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A number of high-level radioactive waste (HLW) safety issues have
" been identified at the Hanford Site in southeastern Washington

State. R_solution of these issues is one of the Highest
_,
- Priorities of _he U.S. Department of Energy The most urgent

issues are the potential for explosions in certain _anks (_ue to

periodic vomitingof large quantities of flammable gases, or the

presence of substantial quantities of ferrocyanide and/or organiccompounds in combination with nitrates-nitrites)o Other safety
issues have been identified as weil, such as the r_Quirement for

p_riodic water additions to one _.ankto contr_l its temperature
and the release of noxious vapors from a number of _anks.

Substantial"progress has been made toward safety issue resolution.

Potential mechanisms have been identified for the generation,
retention and periodic venting of flammable gas mixtures;

potential methods for controlling the periodic release behavior
' have beer,identified and in.tank testing will be initiated in

- IgB2. Research is being conducted to (_etermineth_ initiation

temperature-_,energetics, reaction sequences and effects of
catalysts and initiators on ferrocyanide-.nitrate/nitri%e
reactions; waste characterization on a tank-by-tank basis will b_
required to identify whether ferrocyanide-contBining w_s%es are
safe to store as-is or will require further treatment to eliminate
safety concerns. Resolution of all of the Hanford Site HLW safety
issues will be accomplished as an integral part of the Hanford
Tank Waste Remediation System that has been established to manage
the storage of these wastes and their preparation for disposal.
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Resolution of Safety Issues Associated with the Storage of High-Level

Radioactive Waste at the Hanford Site.

G, B. Mellingerand J, C, Tseng

I NTRODUCTION

Approximately230,000m_ of radioactivewastesare stored in tanks at %he U.S.

Departmentof Energy (DOE) HanfordSite (Hanford)located in southeastern

WashingtonState. The majorityof this waste (140,000m_) is stored in 149

single-shelltanks (SSIs);the remainderof the waste i_ stored in 28 doubl_-

shell tanks (DSTs).

In mid-lggO two safety issues (termedUnreviewedSafety Ouestions or USQs)

were identifiedassociatedwith the storageof these radioacT.ivewas%es a_,

Hanford. These USQs dealt with the potentialfor explosionsin certain

storagetanks due the periodicventingof large volumes of flammabTeBases or

the presence of_substantialquantltiesof ferrocyanide(a fuel) in combination

" with nitrates/nitrites(oxidizers).

Admiral Watkins,the Secretaryof Energy,ann Mr, Leo Duffy, the Assistant

Secretaryfor EnvironmcntalRestorationand Waste Management immediately

initiatedan aggressiveprogramto resolvethese two USQs and to improvethe

overall safety postureof HLW storage. This paper will discuss the DOE'S

effortsto identifyand resolve safetyissuesat Hanford.
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IDENTIFICATION OF SAFETY ISSUES

In addition to the flammable gas and ferrocyanide USQs, additional safety

issues and system deficiencies have been identified associated wi_h tank waste

storage at the Hanford Site. In the context of this report, a safety issue i_

defined as an event or condition that can lead to either an uncDntrolled

release of radioactivity or exposure to radiation; or a loss of primary or

secondary containment. Safety issues are divided into three levels:

Level i Safety Issues (those that contain mos.___ttof %he conditions that

could lead to a release of radioactivity or other health hazard);

Level Z Safety Issues (those that contain _ of the conditions that

could lead to a release of radioactivity or other health hazard);

Level 3 SaFety Issues (1;hose that could lead to future releases of

radioactivity or other health hazards if the tanks are to be used for

intermediate - 5 to 30 year - wast_ storage).

°

System deficiencies are defined as situations, for which there is a lack of

sufficient information, hardware, adminis1:rativecontrols, or qualified staff

to properly identify scfety h_zards or to ensure the continu_.dsafe _peration

of the facility. The safety issues and system deficiencies that have been

identified for tank waste storage at Hanford are shown in Tables I and 2.'

