 30(76.40)+_00(41.10)= 860 > 432.000
30(0.054)+200(0.053)
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Ni 30(0,820)+200(3,050) - 7.00 ---
30(0,054)+200(0.053)

NO3 30(1.130)+200(1.690) = 30.4 > 338.000
30(0.054)+200(0.053)

amU 30(0_200)+200(14_8) - 243 ---
30(0.054)+200(0.053)

Section9 of CSER94-001.CriticalitySafetyof SingleShellWaste
StorageTanks.(Rogers.1994)follows"

C-4
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9.0 TRANSFEROF WAST[FROMTANKC-I06TO AY-|OZ

Waste stored in Tank C-106 generates considerable heat. Twomethodsare used.
to remove this heat: a ventilation systemandthe addition of cooling water.
Over the past 10 years about 800,000 gel (3,000,000 L) of cooltng water has
been added at a rate of about 6,000 gel eachmonth. A fatlure to continue
water addition would eventually allow the waste to dry out.

In order to removethe need for cooling water, a plan has beendevised to
remove the heat-generating sludge. This plan calls for waste to be pumped
from Tank C-106 andto Double-Shell TankAY-IOZ. Before the waste can be
pumpedit is necessary to slulce |.t into a pumpableltquid.

A device, Called a "slurry distributor," will be Installed in Tank IOZ-AY to
spread the incomingslurry over a larger area of the tank to ensure a more
uniformmixingof wastes.

The following criticality safety evaluation cover_ sluicing operations in Tank
C-I06 and the operations associated with transfer to TankAY-102.

9.1 DESCRIPTIONOFTANKC--106 -

_ Sluicing operations for Tank C-106 are described in the Functional Design
Criteria (Bailey 1993). Muchof the following description is taken from that
document.

Tank C-106 is a 75-ft diameter single-shell tank with _ Capacity of 530,000
gal. It contains 197,000 gel (746,000 L) of sludge stratified in two layers,
as fol1ows:

•j •

• The top layer consists of 173,000 gel (655,000 L) of _igh heat
generating sludge. The hLat generation is causedby Sr, but
neitherthe heatnor the"_Srinfluencethe marginof criticality
safety.

• The bottom layer consists of 2¢,000 gel (gl,O00 L) of hardened
coating waste from dissolution of aluminumfuel cladding.

Hanlon (1992) lists the volumeof drainable liquid in TankC-106 at 48,000 gel
(183,000 L). Of this, 32,000 gel is supernate and16,000 gel is interstitial
liquid.

9.1..1 Characterization of Waste in Tank C-I06

Harris (1993) compiled characterization data dating back to 1975 for Tanks
AY-IOI, AY-102, andC-106. Eight (8) analytical samplesare reported for Tank
106-C: 3 sludge (solids), 3 supernate (liquid), and Z combination samples.
Harrislistsall of thesesamplesandshowsthe high,low,and averagevalue
of each componentconcentration.TableZ showsthe high,low,and average
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concentrationof the individualcomponentsforthe solidsand the liquidsin
Tank C-106.

For this evaluationthe term"s]udge"is synonymouswith "solids"and the term
supernate is synonymouswith "liquid."

A combination samplerepresents the configuration in which the solids and the
l lquids are homogenizedwithin the ana13rzedsample. The average, high, and
low v;luesreportedby Harrl'sforthe totalwasteare.deriveddirectlyfrom
the two combinationsamples.Theydo not representa volumeaveraging
obtainedfrom independentsludgeand supernatesamples.

The concentrationfor solidsis providedin unitsof g/kg. Thiscan be
convertedto unitsof g/t by multiplyingby thedensity. Harrisreportsthe

) average valueof the solidsdensityto be 1.40g/L,with the highand low
reportedvaluesbeing1.43and 1.37g/L. Forthisevaluationthe highvalue
of 1.43 g/L ts used..

"The high estlmataof the plutoniumconcentrationin solidsis givenas 0.089
g/kg. Whenmultipliedby thedensity,the convertedplutoniumconcentration
becomes0.127g/l..

An estimateof thetotalplutoniumcontent-isobtainedbymultiplyingthe
volumeof waste,eithersolidsor liquid,by thecorrespondingmaximunt
concentrations.The totalplutonium'contentin Ig7,000gel {746,000L) of
solidsis foundto be 94.6kg. For 4B,O00gel of liquidat a plutonium
concentrationof 0.016g/L, thetotalplutoniumcontentis foundto be 2.g kg.
The totalplutoniumforTankC-i06is estimatedto be 97.5kg. This value is
based upon the largest measureddensity and the largest measuredplutonium
concentration and is therefore considered to be an upper limit on the expected
totalplutoniumcontent.

Agnew (1993)estimatesthe plutoniuminventoryof TankC-I06as (;3.7kg.

9.1.2 SluicingOperations

Two sluicerswill be installedon oppositesidesof Tank C-I06. The process
:of sluicingwill requirethata streamof waterunderpressurebe directedat
the sludgeto convertit Intoa slurry.This slurrywill be pumpedto DST
AY-IOZthrougha "new,temporary,aboveground,shielded,encasedtransfer
line." SupernatefromTankAY-IOIwillbe recirculatedbackto Tank C-i06to
be used in sluicing more waste.

Supernate will be sent through a 4-in. Schedule40 transfer line to the
sluicer nozzles. Thts pipe will be encasedin a 6-in. diameter pipe for
containment of liquid should a leak develop. The 1-in. diameter sluice nozzle
will delivera streamof waterat a pressureof 180 psigand a temperatureof
180°F.

