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Executive Sumnmry

Plans for remediation of the Hanford undergroundstorage tanksare currentlyundergoing
reevaluation. As partof this process, many options are being considered for the Tank Waste
RemediationSystem (TWRS). The "clean option" described here proposes an aggressive waste
processing strategyto achieve the three majorobjectives:

* greatly reduce the volume of high-level waste (HLW) to lessen demandson geologic repository
space

* decrease by several orders of magnitudethe amountof radioactivityand toxicity now in the
waste tanksthat will be left permanentlyonsite as low-level solid waste (LLW)

, accomplish the first two objectives without significantly increasingthe total amount of waste for
disposal.

The study discussed here focuses on process chemistry, as it provides the foundation for achiev-
ing the clean optionobjectives. Because demonstratedseparation steps have been identified and con-
nected in a way thatmeets these objectives, the study concludes that the process chemistry rests on a
firmtechnical basis.

Several specific goals are identified as the basis for the overall strategy. An integratedprocess
flowsheet is included in this reportto illustratehow these specific goals can be achieved. This flow-
sheet uses chemical processes that have been demonstratedon a plantor laboratoryscale. The flow-
sheet is developed in sufficient detail to estimatethe volume and composition of both the HLW and
the LLW. This flowsheet may not representthe final process recommendedfor achieving the clean
option goals, butit is an example of how the goals can be met. An overview of this information is
included in this report, and furtherdetails will be provided in a second volume.

Estimatesbased on the specific flowsheet indicatethat more than 99 % of the radioactivitycan be
removed from the Hanfordtank waste and immobilized in less than 1000 canisters of borosilicate
glass for disposal in a geologic repository. Compared with a reference case currentlybeing used in
TWRS planning, both the volume of glass and the radioactivity left onsite in LLW are reduced more
than a factor of 10. Long-term risk is reduced by a larger amountby removalof technetium and
nitrate, which accountfor much of the long-term risk but little of the radioactivity. At the same time,
this aggressive processing option achieves a significant reduction in LLW volume through the exten-
sive use of chemical recycling.

Three technical issues are identified as critical to the successful implementationof the clean
option: adequatesludge dissolution, efficient solid/liquid separation, and achievement of laboratory-
scale decontaminationfactors in full-scale operationand in a plant operatingenvironment, lt is antici-
pated that these issues will be the same regardlessof the actual processing scheme selected.
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1.0 Introduction

Disposal of high-level tank wastes at Hanfordis currentlyenvisioned to divide the waste between
two principal waste forms: glass for the high-level waste (HLW) andgrout for the low-level waste
(LLW). The draft flow diagramshown in Figure 1.1 was developed as partof the currentplanning
process for the Tank Waste RemediationSystem (TWRS), which is evaluatingoptions for tank
cleanup. The TWRS has been establishedby the U.S. Departmentof Energy (DOE) to safely manage
the Hanfordtank wastes, lt includes tank safety and waste disposal issues, as well as the waste pre-
treatment issues that are involved in the "clean option" discussed in this report.

The "referencecase" illustratedin Figure 1.1 is similar to the system described by Grygiel et al.
(1991), and will be used in this report as a basis for comparison with the "clean option" presented
here. In the reference case, chemical separations have been proposed for the tank wastes that are
sufficient to prevent the grout from becoming a transuranic (TRU) waste form according to U.S.
Nuclear Regulatory Commission (NRC) Class C LLW limits (10 CFR 61). However, in this case,
tens of megacuries of other radioactive isotopes would become part of the grout. In addition to total
radioactivity, technetium and the high nitrate content contribute to the long-term risks associated with
the grout disposal. For the glass forms, nonradioactivewaste constituents, combined with chemicals
added as part of some separations schemes, would lead to HLW glass volumes of over 10,000 canis-
ters. These canisters would cost several billion dollars to produce. When combined with canisters
expected from other sites, the total volume would seriously impact the space presently planned for
DOE defense wastes at the Nevada repository.

This report describes the results of a study led by Pacific Northwest Laborator3/")to determine
if a more aggressive separations scheme could be devised which could mitigate concerns over the
quantity of the HLW and the toxicity of the LLW produced by the reference system. This more
aggressive scheme, which would meet NRC Class A restrictions (10 CFR 61), would fit within the
overall concept depicted in Figure 1.1; it would perform additional and/or modified operations in the
areas identified as interim storage, pretreatment, and LLW concentration. Additional benefits of this
scheme might result from using HLW and LLW disposal forms other than glass and grout, but such
departuresfrom the reference case are not includedat this time.

