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American Concrete Institute

Atomic Energy Act

as low as reasonably achievable

analysis of alternatives

actinideremoval process

ASTM International

Best Basis Inventory

Best Demonstrated Available Technology
blast furnace slag

benchscale reformer
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Clean Air Act

capitalexpenditure

Class A West

Congressional Budget Office

Critical Decision

Comprehensive Environmental Response, Compensation, and Liability Act
Clemson Engineering Technologies Laboratory
Code of Federal Regulations

Consolidated Incineration Facility

controlled lowstrength material

Center for Nuclear Waste Regulatory Analysis
carbon monoxide
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carbon reduction reformer
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D&D
DBVS
DF
DFHLW
DFLAW
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DoD
DOE
DOE-EM
DOE-OPT
DOT
DRC
DRF
DSS
DSSF
DST
DU
DWPF
DWS
DWTS
Ecology
EDTA
EIS

EM
EMCBC
EMF
EPA
ERDF
ETF
EWIS
FA
FBSR
FFRDC
FMF
FWF
FY
GAAT
GAC
GAO

crystalline silicotitanate

continuous stirred tank reactor

Clean Water Act

decontamination and decommissioning
Demonstration Bulk Vitrification System
decontamination factor

directfeedhigh-level waste

directfeed lowactivity waste

denitration ananineralizing reformer

U.S. Department dDefense

U.S. Department of Energy

U.S. Department of EnergQffice of Environmental Management
U.S. Department of Energ@ffice of Packaging and Transportation
U.S. Department of Transportation

Division of Radiation Control

dry reagent formulation

doubleshell slurry

doubleshell slurry feed

doubleshell tank

depleted uranium

Defense Waste Processing Facility

Drinking Water Standards

dry waste transfer system
WashingtorStateDepartment of Ecology
ethylenediamingetraacetic acid

environmental impact statement

U.S. Department of Energy, Office of Environmental Management
U.S. Department of Energgnvironmental Management Consolidated Business Ce
Effluent Management Facility

U.S. Environmental Protection Agency

Environmental Restoration Disposal Facility

Effluent Treatment Facility

Electronic Wasténformation System

fly ash

fluidized bed steam reforming

Federally Funded Research and Development Center
Fuel Manufacturing Facility

Federal Wast®isposalFacility

fiscal year

Gunite and Associated Tanks

granular activated carbon

U.S.Government Accountability Office
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GCL geosynthetic clay liner

GDU grout disposal unit

GFC glassforming chemical

GTCC GreaterthanClass C

GWPL groundwater protection level

GWQS Ground Water Quality Standard

HEDTA hydroxyethylethylenediaminetriacetcid

HELP Hydrologic Evaluation of Landfill Performance
HEPA high-efficiency particulate air

HFPEM High-Level Waste Feed Preparation and Effluent Management
HIC high integrity container

HLVIT high-level [mixed radioactive waste] vitrification
HLW high-level waste

HRWR high-range water reducer

HVAC heating, ventilation, and air conditioning
HWMA Hazardous Waste Management Act

I iodine

IAEA International Atomic Energy Agency

IC institutional control

ICV In-Container Vitrificatior

IDF Integrated Disposal Facility

ILAW immobilized lowactivity waste

ILW intermediate levelvaste

INL Idaho National Laboratory

INTEC Idaho Nuclear Technology and Engineering Center
I0C iron oxide catalyst

IP industrial package

IQRPE Independent Qualified Registered Professional Engineer
ISO International Organization for Standardization
IWTU Integrated Waste Treatment Unit

IX ion exchange

Ky dissociation constant

Ksp solubility product constant

LANL Los Alamos National Laboratory

LARW low-activity radioactive waste

LAW low-activity waste

LAWPS Low-Activity Waste Pretreatment System
LAWST low-activity wastesupplemental treatment

LCC lightweight cellularconcrete

LCRS leachate collection and removal system

LDR Land Disposal Restrictions

1In-Container Vitrification (ICV) is a trademark of VealiBoson, Massachusetts.
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LERF
LFE
LLHH
LLRW
LLW
LSA
LSW
MCC
MCL
MCU
MDL
MF
MIMS
MLLW
MOE
MST
MT
NaOH
NARM
NAS
NASEM
NCP
NDA
NDAA
NDAA17
NDAA21
NEPA
NNSS
NORM
NO«
NPP
NRC
NRSB
NSDWR
NY

(@)
OAG
OH
OMB
OPC
OPEX

leak detection system

Liquid Effluent Retention Facility

low-activity wastefeed evaporator

long, large, and/or heavy hazardous

low-level radioactive waste

low-level waste

low specific activity

liquid secondary waste

modular concrete canister

maximum contaminant level

modular caustiside solvent extraction unit
method detection limit

MasterFlow?

Manifest Information Management System
mixed lowlevel waste

measure of effectiveness

monosodium titanate

metric ton

sodium hydroxide

naturally occurring and accelerajmoduced radioactivenaterial
National Academy of Sciences

National Academy of Sciences, Engineering, and Medicine
National Contingency Plan

Nuclear Decommissioning Authority

National Defense Authorization Act

Fiscal Year 207 National Defense Authorization Act
Fiscal Year 2021 National Defense Authorization Act
National Environmental Policy Act

Nevada National Security Site

naturally occurring radioactive material

nitrogen oxides

nuclear power plant

U.S. Nuclear Regulatory Commission

Nuclear and Radiation Studies Board

National Secondary Drinking Water Regulations
New York

Order

Ogallala, Antlers, and Gatuna

Ohio

U.S. dfice of Management and Budget
ordinary portland cement

operatons expenditure

Volume 11 |viii



SRNL-STI-202300007

Revision0

ORNL
ORP
ou
PA
PCB
PCT
PE

PermaFix
Northwest

PGF
PNNL
PT
PUF
PUREX
PV
R&D
RADTRAN
RCRA
RCW
RD&D
REDOX
RLWTF
RML
ROD
RPP
SALDS
SAS
SBS
SBWW
SCDHEC
SCR
SDhU
SDWA
Se
SER
SLAW
SLDS
SMCL
SNF
SNL
SPF
SPFT

Oak Ridge National Laboratory

U.S. Department of Energy, Office of River Protection
Operable Unit

performance assessment

polychlorinatedbiphenyl

product consistency test

performance evaluation

PermaFix Northwest, Inc.

process gas filter

Pacific Northwest National Laboratory
Pretreatment Facility

pressurized unsaturated flow
plutoniumuranium extraction

present value

research and development

Radioactive Material Transport

Resource Conservation and Recovery Act
Revised Code of Washington

research, development, and demonstration
reductionoxidation

Radioactive Liquid Wast&reatment Facility
radioactive material license

record of decision

River Protection Project

stateapproved land disposal site

steam atomized scrubber

submerged bescrubber

sodiumbearing wastewater

South Carolina Department of Health and Environmental Control

selective catalytic reduction
Saltstone Disposal Unit

Safe Drinking Water Act
selenium

Safety Evaluation Report
supplemental lovactivity waste
secondary leak detection system
secondarynaximum contaminant level
spent nuclear fuel

Sandia National Laboratories
Saltstone Production Facility
singlepass flowthrough
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SPRU
sRF
SRNL
SRS
SSR
SST
SSW
START
SVOA
SVOC
SWPF
TAC
TBI
Tc
TC&WM
TCAS
TCEQ
TCLP
TCO
TDS
TEDF
TFF
TFPT
THOREX
T

TO
TOC
TOE
TPA
TRAGIS
TRL
TRU
TSCR
TSD
TSDF
TVS
TWINS
TX
U.K.
U.S.
UAC
UDEQ

Separations Process Research Unit
spherical resorcindiormaldehyde
Savannah River National Laboratory
Savannah River Site

Specific Safety Requirements

singleshell tank

solid secondary waste

Stakeholder Tool foAssessing Radioactive Transportation
semivolatile organic analyte

semivolatile organic compound

Salt Waste Processing Facility

Texas Administrative Code

Test Bed Initiative

technetium

Tank Closure and Waste Management
Texas Constitution and Statutes

Texas Commission on Environmental Quality
Toxicity Characteristic Leaching Procedure
thermal catalytic oxidizer

total dissolved solids

TreatedEffluent Disposal Facility
Tank Farm Facility

Tank Farms Pretreatment

thorium extraction

transportation index

thermal oxidizer

total organic carbon

total operating efficiency

Tri-Party Agreement

Transportation Routing Analysis Geographic Information System
technology readiness level

transuranic

tankside cesium removal

treatment, storage, and disposal
TexasStorage and Processing Facility
Transportablé&/itrification System

Tank Waste Information Network System
Texas

United Kingdom

United States

Utah Administrative Code

Utah Department of Environmental Quality
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UMTRA Uranium Mill Tailings Remediation Action
uT Utah
UTS Universal Treatment Standards
UV/OX ultraviolet/oxidation
uwQB Utah Water Quality Board
VHT vapor hydration test
VLAW vitrified low-activity waste
VOA volatile organic analyte
VOC volatile organic compound
VSL Vitreous State Laboratomyf The Catholic University of America
VTD vacuum thermal desorption
WA Washington
WAC Washington Administrative Code
WCS Waste Control SpecialistsLC
WDOH Washington Department of Health
WebTRAGIS Web-Based Transportation Routing Analy§igographic Information System
WESP wet electrostatic precipitator
WIPP Waste Isolation Pilot Plant
WIR Waste Incidental to Reprocessing
WRF waste receiving facility
WRPS Washington River Protection Solutignd.C
WTP Waste Treatment arichmobilization Plant
WVDP West Valley Demonstration Project
XAS X-ray absorption spectroscopy
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A.1 INTRODUCTI ON

The term Agroutd can have various interpretations
specific properties for a solid waste form to a simpleahe use material thatould likely notbe

suitable for radioactive waste immobilization. Within the U.S. Department of Energy (DOE) complex,

the term Agroutingod is used to describe I ow or am
liquid waste is mixed with inorganic dry materigi®¥£zolanic, polymeric or supplementary) and cured to

produce a solid waste form (grout). The terms stabilization, solidification, and encapsulation have

specific technical definitions and are sometimes used to describe similar ambient temperature waste

treatment processes that produce waste forms designed to meet certain performance criteria
(eg,strength, contaminant retentions). The term fg
of aqueous radioactive wastemeniclay-pozzolan for dege well hydrofracture injection and geologic

isolation in the Conasauga Shale formation at the Oak Ridge Reservation {€28Bl[Engineering

Development of Hydraulic Fracturing as a Method for Permanent Disposal of Radioactive Vdadtes
Tamural967). Forconsi st ency, the term Agrouto will be wuse
temperature processes within this report. In all cases, the final product is assumed to have properties
designedo meet performance requirements for disposal.

The primary compormgs of grouts typically include cement, ground granulated blast furnace slag (BFS),
coal combustion fly ash (FA), silica fume, metakaolin, natural volcanic ash or glass, barite, iron oxides, or
other materials for shielding. Additives (e.g., clays orotoenponents such as getters) may be used for
targeted retention of specific waste constituents. Numerous types of cement are used for waste treatment
depending on the stabilization and processing needs (e.g., portland cement [calcium silicate], alag ceme
calcium aluminate cement, calcium sulfoaluminate cement, and various phosphate cements). These
cements react with water to form low solubility hydrated phases within the waste form matrix. Other
material types used to produce low temperature wastesfimclude calcium sulfate cement, geopolymers
(aluminosilicate precursor that hardens/crosslinked by condensation reactions with alkalis, and water to
form a solid), zeolites, clays, and organic polymer waste forms.

Cementation (grouting) is the treatrheh choice in the international community for ldewvel waste

(LLW) treatment for final neasurface disposal; and as such, the processes have gained consideration as a
supplemental lovactivity waste (LAW) treatment and immobilization technolo@routwaste forms

have several advantageous properties that are covered in more detail in this appendix and the entirety of
the report, including:

A Lower capital and operating costs compared to high temperature processes due to greater process
simplicity, limitedamount of secondary waste, much smaller facility footpaimtl reduced need
for engineered safety systems

A A significant history ofnanagingResource Conservation and Recovery ARERA) and mixed
waste streams with disposal at a variety of sitesuadér RCRA grouting (solidification or
stabilization) is the Best Demonstrated Available Technology (BDAT) for inorganic wastes that
require treatment prior to land disposal

A Wide availability and low cost of mostly dry ingredients with pla¢ential for sustainable reuse
of industrial process bgroducts otherwise stockpiled and directly disposed of

A The capability of a chosen matrix to be effectiver a variety of waste feathemistries or the
capability to tailor formulations to specifieed compositions

T

Minimal power requirements

A Possibility for modular local deployment.
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Drawing on these advantages, grouts have been used throughout the DOE complex at the Hanford Site,
Savannah River Site (SRS), West Valley Demonstration Project (WVRR)R@ge Reservation, and

Idaho National Laboratory (INL), along with extensive use in the commercial nuclear industry. Specifics
on these efforts are provided in Sectf®.

This appendix reviews information on grout relevant to the alternatives discussattion3.3. Each
subsection opens with a higevel summary of the detailed information provided. An overview of the

basis for grout waste forms is providedSectionA.2. A review of research and development (R&D)

efforts relevant to Hanford LAW singbeanalysis required by Secti®@134o0f theNational Defense
Authorization Act for FY2017 (NDAA17, documented iSRNL-RP-201800687 Report of Analysis of
Approaches to Supplemental Treatment of {Amtivity Waste at the Hanford Nuclear Reservatimmd

that address the finext st enfAS.0Atechmoldgyhozerviewang or t , i
relevant considerations are included in Secfich

A.2 GROUT BACKGROUND
A.2.1 Grout Formation

This subsection provides an overview of how grout waste forms are made, their resulting composition,
and how key waste compounds behave within the resulting material. This information provides a
technical basi for the assessments of grout durability and waste form performance that are addressed
throughout this document. In summary, grout waste forms are made up of a range of different mineral
phases (depending on the ingredients and waste feed) that doafpobperties of the waste form and

how waste compounds are retained within the waste form (i.e., some contaminants will be found in the
pore space of the waste form while others can be bound to or incorporated into the matrix).

