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CESIUM REMOVAL FROM HANFORD TANK WASTE

D. E. Kurath, W. G. Richmond, L. A. Bray, B. C. Bunker, E. O. Jones
Pacific Northwest Laboratory 1, Battelle Bird, Richland, WA 99352

Researchers at PNL are developing ion exchange processes to remove cesium
from high salt, alkaline tank wastes at the Hanford site. The separated cesium will be
concentrated and vitrified for disposal in the High-Level Waste Repository. The low-level
waste fraction containing the majority of the waste constituents will be solidified in a grout
waste form for disposal in underground concrete vaults. While the treatment and disposal
requirements are still being defined, one goal is to remove enough cesium so that the low-
level waste will meet the class A limits for Cs-137 (1 Ci/m3).

An integrated laboratory testing and design effort is being used to speed the
deployment of the ion exchange processes. The three main areas of laboratory
investigation are equilibrium behavior, column performance, and material stability in the
radioactive and chemical environment encountered during waste processing. Materials
being investigated include a phenolic-carboxylic add based resin, a resorcinol-
formaldehyde resin, and the inorganic ion exchangers zeolite and silco-fitanates.
Concurrent with the laboratory work, a field deployable, modular compact ion-exchange
unit is being designed to provide a means for rapid deployment of the technology. This
distributed processing concept appears to offer several advantages relative to the
traditional centralized fixed canyon facility. These include accelerating the start of tank
waste pretreatment, flexibility to incorporate process improvements, flexibility to tailor a
process to a particular waste type, and a reduced risk in deploying new processes.

1) Pacific Northwest Laboratory is operated by Battelle Memorial Institute for the U.S.
Department of Energy under contract DE-ACO6-76RLO 1830





w
Z

0
Z _ Z
o _ o

o _ a

0 0 _ _ w Z

0 _ _ _ _ 0 _

_ _ w _ m 0 m

• • • • • • • •



b

• • •



Z
0
m

!"

0 0 0 0 0 e_ _ Lo 0 x
_II II • I

,- ,- ,- _ _ _ c_ c_ o.
0
{.)
I.,U
I--

Z
n,,, m
uJ E_

-'- E
0 0

__! __J -J

tj ,-,, ,-., ,-., (-) £') ,,_ ""
I,.,.=-1 I i .0





I..-
Z

0
=.I
ILl
> z0Ill

I--" w,=4
Z uJ
LU

z
::3 ,,..
(.3 z
Z uJ
0 D.,
(.3 o

i __j

_ >I-.- u.l Z
14.1 Z C_ w

w cO
_ _ >.

r_ _: w 0
uJ _ ..J
_. 0 o.
X _ w
U,,l o,,,

• • •



• • •





c_ o

..................................................................!......................................!.........

..................i......................."......i................!..............:...............:..................."..................i....... "- _°

........ _........................_ .............._...................°.....................

/ ............,! I i i
i i I i

i i _ i ,

ll; _ i'll., i i i : ,,
_L ",, _

L , _'_ i i "iii i ! i , ,

-_ ¢c>" -----....i-_T_ _-.... i -".7-------

_=-- i ! , i\ i ' : '

-i _ .c::_ o I::: ___.__. __. .. _.,,....., -- , i,._ " ' l_ + _'"- '

_ ° !
- I i- -,- ,, i" 0

iii 0 _l iii vi I
el.L _ J: i i !

c_ol- ,
li_-"II41>-" i

!

i i '

e

0

oo/o



' Iii







C_

IJJ
F--

>.
CO

O0

0
MJ

uJ >- uJ 0

0 ..J _ u.
_: 0 >- _:

0 _. _: _ u_i.=
EL I,U I-- i.= Z

Z Z --
., z 0 w

tj _0 == u=
_O X ua <

ELm _ _"
Z 0 Z Z
0 _: 0_ Q= (J F.-

• • @ @



>. _
!-- _ z
m

...I E _-
m

u. E E

N o _
-- "-- 0
...I = '-emma

I:_ Q: Q" "_(/I

Z > >-c ;:F- ":IJ.l = o

0

O
w m :, _ o

I am-

Z--IJ.I "-J"_ _ _ .- _ =
_._, I.-m > ::= _

•- I.I.Ilm mm, lm

Q_ .__ .. V)
__. V)

UJ'_ UJ "_

w _ w w_: , , < , =: , _: ,

_m • • • •

tj.



o _!- w
0 _-

rr I_ > >-
0 0 <
u. u. Z ,_,

lE IA! ..I1_ IAi nnILl cn

ccd_ zZ_

o_ _ -_

O0 _ I-

<= <=_ o_=_._< _o_. _ __=

--_< w 0 _.