The evaluation of this aggressive separations scheme addressed institutional issues such as:

* radioactivity remaining in the Hanford Site LLW grout

• volume of HLW glass that must be shippedoffsite

(a) Pacific Northwest Laboratory is operated for the U.S. Department of Energy by Battelle Memorial
Institute under Contract DE-AC06-76RLO 1830.
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• disposition of appropriatewaste constituents to nonwaste forms

• gene_'ationand dispositionof secondarywastes

• emissions.

Specific goals for an aggressive separationsscheme were developed based on these issues.
These goals comprise the "clean option." Once the specific goals were defined, a chemical process
flowsheet for a separations scheme was developed as an example of how the clean option could be
achieved. The flowsheet was used as a basis to asses waste volumes, to consider the feasibility of
the process chemistry, and to identifytechnical issues that mustbe resolved to achieve the clean
option goals. Although the specific example flowsheet was used to guide the identificationof
technical issues, alternativeflowsheet and technology approacheswere considered sufficiendy to
determinethat the issues would be the same for a range of approaches.

This report (Volume 1): 1) describes the basis of the clean option and how the goals were
derived, 2) presents a flowsheet and a mass balance for a chemical processing scheme to meet the
goals, and 3) identifies the technical issues to be resolved. The flowsheet and mass balance
assessment is presented in abbreviated form in this report. More detailed information will be
provided in a companion report (Volume 2).
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2.0 Description of the Clean Option

The Tank Waste Remediation System planned for Hanfordencompasses several options, includ-
ing the "clean option." The broad objectives of the clean optio,, compared with the other options
being considered are listed below:

* minimize the residual radioactivity and chemical toxicity of the bulk of the waste, most often
referred to as LLW, to further reduce the long-term environmental effects on the Pacific
Northwest region

• decrease the volume of the HLW to reduce long-term demands on the geologic repository space

• accomplish the first two goals without increasing the amount of waste requiring disposal.

The specific goals developed to achieve these objectives are given in the following section.

2.1 Specific Clean Option Goals

The following goals have been adoptedas the basis for formulatingan aggressive but feasible
strategy for separating the components of the waste to meet the clean option objectives:

• The radioactivityin the waste will be removed from the bulk of the waste such that the
radionuclides in the remainingLLW will not exceed NRC Class A maximumallowable concen-
trations for shallow land burial of radioactivematerials.

• The maximumallowable concentrationsfor technetium and iodineare further reducedbelow the

Class A limits to as low as reasonablyachievable (ALARA).

• Additional radioactivity will be removedfrom the LLW where significant reductionscan be
achieved through minor modificationsto the process scheme.

• Uranium will be separated at sufficient purity to be sent to a stockpile and will not become part
of the HLW or LLW form.

• _le LLW will be disposed of in a manner that complies with U.S. Environmental Protection
Agency (EPA) and state regulationsfor disposal of hazardous wastes.

• The radionuclidesthat have been removed from the bulk of the waste will be disposed of within
about 1000 canisters of a borosilicateglass that meets currentHanford Waste Vitrification Plant
(I-IWVP)glass specifications.

• Waste minimizationprinciples will be used to minimize the volume of LLW.
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2.2 Assumptions and Rationale for Selection of Goals

One of the principal objectives of the clean option is to reduce the radioactivity and toxicity in
the bulk of the waste to a level that would be publicly acceptable and would reduce the long-term

environmental effects on the Pacific Northwest region. Drinking water standards were initially con-
sidered as the limit for the concentration of radionuclides in the LLW stream; however, it was not
feasible to achieve the separation factors required to meet these standards. Instead, the NRC Class A
specifications were selected as the next most stringent standards that are legally established. In
general, these standard represent a high level of risk reduction. However, for the Hanford tank
wastes, several assessments (Droppo et al. 1991, Buck et al. 1991) have indicated that, if not retained

within the disposal system, Tc-99, 1-129, and U-238 are primary contributors to long-term radio-
activity-related risk even at concentrations allowed by the Class A limit. Thus, the goals include an
additional reduction for these constituents.

Grout is an acceptable waste form for heavy metals and is assumed to be the waste form used
for the LLW in the specific clean option example outlined later in the report. To reduce the chemical
toxicity from other components, the clean option will include destruction of nitrates, nitrites, and
organics prior to grouting. Actual limits on nitrates, nitrites, and organics in the grout are not
defined.

Ano'd_er main O_c_ive is to reduce the volume of HLW that would require disposal in a
geologic repository. ,'t_te target volume for the HLW, 1000 canisters of glass, appears reasonable
based on the following information:

• 1000 canisters is a quantity large enough to accommodate the heat generation from the
radionuclides in the Hanford tank wastes.