Grout waste forms are procied by ambient temperature processes that involve the hydration or
polymerization of dry reagents to generate a network of matrix phases producing a solid mass. For
example, Saltstone and Cast Stone are two formulations made by mixing liquid waste SyitABBNnd

a smaller fraction of portland cement. The Cast Stone formulation being 47 wt% BFS, 45 wt% FA, and 8
wt% OPC while Saltstone was nominally 45 wt% BFS, 45 wt% FA, and 10 wt% OCP. However,
Saltstone has an operational range of 20 w8 wt% BFS (now slag cement), 20 wt%60 wt% FA

(now thermally beneficiated Class F FA), and 0 wt®% wt% OPC. The resulting matrix phases in grout
waste forms comprising portland cement, slag cement (ground granulated blast furnace slag), and
supplemental cenméitious materials include poorly crystalline low solubility hydrate phases (gels) and
crystalline hydrated solids. Portlandite (Ca(@tnhdgypsum (CaSg) are the most soluble phases
generated in cemewnly grout and would be more likely tissolve and form new minerals over time.
Whereas calciursilicatehydrates, like 1A tobermorite (C&SisO16(OH).A 4.8), are generally the least
soluble and likely to remain unaltered over tint@f. coursethe evolution of these heterogenous grout
strudure will depend on the morphology and particle size of these phases as much as their composition
Formation of calciunsilicatehydrates is promoted in grouts with the addition of BFS, FA, or silica fume

to portland cement or when grouts are based piliyr@r BFS that are activated with caustic solutions

(e.g., the Cast Stone dry blend made with alkaline LAW). These matrix phases have a range of
morphologies and particles sizes from submicrons to microns, producing a heterogeneous microstructure.
The phase assemblages depend on the bulk oxide composition of the reactiveammpmnindsand

waste feedSRNL-STI-201400397,X-Ray Diffraction of Slagdased Sodium Salt Waste Fojms

The waste loading that can be achieved for grout waste forms includeatéren the liquid waste that
becomes stabilized within the network of matrix phases. By corftighttemperature thermal processes
(i.e.,vitrification, steam reforming) drive off the watdmat must be treated as an airborne emission or a
secondaryiquid waste stream.
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The primary mechanisms for contaminant stabilization in grout waste forms are that contaminants can:
(1) occupy lattice positions in matrix phases (e.g., selenium substitution for sulphate in ettringite [Zhang
and Reardon 2003]), (®e physically sorbed or chemically bound on the surfaces of the matrix particles
(e.g., arsenic sorption onto iraxide cement [Kundu and Gupta 2006]), andpf@cipitated as low

solubility species (e.g., Cr(lll) and Tc(IV) in reducing grout). Many asiwill remain in the pore

solution in the waste form, and the release would be controlled by the physical transport pathways in the
waste form (e.g NOs, NO7, I, Tc(VI)Os). However, recent works have shown that some of these
contaminants (Tc and tan incorporate into the matrix phases, providing improved retention
(Bourchyetal., 2022; Gillispie eal., 2020; Guo et al., 2020; Saslow et al., 202%%.-21R50001,

Development of Improved Grout Waste Forms for Supplemental Low Activity Wasibilizatior).

Other anions such as"Ghave binding capacity in the matrix and while some oxyan(®@s and CQ?%)

are involved in generating hydrated phases combining with cations. This is contrary to a glass waste form
where contaminants eitheecome part of, or are, encapsulated in the glass lattice structure.

While many of the matrix phases in grout have low solubilities in water, the phases can evolve with time
due to environmental interactions. These environmental interactions occurtdegtwsous nature of the
matrix structure.With the heterogeneous morphology and micron to submicron particle size of the
binding matrix phases, a relatively large network of reactive surface area is created and available for
reaction withinfiltrating ernvironmental water, gas, dissolved ions, or species released from the waste
form itself. For example, SRS Saltstone has a transmissive porosity of between 40 and 60%
(WSRGSTI-200700352,Saltstone Variability Study Measurement of Porosijtyput other fomulations

can be designed to have far lower porosity. It should be noted that a glass waste form would also have a
degree of open space as it will be cracked in the canister, giving a ~ 10x increase in surface area
(PNL-5947,A Method for Predicting Cradkg in Waste Glass Canist@rsAs the matrix phases interact

with the environment (and species released from the waste form itself) through the pore space, some
conversions to siliceor aluminagels occur. The timeframe over which this occurs depends\aral

factors such as the amount of water that contacts the waste form, exposure to open air, exposed surface
area, advection, carbonation, and others.

These interactions with the environment and matrix phase evolution can induce various prodesses tha
drive mechanisms (e.g., cracking), which can alter the waste forms. As the waste forms alter, transport
pathways for contaminants can be introduced leading to increased release, or processes can occur that
slow the release of contaminants (e.g., pavggihg). Summaries of these mechanisms and processes are
provided in PNNL32458,Evaluation of Degradation Mechanisms for Solid Secondary Waste Grout
Waste Formswhich is specific to Hanford, and CNWR2009-001, Review of Literature and Assessment

of Fadors Relevant to Performance of Grouted Systems for Radioactive Waste Digictalis

specific to large closure grouFor neassurface disposal in an arid environment such as Hanford these
processes occur over long timeframes from hundreds totéhgusands of years.

A.2.2 Common Candidate Dry Reagents

Questions have been raised regarding what materials would be needed to support a grouting operation,
their availability, how they would be managed, and how formulations can be tailored based on @aste fee
composition to ensure that waste acceptance criteria are met. Since a baseline formulation is not defined
for the supplemental LAW treatment grout alternatives (only waste form properties and performance
criteria have been assumed), many theoreticaldtations could be used. Therefore, this subsection
provides an overview of the most likely reagents and sources that can be used to produce grout waste
forms. In summary, this subsection provides brief technical background on how the different reagents
can contribute to making grout waste forms and shows many options would be available.
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Several dry reagents could be used in a grout wastedependingn the wastéo be immobilizecand

the requiregrocessing characteristics. The work to date usirgptheagents for Hanford LAW is
summarized in Sectiof.3.3. Ensuring the quality of the reagents cannot be a forgotten requirdanent
example, fied spoil piles of fly ash at Hanford do not have the traceability nor purity required for waste
immobilization. Brief descriptions of the most general cement reagents for immobilizing liquid waste are
as follows.

Portland cement Hydraulic cements amgenerallyused for radioactive wast@mobilization (Atkins
and Glasser 1992)Thecomposition of thenost common hydraulic cementsedfor radioactive waste
immobilization are based on calcium silicate compounds, such perttend cements and blended
portland cements (mixtures of pozzolans, slags, and other reactive and inert ingredients), calcium
aluminate cements, calcium sulfoalurti®@ cements, limpozzolan cements, and slag cements.

Ordinaryportland cementOPQ is the most commonly used cement type for immobilizing liquid and wet
solid radionuclide containing waste streams worldwitlee five classes giortland cements
(ASTM C150/C150M21, Standard Specification for Portland Cemesaite based on mineral composition:

A Type Ii General purpose cement

A Type Il Provides moderate resistance to sulphate attack

A Type Illi Used when early higbtrength is required

A Type IVi Usedwhenlow heat of hydration needed (e.g., large structures)
A Type Vi Used when high sulphate resistance is needed.

Portland cemest(and slag cements) atypically blended with mineral additives such as pozzolans or
inert fillers (1) to conbl heat release by exothermic hydration reactions, (2) to reduce porosity and
hydraulic conductivity, and (3) to enhance the phase assemblage to chemically stabilize selected
radionuclides and hazardous contaminants (Paris et al., 20063e blended fmulations provide a
wide range of properties and flexibility in designing waste forinsmost formulations, cemebased
waste forms havan initial porewatepH of O12.

Calcium aluminate cements Calcium aluminate cements and cement blends have bedriruSrance

for waste streams containieemical specie&.g., boric acid) that retard the hardening process of

portland cementCalcium aluminate matrices are less alkaline (pH 10.5 to 11)pthvéland cement

matrices(pH >12)andare,therefore used for encapsulating reactive metal wastes that corrode in alkaline
environments and could lead to hydrogen generation (Chavda et al., 2014). These cements are commonly
fast setting with higher heat generation.

Calcium sulfoaluminate cements Hydratedcalcium sulfoaluminate matricewith ettringite and

calcium monesulfoaluminate hydrate as main hydration produars,prepared from calcium
sulfoaluminate clinker containing 15 to 5% calciumsulfates (Pérand Ambroise2004. Both

ettringite and monosulfoaluminate hydrate have crijstastructures that can incorporatesequester a
wide range ofvasteanions, such as chromate, sulfate, chloride, and carbonate and multivalent metal
cations. Potential radioactive wasteeatmengpplications include conditioning of borate waste streams,
guenched incinerator offas waste containing chlorides, and sulfate waste streEmespH of these
systems is lower than that of hydrafdtland cement and therefore is less corrosive to contaminated
reactive metals such as aluminum.

Alkali -activated cementsglag cements A variety of noncrystalline natural, manufactured, and
industrial byproduct materials rich in Sk&nd AbOs can be activated with alkalis to produce
cementitiougype matrices (Shi and Fernandéiménez2006) Examplesf by-productsnclude ground
granulatedBFSand other slags, and cda\. Alkaline activators include sodium or potassium
hydroxides, silicees or carbonates.
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Slag cement requires activation by NaOH 3@, Na.COs, or Na silicatéother chemicals and is used as
a partial replacement f@ortland cement in numerous construction applicat{@vang et al., 1995)The
slag cement ia byproductn an ironmaking blast furnacandis madeby water quencimg from a molten
state(~1,550°C). The resulting slag is then size reduced to a powder to increase the reactive surface
area. Slag cement® to 100%silicateglass with minor components coissing of Al, Ca, Mg, Fe.

A Slag cement and blends Slag cements are the commonly used reagents used for immobilizing
alkaline (Na) salt liquid waste strearbgcause slag hydration is activatedhy waste liquicand
the resulting phasassemblage typically results in a lower hydraulic conduct{piéymeability)
than that oportland cementSlag cement also results in a chemicadigucing environment,
which is advantageous for chemically immobilizing selectéetionuclides and hazardous
constituents in alkaline media.

A Super sulfated slag cementsThese blended cements consist of mixtures of &#Scalcium
sulfate with a small quantity @ortland cementisedas theflactivatodo ( Gr us kovni ak et
2008). Thsclass of materials also gaining interest for waste immobilization.

Acid-base cementspghosphate cements) Acid-base cements are formed by reacting an acid and a base,
the resulting product is a salt (or hydrogel) that acts as the matrix (Pross#ilsom 1986).

Nonrhydraulic, aciebase cements can also be used for immobilizatidre most common aciblase

cements used for radioactive waste conditioning are phospaagel Ceramicret®, a magnesium

phosphate matrix, was developed by Argonne National Laboratory in the 1990s arsrbweised<
(MgKPO4-6H0) matrix The reaction occurs at room temperature and is very exothemuavaste

forms typically require the addition of inertléits. The resulting hardened monoliths typically have a low
internal pH (about 10.5)Other mr+hydrauliccements such aslcium sulfate cements and alkali

activated cementsould also be selected

Phosphate cemeritsive potential to encapsulate reagtimetal wastes without causing significant
expansion and hydrogen generation as the result of corrdsi@uldition, these cements generate fewer
basic leachates and therefore may be more compatible with certain waste typsiticate glass waste
forms). Individual ingredients or blends of ingredients for formulating magnesium phosphate cement
reagents are commercially available from several soutoageneral, phosphate cements are fast setting,
have high compressive strengths, good durabiitg can be used for waste streams contaimanrggition
metals and actinideasthese are stabilized a&sry low solubility phosphate compounidshe generated
phosphate matrix; however, the rapid setting can lead to challenges in processing.

Geopolymers If a noncrystalline SiO2 and Al208ch material (either natural, manufactured,

industrial byproduct similar to alkalactivated cement) can be activated with alkalis containing minimal
calcium, an amorphous zeolitgpe phase will be theredominant matrix phas®@xson et al., 2007

Such materials are often described as geopolymers and present a distinct class of materials. Geopolymers
used in nuclear waste are synthesized by combining a reactive aluminosilicate source, most commonly
metakaolin (calcined kaolinite clay) or fly ash (product of doald electrical power plants), with an

agueous sodium silicate solution (known as water glass) or potassium silicate solution, along with the
waste to be conditionedim et al., 2021; Ren etl., 2021; Liu et al., 2037

The reactive aluminosilicate reacts through a polycondensation process under-bi¢ bagiditions,

which results in setting and hardening. The resulting matrix is rather versatile in terms of accommodating
different wastecomponents, which are either physically entrapped within the pore space (predominantly
the case for anionic species) or sorbed onto the aluminosilicate surface$.iStAlaste form with a
geopolymer matrix developed in the Slovak Republic and is diynesed to immobilize/solidify

radioactive liquids, sludges, and sludge resin mixtures fraockear power plarHill et al., 2015).
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A.3 GROUT DEVELOPMENT SINCE 2019 ANDUPDATE TO THE NDAA-3134FEDERALLY
FUNDED RESEARCH AND DEVELOPMENT CENTER REPORT/NEXT STEPS

The NDAALY report highlighted several open areas of interest that should be noted in future analyses
(AppendixC of SRNL-RP-201800687. The areas of further interest are provided in this section along
with any updated information related to the tapiat has been gathered since 2019.

