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High-Heat Tank Safety Issues Evaluation
!

1.0 IRTRODUCTION/SUMMARY

Subsection (b) of Public Law 101-510, Section 3137, "Safety Measures for
Waste Tanks at Hanford Nuclear Reservation" (PL 101-510), requires the
Secretary of Energy to "identify those tanks that may have a serious
potential for release of high-level waste due to uncontrolled increase
in temperature or pressure"• One of the tanks that has been identified
to meet this criteria is single-shell tank (SST) 241-C-106 (Wilson and
Reep 1991).

This report presents the results of an evaluation of the safety issue
associated with tank 241-C-106: the continued cooling required for high
heat generation in tank 241-C-106. If tank 241-C-106 should start
leaking, continued addition of water for cooling could possibly increase
the amount of leakage to the soil column. In turn, if the current
methods of cooling tank 241-C-106 are stopped, the sludge temperatures
may exceed establishedtemperaturelimits,the long term structural
integrityof the tank liner and concretewould be jeopardized,leading
to an unacceptablereleaseto the environment.

In summary,this evaluationhas determinedthat:

I. Tank 241-C-I06containsat the presenttime enough heat generating
wastes to justifyretainingthis tank on the list "Single-Shell
Tanks With High-HeatLoads (>40,000Btu/H)" (Hanlon1993).

2. There is insufficientdata availableat this time to determine
that the additionof water, or activeventilationor both, should
be terminatedto tank 241-C-I06.

3 For a period of approximatelyfive months the active ventilation
system for tank 241-C-I06was unavailable. In addition,water was
not added. During this period,both the dome and waste
temperatureexperiencedan increase. No structuraldamage to the
concretefrom high temperatureswas expected. The data does not
indicatethat this temperaturetransientever attainedan
equilibrium.

4. To confirmthe structuralintegritynecessaryfor the retrievalof
the contentsof tank 241-C-I06,an updatedstructuralanalysis,in
conjunctionwith a thermalanalysisas a boundarycondition,will
be conducted.

2.0 BACKGROUND

Tank 241-C-106was constructedin 1943-1944as 75 feet diameter concrete
structurelined with I/4 inch thick carbon steel,ASTM A 7, with a
concavebottom. 241-C-I06was equippedwith air-cooledcondensersof
the multi-tubeair-fintype vented directlyto the atmospherewhich were
adequatefor the waste temperaturesand vapor loads encounteredin the
originaloperations.
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Tank 241-C-I06was placed into active servicein 1947, and remainedin
' active use until 1979. The tank was first used to store metal waste

from the BismuthPhosphateProcess. The metal waste was removedfrom
the tank during 1953-1954by sluicingto recoverUranium. After
removingthe Uranium,TributylPhosphate(TBP)waste was stored in the
tank. Most of this waste was removed in 1956 to make room for PUREX
CoatingWaste. The tank remainedfull until 1963 when some of the
materialwas pumpedout to make room for PUREX NeutralizedHigh Level
Waste. At that point, tank 241-C-I06contained62,000 gallonsof
sludge. From 1969 to 1971 tank 241-C-106was used in conjunctionwith
244-AR Vault for PUREX sludgeprocessing. The wash solutionfrom AR
Vault was decanted to tank 241-C-I06. The supernatantliquid from tank
241-C-I06was pumpedto 241-C-I05. After a sludgetemperatureof 212°F
was observed in tank 241-C-I06in late 1971, the tank was placed on an
active ventilationsystem in early 1972. Its functionas receiverfor
wash solutionwas immediatelyterminated. B-Plantcesium recoverywaste
was directedto the tank from 1974 to 1978. The active ventilationof
tank 241-C-I06is supplementedby the periodicadditionof water to
maintaina liquid cover (supernate)over the sludge for enhancedthermal
conductivityand evaporativecooling (Dukelow1979).

Tank 241-C-I06is ringedwith six dry wells sunk approximately75 feet
below grade. Each dry well is locatedapproximately10 feet from the
tank. These dry wells are equippedwith scintillationdetectorsand
neutrondetectiondevices. These dry well are monitoredon a bi-weekly
basis (Schofield1993).

Based on data from varioustypes of tests conductedon Hanfordconcrete
mixes, some conclusionscan be made about the long-termeffectsof
elevatedtemperatureson the thermaland mechanicalpropertiesof
Hanferdconcretemixes:

• The mechanicalpropertiesof Hanfordconcreteare susceptibleto
degradationwhen exposedto elevatedtemperaturesin the range
from 250° to 450°F. The amountof degradationis dependenton the
length,heat up rate, and degree of elevatedtemperatureexposure.