_.m, 6 .,I
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Table Z. Composition of Solids and Liquids in Tank C-106.
(Some componentsless imoortant to critical it safer are not included._ 'I III L , , ,,,

Component Concentration in Solids, g/kg Concentration in Liquid, g/L

HI_h Low Aver,ag,e High Low AverageII Ill II III II IIIilllll III I

• Plutonium 0.089 0.025 0.054 0.016 0.000 0.0036
i ill ii i i i i, ill ii

Aluminum 40.90 30.00 36.45 0.76 0.03 0.27
I I III I III I I JI III III II II I ii I BI I I I

Barium ¢.89 4.89 4.89 0.005 0.005 0.005
...... II Illll III II I I [ II Illl II I

Boron 0.019 0.019 0.019 0.010 0.010 0.010
I I II IIIII I II IIII II i I I I iiii ii II II

Cadmium 0.210 0.001 0.111 0.026 0.026 0.026i i i i llll i i

Calcium 11.90 11.90 11.90 0.01 0.01 O.Ol
I II I I I INnlflll I I I Ill I II II1|11I

Chromium 1.3S 0.98 1.17 0.33 0.01 0.17
__ ,, L ,m I I I I J,,, ,,Ul

Iron 64.10 52.10 58.10 0.01 0.01 0.01
i m i i ii ii i i ii

Lead 1.06 1.06 1.06 1.68 0.08 0.64
'" III Ill II Ul • I I I l

Magnesium . 6.5,6 , 0.46 3.51 0.01 0.01 . O.Ol

Manqanese 14.10 1.84 7.97 O.ZO O.ZO 0.20
Ill n I I HI III II I I I mill I m

Mercury ........ 0i OZ O.02 . O.OZi i i i ,ill, ii i i i

Nickel 0.97 0.68 0.82 0.89 0.07 0.48
iiii ,,.

Phosphorus 9..Z1 9.21 9.21 .... 0.34 . 0.34 0..34

Potassium 1.47 1.47 1.47 0.42 0.42 0.42
,, ... i i i i i i i. i

Sil icon 71.00 20.60 45.80 2.58 0.11 1.34
i i II I I I u I iiiiiiiii I II Illl|g II I

Silver 0.53 0.53 0.53 0.01 0.01 0.01 "
i i i i i n nun I

Sodium 117.00 36.80 76.40 127.42 73.83 91.09
*- n, Ill I I m I i II uUlUlll

Uranium 0.41 0.00 O.ZO 0.96 0.16 0.56
i ,in! I IllU I IIIII I I Ul II II nil ii__ nl

: Zirconium 2.17 0.74 1.45 0.29 0.29 0.29
in nil ii I I I ill I II I I ili

TOC 4.62 4.62 4.62 20.00 2.52 11.26
i jlllm i ,i

" Chlorine ......... 0.80 0.15 0.25
II im I uI I I I Ill u

CO_ --- - ..... 91.90 18.60 . 44.86

NO_ --- _,..... 13.25 ......z.9g...... 9.75

NOx .... l. 33 O.93 1.13 11Z"ZO.... 1.40 67.15

PO_ 93.70 93.70 93.70 11.I0 0.85 4.04 :
, ml ,i n nnln I1 i , in I m, , ,,

i

SO_ 4.85 0.94 2.89 6.47 3.52 4.99
•n,,=, __ I ,!n ! i nlm,i n,

.C-7
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9.2 DISCUSSIONOFSLUICING
s

A conservative estimate of the plutonium concentration in Tank C-106 solids
basedupon3 samplesis 0.127 g/L. Theminimumconcentration of plutonium
which can be madecritical in conservatively defined waste was c_alculated to
be 2.6 g/L. Therefore, the measuredplutonium concentration is less than 5);
of the minimumvalue which can be madecritical under conditions of optimal
moderation.

Although the actual water content of the waste has not been determined, t1: is
very likelythatthewasteis overmoderated.As the levelof moderation
increases,so alsoincreasetheconcentrationof plutoniumrequiredto achieve
criticality.In a solutionof plutoniumin fulldensitywaterthe minimum
criticalconcentrationis 7.2g Pu/L. The presenceof absorbersin the waste
wouldincreasetheminimumconcentrationof plutonimnrequiredfor
criticality.

The use of waterforsluicingactuallyincreasesthemarginof safety.
Allowingthe wasteto dry out,as itwouldeventuallyif no waterwere to be
added,wouldactuallyincreasethereactivity.However,the waste is so far
subcriticalthatthe increasewouldhaveno significanceto safety. Even with
completedrying,thewastewouldremainwell subcritical.

A goodway to showsubcriticalityisto compilethe ratioof the concentration
of selectedwastecomponents-tothe.concentrationof plutonium.A compilation
of mass ratiosforcomponentsin TankC-I06wasteis shovmin Table 3.
Subcriticalmass ratiosfor iron,manganese,and uraniumare specifiedin
Secti on 6.1.

Table 3. MassRatios of Solids and Liquids in Tank C-106.
, (Basedon average an d high concentrations from Table 11.)ml im

Component Solids MassRatio Liquids Mass Ratio
Component/Plutonium ...... Component/P1ut0ni um

III Average/H!gh Avg./,Avera_le Average/H!gh Avg./Av.erage '
Boron 0.213 0.352 O.625 2.78

m n nn ii nn i n i i

Cadmtum 0.529 2.06 1.63 ' 7.22
inn i iUll ,ii mml ii n n in mum

,Iron 652.8 1076. "ii ii Oe6Z5 ....... 2e77

Manqanese 8g.s 147.6 ......12.5 55. 5
Jw

SIIicon 514.6 848.Z 83.7 372.2
,u | i HI i i i i i ii ii i

i.Sodium...... 858.4 1,41.5.. 5,693. Z..S,300.'....
Urani um 2. ZS 3.70 3S.0 155.5

imllm iii i ii ii,ii

NO, .... _m_l_ _l4urn- 609.4 2 r708. ,....

NOI 12.7 Z0.9 4,197. 19,650.ii ii i i i ,,i I'
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The subcriticallimiton the Pu/Umassratiois 0.0013. Whenspecifiedas a
reciprocal,the U/Pumassratiobecomes770. The reciprocalratioof the
averageuraniumto the highplutoniumconcentrationin TankC-I06waste is
found to be about Z in solids and35 in the liquids.. These ratios are too
small to provesubcritlcality.

The Subcritlcallimitof the Fe/Pumassratiois 160. Themeasuredmass ratio
of 6S3 is four timesas largeas the subcritlcallimit. Therefore,the
concentrationof iron in the solidsis far morethanrequiredto ensure
subcrltlcality.

The subcrltlcallimitof the Mn/Pumassratiois 32. Themeasuredmass ratio
of 89 is almostthreetimesas largeas the subcriticallimit. Therefore,the
concentration of manganesein the solids is far more than required to ensure
subcritlcalIty.

The high estimateof the plutonium'concentrationin the supernate(liquid)is
0.01(ig/L, as comparedto the minimumcriticalconcentrationin waterof
7.1!g/L. The plutoniumconcentrationin thesupernatewouldhaveto be
increasedby L factorof 4SO to reachtheminimumconcentrationat which
criticalityis possiblein water. However,sincethe supe'rnateconsistsof a
largefractionof nitrate,the plutoniumconcentrationatwhichcriticality
becomespossiblewouldbe largerthanforwater,and themarginof safetyis
even Iarger.