Safet_raft document "Department of Energy High-Level Waste Storage TankIssues Report" Prepared for DOE High-Level Wast_ Tank Working Group,
dated October 14_ 19gI.
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The WestinghouseHanfordCompany (theoperatingcontractorat Hanford) has a

program in place to addressthese and any other Safety Issu_sthai may be

identifiedin the future (e.g, criticalitysafety which was recently

identifiedas a USQ) (Gasper1991).

The focus of this paper is five of %hB highestprioritywaste tank Safety

Issuesat Hanford, ThEse includethe fo_r Level I Safety Issues shown in

Table I. One of the Level 2 Safety Issues"'TankToxic Vapor Release" is also

addressedas this issue is now receivingincreasedemphasis. In addition to

the two initialUSDs (flammablegas and ferrocyanide)these safety issues

include:

the potentialfor runawayreactionsin certaintanks due to the pr_ser_ce

of substantialquantitiesof organiccompoundsin combinationwith

ni%ra_es/nitrites(Organic-Contain_,ngWastes);

the need for periodicwater additionsto ._nSST to control its

temperature(High-HeatTank); and

1;h_release of noxiousvapors from a number of tanks (NoxiousVapors).

HIGH PRIORITYSAFETY ISSUES

In this sectionour currentunderstandingof these safety issueswill be

describedas will our currentapproachfor Safety IssueI_itigation(ensuring

that these wastes can be safely stored until the safety issues can be

3
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resolved). Safety Issue resolution will likely require the retrieval and

treatment of these wastes.

LI GA

Although this safetyissue affectsfive DSTs and eighteen$$7s, the majority

of the work relatedto this issue has focusedon the most active of these

zanks, Tank 241-SY-I01, Tank 241.-SY-I01releasessubstantialquantitiesof

gas at approximatelyI10 day intervals. The compositionof the releasedgas

D#

is approximateTy36% H_, 28.5% N:O,and 37JoN:(plusminor amountsof H:O,NHr,

CO_,CH,,CD) (BabadIgg]). lt is importantto note that this mixture

contains both a fuel and an oxidizer;atmosphericoxygen is not requiredfor

the releasedgas to be flammable. During a large release (the7argest release

Zo da_e has been approximately Z80 m'), the lower flammability limit

(approximately 4% hydrogen for these niixtures) may be exceeded in the tank

dome space for a brief period of time (minutes).

Between releaseevents,Tank 241-SY-I0_exhibitsa uniformtemperatureprofiTe
..

in the upper portionof the tank and a characteristictemperature"bulge" lr,

?.helower portionwhich "grows"betweenevents (theprimaryheat source is the

decay of Cs-137 in this waste). Typicaltank temperatureprofiles are _own in

Figure I. BetweeneveT,ts, the voTumeof the waste increases;this is observed

a._ an increasein the height of surfaceof the waste. These behaviorsare

understoodto be due to the presenceof an upper convectingregion and a lower

non-convectingregion in the waste (the presenceof these two 7ayers was

confirmedby data obtained from the characterizationof two full length core

4
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samplesobtainedfrom the tank in 1991 - the non-convectingregion containsa "

much higher solids concentrationand is much more viscous), lt is thought

that gases are producedthroughoutthe waste,but that those gases generated

in the convectingregionare releasedat approximatelythe same rate as they

are generatedwhile those producedin the non-convectingregion are trappedas

very small bubbles).

During releaseevents,the surfaceof the waste drops. Decreases of up to

approximately26 cm have been observedfor large release events (Babad1991).

Concurrentwith the gas release,the temperaturein the lower portionof the

tank decreasesand a temperatureincreaseis measuredat the top surfaceof

the waste. This change is shown in FigureI. lt is thought that a ga_

release event occurswhen portionsof the waste detach from the non-convecting

region, flea: to the surfaceof the waste and release some portionof the

trapped gas. The mechanisms responsiblefor gas entrapment,gas release,and

the initiationof gas releaseeventshave been eva%uatedbut the specific

mechanisms are not understoodin detail (Alleman1991 and Al_eman 1992).