A.3.1 Large Vault Concept

SectionC.2.1.20f the NDAA17 report suggested the use of a large vault at Hanford for LAW, similar to

t he SRS Saltstone Di s plaespaténtiallmprovemen(s ® ith&perforniazwd not e d
economics would need to be evaluated quantitatively, which was beyond the scope of this assessment.

A potential downside t8DUs is the inability to retrieve the wadtem should an issue arise with the

curing of a particular batclo

The concept othe SDUsized waste form at Hanfoislevaluated in alternativesrout5A and 5B in
Volumell, AppendixC, SectionC.14of thisdocument. The computational analyses of reoxidation, the
approach to retrievality, and other processes within an Si8lzed monolith at Hanford (referred to in
this report as a grout disposal unit [GDU]), along with supporting experimental informatiatsa@re
covered inAppendixC, SectionC.14 In summary, the use of a large vault isolates more of the waste
from environmerdl exposurelue to thedrgevolume tosurface areaatio. In addition, GDU geometry
would provide longrtransport pathwaysompared with containerized waste forgneatly slowing

release from the GDENd slowing the ingress of reactive environmental species (e.g., oxyggn, 0@
result would be that the GDU may maintain the initial conditions of a majority of the waste form for
extended timeframes. The primary uncertainty is the lack of an updated performance assessment (PA) for
a GDU geometry at Hanford but could be bas#df the SRS PA. Itis believed that the GDU system
would perform much better versus the individual containerized disposal for the reasons cited.

As discussed in the taxonomy evaluations, retrieval of a GDU is feasible but expensive. Placement of
grou waste form containers within a GDU eases some of the potential retrieval challenges.

A.3.2 Adaptability to Waste Compositions

SectionC.4.1 ofthe NDAA17reporh i ghl i ght ed an desindgaera osmetensive sue o
range in LAW chemistry consistent with ranges anticipated in the feed véétsisiket al. (2013a)

[PNNL-22747]did include a high sulfate LAW composition (which captures most of the feed vector

range), but variations in o#ir constituents should also be considered as should appropriate waste

loadingso The adaptability of grout waste forms to we
analysiscriteria taxonomy invVolumell, AppendixD, Section3.1.3 of each alternative.

In summary, an analysis of the composition of the supplemental LAW projected feed against LAW grout
testing to dateteongly suggests that a single grout formulation can be used to immobilize a variable

waste feed. In cases where the baseline formulation does not give desirable properties, there is experience
in identifying successful substitute formulations to achibeerequired performance. High confidence

exists in the ability to adapt to waste compaosition.

Many elements can be involved in the hydration or polymeric reactions that produce the matrix of a grout
waste form. The wide range of hydrated phases thatradeiced in the grout as a result are thus

receptive to wide variations in waste composition resulting in minimal impact on the properties of the
grout. As such, a single grout formulation can be used for a variable waste feed without the need for
further formulation development.
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To date, a wide range of LAW compositions have been tested using the CadoBtutation

(PNNL-22747 Supplemental Immobilization of Hanford L-@wtivity Waste: Cast Stone Screening Tests
Asmussen edl., 2018 VSL-21R50001). In the screening study of Cast Stone for LAW (PNRR747),

several variations of LAW simulant were prepared to test the maximum concentrations of aluminum,
sulfate, and phosphate. The results showed only minimal change in the performance ofified Stast

Stone, and the results remained within the target properties. While other formulations could be used to
improve processing and final properties, the Cast Stone test case demonstrates the adaptability to waste
composition.

A comparison betweeié¢ projected maximum concentrations of the main chemicals of interest in both
the blendeagupplemental AW treatment and diredeed LAW (DFLAW) feed vectors against the tested
LAW Cast Stone ranges is shownTiableA-1. With the similarity between the Cast Stone \#%

BFS, 45 wt% FA, 8 wt% OPC) and Saltstone (hominally 45 wt% BFS, 45 wt% FA, 10 wt% OPC but has
a variable operating composition range) formulationspthgimum allowable concentrations in the salt
waste immobilized with saltstone at SRS to date are also listed.

Table A-1. Comparison of Maximum Concentrations in the Projected Feed Compositions, Temd
with Cast Stone, inSaltstoneSalt Batches, and in Saltstone Waste Acceptance Criteria

Maximum Value (mol/L)

Waste Saltstone Saltstone Waste
Constituent Supplemental LAW DFLAW Tested Salt Batches | Acceptance Criteria

Sodium 7.69 6.13 7.80 7.51

Hydroxide - 2.00 2.43 2.75 11.47
Nitrate 3.05 2.76 3.90 2.82 8.27
Nitrite 1.19 0.99 1.51 0.98 5.63
Phosphate 0.03 0.04 0.08 0.01 0.37
Aluminum 0.98 0.16 0.87 0.39 5.23
Carbonate 0.62 - 0.74 0.32 242
Chromium 0.07 0.01 0.08 0.00 0.03
Sulfate 0.18 0.08 0.23 0.13 0.72
Fluoride 0.13 0.09 0.09 - 0.26
Chloride 0.10 0.19 0.14 - 0.27
Potassium 0.15 0.26 0.22 - 0.94
DFLAW = directfeed lowactivity waste. LAW = low-activity waste.

The only waste constituents where the tested concentration to date is lower than the projected
supplemental LAW treatment feed vector concentration are aluminum and fluoride, although the

differences are less than a factor of 2. Thks®ne bounding waste acceptance criteria concentrations,
developed based on historical testing effosSD-Z-00004 Waste Acceptance Criteria for Transfers to

the ZArea Saltstone Production Facility During Salt Disposition Integration (FRi¢re etablished to

show upper bounding concentrations where Saltstone will still have properties to meet disposal waste
acceptance criteria. The Saltstone waste acceptance criteria concentrations are much larger than either the
projected or tested supplemerit&W concentrations to date. This comparison provides a basis for the
statement that a grout waste form can adapt to a range of waste composition.
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If the waste feed changes beyond any waste acceptance criteria for a grout treatment facility, an alteration
to the formulation can be made. Axample of this scenario was in the qualification of grout waste

forms for liquid secondary wastes generated at the Hanford Effluent Treatment Facility (ETF). This
waste stream was projected to have a high sulfaterdahtg was orders of magnitude higher than the
concentration in LAW. When the Cast Stone formulation was used to immobilize this waste stream,
solidification challenges were encountered due to the excessively high sulfate content. However, work at
the 22-S Laboratory recommended the use of a formulation containing hydrated lime, BFS, and OPC to
react the excess sulfate (RRPT-31077 Effluent Treatment Facility Waste Stream Monolith Testing
Phasell). Testing of this formulation at Pacific Northwesdtddnal Laboratory (PNNL) and SRNL
demonstrated acceptable performance, including enhanced technetium retentiorl2@I2RILiquid

Secondary Waste Grout Formulation and Waste Form QualificaHRNL-STI-201500685,Liquid

Secondary Waste: Waste Form Faitation andQualificatiory Bourchy et al.2022). Thiseffort to

address the sulfate content veasuccessful demonstrationagfapting a grout formulation to address

changes in waste composition

A.3.3 Variation in Dry Mix Components and Substitutions

SectionC. 4. 1 of the NDAAL1 7TTesting pf dry rhix constituents ina manaepto o f : i
elucidate causes in observed differences in effective diffusion coeffiCidigds particularly true for
technetium, which showed a 100xigaon in the screening testdJnderstanding the cause of this

variability would allow optimization of mix designs for maximum retergion

The NDAAL7 report SRNL-RP-201800687 also highlighted a gap in alternate formulations being
tested for LAW, stati g Testimg of a range of alternative substitutes for mix design components with
uncertain futureavailability (should be performed)

In summary, an analysis of available data did not identify definitive cause and effect relationships
between drymix constituents and resultant contaminant effective diffusivities. Note that a 100x variation
in Dopscorresponds to a 10x variation in release rate (relaésis proportional to the square root of

Dobg and variations of 1D 100x or greater in releasdea are not uncommon for glass waste forms.

Recent work has been ongoing for LAW and other liquid wastes that has provided insight into alternative
formulations and amendments/additives for enhanced retention of specific contaminants of cdamcern.
such,there is high confidence that an effective and durable grout waste form can be designed for Hanford
LAW.

An existing analysis of the variation in the properties of LAW Cast Stone is documented inZ2NAIL
Section8 of PNNL-22747 covers a statisticataysis of the sample variables (simulant composition, dry
material sources) against the measured properties of Cast Stone (leachability, plastic viscosity, heat
generation). The summary of the statistical analysis found no consistent correlations between

variations in the dry reagents and resulting performance properties of Cast Stone. However, the analysis
did allow a dowrselection of regional BFS and FA sources.

The PNNL report summarized the findings as follows:

fiThe objective of the Cast Stone screening study was to identify which parameters (individually or
in interactions) affect which Cast Stone propertikkeally, some parameters would be identified

as not affecting any of the more important properties\weat statistically analyzed, so that those
parameters could be removed fraonsideratiorfor future Cast Stone optimization studies.

However, as noted in the preceding discussions of TaB8adhd Table &80 [of PNNL-22747],
everyparameter has individual as well as interaction effects for at least one property.

Volume Il |A-9



SRNL-STI-202300007
Revision0

This includes BFS, which was believed nonteriact with other parameters during the test

matrix development (see Appendix A [of PNRR747]). Even though parameteilsd BFS and

Fly Ash have statistically significant individual and interactfgects, the test results and

statistical analyses of those results provide a basis for choosing a source of BFS and a source of
Fly Ash to eliminate one or both of those parasrefrom a future formulation optimization

study. Further, the statistical analyses in this section provide a basis for choosing the simulants
and ranges of the NaMol and MixRato

Recent work has also begun to evaluate the performance of alternatiafimmsiand geopolymers for
the immobilization of LAW. The work inVSL-21R50001 screened several formulations includimg a
OPC/BFS/calcium aluminate cement, neutral salt activated slag, alkali silicate activated slag, and
ultra-high performance concrefpoth geopolymer angortland cement based)he results (set time,
compressive strengthnd leaching) varied by formulation but many of the alternativesihgroved
properties compared with Cast Stone, including lowering leachability of iodine dmmebtieen. Further
testing of these formulatiorns ongoing.

The current baseline formulation for Cast Stone is defim&PRRPT-26742 Hanford Containerized
Cast Stone Facility TaskilProcess Testing and Development Final Test Refddré Cast Stone
formulation (44wt% BFS, 45n:t% FA, 8wt% OPC) was down selected in testing of four formulations
(TableA-2). The formulations in the dowselect were chosen basedpravious work in the Hanford
grout vault program and the Saltstone at SR8/ rBagent formulatios(DRF)-1 and DRF3 were
removed due to leachiraj chromiumandseleniumas no BFS was present, while DRFad marginally
betterchromiumandselenium butnot as good as DRE. DRF2 was then identified as the formulation
to consider for a Cast Stone waste form.

Table A-2. Formulation Considered in theSelection of aBaselineFormulation for Supplemental
Treatment of Low-Activity Waste

Component (wt%) DRF-1 DRF-2 Cast Stone DRF-3 DRF-4

Portland cemeniype I/l 44.90 8.16 41.84

Class F fly ash 42.86 44.90 39.78 66
Blast furnace slagzrade 120 0 46.94 0 0
Attapulgite clay 5.10 0 11.22 14
Indian red pottery clay 7.14 0 7.14 0

Adaptedfrom Table 61 of RPRRPT-26742, 2005Hanford Containerized Cast Stone Facility TaskRrocess Testing and
Development Final Test ReppRev.0, CH2MHILL Hanford Group, Inc., Richland, Washington.

DRF = dry reagenformulation

Cast Stone has been the most common formulation tested to date related to Hanford LAW, with slight
modification to include getters. More formulation development has been performed for secondary wastes
that have evaluatedydratedlime-based waste form&®WNNL-26443,Updated Liquid Secondary Waste

Grout Formulation and Preliminary Waste Form Qualificati@mdPNNL-26570,Effluent Management
Facility Evaporator Bottoms: Waste Streams Formulation and Waste Form Qualifidasiimg and a

series of geopolymer®NNL-19122 andVSL-19R46301, Formulation Development and Testing of
Ammonia Tolerant Grout Formulation Development and Testing of Ammonia Toleran). GRewent

work atVitreous State Laborato) SL) of The Cathat University of Americéhas evaluated a series of
alternate formulations for Hanford LAW (V&1R50001). The formulations screened included an
OPCGBFS-calcium aluminate cemefglypsum formulation, a neutral salt activated slag, an alkali silicate
activaed slag, a geopolymer ultrahigh performance concrete, and OPC ultrahigh performance concrete.
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The results showed that five of the six formulations had improved rhenium observed diffizgty

values (rhenium used as a surrogate for technetium) cechpath the performance metric

(PNNL-28992, three of the six formulations had improved iodings€ompared with the performance
metric, five of the six formulations had better performance for nitrate than the performance metric. The
formulations also hsufficient properties for bleed water, set time, and compressive strength
measurements. The work highlighted the promise of alternative formulations to be designed for LAW to
enhance processing and performance if required.

At the SRS, work has been omgg to develop cemesitee Saltstone where the OPC content of Saltstone
is removed. Formulations of only BFS and FA have been successful in meeting RCRA requirements
based on the results of tlexicity Characteristic Leaching Proced8RNL-STI-201900702, Saltstone

Third Quarter Calendar Year 2019 (3QY19) Toxicity Characteristic Leaching Procedure (TCLP) Results

In the development of opportunistic immobilization options for secondary wastes, specifically the
evaporator bottoms from the Effluent Managenteaility, alternate formulations comprised of
commercial mixes or OPC+BFS were shown to be successful forhitirimg this waste stream
(PNNL-2675Q Effluent Management Facility Evaporator Bottoms: Waste Streams Formulation and
Waste Form Qualification Testihg The Effluent Manageme#acility evaporator bottom stream tested
was similar to LAW due to the higlHpand chemical makeup.

In summary, many variations of grout formulations can be used in the grout alternatives to meet
performance or processing requirements.