_ It can be seen fr_mthe aboveinformationthatthe marginof subcrltlcallty
for Tank C-I06wasteis large. At theveryleast..a20-foldincreasein the
plutoniumconcentrationwouldbe requiredforcriticality.However,the large
contentsof irona_!manganeseensurethata far greaterincreasewouldbe
required.

g.3 SLURRYDISTRIBUTORIN TANKAY-1011

DSTAY-1011was selected to receive waste from Tank C-106 baseduponof the
similarityand compatibilityof thewastes. Both the solidsand the liquids
in these tanks are compatible.

A "slurrydistributor"installedin TankAY-I011willdistributethe incoming
slurryover a largearea. Distributionof the slurrywillbe accomplishedby
sprayingit from a rotatingnozzle. Sprayingthe slurryensuresa higher
degreeof dispersalthanwouldoccurif the slurryweredischargedat one
location. This greaterdispersalis intendedto reducethe likelihoodof
regionsof higherplutoniumconcentration.The incomingwasteshouldform a
layeron top of the originalwastewhichis uniformin boththicknessand
composition.

Facilitydesignwill includeprovisionsto monitoroperationsand"toalarmon
detection of radioactive particulate release, liquid andgaseousrelease,
abnormalradiationlevels,fire,overheating,and pressurization, i

C-9
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9.1!.1Descriptionof TankAY-I02

Tank AY-I02is a 75-ftdiameterdouble-shelltankwith a capacityof 1,000,000
gel (3,785,000L). Hanlon(1992)liststhe inventoryof Tank AY-I02as
565,000gel of waste. Of this,!133,000gel (2,018,000L) Is supernatant
liquidand 32,000gel (121,000L) is sludge.

g.2.2 Characterizationof Wastein TankAY-102

CharacterizationdltacompiledbyHarris(1993)for TankAY-IOIIs shownin
Table4. Sincehe foundonlyone solidsand one liquidsample,he reportsthe
same high,low,andaverageconcentrationsfor eachcomponent.

The plutonl_ concentrationIn solidsis reportedas 3,306;Ci/kgand
liquidas 0.23¢#Cl/L. Usingthespecificactivityof 0.062Cl/g for Pu,
this convertsto 0.053g/kg forthesolidsand0.000004g/L for the liquid.

Table4. C_positionof Solidso_d Liquidsin Tank 102-AY.
(S_e lessimportantcom)onentsarenot included.)Im Ul i i Ulllii i ii i i imlm IIIIIIml iml

Concentration Concentration .
....... iJ iii i iiii i

Component SoTids Liquids Component Solids Liquids

g/kgl, ,,,, 9/L.,,. , glkg iiii u g/l..,,
Plutonium 0.053 "0.0000 Potassium 1.44 0.04

i ii i llnlll III I IN I III I IIII _

Aluminum 37.80 0.13 Silicon " 12.04 )" 0.15
i i i =,,,, ,-,,, i i H i n i I i

Barium ....Z.07 o.oo Silver ........... 7.24 -O.Ol

Boron 2.808 0.006 Sodium 41.10 Z.16
i iii in i i llm l iillll ii ii llll ii i

Cadmium 0.414 0.000 Uranl_ 14.8 ---
" IN i l I i

Calcium ........ 14.00 . 0.00. zirconium. 0.59 o..oo ii

Chromium 3.74 0.01 TOC 0.004 1.51 •j iii i Ulll ii • ,i,,iiiN i ,ii i ,i

Iron 83.70 0.00 Chlorine 8.34 0.36
i nin nnl u i i i inin in inii n I i n ini mIII i I nl

Maqnesi um .... 6.80 O.O0 C01 --- 3.66i in m ml iii I iiiii iI

Manganese ....8.7,8 ..... 0.00_ NO_........... 2.94 .... 1.15

Mercur_f . 0"108 i iN "'" N_ .... 0.34 II 1.69.

Nickel 3.05 0.00 PO_ 1.71 0.16i , H ,,,, ,, ,

Phosphorus 6.20 O.00 OH --- 5.03
' ' '" ' "" i i i] ii i ,,,,

i

sO_ 0.76 0.73
IUI ml I I I ' I , IN& I Ill ill I I
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Table 5. Mass Ratios of Solids and Liquids in Tank AY-IOZ.
(Based on concentrations from Table 4.,,!t ..... '1 __ 'l 'ii i iiii i i i i i ii 'ii i

Component Solids MassRatio Liquids MassRatio
,, Com.ponent./.P!..utonium. Co..mponent/Plutontum,

Boron 53. > 6
i , ii ii i , ii, i _ i i a, i i

Cadmium 7.8 ....
IN ...,., , I ± 1 .... I I II I .I I I

Iron 1,579. ---
, i T llmi ] ifii f i im i IIIiiiI i I II

Mancjanese 166.. ---, ,,,,,,,,, ii ii i is i ii iii i ill i =,.,, ,,,, ,,

Sodium........................ 77S.. . >...ZrO00 J

Uranium Z79. --'"
nn in lUll muumuuinmnnnin u In inl u ml

NO_...... SS.S > 1_100ii i I i i i

N_ 5.4 > 1,600
................. i i ill iil'i

Harrisreportsa solidsdensityof 1.36g/L. When theplutoniumconcentration
of 0.0539/kg is mult(plledby thisdensity,theconvertedplutonium
concentrationbecomes0.071(/L. ..

The totalplutoniumcontentin III,000L of solidsis foundto be 8.7 kg. No
plutoniumis foundin the liquid.Therefore,thetotalplutoniumfor Tank
AY-IOZ is estimatedto be 8.7 k9.

9.3.3 Discussion

The plutoniumconcentrationin TankAY-101solidsis estimatedto be
0.071g/L. Thls is lessthan3% of theminimumvaluewhichcan be made
criticalunderconditionsof optimalmoderation.

It is very likely that the waste is ovemoderated. As the level of moderation "
increases, the concentration of plutonium required to achieve criticality also
increases.A solutionof plutonlmnin fulldensitywaterrequiresa
concentrationof at least7.1 g Pu/Lto achievecriticality.Absorbersin the
wastewouldincreasethe minimumconcentrationof plutoniumrequiredfor
criticalltyevenmore.