• 1000 canisters would yield a significant reduction in dew.ands on repository space; the space
requirements would be reduced from more than half to less than 10% of that currently allocated
for defense wastes at the repository.

Borosilicate glass is assumed to be the HLW form. Work has been under way for a number of
years in the HWVP project to determine the concentrations of various constituents that can be accom-
modated by existing borosilicate vitrification technology. Hanford tank waste includes abundant non-

radioactive species such as iron, zirconium, and aluminum that would substantially increase the
volume of the glass beyond 1000 canisters if not diverted to the LLW stream. Also, less abundant
nonradioactive species exist that are sufficiently insoluble in molten glass that their concentrations
need to be limited in the feed to the HWVP.

The third principal objective of the clean option is to achieve the first two goals without substan-
tially increasing the amount of waste for disposal. This objective appears achievable through the
aggressive use of waste minimization and recovery and recycle of key chemicals used to process the
waste, such as nitric acid and sodium hydroxide.
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3.0 Disposition of Tank Waste Constituents in the Clean Option

In devising an aggressive separationsscheme to meet the clean option goals, the problem must
be addressedin termsof the specifications on the concentrationof constituentsthan can appear in both
the glass andgroutwaste forms. Separations steps involving radionuclides, abundantnonradioactive
chemical species, and minorchemical species that are toxic or are insoluble in glass must ali be con-
sidered. In addition, the destructionof some components such as nitrates,nitrites, and organics is
required to reduce the toxicity of grout. Table 3. l shows the dispositionof tank waste constituents in
the clean option. There are alternativedispositionoptions that may prove advantageousfor certain

Table 3.1. Disposition of Tank Waste Constituents

Waste

Constituents Disposition Reason

Nitrate, nitrite, organics D_troy by calcination Reduce grout toxicity, recover caustic for
processing

Cs, Sr, TRU, "lh Glass Meet NRC Class A goal for grout

AI, Ba, Fe, Na, Grout The masses of these constituents would
silicates, result in large volumes of glass
aluminosilicates, Zr

Ni, light lanthanides, Grout Low solubilities in glass, resulting in small
noble metals concentrations allowed in feed to a

vitrification plant

Heavy lanthanides Glass Decrease radionuclide content of grout

U To a stockpile as Useful if purified; disposal in glass would
uraniumoxide in result in large volumes; possible release
appropriate containers performance problems if put into grout;

ALARA reduction of radioactivity level in
grout

Toxic metals Grout Best demonstratedavailable technology for
disposal (assuming no recycle to industrial
use)

Tc Glass Unacceptablesolubility and mobility of Tc
in groundwater in contact with grout

I TBD_'_waste form in Unacceptablesolubility and mobility of I in
canister(s) to be sent to groundwaterin contact with grout; volatility
HLW repository of iodine compoundsprecludes inclusion in

glass

(a) To be determined.
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species, but they are not a basis of the clean option. Single-shell tank (SST) waste was used as a
basis for this study, although double-shell tank (DST) waste was also considered. Based on an
average composition for SST waste, separation factors or decontamination factors (DF) that will be
required to meet the clean option goals were determined.

3.1 Description of Hanford Tank Waste

The total quantitiesof bulk chemical components and importantradionuclides presentin the SST
wastes, as assumed for this study, are given in Table 3.2. These values were developed in other
studies at Hanford andare acceptedin this study as a basis for flowsheet developmentand waste
quantity comparisons, with the realizationthatresults of future waste characterizationwork may give
a somewhat differentpicture. The quantitiesof bulk components presentin the DST wastes are
generally smaller than those presentin the SST wastes; exceptions are aluminum, fluoride, and
zirconium, where comparable quantitiesare present in the two types of waste. Thus, the dataof
Table 3.2 provide a good approximationof th,_,total quantitiesof bulk components presentin Hanford
tank waste.

3.2 Decontamination Factors Required to Meet Clean Option LLW
Specifications

The radionuclidesthat need to be separated from the SST waste and the degree of separation
requiredcan be determined by comparing the Class A radionuclidelimits with the radionuclide
concentrationsthat would exist if untreatedwaste were immobilized in the LLW form. Results of
such comparisons for the total SST wastes and for neutralizedcurrent acid waste (NCAW) (the most
highly radioactiveof the DST wastes) are shown in Table 3.3. For this specific clean option example
the volume of grout was assumed to be governed by the sodium content at a concentrationof 5M__.
This is based on the upperlimit of currently demonstratedgrout formulations.