A.3.4 Oxidation Rates

SectionC. 4. 1 of the NDAAL1l7 rTestingtossdss ragabdxygenhingresdint@a gap o
CastStone monoliths and its impact on technetium release.dates

In summary, the changing redox state within a grouted waste form for secondary waste was considered in
sensitivity cases in the Integrated Disposal Facility (IDFYRRRRPT-59958,Performance Assessment

for the Integrated Disposal Facility, Hanford Site, Washinyjmd as a dynamic process in the SRS
Saltstone PARRRCWDA-201300001,Performance Assessment for the Saltstone Disposal Facility at

the SavannalRiverSitg. Other modeling efforts to represent oxygen ingress (or other key processes
including carbonation) are ongoing, and experimentally a{scgte lysimeter study at Hanford will

generate valuable data to better predict the rate of oxygen ingressiimgste forms. There remains
uncertainty in the rate of reoxidation of grout waste forms within the IDF, but this can be handled through
the use of sensitivity cases in PA modeling.

The rate of reoxidation of a grout waste form is crucial to preditti@dongterm behavior of grout

waste forms containing redox sensitive elements (e.g., technetium, chromium). Within the IDF PA
(RPRRPT-59958), the impact of oxidizing/reducing conditions was evaluated for the liquid secondary
and solid secondary growlste forms; however, a primary LAW grout waste form was not included in
the IDF PA. Reoxidation was one of the chemical degradation mechanisms considered in the IDF PA,
which stated:

fiThe cementitious waste forms are expected to evolve and degradienavas & result of

various physiecc hemi cal processes. & Chemical degradati on
sulfate attack and oxidation that may alter the mobility o Cs[constituent of potential

concerr in the cementitious waste form and/or leéaghysical degradationAging of the waste

form has been correlated with the amount of water that interacts with the waste form.

The assessment of potential degradation mechandeastibed in SRNSTF201600175,

SectionlO, indicates that SSY®olid secondary wast@rout degradation from chemical attack

can be expected to be minimal under IDF disposal conditions due to the limited amount of
recharge pore volumes that are expected to be ex
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The associated enhanced migration of oxygen into the waste form is taken into account by
assuming oxidizing conditions for redsgnsitive ©PCs. Oxidizing conditions are effectively
modeled by specifying the sorption coefficients that are applicable orilzing conditions for

the different ©PCs for the nominal caseis a result, the potential effects of degradation of the
waste form have been neglected in the process modélimgever, sensitivity analyses described
in Section6 (ofRPRRPT-59958) ewluatedthe effect of aging by increasing the effective

diffusion coefficient of the cementitious waste after 500 years, which is the same approach that
was used for the analysis in the TC&WMank ClosureandWaste ManagemenEIS.0

The base case in thBF PA assumed oxidizing conditions for the waste forms. This was achieved
through applying a low distribution coefficient {ifor the contaminants in the waste form based on
values suggested in PNN25194 ,Secondary Waste Cementitious Wasteform Patdage for the

Integrated Disposal Facility Performance Assessmé&mio primary sensitivity cases were performed in
which the waste form remained reducing for the entire disposal life of the waste forms and a second case
where the waste formd¢alues graduly changed from reducing to oxidizing from outer to inner

portions of the waste form. TheKtepped through a series of five oxidizing time steps (250, 500, 750,
1000, and 1250 years) and five cells (from the outermost cell to the innermost cellediitiag case
lowered technetium release by over three orders of magnitude but had a slight increase in iodine peak
concentration. The varyingqi€ase slightly delayed the time of peak technetium concentration and led to
an earlier iodine peak.

The SRS Jstone PA also calculates reoxidation rates as a moving front through the SDU monoliths;
however, a shrinking core model is used in the SRS PA (S&N{200900473,Geochemical Data

Package for Performance Assessni@aliculations Related to the SavannatieR Sitg. A shrinking core
model is a less complex modeling approach than thermodynamic or reactive transport models. The
shrinking core model assumes €@n enter the waste through water diffusing through the waste form and
consuming the reduction cagity (slag)encountereéh a fast reaction. This approach has agreed well

with spectroscopic evidence i&oxidation (Lukens edl., 2005). Contradictorgvidence also exists in
samples that have been exposed to air, as air transporioigored in the SRS shrinking core model as
the SDUs are saturated. Understanding and predicting the combined effect of air and liquid transport of
0. in cementitious waste forms is still an open area of development and would refine projections of the
maintenance of reducing conditions within waste forms. A waste form larger in size would have a slower
rate of reoxidation as the pathway for.@ reach the entire waste form would be far longer. Mitigation
can be used by increasing the reduction daptwrough increased slag content or additives (e.g., iron).
Volumell, AppendixE, providesadditional information.

The assessment of reoxidation rates of giouatate have been supported experimentally in laboratory and
sediment tests, although not Hanfapkcific. In 2018, a larggcale field lysimeter test was initiated at

the Hanford Site (PNN{27394,Field-Scale Lysimeter Studies of L-éwtivity Waste Fornbegradation)

to evaluate the degradation of glass and grout waste forms in the most realistic disposal conditions to the
IDF. The lysimeter test includes grout waste forms prepared with simulated LAW and liquid secondary
wastes. The large forms empladedhe IDF backfill sediment will be irrigated at different rates for

several years. The liquid and gas moving through the lysimeter cell and past the waste forms are being
monitored continuously. Upon excavation, the waste forms will be ideal testfoasiee measurement

of reoxidation rates within the Hanford subsurface.

Additional work at Vanderbilt University has focused on the individual and simultaneous aging processes
of drying, carbonation and oxidatigend the impactef agingon leaching frm Cast Stone (Zhang, 2021,
Zhang et al 2021; Zhang et g12022; Chen et 312021; Chen et 312022). This research hatevelogd

a series ofeactive transpornodels used to estimate the depths of carbonation and oxidation during pre
closure and pasclosure scenarios and then estimate the fractional cumulative relédbe, 871, and

other constituents of potential concewer timeintervals up to @,000years.
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A representative mineral and parameter assemblage for Cast Stone was used to develop and verify a
geochemical speciation model of grouted material under oxic and anoxic environirtentsineral
assemblage and geochemical speciation maggdortedn a reactive mass transport mogalong with
data from the IDF PA and hydraulic modeling of the IDF waste packageovide an estimation of the
releass of *°Tc, 129, and other constituents of potential concern from the grout waste form during
operationaperiods includingre-closure (i.e., IDF exposed to atmospheric conditions during filling)
early posiclosure (i.e., IDF exposed to subsurface environments with intagtacaplate postlosure
(i.e., buried IDF exposed to increased infiltration becafiske degradation of capModel parameters
were developed from experimental data on Cast Stone material created witldivactive constituents
and verified using®Tc leaching data from PNNIPNNL-25129. Results indicate good retentifor

%Tc in Cast Stongrior to environmental exposuregwever oxidation of Cast Stone increased fic
release rate by over one ordgrmagnitude.Approximately67% of oxidation and 41% of carbonation
occur during there-closure period, indicating that impacts can be substantially decreased by appropriate
controls during IDF operationwWhile *°Tc retentioris maximizedunder chemical reducingpnditions,
retention oft?4 by precipitation with silvelbased gettensrimarily occursunder oxidizing conditions
The presence of boffiTc and*?9 suggest the need for eithamirreversible'? getters during initial
grout waste fornecuring .e., chemical stabilization undenitially oxidizing conditions leading to
devdopment ofreducing conditions during curing) aspatial zonation o*Tc and*?9 retention
mechanismsTheseresults point to the benefits of larger waste fggometries that minimize surface
areaslowing oxidationand in turn, further slowing theelease of°Tc and other redosensitive
contaminantsVolumell, AppendixE provides additional information.

A.3.5 lodine Getters

SectionC.4.1 ofSRNL-RP-201800687d e s ¢ r i b e destmg tgasgess thé efféctiveness of iodine
getters in conjunction with Cast Stone formulations over a comprehensive range in LAW chemistry
consistent with ranges anticipated in the feed veciasting to identify other potdatiodine getter
formulations/materials (e.gbismuthbased as Ag is a RCRA listed metal).

In summary, data sets exist showing the efficacy of iodine getters in LAW Cast Stone. The most
important factor in success of an iodine getter is the ratio ket silver added and the amount of total
halides present. Alternatives to silver have been proposed and are currently under study. The uncertainty
around iodine is further discussed in VolumeAppendixE, SectionE.3.1.1

The concept of an iodine getter within grout is based on the fachthaifiodide (I") and bdate(I03)

release from growvaste formsare similar tahatofot her fAmobi |l ed constituents,
nitrate. However, iodide and iodate have several ionic compound forms with low solubilitys{ler.

iodide, Agl, with a Kpof 8 x 10%") and some iomexchange materials have been demonstrated for iodine
sequestration (Cordow al., 2020). Testing of the incorporation of silver zeol{#gZ) into grout have
shownsignificant reduction in the amount of iodine released while yieldimgmal impact on overall

grout physical properties up to 861% (Yamagataet al, 2022). Several laboratory studies have been

performed to investigate the ability of getters to retain iodide in grout waste footsling work since

the NDAA17 study(SRNL-RP-201800687. These exampbcan be grouped into test cases where the

getter was successful in lowering iodine release and cases where not enough getter was added.

A.3.5.1 Successful Demonstration of lodine Getters

Several exampledemonstratan iodine getteror iodineloaded material, being incorporated into a grout
waste formandleading to slowed iodine releaserom the examples belga trend is apparent in which
the ratio of Ag to iodine (or total halides) is crucial in ensuring optimum getter perfoemariginal

work at Hanford related to the immobilization of iodimaded sorbents in grout included a comparison
between1) iodineloaded AgZ(2) Ba(IOs) in cement (Bal@cement being the baseline at the time for
the byproduct of the Mercurex prosgsand(3) Agl directly added to the grout.
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lodine wagbserved to becleased an order of magnitude slower from the-ggit compared with the
barium-modified sampleswhile the directly added Agl had the lowest rele&$¢L(4045,Selection of a
Form fa Fixation of lodinel29).

The work performed iRPRRPT-26742carriedout studies of two natural gettets6 ne c¢c twdlr and
formo a calcium phosphate product expected to have a hydroxyapatite like structure) and two silver
containing compounds (silver zeolite and silver mordeniieled to Cast Stone antdhde using a highly
alkaline secondary waste (pH = 13.8)ll four getters hadho measurable iodine in the leachate in a

19-day leach tegfANS 16.1)at the lowest iodine loading (+4g/L iodide) and varying the getter loading
between Wt% and 5wt%. However,measurable iodine in the leachatas found when the iodine
concentratia was increase@8 mg/L and 17mg/L) with 5wt% getterloading of the natural getters and
silver mordenite.The silver zeolite still had no measurable iodine release at the higher concentrations.
The Ag:l molar ratio in the grouts ranged between ~60th

The work in SRNESTI-201600619 documented the immaobilizationaoTank50 waste sample from
SRSthat was adjustetb be compositionally comparablekanfordLAW. A sample ofreal wastdrom
Tank 50was spiked with iodide (881g/L) andCast Stonsamples were prepared with and withagZ
(11wt%). This higher loading oAgZ led to a near three ordef-magnitudereductionin iodide
diffusivity (using EPA Method 131%ompared with the getter free systefrhe Ag:l molar ratio was 10
and the amaut of Agadded by the gettevas equal to the total halide maotontent of the liquidvaste

(1, Cl,and F).

PNNL-26443discussed thaseof iodine getters in the preparation of a liquid secondary waste (pH = 6)
with a hydrated liméasedormulation (20wt% hydrated lime, 3Wt% ClassF FA, 45wt% BFS). In

this work the diffusivity of iodide was decreased by close to four ordErmagnitudeusing EPA

Method 1315 The Ag:l molar ratio was ~425 atige Ag:halide molar ratio wasl00.

Yamagateet al.(2022) placed iodidéoaded silver mordenite into a pair of formulations: one containing
BFSand one without BFSIn EPA Method 131%each testingthese formulations both measured
diffusivities that were orders of magnitude lower than thezewlite containing control sample$he

molar ratio of Ag:l was ~2700Although the BFSontaining samples had measurable iodine in the
leachate afonger leaching times (>40 daythe BFSfreesamples did not have any measurable ioitine

the leachats This response was likely due to some destabilization of the Agl from the B#Swork

also provided evidence to support the mechanism of iodine retention, in which the AgZ was observed to
form a layer ofilver around the particle, which could seras a barrier to iodine transport.

A.3.5.2 Unsuccessful lodine Getters Tests

Two properties can influence Agl (or other iodide/iodatesgsattbility within grout waste forms: the

alkalinity of the environment and the interference of redox speciesd@fide). Asmusseret al.(2017)
monitored the dissolution of Agl in solutions of varying pH and with the addition of sulfide sources (as an
example redox speciesYhis studyshowed that Agl can be destabilized in alkaline or reducing systems.
However, ageducing systems become oxidized with timenditions become mofavorablefor efficacy

of aniodine getter.The following are examples of test cases wihadine getters were not successful,

mainly dueto insufficient Ag:l ratios.

Asmusseret al.(2016 screeed a series of materiaiacluding AgZ, argentitg/Ag.S), layered bismuth
hydroxide and a silvetiimpregnated carbon for removal of iodide from simuldtdsV. The two best
performing materials from that stud¥gZ and argentite, were used as gettin Cast Stonkesting
(PNNL-25577 Getter Incorporation into Cast Stone and Solid State Characterizatidben the
iodide-loaded getters were placed in the Ctsine, there was nmprovement in releasa EPA Method
1315 leach testingThe Ag:l nolar ratio used was between &d600, however the Ag:halide ratio
ranged fron0.03 to 0.22which indicates amsufficient amount oAg waspresenin the samples
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The work in VSI:19R46301 testedthree iodine getters (two proprietary getters aga) in a sulfate
activated slag waste form used to immobilize a high ammonium, high sulfate waste Jtheasulfate
activated slag formulation was designed to lower ammonia generation during procéssmg study
thegetterAg:l molar ratio was <1@nd no improvement was observed in EPA Method 1315 leach
testing. However, dbridewas also present in the simulawhich means that the Ag:halide ratio was
much lower than 10.