A compilationof massratiosforcomponentsin TankAY-101wasteis shownin
Table 5. These massratios can be comparedto subcrittcal massratios for "
iron, manganese,and uranium specified in Section 6.1.

The subcrlticallimiton the U/Pumassratiois 770. The U/Pumass ratiofor
Tank AY-102wasteis foundto be about;!79in thesolids. By itselfthis
value is not largeenoughto ensuresubcriticality.

The subcriticallimitof the Fe/Pumassratiois 160. The measuredmass ratio
of 1,579 is 9.8 timesas largeas thesubcriticallimit. Therefore,the
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concentrationof ironin the solidsis farmorethanrequiredto ensure
subcriticality.

The subcritical limit of the Mn/Pumass ratio is 3Z. The measuredmass ratio
of 166 is 5.1 timesas largeas the subcritlcallimit. Therefore,the

. concentration of manganesein the solids is far more than required to ensure
subcrltlcal ity.

Cadmiumand boron are both strong absorbers of moderatedneutrons. If the
ratio of hydrogento plutonium atomsexceedsZSO,subcrtticality ts assured
wheneither the Cd/Puatom ratio exceeds0.5 or the B/Pu atom ratio exceeds
Z.O (Rogers 1993). The Cd/Pumass ratio of 7.8 converts to an atom ratio Of
16. The B/Pumass ratio of 53 converts to an atomratio of 1,100. The
concentrations of both of these elements are far larger than required to
ensure subcriticality for the plutonium present.

The plutonium concentration in the supernate (liquid) |s found to be less than
0.001 g/L, as comparedto the minimumcritical concentration in water of
7.Z g/L. The plutonium concentration in the supernate would have to be
increased by a factor greater than 7,ZOOto reach the minimumconcentration at
which criticality is possible in water.

It can be seenfromthe aboveinformation_at themarginof subcrltlcality
for Tank AY-I02wasteis large. At thevery leasta ¢g-foldincreasein the
plutoniumconcentrationwould.berequiredforcriticality.However,the large
contentsof ironandmanganeseensurethat a far greaterincreasewouldbe
required.

The slurrydistributoris disignedto spreadthe incomingslurryover the
surfaceof thewaste. Thisensuresthatthe compositionof the incomingwaste
is uniformwithinitslayer. However,the wasteis foundto be well
subcrlticalin comparisonto massratiosforlseveraldifferentcomponents. It
is extremelyunlikely,if not impossible,that a processwouldbe capableof
separatingplutoniumfromall the ol;hercomponents.For criticalityto occur
the plutoniumwouldhaveto be concentratedmorethan50-foldandat the same
time separatedfromthe iron,manganese,boron,and cadmium.Thiswouldhave
to occurover a fairlylargeregion. In additionto this,thepresenceof

. water,or otherhydrogenouscompounds,wouldincreasethe requiredplutonium
concentrationby a factorof nearly3. On the otherhand,ifwater,or some
otherhydrogenousliquid,is not present,it wouldbe veryunlikelythat the
chemicalprocessesrequiredfor separatingthe componentswouldbe possible.
For thesereasonssubcriticalityis notdependentuponthe distributionof the
waste. No criticalitysafetyrequirementsneedbe placedon the slurry
distributor.

The marginsof safetyforwastein TankC-I06andin TankAY-IOZare very
large. No mechanismcapableof causingcriticalityas the resultof mixing
thesewastescan be found. A sizeablemarginof safetywill be maintained
throughoutthe processof sluicingwastefromTankC-I06and pumpingit into
Tank AY-IOZ.
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APPENDZXD

CHEttISTRYOF IIZXINGTANKS241-AY-101AND241-AY'102

...... _ ....... __ irl ill . |,/i .....

Tank Z41-AY-IO1 supernatant data calculations
i,,,,.= iiii i iii ii iii i i iiiiiiii i l ii i] ill iiiiillii i i i il i i i i lllil ill i [ ii i iiiii i

Specific gravity = 1,100 g/L Volume= 2,044,138 L
ii ill , i i |,. i ii ii i i ii

Composition Holecular Holes "
Component (g/L) weight (g/tool) (gmoles)

i u, lll _ i i i - L II lllllll ill I ,ll ,ill

C1 . O.462 35.5 26602.58
i i iiHi i i i i ii i ,i, L I I I I ,ll

COs 16.955 60 577980

.................................... 69F 0.559 19 60140.
IIIIIIrll I III IIII I I I II I IIIIIII iii I II I II .|1

NOz 11.696 46 519744.3
Hi .... ,, , .ll i IIH ,

NO3 50.763 62 1673654
i i i| i i f, i ii i|l i i i i ii ii i ii i H

OH 7.608 17 914811.9
i i i i ,,, i iii iii , H i i

PO, "0.97i 95 20957.79

SO4 6.277 96 133656.8

A1 1.778 27 134610.3
ili HI i i ii i i IIH,., I,, ,m., , ,,

Na 56.748 23 5043511

HzO 88.4 w'L_ 18.02 1.10 E+08
, , ,, ,,,, n i H m
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..... ; ii i iii lllll .....

' Tank 241-AY-102soltds data calculations

...... g"_ - ....Spectftc gravtty - 1,350 L Volume- 121,134 L
-- i i ,lll,i ....

.......... Compos|tton Holecuiar Holes
Component (g/kg) weight (g/tool) (gmoles)

....................... 38432C1 8.343 35.5 .06

.......... 2............... ....F ' 66 19 22894.
i _ i i ii iir,, l rll i

NOz 2.944 46 10465.98
e,ii ii i lira u i i -- , ii ,i lu i i

NO3 0.682 62 1798.84
_ iHi i,lll i i i, i i i i,,, ,_,,, , , , ,,,,,, ,

PO4 1.71 95 2943.556
ii iii _ i XXllilllI II

A1 37.8 27 228943.3

Ba 2.055 137.34 2446.891
i LI II ,I _-- I I I I II HI I I I ,

B 2.808 10.8 42518.03
• ii, ..... i, H i i i ill ......

Ca 14 40.08 57121.57
ii ii iHi .... ll| , i i

Cr 3.744 52 11774.22

Fe 83.7 55.85 245076.7

La 4.031 138.9 4745.81

Hg 6.804 24.3 45788.65

Hn 8.784 54.9 26164.94

NI 3.052 58.71 8501.044

P ..... 6.2 30.97 32737.86

_K ....... 1 4i3 ............................ 169. 39.1 6035.