• Based on studiesconductedusing syntheticwaste simulants, radiolyticand

thermal processesappear to be the primarycon_ributorsto I.hegas generation

in Tank 241t-SY-101(Babad 1991), Tank corrosionis not thoughtto be a major

mechanismfor hydrogen.generation;if corrosionwas the m_.jorhydrogen

generationmechanismit might be expectedthat other Hanford tanks would

behave similarly%o this tank which is clearlynot the case (Ashby1992). In

additionto providinginsightintothe behaviorof Tank 241-SY-I0],the

syntheticwaste studieswill be usedto obtain informationneeded to help

5
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ensure that futurewaste transferswill not resultir,the formationof other

wastes that exhibitbehaviorsimilarto the wastesin Tank 241-SY-]D1.

Final resolution of this safety issue will require that hydrogen generation be

eliminated, This, however, will likely require that the waste be removed from

th_ tank and trea_edchemicallyor thermallyto eliminatethe organic

compoundspresent. Becausethe requiredtreatmentcapabilitydoes not

currentlyexist at Hanford,near term effortsare focusedon mitigation of the

safety issue (puttingthe tank in a safe conditionuntil resolutioncan be

accomplished).

Currentmitigatimn effortsare directedtowardeliminatinglarge gas releases.

If smaller_more frequentreleasescan be induced,safe storagemay be

assured. A number of techniquesfor accomplishingthis objectivewere

identified. Based on a preliminaryevaluationof these techniques,four were

selectedfor fur%herevaluationand testing (Babad]992). These include

pumping/stirring(to substantiallyreduce or eliminatea cohesive non-.

convectiveregion),heating (whichwould reducethe amount of solids presenL

" in the non-convectiveregion and reduce its viscosity),dilution (whichWDu]d

have _he same effect as heating),and ultrasonicagitatiDn(which may induce

the trappedbubbles to releasein a controlledfashion).

Plans are being developedfor in-tanktes¢"ngof these fDUr mitigation

techniquesin Tank 101-SY startingin late 1992. In-tank testing is required

due to the difficultyassociatedwith attemptingto physicallysimulate the

complexbehaviorof the waste present in Tank 101-SY. Numerical and physical

6
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modeling are being used, however, to support the design of these experiments

and to support the safety analyses that must be performed prior to this

testing.

The initial in-tank test, scheduled to be initiated in late 1992, will

evaluat_ the ability of jet mixing to prevent the accumulation of gases

generated in the non-convective slurry layer of Tank I01-SY. In addition to

providing information on the effectiveness of the jet mixing in re'leasing g_s,

the test will be utilized to evalua1_e the waste and tank hardware response to

the mixing pump operation. For example, the extent of waste heating and

foaming are of concern as are the hydraulic loads imposed an in-tank hardware

(e.g., instrument trees). Information obtained from the tes_ will be utilized

to determine whether jet mixin 9 is a viable mitigation concept and, if so:

data obtained from the test wil'Ir be utilized in the des lgn of the long-term

mixing equipment.

The jet mixing apparatus is shown schematically in Figure 2. lt incorporate_

a IlO kW _lurry pump. Success criteria have been established for _.he test,

These include I) whether the rate rise of the waste level decreases

(histor:ica'lly, the rate of rise has been approximately 0.19 cre/d), 2) whether

the hydrogen concentration in the tank dome space increase_, 3) whether the

temperature profile in.the non-convective region changes, and 4) whether more

uniform waste densities _re achieved. These parameters will be measured using

instYumentation that will be installed in the tank to monitor the experimen't.