AgZ was also tested as a getter in a phosphatedoloreramic (Ceramicrete) and an alkali activated
geopolymer (DuraLith), PNNH20632,Waste Acceptance Testing of Secondary Waste Forms: Cast Stone,
Ceramicrete and DuraLithIn this study, AgZ was added ai1% of the overall mix for both waste

forms. This loading equated to an Ag:l molar ratio of 830 for the Ceramicrete and 922 for the DuralLith.
However, the simulant used had a high chloride content and the Ag:halide ratio was 0.2 for both
formulations, meaning there was insufficient Ag to controlriedielease. As expected, there was little to

no improvement in iodine release in leach testing with EPA Method 1315, ANS 16.1 and ASTM C1308.

Work by VSL (VSL-:21R50001) included an evaluation of calcined hydrotalcite Ag& as iodine
getters in a neuttaaltactivated slag geopolymer waste form for LAWhe inclusion okithercalcined
hydrotalciteor AgZ improved the iodine leachability by an ordef-magnitude when using aM Na
LAW simulant(using EPA Method 1315)However, hecalcined hydrotalte did not improve iodine
retention in a waste form using a B46Na LAW simulant. The simulant used for the samplesian
unrealistically high concentration of iodine of/kg (1250 mg/L) In the case of the AgZ geti¢he Ag:l
molar ratio was ~10 akthe Ag:halide molar ratio wasb.

In summary, recent work has highlighted the importance of the ratio of Ag:l and Ag:hadidguiing
improved iodine retention for egite disposal scenarios (improved iodine retention is not reqoidttsite
disposl options). Alternates to silver have been postulated but not tested to date (e.g., bishauth).
optimum ratioof silver (or other active species) kadine (or total halides) is not yet defined to ensure
strong iodine retentioand toalsominimize costs.

In the current evaluation summarized in this report, a conservative assumption is made thahsedAg
iodine getter loading of &t% is required in the grout waste forms, but it is projected that a lower amount
(based on the Ag:halidatio) will be equally successful and improve economics. Efforts to optimize the
required Ag:halide ratio and evaluate silver substitutes is currently ongoing in 2022.

A.3.6 Land Disposal Restriction Organics

The NDAAL7 report ERNL-RP-201800687 identified a technical gap related to the role of Land

Disposal Restriction (LDR) organics in waste acceptance of grouted waste forms and potential impacts on
treat ment processes oTestihghoeassess theupbteniiahigpacivaikitess st r eam
to address LDR organics on the performance of the grouted fegisi@a n d’he fprocess to destroy

LDR organics impacts the performance of the grouted waste which may be a particular concern for
technetium.This risk is addressed above irettecommendatiorfer additional testing in Sectio@.4.1

[of SRNLRP-201800687]. This risk applies to IDF onfy.

In summary, extensive work has been ongoing to better understand the extent and magnitude of LDR
organics within the Hanford tank wastes aval/s to remediate organics present prior to immobilization
(e.g., evaporatigroxidatior). The LDR organics, at the concentrations projected, are not anticipated to
impact the properties of the grout; however, there is limited direct data on the iefhfethe major

organics in Hanford waste on candidate grout waste forms. Disposal performance of a grouted waste
form related to LDR organics is based on total concentration in the waste form. A summary of the recent
works related to LDR organics at Handl since the NDAAL17 report is provided. The main uncertainty
around LDR organics remains in the quantification and potential need for treatment, but the knowledge
base has grown since the NDAAL17 report.
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There have been several efforts since the NDAApP@ntgSRNL-RP-201800687 related to the
understanding and management of LDR organics in Hanford LAW. The handling of LDR organics was
recently discussed BRNL-STI-2021-00453,Potential for Evaporation and tsitu Reaction of Organic
Compounds in HanforSupplemental LAWRe&gulated organic species under the Environmental

Protection Agencyb6s Resource Conservation and Rec

Federal Regulations (CFR) Part 268 are important to understand because of the dilutioritfolivib

40 CFR 268.3 EPA established the dilution prohibition to prevent owner and operators of hazardous
waste management units from intentionally diluting waste to avoid treatfBBrt.typically requires that
regul ated organi c rs piedceisetsr oayreed off rteomoneeedt 0 tBFPA L DR
also does not regard stabilization through using cementitious reagents to provide adequate treatment for
organics but has provided some guidance that stabilization of low concentration organice may b
acceptabled

A.3.6.1 Assessment of the Extent and Magnitude dfand DisposalRestrictions Organics in Tank
Waste

Staff atthe222-S Laboratory generated an evaluation of the LDR organic content of wastes in the
Hanford doubleshell tanks (DST) (RPRPT-61301,Current ChemicaKnowledge Concerning Organic
Chemicaldn HanfordDouble Shellfank Waste Supernatgiitev. 1]). The objective of this report was to
provide a technical bagig aid in thecharacterization of organic compounds in the tank wastk fEhe
goal of the evaluation was to reduce the number of analytical togeisnstituents of concern when
evaluating against LDR regulations. The constituents of concerragsaliwere the volatile organic
compounds (VOC), semivolatile organic compds (SVOC), and polychlorinated biphenyls (P@iit
are included in the list of 208gulated LDR organic constituents developed from the DSTARaetmit
application(DOE, 2009) and associated Underlying Hazardous Constituents fr@@kR®68.48
fiuniversal Treatment StandacdSRNL-STI-2020:00228 Evaluation of Technologies for Enhancing
Grout for Immobilizing Hanford Supplemental Léwtivity Waste (SLAYY. The current chemical
knowledge used in the evaluation included input knowledge (e.g-2B8%4,0Occurrence and Chemistry
of Organic Compounds in Hanford Site Waste Tardaubility, chemical reactions, headspace vapors
(e.g., PNNL13366,A Survey of Vapors in the Headspaoé SingleShell Waste Tanksmass balance,
historical analyses from the Tank Waste Information System (TWINS), and Aroclors (PCB) solubilities.
RPRRPT-61301 concludethat current chemical knowledge indicates there weme@dlated organic
compoundsised on the Hanford Site. Chemical reactivity analysis suggested that one or more
compound could be formed within the waste. From historical analya2sonstituents of the 126
analyzed were detected with concentrations higher than their correspantiorgleve] specified in
RPRRPT-61301 Onlyeightof these chemicals were detected more thatini€s in the waste. This
report makes a strong case for the concept that current chemical knowledge can effectively be employed
to eliminate the consideiah of many compoundsf regulatory concerand minimize the requirements
for analytical work to meet the regulatory requirements and data quality objectives.

The use of process knowledge to screen the lBO3E.DR organic compounds associated with the

PartA waste codes and underlying hazardous constituents for the DSTs andoSSITst, of compounds

that can be considered as potentially present, was further developed in the analysis reported in
RPRRPT-63493,Tank Waste LDR Orgars®ata Summary fosampleand-Send In this work WRPS

staff defined and applied seven decision rules to screen out compounds that have no historical or current
support for being present in Hanford tank waste. Compounds were identified as being potentially present
in tankwaste if the compound:

1. Is a Hanford tank farms FOOEOO5 constituent, or

2. s a RCRA Part A fiDO0O code: DO18, D019, D022,
D038, D039, D040, D041, D043, or
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3. Was used at Hanford, including identified components in cawiaigroducts (prior to Mag,
1992), or

Has beeretected in the singlghell tanks (SST) or DST samples (past and future), or
Was not included in past analytical methods but can be reasonable expected to be present, or
Is a decomposition reaction epdoduct formed in the waste, or

N o g &

Is identified on an LDR notification form from past (and future) transfers into the DSTs, and:

a. Wasdetectedht or above the LDR wastewater standard, or
b. Hasno analytical data to indicate concentration, or

c. Process knowledge cannot be developed to support the constituent is not in the waste when
reported as A<MDLO (method detection | imit),
wastewater standard.

The application of the seven decision rules eliminatesoitpainds from the list of 207
(RPRRPT-63493). The remaining 132mpounds are considered as potentially present and are the
target for future tank waste characterization efforts.

In the process of completing this screening effort, WRPS staff reviewed tlabkevdata in TWINS for

the 207LDR organic compounds to determine the extent to which these compounds are distributed in
tank waste (RPIRPT-64064 Distribution of LDR Organic Compounds in Hanford Tanks Waste and The
Implications to LAW Treatment by Cemtigous Solidification/Stabilization Particular emphasis was
placed on:

1. Quantifying the amount of LDR organic data available for individual tanks and waste phases

2. Defining the magnitude and extent of the distribution of LDR organic compounds in Hanford
tank waste

3. Estimating the concentrations for LDR organics in retrieved LAW and a cementitious waste form
made from the LAW

4. Assessing if the estimated concentrations in the hypothetical cementitious waste form would
exceed the newastewatestandards for disposal in a nesarrface mixed lowevel waste
landfill.

Results from this data screening effort showed that within the historic data for tB&STgaAnd SSTs
that originally stored Hanford reprocessing waste, approximately 2in@®idual entrie$ for LDR
organics are derived from approximately 1,fdoratory samples generated in a little over 1ji6toric
sampling events. Only 1,199 of the 27,@®tries represent values above the corresponding detection
limit. For the current 1Gunretrieved tanks, 93 have some LDR organics data in TWINS, but only 31
have LDR organics data other than for PCBs. Eleven of tha@n&$ with norPCB results are SSTs and
the remaining 20 are DSTs.hé five compounds with the highest detection fregies are acetone
(65%), acetonitrile (42%),-butyl alcohol 8%%), 2-butanone (38%)ndbis(2-ethylhexyl)phthalate
(34%).

46 sample results from liquisamples and9 from solid samples excedlde nonwastewatestandard.

Some exceedances representtiple samples from the same sampling event and if only one exceedance
is counted for a unique compound/tank number/sampling event, oelyc@é8dances are from liquid
samples and 15 from solid samples. €Reeedances are confined to thec@mpoundswith n-butyl

alcohol n-nitrosodimethylamingandn-nitrosomorpholindeing most prevalent in liquid samples dhe
composite PCB parameter (all Aroclob®ing the most prevalent in solid samples.

1 An entry considers both detected and-detected values.
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Assuming the historic liquid samples that exceeded avastewater standard are directly retrieved,
altered to produce a 5\ sodium solution (without altering the mass of the organics), and immobilized
into a cementitious final waste form results in nine unique liquid sampling events frontaeken
(AN-107, AP-104, AR107, AR108, AW-102, AW-104, and AW106) that are predicted to produce a
solidified/stabilized final waste form that exceeds the-wastewater standard for an LDR organic.
Notethat these tanks are DSTs that are most likely to be retrieveat@ressed during DFLAW
operations through the Waste Treatment and Immobilization Plant (WTButyNalcohol is the
exceeding compound in eight of the nine cases amittasomorpholine in one case. No case has more
than one exceeding compound.

For thesolid samples that show a concentration above anastewater standard, six of the 19 solid

samples with itank concentrations above the nwastewater standard are predicted to create a final

waste form that also exceeds the weastewater standard. Véi of the six samples are associated with

PCBs and one with toluene. All of the calculated PCB concentrations in retrieved waste are well above
the water solubility for PCBs, which suggests these compounds would not be present at these levels as a
dissolhed species. Rather, PCBs would be associated with either an organic phase or absorbed to the
retrieved solids. In either case, the undissolved PCBs would be removed by the filter system associated
with the tankside cesium removal (TSCR) process. lfyatissolved PCBs are present in the liquid sent

for solidification/stabilization in a cementitious matrix, the final concentration in the waste form would be
below the PCB nomvastewater standard of b@gy/L due to the solubility limits.

A.3.6.2 Regulatory and Proessing Considerations for Grouting LowActivity Waste

An expert team evaluation tdchnologieshat could be implemented to target key spedahfetium

iodine, NQ/NO,, LDR organics) in Hanford LAW was performed in 208RNL-STI-20203:00228.

The reprt released by the expert team included a summary section on the classification of LDR organics
and relevance to Hanford LAW that expanded on the information in the NDAAL7 report
(SRNL-RP-201800687%.

The expert panel presented two general approaches that couldequéatory conaatration limits for

RCRA LDR organics. The first approach, termed saraplsend, would rely on direct sampling of the

retrieved and treated waste, for LDR organics asgyidi’R concentrations limits were met, sending the

material to supplemental treatment (this sample and send approach is covered as alternati@iGrout

this report for technetium and iodine). The second approach identified was the use of a pretreatment
procesge.g., evaporation, oxidation) before sendimg LAW to supplemental treatmeniote that later

work has recogni zeechindskeatd ot he @ ¢ e-dplioo ehtinentstiraegya t hr e
where retrieved and staged waste is samgtel] depending on the LDR organic content, is:

1. Sent directly for ementitious stabilization/solidificatidhthe organic content is low enough to
produce a final waste form that meets LDR requirements

2. Sent for @ditional organic treatment and thiem cementitious stabilization/solidificatiahthe
additional treatment will produce a final waste form that meets LDR requireroents,

3. Sent for vtrification if organic content in a final grouted waste form will not meet LDR
requirements.

The use of evapation to volatilize and separate organics from the LAW was identified as the most
promising. Other methods evaluated that were deemed less likely to be successful included the use of
permanganate for chemical oxidation (could cause precipitation of)sdligechlorite oxidation

(interference with nitrate and production of chlorinated organics), ozone destruction (nitrate interference),
electron beam destruction (impractical for deployment), and activated carbon sorption (competition). Full
descriptionsaand associated references for these processes are prov&ReNLFSTI-202000228
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Following the expert team evaluatioWashington River Protection Solutions, LL&/RPS has further

refinedthe sampleandsend regulatorgtrategy taccount for thgotentialneed to addreske

requirement®f the dilution prohibition byirst compiling volatility, radiolysis, and reactivity information

to confiirmthatit r eat ment 0 f or ma n ytakénpl&déhougbeitherinsiss has al r ea
decomposition reactions during storagkestructiof and through histora evaporation campaigns

(removal) RPRRPT-63493. Using this supporting informatighDR organics shown to have been

destroyed or removed frohtanford tank wastevould not be a conae for the dilution prohibition.