The DFs shown in Table 3.3 were calculatedassumingconcurrentprocessing of sludge and
supernate, with the volume of LLW being defined by the total sodium content of the two fractions.
Otherprocessing approacheswould lead to differentdecontaminationrequirements;for example, if
sludge and supernateare processed separately and if the sludge contains 10% of the sodium, then ten-
fold higher DFs would be requiredfor those radionuclides(e.g., Sr, Pu, Am) that are present in the
sludge.

The data of Table 3.3 show that only Sr-90, Cs-137, Pu-239, and Am-241 need to be removed
from the SST waste (considering an average of ali tanks) for the LLWto meet Class A limits and that
only these four radionuclidesplus Tc-99 need to be removed from NCAW. However, several
instances exist where removal of other components might be required because of variabilities in com-
positions among the tanks (e.g., Ni-63 in SST and 1-129 in NCAW). The clean option goals include
removal of Tc-99 and 1-129on an ALARA basis because of their high mobility in the environment.
Removal of Ni-63 was not included in the example flowsheet; it will need to be added to ensure that
the LLWform does not exceed the Class A limit during processing of some of the SST waste.
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Table 3.2. Bulk Componentsof Total SST Waste

Amount Presentco_

C0m_nent_ M91¢ Gram Isotope (_i

AI 9.05 x 101 2.44 x 109
Am - 104 Am-241 3.6 x 104
Ba 4 x 10_°>
Bi 1.25 x 106 2.61 x lOs
Ca 3.25 x 106 1.30 x los
Cr 2.21 x l0 s 1.15 x l0 s
Cs 5.6 x 10_> Cs-137 9.5 x los
Fe 1.12 x 107 6.27 x 108
Hg 4.49 x los 9.00 x 10s
K 9x 10_

Lanthanides 6 x 10_'°) Sm-151 -6 x 10_b)
Mn 2.15 x los 1.20 x 108
Na 2.25 x los 5.17 x IIY°
Ni 3.04 x los 1.78 x l0s Ni-63 -3 x 10_)

Np 4.7 x 10¢0)

Pu 5.8 x 10_ Pu-239, 240 2.7 x 104
Si 7.93 x los 2.22 x l0 s
Sr 4.11 x los 3.60 x 107 Sr-90 4.5 x 107
Tc -5 x l0 s Tc-99 -9 x los
Th 1.3 x l0 TM Th-232 1.4c°_
U 1.4 x 10_b) U-238 4.7x !0:'°)
Zr 2.70 x los 2.46 x 10'
CI 1.13 x los 4.00 x 107

CO3 2.68 x 10_ 1.61 x los
F 4.24 x 107 8.05 x l0 s

Fe(CN)6 1.52 x 106 3.22 x los
H20 2.49 x los 4.48 x 10t°

I 5.6 x 10_) 1-129 2.4 x 10_
NO3 1.56 x los 9.67 x llY°
NO2 1.04 x los 4.80 x los
OH 5.38 x los 9.15 x los

PO4 9.20 x 107 8.74 x los

(a) From values in HDW-EIS (DOE 1987) unless indicatedotherwi.se.
(b) Separateestimate.
(c) Midpoint between 1.7 x 106in HDW-EIS and2.0 x l0 s in separateestimate.
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Table 3.3. Class A RadionuclideLimits in LLW Wastes: Concentrationsand Required
DecontaminationFactors

Required
Decontamination

Concentration.Ci/m3 Factor (DF)c'.°_

In SST
Class A Waste at In NCAW

Radionuclides Limit 5M Na¢°_ at 5M Na SST NCAW

H-3 40 6.8 x 10-1 1.7 x 10.2
C-14 0.8 3.1 X l0 t 1.8 X 10. 2 3.9 x lot 2.3 X 10 "2

Co-60 700 1.6 x 10._ 2.2 x 104

Ni-63 3.5 6.2 x 10.1 1.8 x 10._
Sr-90 0.04 1.0 x 102 4.0 x 102 2.5 x 102 1.0 x l0 s
Tc-99 0.3 2.0 x 10.2 4.5 x 10._ 6.7 x 10.2 1.5
1-129 0.008 5.3 x 10.s 1.2 x 10.3 6.6 x 10.3 1.4 x 10.t

Cs-137 1.0 2.1 x 10_ 4.7 x 102 2.1 x 10n 4.7 x 103

Np-237 6.8 x 10.s 4.0 x 10-3
Pu-239 0.017¢_ 6.0 x 10.2 3.2 x 10._ 3.5 x 102 1.9 x 10_

Am-241 8.0 x 10.2 3.6 x 10"_ 4.7 x 102 2.1 x 10_

(a) Based on overall average waste composition.
Co) Required DF = (Concentration in waste at 5M Na) + (Concentrationallowed in Class A).
(c) DF of 1 or less indicates no separationis required.
(d) For a waste form density of 1.7 g/mL.