In order to ass__ss whether success is achieved, the values of these parameters

will need to be compared wi_h baseline data to .be obrained prior to the rest.
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Of particularinterestwill be dome space gas compositions(especiallyHe,

N_O, and NHr)and currentrate of rise.of the waste level,

Abort criteriahave also been establishedfor the test. If any of these

criteriaare met the test will be abortedby immediatelysecuringthe pump.

These criteria generallydea] with improperpump behavior (e.g.,vibration)

and unanticipatedchangesin tank conditionsuch as waste temperature,tank

level, and hydrogenconcentrationsin the dome space.

A combined test is also planned, The primaryobjectiveof this test, which is

currentlyscheduledto take place in early 1993, will be to evaluateeach of'

the four mitigationconcepts,ultrasonics,heating,dilution,and mixing,

individuallyand in combination. The abilityof these techniquesto effect

controlled releaseof gas from the non-convectiveregion and also to enhance

the movement of resultinggas bubblesthroughthe waste column with subsequent

expU_sionfrom the waste surfaceinto the gas space will be tested. Ano'ther

_bje('_tiv_of'this test will be tn _ttemptto determinethe mechanism(s)by

which ga_ is re:rainedin the non-convectingwaste layer and tc)determine

- wh_ther any of these potentialmitigationconceptswill cause enhancedgas

retention.

A schematicdiagram of.thetest apparatusis shown in Figure 3. In order to

ensure that the testing impactson'lya limitedvolume of the waste in the

tank, the testingwill be conductedwithin a test chamberlowered into the

waste. Successcriteria similarto those for the jp.tmixing test.will be

, appliedto this test. Abort criteriawill also oe developed._

8
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Fer_r__anide-ContaininQWastes

The ferrocyanidecompoundspresentin Hanfordwaste tanks resulted from

processesused to scavengeradioactivecesiumfrom waste liquids. The

predominantferrocyanideprecipitateis probably_ compound that approaches

Na:NiFB(CN)6.Concentratedmixturesof ferrocyanidesalts in the presenceof

nitrate and/or nitriteconstituentscan be made to react or explode under

certainconditions._ The Hanfordferrocyanidetanks contain from 210 t_ 17,700

kg of ferrocyanlde(Babad1992 b).

Although the probabilityof ,_ferrocyanideexplosionmay be low (the currently

measured maximumtemperaturein a ferrocyanidetank is 5B_C, substantially

below the minimumtemperature,2BO°C,at which exothermicbehavior has been

seen in laboratorysamples)the possibilityof such an eveI_tcannot_jdismi._sed,,_._..

M

As is the case for the flammable gas tanks, resolution of this tafety issue.

will ]ik_]y require retrieval and treatment of tank wastes. The approach for

•" mitigating this safety issue involves a number of steps.

Identifythe conditions(e.g.,temperature:ferrocyanideconcentration,

water content)uT,derwhich ferrocyanide-containingwastes can be safely

_tared prior to removalfor treatmentand disposal;

m- IIHII I IIII I _ I'I IIII'II I ml III --_



• ¢1 tl

07.'16,'92 18,,5 _,,. _'301 903 7604 DOE HL_V TANI';S L£ Ill'.',' ....

Evaluateeach ferrocyanidetank to determinewhetherthe conditions

requiredfor assuringsafe storagecarlbe assuredfor that tank and tile

requiredmonitoringto ensurethat those conditionsare maintained;

Conductthe requiredmonitoringfor thosetanks for which continued

storageis appropriate;

i

i

Expediteretrievaland treatmentof any wastasfor which safe storage

cannot be assured,

Substantialprogresshas been made toward identifyingthe conditions under

which ferrocyanidecontainingwastes can be .safelystored, Minimum reaction

temperatureshave been evaluatedbased on testingwith syntheticferrocyanide

waste mixtures. These studieshav_ evaluatedthe effectso"Fparameters such

as fuel to oxidantratio,potentialcatalystsand initiators,and variations

in ferrocyanidespecies (testingof Cs and K as well as NB forms, testing of

ferricyanideas well as ferrocyaindecompounds). These materials can be made

to explode only.under conditionsof drynessand favorablestoichiolnetry;under

" these conditions,high temperat.ures(>220°C)or high-energysparks are

requiredto initiatean explosion, The effectsof water content and
l

°,

ferrocyanideconcentrationsare also being evaluatedas part of the effort to
@
" determine the compositional boundarias of reactive ferrocyanide mixtures.
I