$t 12.04 28.09 70092.99

Ag 7.236 107.9 10966.72
L II I -- -- IIIIli li I I

Na 41.4 23 294355.6

H;eO 60.2 wt_ 18.02 5463130
,, ,, _. ............

j,,.

0-4



WHC-SD-WHlE$-290
Revtston 1

" Rlesultant Feedstreams to modei..........
II .... lllll --- --- II L llll_.±_

Tank 241-AY-]OI Tank 24],-AY-1012-

Component supernatant sol tds
(gmoles/h) (gmoles/h)

ii ,ii ] I I I l

HaO 11,000 546.313

a,O;.................N 167.3654 0.179884
l _ I -- l Ill II I lllll II Ill l l lllllllll I

NaNOz 5I. 97443 l. 046598
I I

NaA10z 13.46103 22.89433
_] Ill __ l l llll B llllll llllllll I l I I II

NaOH " 91.48119 1.78138

Na;Po, .......................

2.095779 0.294356
r III I _ I I I -

NazSO4 13.36568 0
Ill -- llll Ill I l lllllI[ lllll l l llllll l Ill II I

NazCO.,J 57.798 0
.... ..... ,,,,, , ,,, ,,, .... , ,,,,, , ,,,,,
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AY-]O] AY-]02 RESULT
COHP (HOLES/HR) (HOLES/HR) (HOLES/HR)

H20 ].09735E+04 5.00523E+02 1.14740E+04
NAN03 1.67377E+02 1.79881E-01 1.67557E.02
NAN02 5.197]0E+0] 1.04642E+00 5.30175E+01
NAAL02 1.34615E+01 1.76506E+00 3.63557E+0]
NAOH 9.]4912E+0] 2.29]07E+01 9,32728E+01
NA3P04 2.09588E+00 O.O0000E+O0 2.39025E+00
NA2S04 ].33665E+0] O.O0000E+O0 ].33665E+01
NA2C03 5.5]053E+01 O.O0000E+O0 5.05263E+0]
ALOH3 5.01202E-07 2.]1291E+0] 1.36727E-06
C02 4.]0456E-]] O.O0000E+O0 4.11169E-11
HN02 5.04076E-03 ].86008E-04 5.22033E-03
HN03 O.O0000E+O0 O.O0000E+O0 O,O0000E+O0
NAHC03 ].53532E-03 O.O0000E+O0 ] 55312E-03
AL2S043 0 O0000E+O0 O.O00OOE+O0 O.O0000E+O0 z
ALOOH 0 O0000E+O0 O.O0000E+O0 O.O0000E+O0 _,

m
ALP04 0 O0000E+O0 0 O0000E+O0 0 O0000E+O0 <

, NA2C03.] 2.69349E+00 O.O0000E+O0 7.27247E+00 _
NA2C03.] O.O0000E+O0 O.O0000E+O0 O.O0000E+O0 _'_
NA2C03.7 O.O0000E+O0 O.O0000E+O0 O.O0000E+O0 = m
NA2S04 ] O.O0000E+O0 0 O0000E+O0 O.O0000E+O0 _ '= • N

NA3P04 ] O.O0000E+O0 2.94362E-0] O.O0000E+O0 o
NAH2P04. O.O0000E+O0 O.O0000E+O0 O.O0000E+O0
NAH2P04. O.O0000E+O0 O.O0000E+O0 O°O0000E+O0
NAH2P04 O.O0000E+O0 O.O0000E+O0 O.O0000E+O0
NAHS04 O.O0000E+O0 O.O0000E+O0 O.O0000E+O0

TOTAL(GHOL) 1.137]]E+04 5.4784gE+02 • 1.]8978E+04
HASS(GH) 2.2g]2]E+05 1.19257E+04 2.41046E+05
TEHP (C) 23.000 18.000 22.766
PRES(ATH) ].0000 1.0000 1.0000
ENTH(CAL) -8.0944]E+08 -4.42169E+07 -8.53658E+08
DENS(GH/L) ]107.5333 ]]44.7974 1109.3868
PH ]3.6733 13.5525 13.6733
VOL (H3) 0.206875 1.041731E-02 0.217279
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INPUT SPECIESCONSIDERED
BBBBllRRlBRRRRBNHBR IlillHBBBRRBlHBHiBI ,

H2OIN H20
NANO3IN ALOH3AQ
NANO2IN C02AQ

• NAALOZIN HNO2AQ
NAOHIN HNO3AQ
NA3PO4IN NAHCO3AQ
NA2SO4IN ALION
NA2CO3IN ALOH2ION
ALOH3IN ALOH4ION
CO2IN ALOHION
HNO2IN C03ION
HNO3$N H2PZOTION "
NAHCO3IN HZPO4ION
AL2SO43IN H3P2OTION
ALOOHIN HCO3ION
ALPO4IN HION
NA2CO3.IOH2OIN HP207ION
NA2CO3.IH2OIN HPO4ION
NA2CO3.7H2OIN HSO4ION
NAZSO4.]OH2OIN NACO3ION
NA3PO4.]2H2OIN NAION
NAHSO4IN NASO4ION

NO2ION
NO3ION
OHION
P207ION
PO4ION
SO4ION
AL2SO43PPT
ALOH3PPT
ALOOHPPT
ALPO4PPT
NA2CO3PPT
NA2SO4PPT
NA3PO4PPT
NAHCO3PPT
NAHSO4PPT
NANO2PPT
NANO3PPT
NA2CO3.IOH20
NA2CO3.JH20
NA2CO3.7H20
NA2SO4.]OH20
NA3PO4.]2H20
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EQUILIBRIUMEQUATIONS CONSIDERED
IB_;iB:llBlll;IB_llm_ssSlalBSiBmsIBjmalBBSsmmmlnlsnu