The quantity of nickel present in SST waste is too high to include within 1000 glass canisters
(discussed in next section). Furthermore, Ni-63 is present in some SST tanks (or groups of tanks) in
quantities thatwould exceed the Class A limit in groutmade from those tanks (or groups of tanks).
Consequently, a differentdisposition method must be chosen for the separated nickel. Decay storage
in a surface facility or repositorydisposal in an alternativewaste form are possibilities for handling
this special problem.

The process step_ u_l to separate the indicatedradionuclides from the waste must be capable of
providinghigher DF values than those given in Table 3.3 in light of the sum-of-fractions-ruleportion
of the Class A regulationsand feed variability possibilities, especially in the SSTs. Target DFs
tenfold _eater than these listed in Table 3.3 may be requiredto ensure that clean option goals are
met for SST waste.
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Target DFs in excess of ---10' will be difficult to achieve in practicein one cycle of any
process, which suggests that, based on the requiredDFs listed in Table 3.3, the process flowsheet
should includesequential cycles for removal of strontium, and possibly cesium. Such sequential
cycling is definitely indicatedfor NCAW and may likely be needed for strontiumremoval from some
SSTs.

3.3 Separation of Bulk Components Required to Meet the 1000-Canister
Criteria

Table 3.4 shows estimates of allowable mass percentages of key waste constituentsin glass.
These values were obtainedfrom Me HWVP project to serve as a basis for developing the example
clean option process flowsheet. Ongoing studies in the HWVP project are conductedto determine

Table 3.4. Allowable Additions to Glass in Waste Feed

Waste Maximum weight
Constituents percent¢°) Basis

TRU 1.0 HWVP feed specification: best estimate, obtained from
HWVP

U 6.8 HWVP feed specification

"lh 7.0 Assumed to be analogous to U and Zr

Ni 1.6 HWVP feed specification

Cs 23 Molar equivalent to Na, K; heat loading more restrictive

Sr 4.8 Midpointof molar equivalence to Ba and Ca

Ba 4.5 HWVP feed specification

Tc 0.22 Assume the allowed percentagefor Pd

Zr 7.4 HWVP feed specification

Lanthanides 1.7 HWVP feed specification

Al 3.4 HWVP feed specification

Fe 12 HWVP feed specification

Cr 0.34 HWVP feed specification

Na 3.8 HWVP feed specification

(a) Gram of constituent per 100 g of glass.
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the concentrationsof various constituentsthat can be accommodatedby existing borosilicate vitrifica-
tion technology. These estimates are constantlybeing revised. Becauseof these limitations, certain
key constituents of the waste can have a significant effect on the numberof canisters of glass that will
be produced. Table 3.5 shows the numberof canisters that would be requiredto incorporateali of a
particularconstituent in the glass and still meet the HWVP specifications.

An estimate of the separation factors requiredto meet the clean option goal of 1000 canisters
can be obtained by dividing the canister total in Table 3.5 by 1000. For example, a separation factor
of about 10 will be required for nickel anduranium. Only about 10% of the nickel can be retained in
the HLW and still meet the HWVP specifications and 1000-canister limit. The most difficult ele-
ments to adequatelyseparatewill be those that requirea high degree of sludge dissolution (Fe, Cr,
Ni) and those that behave similarly to elements that must be included in the HLW.

Table 3.5. Effect of ImportantConstituents on Canister Count

Waste
Constituents Numberof Canisters (SST & DST)

Ni 7x 102

Sr 5x 102

Ba 7x 102

Zr 5x 102

Tc 5x 102

Cs 3 x 10_

Lanthanides 5 x 102

TRU 5 x 10_

U lxl0 _

Th 1x102

Al 5x 104

Cr 8x 10'

Fe 4x 102

Na I x I(P
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4.0 Example of a Clean Option Flowsheet

The major featuresof a candidateradionuclideremoval process_that will meet the objectives of
the clean option are depicted in Figure 4.1. This simplified block flow diagramshows the major
featuresof the process; the three most importantareas to the present discussion are 1) sludge dissolu-
tion, 2) acid-side separations, and 3) basic-side separations.