The process of sampling and characterizing ferrocyanide tanks has also been

initiated. Surface samples have been obtalned from Tank 241-BY-104, Full

length core samples have recently been obtained from Tank 241-C-112, a tank

10
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which containswaste that is expectedto have among the highest ferrocyanide

concentrations. The waste in Tank 241-C-I12was found to have a very high

water content (approximately 50 wt%) and its reactivity was found to be

approximately a factor of ten less reactive than comparable synthetic wastes.
_rica-

An integrated program for sampling and characteriz_A_'b4..all Hanford waste --.

tanks (including fewrocyanide tanks) is being developed. Although this

program emphasizescore samplecharacterization,techniquesfor in situ waste

charazterizationare also being evaluate(!(e.g,the use of laser Raman

spectroscopicmethodsfor ferrocyanldedeterminations).

Ensuringthe safe stora{leof ferrocyanide-containin_wastes (botilin those

tanks thaz can b_ storedsafely and those tanks awaitingretrievalprior to

remediation)will likely requirethat a minimummoisture contentis

maintained. This, in turn will requirethat the moisture in these tanks be

monitored (preferablyin situ). A numberof moisturemonitoringmethods have

been consideredincludingneutronprobes,eddy current,spectroscopic(IR),

and sonic/ultrasonic,and microwavetechniques. The two favoredmethodologies

at this t_me includeneutronprobesand spectroscopictechniques. Neutron

• probes have the advantageof being a ma'_uretechnology. However,thes_ probes

only providelocalizedinformationand Sheir use requiresa drywell in the

waste. In-tanksensor/instrumentationdevelopmentwill be required before the

spectroscopictechniquecan be used. How_=ver,this techniquecould b_ used to

view large areas of the waste's surfaceand might be used in conjunctionwith

neutron probes to providea more completepictureof the moisture contentof

the waste.

1
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Ensuring that ferrocyanide containing wastes can be safely szored will also "

requlre that adequate temperature monitoring capability be present. To help

meet this need, additional thermocouple trees are being installed in

ferrocyanide tanks. Although thermal analyses have indicated that the

presence of "h_t spots" is unlikely, the use of infrared measurements for

surface temperature mapping is also being evaluated.

Orqanic-¢orLtaining Wastes

The issue associated with the organic-containing wastes is essentially the

same as that associated with ferrDcyanide tanks and the general approach to

mitigating and testalying this issue is expected to be similar. After

d_tmrmining the conditions under which organic-containing wastes can be safely

stored, the organic tanks will be evaluated on ,_ tank-by-tank basis to

determine whether these conditions are present. If not, expedited retrieval

and treatment will be implemented. Fur those wastes that can be safely
i

stored, mnnitoring programs will be put in place to assure that the conditions

required for safe storage are maintained•

,

Work on this Safety Issue is in the planning stages. At the current time

Hanford is reevaluating the current criterion for organic tanks (3.0 % toZal

organic carbon). The types of testing required to estimate minimum reaction

initiation and propagation temperatures are being identified. The required

, characterization of organlc-containing wastes is also being identified. The
J

, program will also evaluate other factors, such as whether processes can be

-

12
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identifiedthat might leadto regionsof enhancedorganicconcentrationand

whether "hot spots"may be present,

Hiqh-HeatTank_

Tank 241-C-]D6containsa waste sludgewith a high Sr-90 content (the heat

loading in this tank was estimatedto be 46 kW in 1987, primarilydue to the

decay of s_-gD). TD ensurewaste tank structuralintegritythe temperature

limit for waste in singleshell tanks, such as Tank 241-C-I06, has been set at

150°C. Evaporativecoolingis requiredto assurethat this temperaturelimit

is not exceeded;periodicwater additions(approximately20 m_ per month) must

be made. The practiceof addingcoolingwater will present a dilemma in the

event that a leak occurs. Heat transfer analyseshave shown that the

temperatureof the sludge in the tank would exceed230°C within one year if

water additionwas stopped.