• Heat inducedstrengthlossesdid not reduce Hanfordconcrete
mixes' compressivestrengthsbelow minimumdesign levels.

• Relativesensitivityof mechanicalpropertiesto degradationby
concreteheat exposureare: most sensitive- modules of
elasticity,splittingtensilestrength,compressivestrengthand
lease sensitive- Poisson'sratio. Most severepropertieslosses
were measuredwith concreteat 450°F.

• Long-termtests at elevatedtemperatureproducedpropertieslosses
that were more severethan those measuredwith short term tests of
heated concrete. Moreover,at maximumtest temperature,450°F,
losses did not appear to approachlimitingvalues even after more
than I I/2 years heating. (DeFigh-Price1981)

The minimumdepth of soil cover on the dome is approximately6 feet
which representsa total load of 1500 tons supportedby the dome and
transmittedto the tank walls. The dynamicdome loading(live loads)
specificationlimit is to be a maximumof 100 tons (Boyles1992).
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WHC-SD-WI_-RPT-O6gRev 0

, OperationalSafety Requirements(OSR)have specifieda maximumwaste
temperatureof 350°F, to be monitoredevery 45 days (Borsheim1989).
This OSR was writtento ensure that the structuralintegrityof 241-C-
106 is not jeopardizeddue to excessivewaste temperaturestransmitted
to the tank structure.

Tank 241-C-106has a requirementfor weeklytemperaturesurveillanceto
determineif an increasingtemperaturetrend exists from the established
baseline (Schofield1993). Monitoringof temperaturesis accomplished
by means of thermocouplesarrangedin thermocoupletrees. There are
presentlytwo thermocoupletrees installeddirectly in the tank. One
thermocoupletree is locatedin riser number eight and consistsof six
ungrounded,type E thermocouples. The other thermocoupletree is
located in riser number 14 and consistsof 12 grounded,type J
thermocouples.

Monitoringof tank 241-C-I06surfacelevel indicatespossiblechangesof
conditionswithin the tank. The device used for measuringsurface
level,manufacturedby the Food InstrumentCompany (FIC),consistsof a
conductivityelectrode(plummet)connectedto a calibratedsteel tape, a
steel tape reel housing,and a controllerthat automaticallyraises and
lowersthe plummetto obtain a waste surfacelevel reading. The
controllerprovidesdigitaldisplayof the data and transmitshourly
readingsto the ComputerAutomatedSurveillanceSystem (CASS).

3.0 SAFETY ISSUEDISCUSSION

To evaluatethis safety issue the followingtopics are discussed"

3.1. Structuralintegrity

3.2. Drainablewater

3.3. Leak verification

3.4 InterimStabilization/InterimIsolation

3.1. Structuralintegrity

Any reductionin the structuralintegrityof any SST at the
HanfordSite is an unacceptableevent. The hazard associated,_ith
heat-inducedstructuraldamageto any SST is relatedto the
residualstrengthof the tank'sconcreteafter the accumulationof
wastes for 40 to 50 years.

Any futuredegradationof the structuralstrengthof the concrete
can be mitigatedby controlof the temperaturewithin the tank
waste to the followingtemperaturecriteria,the Operational
SpecificationDocument (OSD) limits,(Boyles1992):
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Temperature
d

The temperatureof the waste shall not exceed 300°F.
The temperatureof the tank dome shall not exceed 250°F.
The maximumtemperaturechange shall be 20°F per day.

lt shouldbe noted that these temperaturecriteriaare
conservativelylower than the OperationalSafety Requirements
(OSR).The OSR states that the "tankwaste temperaturesshall not
exceed 350°F" (Borsheim1989).

ThermocoupleTrees

Thermocoupletrees shall be installedin any SST containing
a demonstratedheat load of greaterthan 40,000 Btu/Hr. If
two or more probes on a thermocoupletree fail, operability
shall be restoredas soon as practical.

TemperatureReadinqs

Temperaturereadingsfrom thermocoupletrees shall be
recordedat least once every 38 days in tanks requiredto
have thermocoupletrees installed.

Tank 241-C-I06presentlyhas two operablethermocoupletrees. _n
January, 1993, the thermocouplesin both trees were field checked
for loop resistance,leads to ground,and continuity. At the
presenttime all of the thermocoupleshave passed these field
checks.