Those compounds for which there isidentified historial fidestructio®@ and fAr emoval 6 mech
need to be part of an LDR treatment varianééhether an LDR treatment variance is pursued by DOE

for LDR organics is beyond the scope of this evaluatibOE chooses to include a treatment step for

LDR organics iman implementedampleandsend strategy prior to grouting to demonstrate no

ii mpermi ssi ble dilutiond occ wotberequirbden an LDR trea

Decisions on compounds that haeenoval or destruction mechanisaresupported by work é8RNL

that haq1) tesedthe impacts of evaporatidasing a laboratory vacuuavaporatoy on organicsn

LAW, and(2) compiledpublishedreactiviy, volatility, and solubilityinformation. In FY 2020, SRNL
conductedevaporatotestingusinga LAW simulant spiked with target organic compounds (acetone,
acetophenone, butanol, methanol, and pyridiméjentify a lower volatility limit, above which
compounds would have been removed by evaporalibe test used laboratory vacuum distillation
systemoperating under conditions similar to the Hanford-24Bvaporatoi(60 £5 torr absolute, which
resulted in an initial boiling point of the liquid araid4’C). This workdemonstratethat >98% of the
five organic chemicals investigated partitioned to the overhead staeahmo significant reactions were
observed between the organic species and the LANE. experimental results were supported by
thermalynamic equilibrium modeling using OLI Studio (OLI Systems, In€hese results suggest that
compounds that do not ionize belowpH3 , and have a volatility- (expres
liquid partition coefficient) greater than or equal to methacan be expected to have been removed by
historical evaporation campaigns.

In FY 2021,SRNL continued this effort by completing a thorough review of published chemical property

data for 73 of the 13Rossibly present LDRrganic compourstoi dent i fy aqueous Henry
coefficients and pkKvalues(SRNL-STI-2021-00453. Since LAW has a pH at or above 13, the latter

information is needed to identify species that ionize belovipldnd so would not be as volatile as
indicated by a typical pudlihed Henryés Law coefficient. This wo
modeling that volatility increases with saltcontenh d s o Henryés Law coefficier
are an under prediction of volatility in LAW. Finally, the R821 SRNL report incided an initial

assessment @f situdecomposition for the 78@ompounds by reviewing and compiling published

information on rates of alkaline hydrolysis.

Follow-on work at SRNL in FY2022 extendedhe FY2021 data compilation effort timclude solubility,

reactivity, radiolysis, andia values for all 20.DR organic compounds associated with Hanford tank

waste. In addition, since the F2020 evaporator experiments demonstrated removal diviherganic

compounds tested, laboratory work in E822 measted the impacts oboth atmospheric andhcuum

evaporation on less volatile compounds. Results showed that compountdsh  H.awcoeffiGient at

least 186x below that of methanol (and that are not present as charged species) are removed from LAW
byamospheric evaporation. Vacuum evaporation was
coefficients up to 9.6x below that of methanol, but since vacuum evaporation achieved greater removal
fractions than atmospheric evaporation for all compounds tested both conditions, this method is
assumed to likely removemi t r osomor pholine (Henryo6s coefficient
assumption is planned to be tested inZ023 work.
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Permanganate and peroxide oxidation tests were also conducte @2 E assess the potential to use
chemical oxidation to remove more recalcitrant compounds. Results at 60°C demonstrated that phenol,
4-chloroaniline, orthecresol, 4,&dinitrocresol, and mitrosomorpholine appear to be treatable in the

LAW simulant even irthe presence of high concentrations of nitrite and the organic acids acetate,
formate, glycolate, and oxalate. In contrastjtnosodipropylamine, 2,4;8ichlorophenol, and phthalate
appear to be more refractory. Oxidation testing at 25%@ (6 expsure) with permanganate showed
generally increased destruction of spiked organics including phthalate but apparent reduced effectiveness
against mitrosomorpholine. In contract, hydrogen peroxide showed little ability to oxidize organics in
the LAW simulnt. Additional work is planned for FX023 to better define the compounds that can be
oxidized by permanganate. Testing efforts will focus on the LDR organic compounds most prevalent in
tank waste samples at elevated concentrations, particularly Hadsshnot be removed by evaporation.

The data provided by the FX020 through FY2022 work at SRNL has been applied by WRPS to

evaluate the potential for historic removal (by evaporation) and destruction (by in situ decomposition) of

the 132 potentially esent LDR organic compounds (RRPT-63493). This work demonstrated 109 of

these compounds are predicted to be removed by evaporation and eight of the remaining 23 compounds

are predicted to be susceptibldrtesitu decomposition. Five of the remainit§ compounds have a

water solubility below the assumed waste acceptance ciitésiacementitious stabilization. The

remaining 10 compounds that are soluble above the assumed waste acceptance criteria are those that may
require a treatment variance if the issue of the dilution prohibition cannot be resolved by other means
suchagl)demonstrating that previous storage activitie
preceding | egiti maFR2266422667 fiTle Dilution Rrehibitioe as it AppliesStd

Centralized Treatmedtand(2) recognizing the volume increathat occurs during grouting as a

necessary part of the process to treata wasteRg48 4 94, fADet er mi ning When Dil
Per mi sssi bl ed)

The need for a treatment variance also must take into accouhé (@ncentration of the LDR organic in

the tak waste and its associated process knowledge, and (2) whether there is a known pretreatment step
that is capable treating or removing the LBiganicin Hanford tank waste. If the LDR organic

concentration exceeds LDR treatment standards or the wagttaaceecriteria or if pretreatment is either
inappropriate or not achievable (the two criteria for a treatment variancedRRR268.44(h)), the LDR
treatment variance petition would include the LDR organics to avoid the addition of a pretreatment process

A.3.6.3 Analytical Considerations

Analysis of the organics in Hanford waste analysis is needed to better quantify the organics present and
support grout immobilization if implemented (e.qg., prepare the shipment documentation before
immobilization). Organic ang$is may also be needed for-site transfer documentation (e.822-S
Laboratory 2195 Waste Handling Facility to SFarm).

Current 222S Laboratory volatile organic analyte (VOA) and semivolatile organic analytes (SVOA)
methods are capable of analyzBigof the 132 potentially present LDR compounds; however, many of
the reporting limits are greater than the corresponding wastewater starideedaboratory has recently
evaluated the abilityo add additional analytés their current methods and have indicated that all but
four of the 132 could potentially be included in the VOA and SVOA methods-EEAF63493).

2The assumed waste acceptance criteria are equal to the highest concentration of an LDR organic in LAW that produces a
final grouted waste form that meets the correspondingwamtewater standard.

3 Wastewater standard concentrations are concentiasiga in the liquid, while nonwastewater standard concentrations are
on a mass basis and are typically larger. Wastewaters are defined as waters that contain les%ttaal brganic carbon and
less than Wit% total suspended solids. Nerastewatersra wastes that exceed the wastewater critS@idified/stabilized
LAW is a nonwastewater.

4 Establishing analytical methods capable of measuring at the wastewater standard is currently preferred to support
manifesting the waste in case the materiahipped offsite for treatment.
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Thefour compounds that are not applicable to these methods are the decomposition products phthalic
acidaad met hanol and two compounds Tftrichlergploenoayiadetic e x pec
acid/2,4,5T and 2,4dimethylaniline). Staff at the 223 Laboratory are currently evaluating other

methods to quantify these compounds.

In addition to extenaig the ability of the analytical laboratory to measure all of the 132 potentially
present compounds using current methods, recent work has been undertaken to develop alternate
analytical techniques that can lower detection limits to the desired levek aMitre Hanford 223
Laboratory has evaluated the potential for using stir bar sorptive extraction and thin film solid phase
microextraction methods in an attempt to lower the detection limits for organic compounds in Hanford
tank waste to below wastewatstandards (RPRPT-63952 ,Analysis of Organic Chemicals in Hanford
Tank Waste Simulant by Stir Bar Sorptive Extragtidn FY 2022 the efficiencies of the extraction of
131VOC and SVOCs from tank waste simulants were evaluated with the methodspgimnising

results in lowering detection limits. Further development work of the techniques are ongoing.

A.3.7 Integrated DisposalFacility Environment Prediction

The NDAAL7 report SRNL-RP-201800687 i de nt i f iUsedf naw effectevel difffismm
coeficients to update predictions of performance in an IDF environmént To date, a grout
inventory has not been included in the IDF BRPRRPT-59959, and the only grout waste forms

included were the secondary waste (both liquid and solid). Thadssssment was the 20l2nk

ClosureandWaste ManagemeiTt C&WM) EIS (DOE/EIS0391,Final Tank Closure and Waste

Management Environmental Impact Statement for the Hanford Site, Richland, Waghington drew

heavily from the 2003 risk assessment (RFB75,Risk Assessment Supporting the Decision on the

Initial Selection of Supplemental ILAW Technologies

=2

In summary, no efforts have directly carried out a PA for a primary LAW grouted waste form in the IDF.
Recent modeling has identified performance targets within the IDF for a grouted wasteged on

back calculations. Summaries of the target performance of the major contaminants is provided. The
primary uncertainty is in the loAgrm maintenance of properties of the waste form but changing
properties can be assessed in sensitivity dgageA modeling.

No efforts have directly taken LAW Cast 1E7 4
Stone diffusivities and conducted an IDFPA 5 es] » . L]
style calculation; however, a similar study was _ i ° . .o
performed. PNNL-28992 used model > o g%
simulations to determine a leachability 5" e o e
threshold for an inventory of supplemental 5 1114 ® Range or o %,
LAW in the IDF when only the supplemental € iz, ] compliance . _.3
LAW inventory was considered. 2 s . _ ‘
© B Experimental Values, Pore Water Purolite Resin
In this study, four radionuclides and 1514 ® Experment vabes. bW / Hydrated Lime
contaminants were considered: technetium, 51— : : — .~ ®¥— Formulation
iodine, nitrate, and chromium. The work 1990 1995 2000 2005 2010 2015 2020

Year

focused on comparing historical Hanford grout . "
P 9 9 gource:PNNL-28992, 2019Performance Metric for Cementitious

leachability d_ataF(_|gureA-1)_aga|nst this Waste Form Inventory Release in the Integrated Disposal Facili
threshold to identify where improvements macific Northwest National Laboratory, Richlandastington.

be required. The performance metric defined
in the report is intended to allow a rdp
assessment to determine if new laboratory dat
would improve contaminant release from a
grouted inventory in the IDF PA.

Figure A-1. Comparison of Historical Technetium
laeach Test Data from Experimental Results (blue
dots/red squaresland Those Used in Prior
Performance/Risk Assessment®range triangles).
The green line is the performance metric.
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The performance metric was defined as a retardation facteal(RR) that is used in reactive transport
modeling to define the retdan capacity of a waste form relative to a mobile (herrsorbing/non

reacting) species. The reported/&8ue represents a minimum needed to maintain contaminant
concentrations below the groundwater compliance standard when the grout propertilebamesient

and only the supplemental LAW inventory is considered. For comparison purposes, R can be converted
to a corresponding laborateopserved diffusivity value (89 measured in leach testing or to an overall
fractional release rate from the IDireactive transport modeling.

The R performance metric was determined through an iterative set of simulations varying the grout waste
form distribution coefficient (Kd) and monitoring the resulting transport to groundwater and all other
properties. Nte that changes in the inventory of each contaminant, or property evolution of the waste
forms were not considered in this effort.

An overview of the evaluation for each of the four contaminants is provided below.
Technetium

The R value calculated for tendtium correlated to a fractional release rate ok2L0® yr?, which

would be equivalent to a waste form that would measurgsDapproximately 10!t cn?/s in

laboratory leach testing. Assessing historical laboratory data against thisRiglue A-1 shows that
previous assumptions for IDF modeling, being conservaiaecount for unknown reoxidation rates and
degradationwere above the metric but several laboratory tests have measured technetium observed
diffusivities below the limit. These improved cases include LAW Cast Stone,-gett&ining systems,
and hydatedlime-based formulations for secondary waste (assuming that a majority of the waste form
retains the conditions leading to the retention).

Note that the fAhigho digueddeprdsenttte negommendedvaloesunsdd 2 00 5
in the Hanford Tank Closure and Waste Management Environmental Impact Statement (TC&WM EIS,
DOE/EIS0391). These observed diffusivities represent technetium ediesms an oxidized grout waste

form. Even with lower values measured at the time (1'* t02.1 x 16" cm?/s for iodine and from

8 x 10°to 4.5 x 10" cm?/s for®*Tc (PNNL-13639,Diffusion and Leaching of Selected Radionuclides

(lodine-129, Technetim-99, and Uranium) through CategoB/Waste Encasement Cement, Concrete,

and Soil Fill Materia), a conservative assumption was made. Observed diffusivities of &cnt3 for

®Tc and 1 x 18°cn/s for iodine were selected.