Effortsrelated to high-heatTank 241-C-I06are focusedon ensurin£(that the

waste can be safely storeduntil it is retrieved. Structural'integrity

' evaTuationsare being performedto ensure that waste retrieva]operationscan

be safely implemented, Studiesare also underwayto determinethe minimum

water additions required to ensure that established temperature limits are not

exceeded, Also, wafer'additions are compared with calculated evaporative

losses to provide assurance that the tank is nel; leaking.

, _Nox_ious Vapors

13
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Numerous informalreportingsof vaporsand odors in HanfordTank Farms have

occurredover the past d_cade. Since ]987 there have been sixteenfirst-aid

cases, with the last case on January1992. Currently,workers are required to

wear respira%oryequipmen%in a numberof the tank farms. This requirementis

reducingworker efficiencyand may impactthe abilityto meet certain

deadlinesfor resolvingother safety issues, Also, concernshave been raised

about whether flammableor explosiveconcentrationsof organicvapors may be

present in Tank 241-C-I03.

Mitigationof this safety issuewill requirethat appropriatemeans of

• controllingthese emissionsbe identifiedand implemented. The first s'cepin
|

this process is the determinationo# the identitiesand sourcesof these

i emissions.A strategyfor this activityi._ being developed. This strategy
will includeboth area monitoringand characterizationof the dome space

vapors in certainwaste tanks such as 241-C-I03.

ISSUE RESOLUTION
a

Final resolution of each of these safety issues will likely reouire reSrieval

and treatment of these'wastes. This treatm_.n_ will be accomplished as an

integral part of the Tank Waste Remediation System (TWRS). The scope of the

TWRS includesall programs,projectsand activitiesfor rereiving,safely

storing,maintaining/treating,and disposingon-siteDr packagingfor off-site

disposal all Hanfordtank waste.



. i

, .07,'16,'_1218:54 _'301903 7604 DOE HL_'T.4.\'KS " _017,'023

Current TWR$ plans call for waste treatmentfor safety issue resolutionto be

included in %he initialphase of waste pretreatment.This treatmentwill

include organicdestructionto resolvethe FlammableGas, Organic-Containing

Waste, and NoxiousVapor Safety Issues;and ferrocyanidedestructionto

resolve the Ferrocyanide-ContainingWaste SafetyIssue. Resolutionof the

High-HeatTank Safety Issuewill be accomplishedthrough retrievalof the

waste from Tank 241-C-I06and treatmentof this waste for disposal.

CONCLUSIONS

The DOE has identifieda number of Safety _ssuesassociatedwith the storage

of radioactivewastes in tanks at the HanfordSite. Initialefforts have

focused on the most urgent needs and aggressiveprogramsare in place for

their mitigation and resolution. .Asthese initiali_sues are addressed,the

effort will shift to the remainingSafety Issuesand System D_ficiencies.

Mitigationand resolutionof these Saf_.tyIssueswill be accomplishedas an

integralpart of the overallprogram for closureof the Hanfordwaste tanks.

= Mitigation and resolutionwill be implementedas expeditiouslyas possible,

- but only in a safe, environmentallysound, and technicallyappropriatemanner.