Tank 241-C-I06is the only SST that requiresmore than active
ventilationto keep the temperaturebelow 300°F (Paulyand
Torgersen1987). An earlierheat transferanalysisdetermined
that if the tank waste is allowedto dry out, and forced
ventilationis continued,the tank base could exceed 510°F and
dome temperaturesof 335°F. As a design basis, a heat generation
rate of 200,000Btu/hrwas used in this heat transfer analysis
(Campbell1980). A comparisonof transientcalculatedtemperature
with thermocouplemeasurementsduring the ventilationoutage in
1992 denotesthat the total heat source in Tank 241-C-I06is
110,000Btu/hr (Bander1993). Tank 241-C-I06is designatedas
sound,definedas "the integrityclassificationof a waste storage
tank for which surveillancedata indicateno loss of liquid
attributedto a breachof integrity"(Hanlon1993).

The activeventilationsystemwas unavailablefor waste
temperaturecontrolfor tank 241-C-I06from the period January24,
1992 until June 7, 1992. Duringthis period the dome temperature
increasedfrom 840F to 148°F, the waste temperatureincreasedfrom
1610F to 195°Fwith a 0.2°F changeper day for the waste
temperatureand a O.50F change per day for the dome temperature.
lt shouldbe noted that water was availablebut was not added
becauseof lack of adequateevaporation, lt is suspectedthat
since the active ventilationwas unavailable,what water that was
heatedto evaporation,was not taken away but remained in the
tank. An UnreviewedSafetyQuestionEvaluationdeterminedthat
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these temperatures were well below the established OSR temperature
' limits of 300°F (waste)and 250°F (dome)with a maximumchange of

20°F per day (Borsheim1989). Therefore,no structuraldamage to
the concretefrom high temperaturesduring that period is expected
(Richardson1992).

3.2. Drainablewater

The fractionof the liquid contentin a tank that exceeds the
interstitialholdup (liquid)is definedas the drainableliquid.
The amount of drainableliquid is reportedas 48,000 gallons:
32,000gallonsof supernatant,12,000gallonsof interstitial
holdup,and the remainingas raw water added for evaporative
coolingpurposes(Hanlon1993).Based on a 12.5% assumedsludge
porosity,an estimated16,000gallonsof drainableinterstitial
liquid is presentin the tank. lt can be readilyseen that the
amountof drainablecoolingliquidthat is maintainedin tank 241-
C-I06 exceedsthe interstitialholdupof the tank's sludge.

The periodicadditionof water is requiredin order to maintain a
liquid cover (supernate)over the sludgefor enhancedthermal
conductivityand evaporativecooling (Dukelow1979). The minimum
operationalsurfacelevel measurementlimit is 74.5 inches,the
maximum is 79 inches,with a maximumpermissiblechange of 2.00
inchesfrom baselinevalues establishedby Tank Farm Surveillance
& Support (Godfrey1992). Liquid levelsfor tank 241-C-I06are
monitoredweekly (Schofield1993).

This practiceof maintainingdrainableliquid in the tank presents
a dilemma in the event of a tank leak. Water would continueto be
added to make up for the water that leakedout and to controlthe
temperaturewithin limits. Water additionscould be terminated
and the waste would heat up and dry out, which potentiallycould
result in structuraldamage.

One of the solutionsto the problemof maintainingthe drainable
liquid in the tank is to determinethe minimumliquid addition
required. A methodto do this is to developa thermalmodel from
which could be projectedthe minimumwater additionand liquid
level neededto maintainthe waste temperaturebelow the maximum
allowablelimit.

Parallelto this effort,an updatedstructuralanalysis is being
developedwhich will take the output from the above thermal
analysisas a boundaryconditionand confirmthe structural
integrity. This activityis in supportof the plannedretrieval
of the contentsof tank 241-C-I06. A processtest is also being
consideredthat would determinethe minimumquantity of cooling
liquidrequiredto maintainthe structuralintegrityof the tank
concrete (DeFigh-Price,Wang 1993).
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3.3 Leak verification

One of the postulatedsafetyhazardsfor waste tanks at the
HanfordSite is the potentialfor the releaseof high-level
nuclearwaste as a result of structuraldamagedue to overheating
the tanks reinforcedconcrete. Drywellradiationmonitoringis
one method of detectinga le_k in 241-C-I06. Surface-level
measurementis anothermeans of leak detection. This method of
leak detectionis not generallyreliablebecauseof its slow
responseand accuracy,principallyin the case of a small leak.