AL2SO43PPTs2ALION+3SO4ION
ALOHZION-ALION+2OHION
ALOH3AQ-ALION+3OHION
ALOH3PPT+OHION-ALOH4ION
ALOH4ION-ALION+4OHION
ALOHION-ALION+OHION
ALOOHPPT+OHION+HZO-ALOH4ION
ALPO4PPT-ALION+PO4ION
C02AQ+H20-HION+HCO3ION
H20-HION+OHION
H2P207ION-HION+HP207ION
H2PO4ION-HION+HPO4ION
H3P207ION-HION+H2P207ION
HCO3ION-HION+CO3ION
HNO2AQ-HION+NO2ION
HNO3AQ-HION+NO3ION
HP207ION-HION+P207ION
HPO4ION-HION+PO4ION
HSO4ION-HION+SO4ION
NA2CO3.1OH20-2NAION+CO3ION+]OH20
NA2CO3.]H20-2NAION+CO3ION+IH20
NA2CO3.7H20=2NAION+CO3ION+7H20
NA2CO3PPT-2NAION+CO3ION
NA2SO4.1OH20-ZNAION+SO4ION+IOH20
NA2SO4PPT-2NAION+SO4ION
NA3PO4.12H20-3NAION+PO4ION+12H20
NA3PO4PPT=3NAION+PO4ION
NACO3ION-NAION+CO3ION
NAHCO3AQ-NAION+HCO3ION.
NAHCO3PPT-NAION+HCO3ION
NAHSO4PPT-NAION+HSO4ION
NANO2PPT-NAION+NO2ION
NANO3PPT-NAION+NO3ION
NASO4IONsNAION+SO4ION
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APPENDIXE

TANK241-C-106 WASTEHEATGENERATIONPROFILES

Concerns over the location of the majority of the high-heat producing
radtonuclides in tank 241-C-106 wastes have been ratsed. If the majority of
the decay heat content lies in waste that cannot be retrieved by
Project W-320, the tank cannot be interim stabilized. However, an accident
scenario could be envisioned where the majority of the heat producing
radtonuclides remains in tank Z41-C-]06 after sluicing activities have
stopped, and the tank waste is inadvertently allowed to evaporate to dryness.
In this case, there is someconcern that the dried waste could overheat and
initiate an uncontrolled exothermic waste energetic. By the waste reactivity
model applied in this compatibility study, no inherent characterization of the

waste could provide assurance against an uncontrolled _nergetic if the waste
temperature is allowed to exceed 149 "C (Turner 1993).

However, this appendix demonstrates a defense-in-depth argument as to why
the above postulated accident is considered highly unlikely. This defense is '
based on two points: (1) it is unlikely that the majority of the decay heat
is located in the hardened lower layers of the sludge, and (2) tf the waste
characteristics could support the accident scenario, it is highly unlikely

/ that the initiating conditions would be allowed to occur. In fact, there is
nothing on which to base any relationship between this postulated accident and
Project W-320--the issue is generic to all Uanford Site waste tanks.

The works of C. H. Walker and J. D. Anderson allow a _istory of tank
241-C-106 to be reconstructed (Walker 1977, Anderson 1990 ). The tank was
placed in service in 1947 and received metal waste (HW) from the bismuth
phosphate process. Beginning in ]953, the tank was sluiced during the uranium
recovery operation. From ]954 through 1963, the tank received tri-butyl
phosphate (TBP) waste that resulted from the uranium recovery operation. From
1957 through 1969, the tank received Plutonium-Uranium Extraction (PUREX)
Plant acid waste (P) supernatant from A-Farm, and aluminum cladding waste (CW)
from 1958 through 1963. No solids levels were reported until 1955. From 1955
through 1957, 12 kgal of solids were reported; from 1957 through 1962,
29 kgal; from 1963 through ]964, 24 kgal; and from 1963 through ]969, 62 kgal.

i From late 1969 through 1974, the tank received PUREXsludge wash waste
(PSS) and by ]971, the solids level was reported at 150 kgal. From 1974
through 1978, the tank received B-Plant complexed waste. A new solids level

1Turner, D. A., 1993, Interim Criteria for Organic Watch L/st Tanks at
the Hartford Site, WHC-EP-0681, Westinghouse Hanford Company, Richland,
Washington.

t ZWalker, C H. 1977 History and Status of Tanks 241-C-105 and
241-C-106, ARH-CD-948, Atlantic Richfield Hanford Company, Richland,
Washington.

3Anderson, J. D., ]990, A History of the 200 Area Tank Fares,
WHC-HR-0132, Westinghouse Hanford Company, Richland, Washington.
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measurement was madewhen the tank was removed from service in early 1979 and
showed 197 kgal of sol tds. The waste status summaryfor tank 241-C-106
(Anderson 1990) is reproduced.

Thermal analyses performed on tank 241-C-106 (Bander 1993) 1 treated the
sludge as three dtstinct layers. Layer 1 was the sludges in the tank before
1970. Layer 1 was deposited in roughly three-step volume Increases and
tncludes some PSS. Layer 2 comprised the PSS solids settled from 1969 through
1974. Layer 3, roughly 50 kgal, comprised the B-Plant complexed soltds
deposited from 1974 through 1978.

e

"Figure 8 shows the total heat generation over ttme based
on a total heat load of 110,000 Btu/h tn 1992. The three
step-Increases tn heat generation from 1947 to 1970 relate
to the three increases tn volume of layer 1. The three
step-increases in layer 1 from 1971 to 1975 are due to the
convective mixing between layers I and 2 due to the high
thermal load. The two step-increases in layer 3 from 1977
to 1979 are associated with the increases in the volume of
layer 3. A peak heat load of 153,300 Btu/h occurred
toward the end of 1970 and another peak of 150,700 Btu/h
occurred at the beginning of 1979" (Bander 1993).

Figure 8 (Bander 1993), which graphically illustrates the heat loading,
is attached at the end of Appendix E. This analysis shows that the waste
present in the tank before 1969 contributes only about 15% of the total heat
load in the tank.

Weiss and Schull (1988) z report on the 1986 core sampling performed on
the tank. A profile of 4, 48-cm (19-in.) core segments through the sludge was
obtained. The first three segments were taken in push mode, but 15 cm (6 in.)
into the last segment the drill bit required operation in rotary mode with
15,170 kPa (2,200 psi) pressure. The soft sludges on top were aptly described
as wet, dark brown mud. The hard layer on the bottom had large, coarse,
white-colored granules.

The sum of the above references indicate that it is unlikely that the
high-heat radionuclides are predominantly located in the lower, hard sludge
layer. If sluicing operations are not successful in removing all the sludge
from the tank, a process test involving psychometry or some other energy
balance will be required to determine t_he status of project completion.
A successful outcome of this test will be a prerequisitefor eliminatingwater
addition to this tank. Until it is definitelyproven otherwise, it is a given
that any sludge in tank 241-C-106must be kept wet.