I
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TABIAi I SAFE'IY IS_U_ .-

I 1 HighFZamma_e GasConccmr_Oon_

2 Po_nti_y Explosive Mixutm_ of Farmcymide

3 Po_ntialForRunawayOrganic NitramRe.actions

Water Additions Ner,de,d m C_ .Single.Sh_ll Tank
,,, ,, __ ...... ______. ,.,. , . ,_ . , ,,,, . ,

2 I Imde._uamSST LeakI:_..m_on .
. . j ,,i=,ii

2 StorageofI-l_WinT_k,_Tt_ I-laveLt._e.d

3 Inability ofWame Tanks and An_ Eqmpmem m W_fl_'mnd, I2_ign
Basis _amhqu_ke

.... , , . , , _,_,,,, ...... _,, ..,, ,, , ,

,4 ssr Emcrg_c'yPumpingC_pabilkyIna_ua_

5 Tank Toxic Vapor R.c_ar_c
,,, ,, .... __ _ •

6 Irmdc_un_cRa_pormcTime I_ a _ DST
_ - ,. , , .. _, ,,,, , _ J , , , , , ....

7 S_oragcof ItJg,b-_N Was_ knTanks'Wt_ No $e._0nCIR_'Con_.Rtl_acRt

, , ,.... ,,,,__ _, , . , - _

3 1 In._._ci_t Spa_ TankVolume _ l-l_ Was_ Rc,ml.ling
RssolulionofOzhcrSafer),Issu_

i. ._ ,. , ,. .,, ,. -_ ,, _, _ ,, . ,-- " ' ''---

2 Crac.k_ TankFarm Vcn_il_on

3 Insufficient HydroxideCo_on m Tanks
..... ,.,. ... , , ..........

,_ ]z_dcxJu_mSe_ing of SSTs _ Pr_ve_ Inmmions n_! Could "I_e,n
" Conumainmcm Out of Tank..,

5 PossibleInatle._Iuacic_inWanc T_fcr LineLca_ I_tc_on
,,, , . .... ,,, , ...... , ......

6 _ssiv_ U_mr_ AirflowPassagesmm Tanks
. ...... .

7 Potential for Fonnatkm of _.plosiv_ Deposits Hr. ,

8 Uncham_fiz_ CorrosionofIRJ_.'Tanks
,, , .__.,. . , , _ --

9 Ou_s_onah_b_m_ ofHLW Trek Vaulm
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TABLE 2 SYSTEM DEFICIENCIES

1 Inmd_i_icnt Tank Contcnt_ C_ra_.,r_on
-- i _ .,. ....

, 2 lnaet_ S_ery __t_l(m
, ,,,,, . ,,,, . _ _ i i , _ _._ _ ,,

3 £¢fi_icnt Maia_ and Up_xle of Fa_l_

4 Dcfioient Instn_¢¢_l Upffr_e_ in SSTs _ DST_

5 Question_le Tar_ S_fe _ng L_fe

6 Condu_t of Operations Defigie._

7 L_k or Pl_t._sential l_wing_

13 Qu¢_oribl¢ Transfer L,_ Concrct_F.,ncasem_tIm_grity
, , .......... _ . _ • . _ ,

9 Ina_e_ua_ _r_ _on in DS'I's
iiiii i I i
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Figure I. Tank TemperaturePofile"ComparisonBefore,During, and After Gas
P.._leaseEven%.
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Figure 2. Schematic of Horizontal Jet Mixing Pump Apparatus.

, ' , n,_ll I ',_ , ,_[ ]] ' ,I _lll_l_U r, _n, _r__nIT,,,,I_,"I_',_I....,,, ;,_l,ll,,r , , vn.... _l=_llU ,,,r .... _nl_lUvii 'rh Itr rn_ " Irl ' Irll 'li'lr _l' ,i, _ "l"=ll I11_ ,,r, _lr,,,llmllp Pllllq"' rrInl I1_



U, ii$,'9, i$ .5,5 _C_01 908 ,0U4 DOE RL_'T.4.NICS _0<'LiU"L_
II .,.

l
w.

Figure 3. Soberestlc of Combir_edMlt lgation "rest Apparatus.
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