If there is a change in tank liquid levelsor drywellradiation
levels and the liquidloss values are not comparable(a tank leak
is confirmed),a contingencyplan has been prepared(DeFigh-Price
1993). This plan statesthat in the case of a leak in tank 241-C-
106 the followingcorrectiveactionsshall be initiated
immediately:

(I) IncreaseSurveillance- surveillancefrequencieswill be
increasedfor parameters

(2) Reduce SupernatantLiquid- the liquid cover will be reduced
by evaporationto reducedrainableliquid

(3) AccelerateRemovalof Waste Sludge - the removalof the
sludgewill be acceleratedunder close coordinationwith
WashingtonState and DOE-HQ.

This plan statesthat in the case of a leak in tank 241-C-I06the
followingcorrectiveactionsshall be initiatedfor the long term
(more than one month):

(I) Monitor soiI temperatures

(2) Installthermocouples

(3) Maximizeventilation

(4) Photographtank interior

(5) Installsurfacesprinkler

(6) Retrievehigh-heatwaste

3.4 InterimStabilization/InterimIsolation

The Hanford FederalFacilityAqreementand ConsentOrder.
Ecology,et.al., 1990 (Tri-PartyAgreement)mandatesthe interim
stabilizationof tanks Z41-C-I05and 241-C-I06by September1996
(milestoneM-05-08),and the interimisolationof all single-shell
tanks by the same date (milestoneM-05-09). Interimstabilization
limits the amountof supernatantand pumpableinterstitialliquid
that can be presentin the tank. Interimisolationrequires
physical isolationof the tank. Interimstabilizationprevents
leakageor minimizesthe quantityof leakageto the ground.
Interimisolationpreventsor reducesadditionsof liquid to the
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tank that might contributeto a liquid leak source. Interim
• isolationand stabilizationcriteriawould requirecessationof

the currentpracticeof addingto the leak sourcethroughperiodic
cooling water additions(Squires1991).

An estimated65 percentof the strontium-bearingsludgemust be
removed from the tank to leave approximately40,000 Btu/Hrof high
heat sludge in the tank. At this level the tank may be placed in
a safe, interimisolatedstate. Removalof 65% of the sludgewill
reduce the heat source sufficientlyso that the tank can be cooled
solely by conductionto the soil. Followingcompletionof the
waste retrievalactions,water additionscan be halted, and
standardtank isolationactionscan be completed.

The Tri-PartyAgreement(TPA)MilestoneM-05-12states that a plan
will be providedto the WashingtonState Departmentof Ecologythe
EnvironmentalProtectionAgency (EPA)which evaluatesactions,
schedules,and cost impactsfor removingtank contents(retrieval)
from a single-shelltank. Demonstrationof single-shelltank
waste retrievalis requiredunder the TPA milestoneM-07. Tank
241-C-I06has been recommendedas the retrievaldemonstrationtank
and hydraulicretrieval(sluicing)has been proposedas the method
to demonstratethis retrieval.

To supportthe retrievalactivityan updated structuralanalysis
is being developed. This analysiswill use the output from a
recent thermalanalysisas a boundaryconditionand confirmthe
structuralintegrityof tank 241-C-I06.

4.0 CONCLUSIONS

In conclusion,this evaluationhas determinedthat tank 241-C-I06
containsat the presenttin,eenough heat generatingwastes to
justify retainingthis tank on the list "Single-ShellTanks With
High-HeatLoads (>40,000Btu/H)"(Hanlon1993).

There is insufficientdata availableat this time to determine
that the additionof water,or activeventilationor both, should
be terminatedto tank 241-C-I06.

For a period of approximatelyfive months the activeventilation
system for tank 241-C-I06was unavailable. In addition,water was
not added. During this outage,the dome and waste temperatures
both experiencedan increase. No structuraldamage to the
concretefrom high temperatureswas expected. The data does not
indicatethat this temperaturetransientever attainedan
equilibrium.

To confirmthe structuralintegritynecessaryfor the retrievalof
the contentsof tank 241-C-I06,an updatedstructuralanalysis,in
conjunctionwith a thermalanalysisas a boundarycondition,will
be conducted. The retrievalactionswill reduce the heat

generationload of this tank so that water additionscan be
halted,and standardtank isolationactionscan be completed.
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