1Bander, T. J., 1993, Revised Thermal History of Tank 241-C-106,
WHC-SD-WM-ER-200,Rev. O, Westinghouse Hanford Company, Richland, Washington.

ZWeiss, R. L., and K. E. Schull,1988, Data TransmittalPackage for
241-C-106 Waste Tank Characterization,WHC-SD-RE-TI-205,Rev. O, Westinghouse
Hanford Company, Richland,Washin§ton.
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In regards to the postulated sludge/dry-out accident, there is no
relationship betweenProject W-320and the wastes in tank 241-C-106.

-e
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106-C-1 WHC-MR_0132

Haste S_atus Summaryof 10G-CTank-Capacity 530,000 Gallons

I'

•.. Liquid Sollds .
Q_r.- Type Total In in
Yelr Waste Vol. $toraae Storaqe R_arks

1-1947 --- . .........

3 /_i 368 ...... 3rd in Cascade, began fi i i inc
July 1947

4 I_' 528 --- --- FulI I n November1947

I - 1948 _V 525 ......
"*" 2 _ 528 --- . ---

3 _ 528 ......
4 /._ 52S ......

I - 1949 _ 528 ......
' 2 ,_ 528 ......

3 _ 52B ......
4 ,l_ 528 ......

1- 1950 ,",'W SZ8 - .....
2 ,_ 528 ......
3 ,_g 528 ......
4 Hg 528 ......

1-1951 _ 551 ...... Z3 water from hose
.2 i_ 551 --..... "
3 _ 551 ......
4 ,_a 551 ......

1- 195Z ,_ Sl9 ......
2 _ 519 ......
3 HM 519 ......
¢ l-f_ 519 ......
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106-C-Z WHC-MR-0132 .

WasCeStatus Summaryof 106-C Tank-Capacity 530,000 Gallons
f-

J.tqutd Solid
qtr.- Type Total in tn
Year i, WaSt e v9 I • Storaqe St0raqe ..... R_rks i ii i

1-1953 _ ..--. ...... 1507 tn 101 thru 106-C. 1651
•removedthru CR1218

Z I_ 76 ...... Supernatant supply "
3 HW 439 ...... Rec'd HWsupernatant from 103-C
4 I_ 143 ...... !_ supernatant blend tank

1-1954 HW S0 --- . .... led supernatant blend tank
Z HW S0 ...... I_ supernatant blend tank
3 TBP 538 "-- --- Rec'd TBPwaste during August
4 TBP 538 .......

I - 1955 TBP 538 526 IZ (TBP)
2 TBP 538 526 1Z
3 TBP 538 526 1Z
4 _ TBP 538 526 IZ

1- 1956 TBP 538 526 I 2
2 TBP 538 526 1Z
3 TBP 538 526 1Z
4 TBP 538 526 1Z •

I

,_. I- 1957 TBP 519 507 IZ Latest electrode reading, enoug_
• for 171

2 P 37 25 IZ Rec'd 234 from IOI-A &77 from
' 102-A, 476 scvg during month

3 TBP-P 524 31-481 12 Rec'd 170 from I02-A (CW)
4 TSP-P 106 14-63 29 Newelectrode reading, 456 to

103-BY

1- 1958 TBP-P 106 14-63 29
2 TBP-P-C_J 232 14-63-126 29
3 TBP-P-CW 519. 14-63-413 29 7 to I10--3X,SS 294-CWrec'd
4: TBP-P-CW 535 14-63-429 Z9 La_.estelectrode reading

1-1959 TBP-P-_I 510 14-63-429 Z9
Z TBP-P-CW 510 14-63-429 Z9
3" TBP-P-CW 510 14-63-429 29
4 TBP-P-C'_ 510 14-63-429 29

1-1960 TBP-P-CW 510 14-63-429 29
2 TBP-P-CW 527 14-63-421 29 SS 17 _,_rec'd
3 TSP-P-CW" 527 14-63-421 29

TBP-P-C_ 527 14-63-421 29
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106-C-3 WHC-HR-013Z
+

Waste Status Summaryof 106-C Tank-Capacity 530°000 Gallons
el

f
Liquid So1|ds

qtr.- Type Total tn in
Year Waste Vol. St0raqe • Storage Remarks_ _ iiii i i i i ii

1-1961
Z TBP-P-CW 527 14-63-4Z1 29 [ 6 ecnt:hsc_ct
3
4 TBP-P-_ 527 14-63-421 Z9 ( 6 mnP.,hsrr;o_t:

+

1-196Z
Z TBP-P-CW .SZ7 14-63-421 Z9 ( 6 mcn_.-_r .e_oct
3

4 TSP-P-C_ 527 14-63-421 Z9 [ 6 _P-_ re_ort

1-1963

Z " I"BP-P-_W 530 19-63-421 24 [ 6 mc_P.._mre_o_. /3
4 P 538 514 Z4 427 from 10Z-A

• B

I-I 964
Z P SZZ 498 Z4 Newelectrode ( 6 mcnP.hs

4 P 505 481 24 [ 6 _=n_._scegx_ct

, 1-1965
Z P 541 479 " 6Z 36 from CRvault
3 P 546 484 6Z
4 P 549 487 6Z

1- 1966 P 549 487 6Z
Z P 519 457 6Z Newelectrode +

3 P 519 457 6Z
4 P 527 465 . 6Z Newelectrode

1-1967 P 527 465 6Z
Z P 527 465 6Z
3 P 527 465 6Z

- 4 P 527 465 62

1-1968 P" 66 4 • 6Z 461 PSHtO I05-C
Z P 72 10 6Z
3 P 70 8 6Z
4 P 70 8 62

1-1969 P 124 6Z 6Z 54 from OOZAR (101-A sludge we.
Z P Z44 18Z 6Z ,120 from 00Z AR sludge washes
3 P Z93 Z31 62 SO from OOZAR sludge washes
4 P(PSS). 167 110 57 SZ from OOZAR, 176 to 105-C
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106-C-4

Waste Status Summaryof 106-C Tank-Capacity 530,000 Gallons
e

•_ Liquid Sollds (
Otr.- Type To_l tn In
Year Wast_ rOll. i _ Storaqe ........ _emarkS ................