DOE (2005) technicaligdance document covers the decision to use an oxidized grout.

iThe analysis shal/l consi der degHKorpdrposesafn of gr ot
analysis, values to be used for9@ and iodine are listed belowf appropriate, additional
sensitivity analysis will be conducted. 0
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lodine

. . . 1E-7 o
The iodine R value corresponds to a fractional ' s
release rate of 54 10° yr!, which is @ 1E8 8 . "

. . .o o L J
equivalent to an observed diffusivity of 5 1e9 °
approximately 3« 10! cn/s in leach testing. > ¢
Analysis of historical iodine Bsshowed that 2 1E-104 ® @ e °
most iodine observed diffusivities range Eiga1] e Range for s
between x 108cm¥/s and 1x 10°cn/s, = Compliance
FigureA-2. Achievement of diffusivities that e 1B-12 o P
would meet the performance metrics would 3 ¢ 5 “~ ’AJ'G "
require either a minimum of ~10x o m  Experimental Values, Pore Water g etters
. . . I 1E-14 | @ Experimental Values, DIW
improvement in retention or a similar Value Used in Performance Assessment
reduction in inventory. 1E15 10— : . . : . .

. . . . 1980 1995 2000 2005 2010 2015 2020

The one exception to this finding was for Vear
formUIat'on_S Conta'”'“g Adased getterwith Source:PNNL-28992, 2019Performance Metric for Cementitious
getter loadings >%1t% in the waste form, Waste Form Inventory Release in the Integrated Disposal Facili
described in SectioA.3.5. Pacific Northwest National Laboratory, Richlamdashington.

Nitrat Figure A-2. Comparison of Historical lodine Leach
Itra e' — Test Data from Experimental Results (blue dots/rec
A fractional release rate of 1x110°yr™, ora  squares) and Those Used in Prior Performance/Ris

Dobs OF 2 x 10° cré/s, would be given fora  Assessments (orange triangles). The green line is 1
waste form with the performance metric R performance metric.

value. Of all nitrate leach data assessed, only a
small number of tests (from immobilized

liquid secondary waste) measured an observed 1E-7 3.
nitratediffusivity below the limit established . _ . - ¢ ¢ ]!
by the performance metri€igureA-3), E _ °
although the cause of the lowered release & 1E-9+ o ?
values is not known. However, a magnitude £ _ 101: o e "e
10x decrease from the average nitratg D @ 3 s °*
(which corresponds to a 3.2x reduction in & 1E-11 1
release rate) would likely meet the metric. 3

> 1E,12 -g
This is contrary to the perception of nitrate 8

having a large impact on groundwater from a§ 1&- 131

grouted supplemental LAW inventory in the . } B Experimental Values, Pore Water

H H H ~'7 3 @ Experimental Values, DIW
IDF. The simulations were also conservative 1 e et i Perarmance Assescment
with respect to subsurface behaviondfate 1E-15

but should be noted the simulations only 1990 1995 2000 f{“‘" 2010 2015 2020
ear

consider the contribution from a supplemental

LA\N. inventory (See Volumd, Append|xE, SourcelPNNL-28992, 2019Performance Metric for Cementitious
SectionE.3.1.9. Waste Form Inventory Redse in the Integrated Disposal Facility
Pacific Northwest National Laboratory, Richlandagtington.

Figure A-3. Comparison of Historical Nitrate Leach

Test Data from Experimental Results (blue dots/red

squares) and Those Useih Prior Performance/Risk

Assessments (orange triangles). The green line is i
performance metric.
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Chromium m  Experimental Values, Pore Water

1E-7 [ ] Experimental Values, DIW
Very low chromium release rates, relative to Value Used in Performance Assessment
other contaminants, have been observed to @ 1581
date in leach tests in BF&®ntaining systems. £ .. ]
A reducing environment is highly favorable >
for chromium retention (Langton, 1988), and -2 E-10 5
there is evidence in the literature of Cr(VI) £ 1E11 ? Range for L
anionic species incorporating into the mineral§, complance °
of hardening cement pagfeark etal., 2006). & 1E124 @
All but one of the reported observed 2] o 3
diffusivities for chromium irFigureA-4 fall o
below the performance metric that corresponds "&-14 3 e *
to a fractional release rate ok3L.0° yr* or es N
Dobs Of 4 x 10 cné/s. Maintenance of 1990 1995 2000 2005 2010 2015 2020
reduction capacity is likely crucial in Year

chromium réention in the IDF andpproaches Source: PNNE28992, 2019Performance Metric for Cementitious

; ; ; ; Waste Form Inventory Release in the Integrated Disposal Facili
to predICt or improve this are available Pacific Northwest National Laboratory, Richlandagtington.

A4 RELEVANT INFORMATION Figure A-4. Comparison of Historical Chromium
A4.1 Material Availability Leach Test Data from Experimental Re_sults_(blue
dots/red squares) and Those Used in Prior
This subsection provides information Performance/Risk Assessments (ange triangles).
regarding the availability of the primary dry The green line is the performance metric.

reagents used in Hanford grout waste from
research talate. In summary, material limitations are unlikely but if they arise other dry reagents can be
substituted without sacrifice of waste form characterigtsussed in Sectioh.2.2).

To sustain operations of a grout process, a large supply of dry reagents is required. While the volume of
dry ingredients required for a Hanford supplemental LAW treatment mission may seem large, compared
to domestiause of these reagents (e.g., infrastructure) the volupradsical. The availability of reagents

was discussed iBRNL-RP-201800687 SectionC.1.3 with afocus on blast furnace slag and fly ash.

The NDAAL7 report also summarized that neither BBSFA supplies would be a hurdle to a

supplemental LAW grout mission. The following summary is derived from data generated by WRPS
(TOC-PRES22-1 4 4 9, i A dwaitabilig lofé&GeottForming Materials for Hanford Waste

Treat ment o) .

For BFS, the projectecdquirement for Table A-3. Domestic Slag Production and Usage Summar

a supplemental LAW grout mission i_
2 OnSlyeal. As of 2010

domestic production of BFS was Total slag productiol 17.1 183 195 173 17.6 17.6

8,800,0000ns/year TableA-3). Imports for 1.9 2.0 1.7 2.2 2.3 2.4
Projected uncertairgs with BFS are  consumption

Closurehdhng of blast furnaCeS’ Exports <0.055 <0.055 <0.055 <0.055 <0.055 <0.055
depletion of existing slag piles, Blast furnaceslag 85 91 98 87 88 8.8
regulation of coafired plants, U.S. Slag Commodity Summary (million short tons)

increased consumption of BFS as a ABFS taken at 50% of total slag production + imports for consumption.

replacement for FA, and possible ~ AOne short ton = 2,000 Ib
limitations on imports. AoOne metric ton = 2,204.62 Ib
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With a change in BFS source, changes in tiopgnties of BFS are expected to be minimal with changes
in sources, as evidenced by the comparison in RRRI47. However, the overall risk of BFS
availability is low.

Similar to BFS, grojectedrequirement for FA in a supplemental LAW grout mission is

~9,900tons/year, while FA production was at 38,200,08/year. Not all FA is suitable for use in

grout waste forms or concrete, and Class F and Class C are the most commonly used types. For FA, the
primary uncertainties in the lortgrm are the decling production of FA with the closure of ce@ed

plants and limitations on imports. Locally to Hanford, the availability of FA is changing. Most of the

Cast Stone research to date has used FA from the Centralia, Washingtdinedqeiwer plant, whih is

slated for closure. Recent work by VSL has studied replacement of this FA with a different source, with
little change in waste form properties (VBILR50001).

A.4.2 Scalability of Grout Waste Forms/Laboratory to Field Considerations

There is extensive wk today in the deployment of grout waste forms for the immobilization of liquid

and solidwastes (se¥olumell, AppendixL). Thissubsection provides a summary of engineering/pilot
demonstrations of grout waste forms at Hanford to date and, where applicable, how the scaled waste form
compared to benebcale samples. There is high confidence in the ability to scale a grout foom idati

Hanford LAW.

Grout waste forms have shown consistency in scaling from the laboefagrghscale to demonstration
scale. Scaling of these processes is mainly done to study properties related to facility processing or to
study proposed alteratiots an established flowsheet or system. Relevant to Hanford, there have been
several scaled demonstrations of grout waste forms that provide examples.

The original Hanford flowsheet involved large grout disposal vault units to receive grouted DST waste.
In development of these vaulted waste forms, four steps were taken: (1) laboratory formulation studies
and modeling, (2) laboratoiscale variability studies, (3) pilstcale verification tests, and (4) real waste
testing at laboratorgcale (PNESA-21514 Pilot Scale Verification Test for Hanford GrdutA pilot-

scale facility was constructed in the riii80s to support the Hanford Grout Treatment Facility
(~4,000gal capacity) (PNt6148,Pilot-scale Grout Production Test with a Simulated Hoavel Waste)

The pilotscale study of a proposed formulation for waste from TeKLO6, prior to the cease of
operations of the grout vault, showed that a minor formulation modification was required to slow flow
from the pipe discharge of the plant, but other prigeivere as anticipated (PNA-21514).

Following the pouring of the demonstration phosphate/sulfate waste vault, cores were extracted from the
vault. The performance of the cores for compressive strength and leachability exceeded projected limits
andwere comparable to prior development (Huabhgl., 1994).

In the screening test efforts of Cast Stone for supplemental LAW in 2014, a scaled demonstration of
LAW Cast Stone was performed (SRMITI-201400428,Engineering Scale Demonstration of a
Prospective Cast Stone Procgsdn this demonstration, a 1,6@@llon tank was filled with Cast Stone

from a LAW simulant using the Scaled Continuous Processing Facility at SRNL (SRN2014-00406,
Saltstone Studies Using the Scaled Continuous Processingiyjdbidit is used to support pilot scale

studies of Saltstone. No unexpected behavior was observed in the demonstration, and the properties of
the largescale sample were similar to those from small molded samples prepared at the time of pouring
the largeblock (SRNL:-STI-201500678,Analysis of Monolith Core from an Engineering Scale
Demonstration of a Prospective Cast Stone PrgceEse main difference was a change in chromium
leach behavior, which was attributed to inadequate samples storage betiveets that allowed

oxidation to occur.
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During the dowrselection of a baseline formulation for liquid secondary waste at Hanford, engineering
scale demonstrations of two candidate formulations (Ceramicrete and DuralLith) were performed making
samples betwen 55 and 9@allons in size (PNN{20751,EngineeringScale Demonstration of DuralLith

and Ceramicrete Waste ForinsBoth formulations were successfully prepared at scale with minor
formulation changes to attain suitable workability. The properties déthe samples were again
comparable to laboratoigcale samples.

In 2021, a scaled demonstration using an ammtmtégant grout, which is a sulphaaetivated slag
cement for liquid secondary wastes generated at the Hanford ETFAZM$49501, Maturationof Grout
Formulation and Immobilization Technology for Effluent Treatment Facility HAigtmonia Was)e
Samples at 55and 1106gal scale were prepared, and the reslits~ good consistency from
laboratory to 110galscale. These observations were repoe dncréase th@ confidence in the
full-scale application of this process for stabilization of the ETF waste stbeam

Other cases of grout waste form production atdodle are described Vfolumell, AppendixL,

including 17Mgal of Saltstone produced. The primary item of interest in scaled testing is demonstrating
suitable processing parameters, while the physical properties are assumed to be fairliyveibimsbamn
development scale. No demonstration of getter use at scale has been performed to date. However, with
increased scale, the grout waste forms have a reduced surface area to total volume ratio, meaning that less
of the waste form inventory is eaped to the environment, and performance can improve as a result.
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B.1 INTRODUCTION

The Hanford River Protection Project (RPP) is a combined effort across multiple contractors and facilities
to treat and dispose of tank wastes generated during plutonium production at the Hanford Site. The waste
is currently stored in largenderground storage tanks and must be removed from these tanks, processed
(or pretreated) to divide the waste into Hevel waste (LLW) (typically described as leagtivity waste

[LAW]) and high-level waste (HLW) fractions, and then treated/immobilizedifsposal.

The Hanford Waste Treatment and Immobilization Plant (WTP) is a complex of facilities {24520
RPT-PT-02-005, Flowsheets Bases, Assumptions, and Requirejraggigyned to receive waste from the
waste storage tanks, perform all pretreatmentgseses needed to prepare the waste for immobilization,
and then immobilize the waste in borosilicate glass (QERR2,River Protection Project System Plan
[System Plan]). A simplified diagram showing the tank farms, WTP, and other required waste treatmen
facilities is shown irFigureB-1.

Thesupplemental LAWreatmenmission/scope is defined by the One System Integrated Flowsheet as
the capacity needed to immobilize #wecess treated LAW supernate once the full capacityedV TP

LAW Vitrification Facility is exceededThe excess supernate is generated because the amount of LAW
supernate needed to transfer HLW to the \WePnbined with the supernate generated during HLW
pretreatment (washing and leaching operations) aléthgthe supernate needing treatment from the tank
farms is greater than the capacity of the curf&fitP LAW Vitrification Facility. If WTP processing
wasadjusted tgrocess all LAW without exceedinige LAW vitrification capacity, HLW processing
rateswould have tobe reduced and the overRIPPmission length would bsignificantly extended.