w_

0 ,-,-' _f_ ,1, O

• • • • •



INTRODUCTION

Waste Description

The Hanford Site in Washington State manages 177 underground storage

tanks containing approximately 250,000 m3 of waste generated during past

defense reprocessing and waste management operations. These tanks contain a

mixture of sludge, salt cake and supernatant liquids. The insoluble sludge

fraction of the waste consists of metal oxides and hydroxides and contains the

bulk of many radionuclides such as the transuranic components and Sr-90. The

salt cake, generated by extensive evaporation of aqueous solutions, consists

primarily of dried sodium salts. The supernates consist of concentrated (5-15

M) aqueous solutions of sodium and potassium salts. The bulk of the water-

soluble radionuclides such as Cs-137 are contained in the salt cake and

supernate.

Pretreatment/Disposal

The disposal options for these tank wastes are either vitrification to

produce a waste form for disposal in the high-level waste repository or

production of a low-level waste (LLW) grout for near-surface disposal.

Systems engineering studies indicate that disposal of these wastes without

futher treatment is precluded by economic and environmental considerations.

Direct disposal of these wastes as a vitrified waste form in the high-level

waste repository is prohibitively expensive due to a relatively large volume.

Direct disposal of much of the waste as a LLWgrout is unacceptable because of

potential environmental impacts. Consequently, various pretreatment

operations are under consideration for the separation and concentration of the

radionuclides.

Although the pretreatment and disposal requirements are still being

defined, one of the first steps in most pretreatment scenarios will be a

sludge wash step followed by solid/liquid separation. Most of the cesium is

expected to be in the aqueous liquids and it is these solutions that are the

focus of the cesium removal process. This process is being designed with the

goal of removing enough cesium so that the LLWwill meet the NRCIOCFR61

class A limits for Cs-137 (I Ci/m3). The separated cesium will be

concentrated and vitrified for disposal in the high-level Waste Repository.



The decontaminatedaqueousliquidwill be solidifiedas a LLW grout for near-

surfacedisposal.

PNL Solution

An integrated laboratory testing and design effort is being implemented

by the Pacific Northwest Laboratory (PNL) to speed the deployment of an ion

exchange process for the removal of cesium from Hanford tank wastes. The

three main areas of laboratory investigation are equilibrium behavior, column

testing and performance, and material stability in the radioactive and

chemical environment encountered during waste processing (see further

discussion below). Materials being investigated include two organic materials

and several inorganic ion exchangers. Concurrent with the laboratory work, a

field deployable, modular compact ion-exchange unit is being designed to

provide a means for rapid deployment of the selected process. This

distributed processing concept appears to offer several advantages relative to

the traditional centralized fixed canyon facility. These include accelerating

the start of tank waste pretreatment, flexibility to incorporate process

improvements, flexibility to tailor a process to a particular waste type, and

a reduced risk in deploying new processes.

EXPERIMENTALAPPROACH.

The three main areas of laboratory investigation are equilibrium

behavior, column testing and performance, and material stability in the

radioactive and chemical environment encountered during waste processing.

Materials being investigated include a phenolic-carboxylic acid resin, a

resorcinol-formaldehyde resin developed at Westinghouse Savannah River Co.

(Bibler 1989; Bray 1990), a zeolite, and crystalline silico-titanates (CSTs)

being developed at the Sandia National Laboratory and Texas A&M.

_quil ibrium Behavior

The first step in assessingthe ion exchangematerialswas to conducta

number of batch equilibriumtests using waste simulants. These experiments

provide informationon the capacityand selectivityof the exchangers.

Performingthese experimentsat a definedset of conditionsallowedfor the

rapid screeningof new materials. Promisingmaterialswere testedover a wide

range of conditions,allowingthe selectionof materialswith superior

performance. The parametersinvestigatedincludedthe temperature,total



ionic strength,concentrationof competingions (i.e. sodium),and the

solutionpH. Some of the test resultsare shown in Figure I where the

distributioncoefficient,L, is shown as a functionof the sodium

concentrationat a constantNa/Cs mole ratio. The distributioncoefficient,

_, is defined as

C

Cl

where C = the concentrationof cesium on the exchanger,Ci/L
S

Cl = the concentrationof cesium in the waste, Ci/L

The material with the largesteffectivecapacityat these conditionsis the

CST with the resorcinol-formaldehyderesin next.

Column Testinq

Column loadingand elutiontestinghas been initiatedin laboratory-

scale columns containing200 ml of exchanger. A seriesof tests with waste

simulantsare plannedat differentflow rates to assesscolumnkinetic

behavior. The waste simulantscontainCs-137 in trace amountsto allow for

rapid and accuratedeterminationof the breakthroughcurvesby gamma counting.