1-1970 P (PSS) 222 155 57 55 from 002 AR
Z P (PS$) 379 313 57 149 from 002 AR
3 P (PSS) 517 438 79 Z16 from OOZAR, 59 to 103-C
4 PSS $30 385 145 303 from 002 AR, 99 to 103-C, 194

to 102-A

1-1971 PSS Z12 6Z 150 . 131 from 002 AR, 444 from 103-C,
" 194 from 102-A, 267 to 103-C, 827

to 105-C
2 • PSS 212 62 150
3 H_O-PSS 239 53-26. 150 63 rater
4 H_O-PSS 235 59-25 150 16 water, 22 condensate

1-1972 * PSS 233 83 150
Z PSS 235 110 125
3 P$S 244 . 119 125
4 . PS$ 248 123 125

e

1-1973 PSS 255 130 125
Z PSS 249 124 125

PS$ 241 116 1ZS
4, PSS 238 113 125 .. (

1-1974 *+ PSS 237 11Z 125
2 PSS 250 125 125
3 PSS-BL 324 45-154 125 Z38 f_om8 P1_nt, 15 from 154-8

catch tank, 3 water, Z21 to 103-A_,
4 EL 420 314 106 506 from 8 Plant, 1. water, 409 :o

103-C

I-I 975 BL 373 267 106 356 from ] Plant, 404 to 103-C
Z BL 345 Z39 106 236 from S Plant, 7 from 302-CT,

258 to I03-C
3 BL 469 363 106 242 from 8 Plant, 101 to I04-C
¢ BL 288 182 106 414 from 8 Plant, 595 to I04-C

1-1976 8L 329 223 106 581 from S Plant, 477 to 104-C
Z EIr, 499 393 106 319 _an 3 ,_-ant, 148 _3 104-C
3 _c. SLudge 422 316 106 a Plant;9as_ ._cove_r
4+ $_. SLudge233 127 106 B P!a_t:4aste___y.

1-1977 Sc Sludge 373 229 145 D ?+._t_aste .:_c=ve_.
2 S_ Sludge 480 335 145 " • • "
3 _.," SLud_;e398 253 145 " • " "
4 ---- • 384 228 156

+.Dry Wells 30-06-02, 30-06-04, 30-06-10 drtlled.

,t Ory Wells 30-06-03,'30-06-09, 30-06-1Z drilled.
.t
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106-C-8 WHC-MR-013Z

C . Waste Status Summar7of I06-C Tank-C4pac|ty 530,000 GailonsI

• L_quld So1_ds
Qtr.-" Type Total Jn in
Year _ste Vol. Storage _ Remarks.......

1-1978 CPLX ZS§ 99 156 . Ac_ve-Rece_vlng
8 Pit. _st.

2- CPLX 356 ZOO 156
3- CPLX 444 Z88 156 '
4- CPLX 422 280 142 $o1|ds level evaluated

11/3/78

1-1979 "NCPLX ZO2 ' 5 197 Sollds level 3/31/79
[nact'l,ve

Z- CPLX Z19 ZZ 197 Newphoto 415179
3- CPI..,'( Z19 22 197
4- ,_.CPLX 219 22 197

- 1-1980 CPLX Z1"9 22 197
Z- CPLX Z19 ZZ 197
3- CPI.X 219 22 197
4- CPLX Zl 9 ?.2 197

!
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Figure I. Tort1 I_at tenerated in the sludge Layers.
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Westinghouse . Internal
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SUMMARY

This memodocumentsthe process by which Project W-320, "Tank Z41-C-106 Waste
Retrieval," chosedilute complexedwaste as the preferred working fluid for
use in the waste recovery sluicing system (WRSS),and tank Z41-AY-10Z as the
preferred receiving tank. The requirements of the Tank FarmWaste
Compatibility Program (Reference 1) were first applted to the analysis of
Project W-3ZOoperations, as documentedby References Z & 3. This process was
more rigorousthan earlierattemptsat analysis of waste compatibilityfor the
retrieval project, and the results, which differ from the earlier studies, are
more technically defensible.

DISCUSSZON

" In February of 1993, Project W-3ZOinitiated a dedicated waste compatibility
study with hopes of identifying a receiver tank for the wastes to be
transferred by the retrieval project. This study (Reference Z) applied the
criteria of Reference 1 in analyzing the proposedwaste transfer to either
tank Z41-AY-I02 or -101, using dilute non-complexedwaste, process water, or a
combination of both. At that time, use of dilute complexedwaste was not
consideced an option due to the desire to keep it segregated Fromwastes with
the non-complexeddesignation, which included tank Z41-C-106 wastes.
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Reference Z performed a thorough survey of available historical laboratory
analyses for the tank wastes in question, processedthe data, and applted it
to therequtrements contained in Reference (1), and other knownoperational
requirements. The major conclusion of Reference Z was that the available
historical characterization data was insufficient to completely satisfy the ..
analysis requirements contained in Reference 1 (hence the term "Preliminary"

• tn its title), and that a defensible waste compatibility study would have to
be performed prior to actual waste transfer.

However, Reference Z did uncover someclear characteristics of the tank
wastes. The most significant finding indicated that the non-complexed
designation of tank Z41-C-106 wastes was not sufficiently descriptive. The
historical analysis data clearly indicated that the liquids in tamk Z41-C-106
were both transuranic (TRU) and complsxed. The waste compatibility rules
indicated that the dilute complexedsupernatant in tank Z41-AY-101, which is
also TRU, would be the logical choice for a sluicing supernztant. This choice
complies with the complexed/non-complexedsegregation criteria and avoids the
creation of additional TRUwaste, which would result if non-complexedliquids
or process water were used in the WRSS.

Reference 3 documentsthe study analysis session which was conducted to
determine the impact that the findings of Reference Z would have on
Project W-320. Manyof the waste compatibility findings were judged to be
sufficient for use in influencing project planning. The applicabl_e waste
compatibility issues were considered with other issues in making a decision
about the designation of a receiver tank and.the sluicing media to be used by
the project. These issues included schedule, likelihood for success, program
interfaces, initial cost, minimization of liquid TRUwaste, supporting waste
minimization, ltfe cycle costs, and tank configuration. The results were that
tank Z41-AY-10Z was preferred to tank Z41-AY-101and that dilute complexed
supernatmnt was preferred to dilute non-complexedsupernatant or process
water.

$. D. Estey, Engineer
Waste Tanks Process Control
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