A more detailed flowsheet for this example process is shown in Figure 4.2. This flowsheet was
constructed as an example that has a good technical basis and that allows meaningful considerationof
the effect of pretreatmentactivities on the amountof wastes requiringdisposal and on the radionuclide

• contentof the LLW form. Technologies of differing maturitieshave been included in this flowsheet,
but ali of the majorsteps have been demonstratedon at least a small scale with radioactivewastes. It
was developed in regard to SST waste, but should also be suitablefor DST waste. Ali steps might
not be necessary with some wastes, but more than one cycle of some steps might be requiredwith
some wastes. The flowsheet is not to be considered finalized. The general featuresof the flowsheet
are described here; more details will be presented in Volume 2.

One of the key features of the flowsheet is the recycling of chemicals, especially sodium
hydroxide. Therefore, implementationof this flowsheet should only increase the quantity of materials
to be disposed of by less than 1% (Volume 2).

o

Before the solid and liquid components are separated, the waste slurry can be treated to destroy
organic complexants. Organic complexants can have adverseeffects on some of the separations
processes. The separated solids are then washed to dissolve soluble salts and to remove most intersti-
tial liquid before they are subjected to multipledissolution steps. The first dissolution step is a
caustic leach step aimed at dissolving selected solids (e.g., aluminumhydroxide, silica, silicates) and
converting some insoluble phosphates to hydroxides. Then more complete solids dissolutioncan be
accomplished in subsequentacid dissolution steps.

Two acid dissolution steps are included becauseof the anticipateddifficulty in effecting complete
dissolution• If these steps are not sufficient to completely dissolve the solids (or decontamiaate them
to Class A limits), they will be processed further.

The solution from acid dissolutionof the caustic-leachedsludge is processed through a series of
separations steps to remove radionuclidesand thus separate them from the bulk components of the
sludge (e.g., iron, zirconium, chromium, nickel, and possibly aluminum). These steps include 1) a
TBP solvent extraction step that removes uranium, plutonium,neptunium, and thorium; 2) a CMPO
solvent extraction step that removes americiumand lanthanides; 3) a crown ether solvent extraction
step that removes strontium, barium, and technetium; and 4) an ammoniumphosphomolybdateion
exchange step that removes cesium.

Ion exchange steps are used to further fractionatethe productsof the CMPO and crown ether
steps to minimize the quantities of nonradioactiveelements that accompany the radioactiveelements.
These fractionating ion exchange steps employ organic complexants (e.g., DTPA, EDTA) that may

4.1



Retrieved Tank Waste Slurry

....

Complexant
Destruction

Glnss

or __ .Grout

[ Solids-Liquid Separation Iand Caustic Leaching

So,,ds _ _ Solution
Undissolved Sludge -_ Basic-Side cs

' Di_solution i "1 Processes
nesldue (Multiple Steps) / I_[ (Ion Exchange) I-2-_ I

I " t I
Acid Side _ Th_Pu=Np _ I

(Solvent Extraction I'-'" ..... _._-_1Purifications _1

.,,d'_,, xchange) ISr,Ba,Tc_l (SX and IX) _I

Flec_rcie ' oi: Ba: Lanthanides II

Acid I Complexant
Destruction and
Acid Recovery

i

I v
Water Cnlcination/Denitrationl I_ Vaporized

_" Complexant Destruction _WaterDischarge Glass,

Interim

Storage, or
i -..,,_,Caustic NaOl! Recovery _ Grout Other Use

3g20B021._

Figure 4.1. BlockFlow Diagramfor theCleanOptionExampleFlowsheet
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require special destruction processes or, alternatively, may be destroyed on calcination. Similarly,
some steps employ oxalic acid, which may also have to be destroyed. In any case, nitric acid can be
recovered for re-use from the decontaminated dissolved sludge solution.

Alkaline solutions such as tank supernate, dissolved salt cake, caustic leach, and sludge wash
must also be treated to remove many of the same radionuclidesremoved from the dissolved sludge
solutions. If necessary, a carrier precipitation step with ferric hydroxide would be employed to
remove plutonium (some of which might dissolve in the caustic leach). Cesium, strontium, and
technetium are removed in separate ion exchange steps.

The decontaminated streams from both the acid-side and the basic-side processing steps are
calcined to destroy nitrate (and nitrite) and organic complexants in order to achieve a more suitable
LLW form. Iodine is recovered from the calcination off-gas stream for disposal. Sodium hydroxide
solution is recovered from the calcination product to be used in several process steps, again to
minimize the additions of new process chemicals that would increase the volume of the LLW.