An example of the breakthroughcurves for the phenolic-carboxylicacid and the

resorcinol-formaldehyderesinsis shown in Figure2. The loadedcolumnswill

be eluted (Figure3) at variousconditionsusing nitric and formicacid to

providethe data necessaryto optimizethe elutionprocessand minimizethe

volume of high-levelwaste (HLW)produced. Columntestinghas been limitedto

the phenolic-carboxylicacid and resorcinol-formaldehyderesins. The CSTs

have not been producedin sufficientquantitiesand fabricatedinto useable

pelletsto allow columntesting. The zeoliteshave been droppedfrom further

considerationbecauseof their relativelylow capacityand selectivityfor

cesium.

R,adiat.ion_Testinq

The impact of the radiationand chemicalenvironmenton the organic

resins is being assessed. Small columnscontainingexchangerare being

irradiatedwith a Co-60 sourcewhile waste simulantsare passedthroughthe

bed of exchanger. Small amountsof exchangersufficientfor equilibrium

testingwill be withdrawnperiodicallyfor batch contactsto determinethe
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effecton capacityand selectivity. Exposurewill be up to 5 E+8 Rads which

representsseveralmonths of exposureif fully loadedat typicaloperating

conditions.

PROCE_SS_DEVELOPMENTAND SELECTIO_N

Based on the experimentaldata collectedto date and on available

performancedata in the literature,a four-columnsystemhas been selectedto

form the basis for the processdesign. At any given time, three of the

columnswill be in a loadingcycle and one will be in the elutioncycle

allowinga continuousoperationwhile maximizingthe cesiumdecontamination

factor, lt is presentlyplannedto processundilutedwaste throughthe

columns althoughdilutionwater could be easilyadded. While different

eluantsare being investigatedin the laboratory,nitric acid has been chosen

for the design. The columnswill be elutedupflow,as this mode of operation

has the potentialto providegreaterefficiencyand higherDFs since the

cleanest exchangeris now at the bottomof the column. The volumeof cesium

concentratewill be minimizedby recyclingthe eluantthat has a low cesium

concentration.

The resorcinol-formaldehyderesin has been chosen for the column

operationbecauseof its high capacityand selectivityfor cesium. The

zeoliteshave been droppedfrom furtherconsiderationbecauseof their

relativelylow capacityand selectivityfor cesiumand the lack of a suitable

eluant. While CSTs have a highercapacityfor cesium,these materialsare

still in the initialphasesof development. Largerquantitiesneed to be

produced and fabricatedinto pelletform useablein a column operation.

Commercialquantitiesof the resorcinol-formaldehyderesin have been produced

by the BoulderScientificCo. and the phenolic-carboxylicacid resin has been

commerciallyavailablefor severalyears.

DEPLOYMENT.

PNL developedthe conceptof distributedprocessingfor radioactivetank

waste in fiscalyear 1991. This developmentshowedthat processingof the

tank waste in a distributedfashionwas technicallyfeasibleand led to the

conceptualdevelopmentof a means to carry out thistype of processing. The

method developedwas to use a seriesof unit processmodulescalledCompact

ProcessingUnits (CPUs)to performthe processingrequired. The CPUs would be



deployed at or near the tankrequiringthe waste treatmentand would be

relocatedfollowingthe processingof a tank of waste. The design conceptfor

a CPU and the advantagesof usingCPUs as a deploymentmeans for waste

treatmenttechnologyare discussedbelow.

A CPU is a smallrelocatableprocessunitdesignedto treat tank waste

at a rate of 2 to 5 gal/min(Figure4). The CPU consistsof four major

subsystems: the containmentsystem,the processsystem,the controlsystem,

and the processinterfacesubsystem. This modulardesign conceptwill allow

for off-sitefabricationof the CPU componentsand reuse of the componentsfor

differentprocessdeployments.

The use of CPUsto processtank waste appearsto have several advantages

when comparedto either in-tankprocessingor the use of centralized

facilities. Compactprocessingappearsto offer advantagesrelativeto other

processingalternativein four areas: cost, schedule,reductionof technical

uncertainty,and reductionof new processdeploymentrisk.

The overallcost of waste pretreatmentis dominatedby the cost of

deployingthe waste treatmentprocesses. Large centralizedfacilitiesfor

supernatewaste treatmentare expectedto cost approximately$i billion.