This flowshcct will concentratenearly ali of the bulk components of the waste in the LLW
stream, leaving thorium, transuranic elements, the heavier lanthanide elements, cesium, strontium,
and technetium as candidates for disposal in HLW glass. Table 4.1 lists estimates of the number of

Table 4.1. Number of HLW Canisters Produced by Clean Option Flowsheet

Number of HLW

Waste C0mp0nonts Glass Canisters Requiredc°_
Cesium < 1 x 10_cb)

Heavy Lanthanides < 5 x 10_
Strontium 5 x 102

Technetium 5 r._I0_

Thorium Ix I0z

Transuranics < 5 x I0_

(a) Total for SST and DST wastes; considering
each component separately; based on 1650 kg
glass/canister, the quantitiespresent in the
wastes, and the allowed concentrationsin glass
(Table 3.4).

(b) Heat loading restrictions would requirea higher
numberof canisters.
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canisters resulting from treatingboth SST and DST wastes, considering each waste component and its
limit to be independentof the others. The total of these separateconsiderationsis -- 1100 canisters.
It is highly likely that componentcompatibilities will be sufficient to decrease this total to less than
1000 canisters. Coincidentally, this total is roughly comparable to the minimumnumberof canisters
required,based solely on the heat generationcontents andlimits. If other dispositionoptions that are
readily available in the candidate flowsheet (e.g., decay storage of cesium and strontium,thoriumto
stockpile, technetiumto transmutation)were selected, < 100 canisters would be required.

The key feature to achieving a minimumnumberof HLW canisters is the completeness of dis-
solution of the sludge components. Unless the undissolvedmaterialmeets Class A LLW criteria, it
will be disposed of in the HLW. In order to achieve the 1000-canisterobjective, the undissolved
materialmust contain < 2 % of the aluminum, < 5 % of the chromium,and < 0. 1% of the sodium
presentin SST wastes.

Data on the concentration of selected radionuclidesin the LLW generated during processing of
SST waste (overall average basis) by this candidate flowsheet (Figure 4.2) are shown in Table 4.2.
Radionuclides listed here are not only those included in the Class A criteria, but also some other long-
lived fission product and source materials. Also included here are the DFs that are assumed to be
provided by the flowsheet; the bases for these values will be discussed further in Volume 2.

The LLW from SSTs would contain a total of - 0.6 Ci/m3 if the indicated flowsheet were imple-
mented, compared with - 120 Ci/m3 if ali of the radioactivityin SSTs were contained in the same
volume. The majorradionuclideremainingis Ni-63; additicn of a nickel removal step to the flow-
sheet will allow a large further reduction in total radionuclidecontent.

The residual radionuclide content of the SST and DST LLW grout resulting from this "clean"
approach is only --- 0.34 MCi, and will be substantially lower when nickel removal is included in the
flowsheet. The 0.34 MCi value is -50-fold lower than that in the reference case.

Because of the recycling of chemicals (primarily sodium hydroxide) in the candidate flowsheet,
very little new chemical addition to the LLW occurs. The addition of sodium as sodium nitrite (for
neptunium recovery) and sodium carbonate used for solvent washing is estimated to amount to only
0.4% of sodium already present in SST waste. Thus, the LLW volume resulting from implementa-
tion of this flowsheet will be markedly less than that resulting from other approaches, where added
nitric acid is neutralized by adding sodium hydroxide.

The volume of SST LLW grout resulting from use of this approach is about 4.6 x l0 s m3 (based
on 5M sodium in grout). Similarly, the volume of SST and DST LLWgrout would be about 6.3 x
los m3; less than half of that in the reference case. The majority of this reduction must result from
recovery and recycling of water and key chemicals added during processing of the waste (i.e., as
nitric acid and sodium hydroxide). This approach could also be incorporated into the reference case
without the development of new separation technology.
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Table 4.2. Concentrationof Radionuclides in the LLW in the Clean Option Example Flowsheet

C0n¢0ntration,Ci/m3

In SST Waste at 5M Na

Before Treatment
Radionuclides Class A Limit Treatment In LLW DF Assumed

Class A
C-14 8 x 10"1 3 x 104 3 x 104 1
Ni-63 3.5 x 10° 6 x 10.1 6 x 1131 1
Sr-90 4 X 10.2 1 x 102 1 X 10 .2 104

Tc-99 3 x 10"a 2 X 10 .2 2 X 10 4 10 2

1-129 8 x l0"3 5 x l0"s 5 x l0 6 l0
Cs-137 1 x 10° 2 x 101 2 X 10 -3 104

Np-237 7 x 10.s 7 X 10-7 102

Pu-239 1.7 x 10.2_') 6 X 10 .2 6 x 10.6 I(P
Am-241 8 x 10.2 8 x 10.6 Ifr*

Other
Se-79 3 x 10.5 3 x 10s 1
Zr-93 9 x 10.3 9 x 1O.3 1
Pd-107 7 x 10.5 7 x 10s 1
Sn-126 1 X 10. 3 1 X lO .3 l

Sm-151 1 x 10° 1 x 104 10_
Th-232 3 x 10.6 3 x 10"s 102
U-238 9 x 104 9 x lO.s l&

(a) For a waste form density of 1.7 g/mL.
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5.0 Technical Issues

This report describes a "clean" option for tank waste disposal that relies on extrapolation of
laboratory experience to industrial application. A committee of national technical experts agreed that
the process chemistry for a clean option is feasible and identified a set of technical issues to be
resolved before it is implemented.

To define the major issues, the committee listed the areas of significant concern and divided the
list into five categories:

1. feasibility issues that, if not resolved, make it impossible for the clean option to succeed

2. key issues that, if not resolved, affect the ability of the clean option to meet its goals

3. optimization issues where a high degree of confidence exists that a problem can be resolved
with only minor development

4. other issues that may have a minor impact on the clean option

5. general issues not specific to the clean option.

The technical issues list shown in Table 5.1 was then derived to serve as a basis for a development
program.

The feasibility issues were dissolution of solids, actual decontamination factors achievable in
full-scale operating facilities, and liquid/solid separations. If heat generation is ignored, the amount
and composition of the undissolved solids having TRU content greater than LLW limits may deter-
mine the numbers of glass canisters needed to dispose of tank waste. Actual decontamination factors
achieved by the individual processes are uncertain. The conditions achievable in the laboratory or
pilot plants are often difficult to maintain in a full-scale facility because of cross contamination,
contaminant breakthrough, and solid carry-over in the liquid/solid separations, for example. How-
ever, improved online instrumentation or sequential processing with lag storage, where decontami.-
nation of individual batches is verified before moving on to the next step, should eliminate many of
those problems.
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Table 5.1. Clean Option Technical Issues

Main Issues Feasibility Key Success Optimization

Complete dissolutionor accepted residual X

Specific separationsAn/Ln, Sr/Ba, Tc X

Variable composition X

Resin, solvent, organic destruction X

Np chemistry-oxidationstate X

Recycle X

Actual field DFs X

Backupassurance - polishers X

Process flexibility & robustness X

Solid/liquid separations X

Process chemistry - chemistry/equip. X

Sec. waste generation X

Nitrate destruction X

Maintenanceandoperability X

OtherIssues

Flowsheet configuration
Impactof changes in waste form

specification
Grout/glass behavior

GeneralIssues

Radioactivityandvolume of groutor
LLW form

Impacton cost and schedule
Waste acceptancecriteria

Timing

Tank residuals - aggressive retrieval

Criticality
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6.0 Conclusions and Recommendations

The principal goal of the clean option is to achieve dramatic reductions in both the volume of
high-level waste glass to be sent offsite and the radioactivityand toxicity of th_:low-level waste to he
left at Hanford. At the same time there will be no significant increase in the total amount of waste.
These goals are reflected in the specific objectives discussed in this report. The evaluation conducted
here concluded that the process chemistry required to meet these objectives rests on a firm technical
basis because demonstrated separation steps have been identified and connected in a flowsheet that
meets the clean option objectives.

This study has focused on process chemistrybecause it is the foundation for pursuing the clean
option goals. Now that process chemistry has been addressed, the overall option should be examined
more completely. The flowsheets from this effort can provide the basis for preliminaryestimates of
some aspects, such as cost, but a more detailed engineeringdescription will eventually be requiredto
draw meaningfulcomparisons with other options• Additionally, this option should now be explored
as a system rather than as a variant of the referenceoption• In particular, potential advantages of the
clean option (e.g., lower costs from grout and glass volume reduction, reduced grout barrier require-
ments; and increased institutional acceptability)should be weighed at the system level. Also, imple-
mentationof this option changes requirementsfor other partsof the TWRS, includingretrieval,
characterization, and disposal.

Finally it is noted that successful implementationof this option would require an aggressive pre-
treatment technology program to address the key technical issues identified in this report. Because
many of these issues must also be addressed for successful implementation of the reference case,
pursuing the clean option would focus pretreatment technology development and would help reduce
the technical risk for TWRS.
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