A comparabletreatmentfacilityusing a CPU conceptis estimatedto cost

approximately$300 to $500million. The reductionin cost for a CPU

alternativeis believedto be due to severalkey differencesin design concept

between the facilities,as will be describedin subsequentparagraphsin this

paper. In additionto reducingtotal capitalcost for deploymentof waste

treatmentcapability,the CPU conceptallowswaste treatmentcapacityto be

deployed in a time-phasedmannerin accordancewith capacityrequirements.

This type of deploymentand capitalspendingprofileis not possiblewith a

centralizedfacilitywhere the entirecapitalcost is incurred before any

waste treatmentbegins. This advantageis significantrelative to a

centralized facilitydeploymentscenario.
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The criticalpath for deploymentof waste pretreatmentprocesses

involvesfour major activities: process developmentand selection,process

design,facilitydesign,and facilityconstruction. The deploymentof

processesusing a centralizedfacility carriesout all of these activities

seriallyprimarilybecauseof the interactionsand impactof the process

designon the facilitydesign and the high costs associatedwith design

changes. This schedulein effect requires that the processbe selectedand

fully developed7 to 10 years before it can be deployed. The smallerscale

of the CPU allowsthe final developmentof the processto proceedin parallel

with the designof the CPU. This developmentscheme,coupledwith the smaller

scale of the CPU, allowsdeploymentof waste treatmentprocessesin 4 to 6

years as comparedto the 7 to 15 years requiredfor a centralizedfacility.

This rapid deploymentschedulehas the potentialto reducewaste treatment

costs by $2 to $7 billionbased on the scheduleacceleration.

One of the primarysourcesof technicaland cost uncertaintyfor the

waste treatmentprocessis related to the type of facilityused to deploythe

processes. The high cost and lengthy schedulefor processdeploymentin a

centralizedfacilitymakes selectionof the correctprocessa key decisionfor

successfulfacilitydeployment. Because this selectionmust take place very

early in the overalldeploymentschedule,a significantcost and schedulerisk

is associatedwith this decision. This risk is due to the large cost to

design and build the facilitybefore it is known that the processwill work.

The fact that this decisionmust be made early in the designprocess increases

this risk. The CPU deploymentallows for the modulardeploymentof waste

treatmentprocessesin small,relatively inexpensiveunits. This reducesthe

risk associatedwith the selectionof the processto be deployed. The CPU

deploymentconceptalso allowsthe phased selectionof waste treatment

processes,furtherreducingthe risk by allowingearly processselection

decisionsto be made where the processes are at a mature state of development

and deferralof processselectionto allow furtherdevelopmentfor other

processes. This type of phased process selectionis not possiblewith a

centralizedfacility.

The treatmentof the tank waste requiresthe developmentof new waste

separationand treatmentprocesses. In some cases there is significant

uncertaintyas to which processwill best meet the treatmentrequirements.



The inclusion of multiple processes for the same treatment is not desirable in

a centralized facility because of the great impacts on facility cost. The

reduced cost of process deployment using a compact processing concept will

allow the cost-effective testing of several potential processes before

selecting the best process. This lower cost reduces the risk for the

deployment of new processes and allows for continuous process improvement as

better treatment processes are developed.

Currently PNL is developing the first CPUfor field deployment. This

process unit will process tank waste to remove cesium using a regenerable ion-

exchange system. The system design will be completed in October of 1993 and

issued for construction as a firm fixed price procurement. Whenthe system is

received on site it will be subjected to extensive non-radioactive

verification testing prior to deployment for a radioactive demonstration in

1997. The demonstration will last for a period of I year and will treat

1,000,000 gallons of radioactive tank waste. If the demonstration is

successful, the CPUwill remain deployed as part of the overall tank waste

remediation process system.



SUMMARY
An integrated laboratory testing and design effort is being implemented

by the PNL 'to speed the deployment of an ion exchange process for the removal

of cesium from the Hanford tank wastes. The three main areas of laboratory

investigationare equilibriumbehavior,columnperformance,and material

stabilityin the radioactiveand chemicalenvironmentencounteredduring waste

processing. The processdesign is based on a four column operationwith three

columns being loadedin serieswhile the fourthcolumn is elutedwith dilute

nitric acid. A resorcinol-formaldehyderesin that was developedat the

Savannah River Site has been chosenas the ion exchangematerial. Concurrent

with the laboratorywork, a fielddeployable,modular compaction-exchange

unit is being designedto providea means for rapid deploymentof the

technology. This distributedprocessingconceptappearsto offer several

advantagesrelativeto the traditionalcentralizedfixed canyon facility.

These includeacceleratingthe startof tank waste pretreatment,flexibility

to incorporateprocessimprovements,flexibilityto tailor a processto a

particularwaste type, and a reducedrisk in deployingnew processes.
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