Stream numbers are designated Treated Melter
TSCR stream ID from Integrated Flowsheet Stack Offgas Treated
Water to
| SALDS
4 4 _f o LERFETF  ——
6 Treated LAW [ 7 : quu&d |-'
b Grouted
g il Concentrated
AP-106 | Supplemental LAWFeed [ gypplemental Al
~1 Mgal a LAW Y
4 Glass
2 Treated LAW Solid | 7 4
Secondary 9
I Waste
WTP
§F’retreatment LDR Treatment
Facility Spent HEPAs and carbon bed
SRS material encapsulated in grout

Stream Description
45 Treated LAWfeed tosupplemental AW treatment facilityfrom pretreatment

46 Treated LAWfeed tosupplementalAW treatmenfrom TSCRor similar
47 Stackexhaust fromsupplemental AW treatment facility

48 Liquid secondary waste from LAW tdquid Effluent Retention FacilityLERF)/Effluent Treatment
Facility (ETF)

49 Immobilized LAW tolntegrated Disposal Facility[jF)

79 Solid secondary waste to a facility to treat waste to permit disposal

Figure B-1. Simplified Flowsheet for Supplemental low-Activity Waste Treatment
in the Integrated Flowsheet

Volume Il |B-2



SRNL-STI-202300007
Revision0

ThesupplementalAW treatmenfacility is expected to receive feém TankAP-106, which could

receive feedrom two sourcesa direct feed process similar to the tatte cesium removal (TSCR)

system, anthe WTP Pretreatment (PT) facilitfthen SL AW f eed vect ationGand( i . e . ,
amount of supplemental LAW feed as a function of time) is based on the TOPSim model run by
Washington River Protection Solutions, LLC (WRPS) of the entire tank immobilization process for the
System Plan (ORR1242, Rev9). The System Plan SceimalB (ORR11242, Rev. 9) was used to

specify the feed vector for this evaluation, as the most current available System Plan, to allow an
assessment of the feasibility of each technology under consideration. However, the WTP PT Facility may
not be compled, so the feed vector was adjusted to include the strontium removal expected if all of the
feed is processed through systems similar to TSCR.

The technology fosupplemental treatment of LAWAs not been formallselected; howevevitrification

is assurad to be the baseline in the Integrated Flowshétt grout considered as an optidaring the
System Plan evaluations. The supplemdmddV treatment facilityis assumed to receive LAW from
TSCRor similar directfeed optiontreatthe LAW as needetbr disposal package and ship the waste to a
disposal facility, and internally handle any secondary waskes flow diagram for supplemental LAW
treatment is shown iRigureB-1.

This feed vector represents a sispt in time, and the actual sequencing of waste is unlikely to be the
same as assumed in the current System Plan{QR#2, Rev9). In addition, this feed vector applies

only to the alternatives with a single treatment facility for supplemental LAW treatment that begins
operationsat the date specified in the System Plan. Use of a modular approach, early or datésjeat st
other changes from the various alternatives being evaluated will impact the feed vector to be treated in
terms of both volume and composition. Thus, the feed description is used to guide this evaluation in
terms of expected operational rangesvidume and composition, and the evaluation using this feed
vector is assumed to be representative enough to allow assessments of the efficacy of each treatment
option.

B.2 PROCESSES FOR IOW-ACTIVITY WASTE IMMOBILIZATION AND
SUPPLEMENTAL TREATMENT OF LOW-ACTIVITY WASTE

B.2.1 Hanford Tank Waste Background

The HanfordSite generated millions of gallons of radioactive waste during production of nuclear

materials A number of different chemical processes were used at Hanford to separate and purify
plutonium, includinglte bismuth phosphate, reduction and oxidation (REDOX), and pluteunianum
extraction (PUREX) processeB addition to the separation processes, cesindhstrontiunremoval

and other treatment processes were performed on the tank wasiaesult bthe varied processes
performed, the wastes stored at Hanford vary significantly in chemical and radionuclide content, although
some incidental blending of the various wastes has occurred during tofagkR-96-3860,Hanford

Tank Chemical and Radionudé Inventories: HDW Model Re4).

The waste has been stored in Linderground, carbon steel storage tarfBeverabf these tanks are
known to have developed lea&isd more are suspected to have leaks (PNIBRO5,A Short History of
Hanford Tank Waste éheration, Storage, and Relegshereforethe pumpable liquid imanyof the
singleshelltanks(SST) was transferred to douksbell tankgDST) to eliminate free liquid to the extent
possible The issues with the known leaks and the age of the sttaags have led to restrictions on the
type of processing allowed in the tank faffR®PR13033 Tank Farms Documented Safety Analysis

B.2.2 Baseline

The Hanford WTP is designed to receive waste from the storage pantegm all pretreatment processes
to prepare the waste for immobilization, and then immobilize the waste in borosilicate glas 1.
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The tankwastewill be separated into supernate and slurry in the tanksfaynallowing solids to settle,
then decanting supernat8lurries will be transferred &/ TP Pretreatment or a direfgted option for
HLW (e.g., directfeed lowactivity waste [DFLAW] process)Supernate from the tank farms will be
transferred t.WTP Preéreatmenir TSCR (or similar) in direefeed options

HLW processing can generate large volumes of (1) dilute liquid effluents from washing and leaching
operations during melter feed preparations, and (2) dilute melter condensate from the vitrificagss.pr
These effluents will undergo a similar separation procesheasaste solidwill return to the HLW
process while the liquid portion is mostly sent to the LAW facilities for treatment. The volume of
effluents sent for LAW processing can be gee#itan the treatment capacity of the WTP LAW
Vitrification Facility, with the excess sent to the LAW supplemental treatment facility when combined
with the treated feed from the tank farms treatment systermpproRimatelyone-half of the treated
supernatis estimated tde sent tahe LAW supplemental treatment facility

B.2.3 Direct Feed Process

The WTP LAW Vitrification Facility will start operations prior to the WTP PT Facility and HLW

vitrification operations. Feed to the LAW Vitrification Facility wikquire pretreatment for the removal

of entrained solids and reduction of the cesium ion concentration. The TSCR system has started
operation to treat supernate from the Rd&m, with the treated LAW stored in TaAR-106.

TankAP-106 had previously stodeuntreated supernate, but the tank was drained and rinsed as much as
practical in preparation for use as a lag storage tank for treated LAW. Melter condensate will be handled
by the Effluent Management Facility during direct feeding of LAW from TSCR.

B.2.3.1 Supplemental Low-Activity Waste Feed Vector

The SLAW feed vector calculated for the System Plan ScehBr{®@RR11242, Rev9) is being used in

the evaluation of the feasibility of proposed LAW primary supplemental treatment alternatives. This feed
vector epresents any remaining LAW supernate generated by pretreatment and TSCR (or similar)
processes after the existing WTP LAW Vitrification Facility reaches maximum capacity with no
constraints on volumetric flow.

This feed vector represerdaly one model ro of the many alternatives being modeledthe streams
assumed to be processed throtlghsupplementdlAW treatmenfacility. The compositional data from
this model run is being used in this analysis, with an adjustment féiSth account for thexpected
processing of the streams through TSI@pe systems versus the WIPH Facility.

The assumptions made during flowsheet moded fimeluding tank farm retrieval sequencing,
assumptions for HLWrocessingamong otheissignificantly impact the rests. In addition, the values

in the feed vector represateterministiononthly averages versgempositions of each feed campaign.

A feed campaign is a large batch (1,000,8alons) of feed that will be processed batchwise through the
LAW treatment pocesses. Since each feed campaign is expected td4asp8ths, a monthly average
feed vector provides sufficient detail to capture the variation in the feed.

Theactual waste processed throwgypplementalAW treatmentould be significantly differerthan the
values showiif uncertainties are considered and as the retrieval sequence and HLW processing
assumptions evolve

The varied methods used during nuclear material separations proceskaigatfordSiteresulted in

waste that varies significtiy in composition Typically, these varying waste types are segregated across
the tank farms (although some incidental blending has occurred and will occur during retxiencél)
couldresult in large swings in feed composition to sheplemental AW treatmenfacility, as showrin
FigureB-2 throughFigureB-4. Thus, anysupplementalAW treatmenprocess would have to
accommodate the expectextremes in waste feed compositignéien also considering uncertaintiess,
sufficient lag storage is not expected to be provided to smooth these peaks
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System Plan, Scenario 1B, Sodium and Sulfate Concentration
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System Plan, Scenario 1B, Radionuclide Molar Concentrations
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Figure B-4. Key Radionuclide Concentrations

In addition, the initial direefeed flowsheet for TSCR lacks the evaporator used in thegility to bring
the feed up to ~&1 sodium concentration. Until an evaptor is installed after the TSCR processes, the
treated supernate will be limited to approximatelyM.8odium.

As a result of the unconstrained model and the desire to achieve full capacity through the HLW
Vitrification Facility, supplemental AW treatment woul@lso need to accommodate extremes in feed
volume, as shown iRigureB-5.

System Plan, Scenario 1B, Monthly Volumes
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The use of the feed vector to determine the required size of the immobilization facility for cost estimation
provides a consistent capacity target fach immobilization technologyl'he cost estimate comparisons

are expected to be scalable such that the differences noted in costs would be expected to be similar if a
different capacity is chosen feupplemental AW treatment. Mgal of lag storage iavailable in
TankAP-106; however, that amount is not sufficient to significantly reduce the required rate from the
maximum rates described below.

Feed Vector Details
Monthly Feed Rate

The amount of feed to supplemental LAW treatment each month is highly variable, with an average
monthly volume of 114,00Q9allons. The maximum volume in one month was more than double the
average volume at 264,00@llons, while the minimum was only 7@@llons. Converted to gallons per
minute, the feed rates were 0.02 to gal/min, with an average of 2¢al/min. As shown above in
FigureB-5, theadditional feed when direct feed processing (supplemental LAW is fed directly from the
tank farms versus WTP) occurs results in the highest feed rates. The feed vectors from System Plan
ScenaridlA (ORR11242, Rev9) and other alternative scenarios wals reviewed. Based on the
composite information from the deterministic runs reviewed, the maximum feed rate to supplemental
LAW treatment was determined to be 360,8@0month to allow conservative sizing of the supplemental
LAW treatment facility venss the 264,008al/month maximum in the baseline (System Plan ScehBjio

The main driver for the differences in the monthly rates is the type of tank waste being retrieved and fed
through the treatment systems. Some tanks/farms are predominantlysilidgevith little saltcake

such that the supernatant liquid volume when retrieving and processing that waste is relatively small
compared to retrieving/processing from tanks/farms that have more saltcake than sludge. With the
retrieval processing ratéatiated by the feed requirements for the HLW Vitrification Facility, the
supplemental LAW feed volume is allowed to vary unconstrained in the System Plan.

Chemical Composition

The feed to the supplemental LAW facility in System Plan Sced&i@RR11242 Rev.9) from the

WTP PTFacility will be an approximate B sodium solution with nitrate the dominant anion. The feed

sent to supplemental LAW treatment from diré=d options will typically be more dilute, with a sodium
concentration of approximateb/6 M, although a waste feed evaporator is added later in the mission to
concentrate the feed to the same sodium concentration as feed from WTP. Anions in the feed vector
include hydroxide, aluminate, nitrite, carbonate, phosphate, sulfate, fluorinatepxdiromate, and

chlorine. These species, along with potassium, organic carbon, and silicon, and comprise nearly 100% of
the nonwater species in the feed. The combined feed composition is shdwblaB-1. Minor species

are listed in the table for species with raaro values in the feed vector data.

Table B-1. Feed Vector Chemical Composition

Sodium 1.6E+02 1.8E+02 1.2E+02
Nitrate 1.1E+02 2.0E+02 2.9E+01 g/L
Free Hydroxide 4.9E+01 8.8E+01 7.6E+00 g/L
Nitrite 2.8E+01 6.4E+01 6.3E+00 g/L
Carbonate 1.7E+01 4.5E+01 3.2E+00 g/L
Aluminum 1.1E+01 2.6E+01 1.3E+00 g/L
TOC 5.3E+00 7.8E+01 4.9E01 g/L
Fluorine 3.6E+00 1.4E+01 1.0e01 g/L
Phosphate 3.3E+00 1.3E+01 2.4E01 g/L
Oxalate 3.1E+00 1.4E+01 3.4E01 g/L
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Table B-1. Feed Vector Chemical Composition

Sulfur 2.8E+00 8.6E+00 8.1E01
Chlorine 1.7E+00 4.2E+00 4.6E01 g/L
Potassium 1.2E+00 6.5E+00 1.7601 g/L
Silicon 6.6E01 3.7E+00 4.7E02 g/L
Cerium 8.1E02 2.5E01 1.6E05 g/L
Calcium 7.6E02 4.2E01 1.2E02 g/L
Ammonia 6.3E02 2.0E01 0.0E+00 g/L
Iron 6.1E02 4.3E01 1.9E03 g/L
Manganate 5.9E02 2.0E+00 0.0E+00 g/L
Peroxide 2.9E02 9.1E02 0.0E+00 g/L
Bound Hydroxide 2.7E02 9.0E01 5.1E05 g/L
Nickel 2.3E02 2.2E01 1.8E03 g/L
Zirconium 1.8E02 3.0E01 5.5E04 g/L
Lead 1.2E02 9.1E02 3.7E04 g/L
Bismuth 9.9E03 4.9E02 6.7E04 g/L
Selenium 7.3E03 2.5E02 1.2E04 g/L
Manganese 3.5E03 5.2E02 1.2E04 g/L
Molybdenum 2.7E03 2.1E02 3.9E07 g/L
Mercury 2.6E03 9.7E03 1.6E04 g/L
Boron 2.3E03 1.7E02 1.4E05 g/L
Strontium 1.9E03 2.2E02 3.4E04 g/L
Cadmium 1.8E03 2.9E02 3.9E05 g/L
Thallium 1.4E03 3.2E02 1.3E07 g/L
Antimony 1.3E03 7.7E03 1.7E05 g/L
Tungsten 1.2E03 2.9E02 1.4E07 g/L
Arsenic 9.3E04 8.4E03 1.7E07 g/L
Neodymium 7.9E04 7.8E03 1.2E07 g/L
Zinc 6.2E04 7.8E03 1.2E07 g/L
Magnesium 5.2E04 7.2E03 1.2E07 g/L
Copper 4.6E04 1.2E02 5.5E-08 g/L
Cobalt 2.9E04 2.2E03 8.6E-06 g/L
Sliver 2.8604 3.4E03 1.2E07 g/L
CrOOH 2.6E04 1.6E02 0.0E+00 g/L
Vanadium 2.5E04 3.6E03 4.5E08 g/L
Barium 2.4E04 2.7E03 5.1E08 g/L
Lithium 2.0E04 3.0E03 4.5E07 g/L
Lanthanum 1.9E04 1.7E03 5.0E06 g/L
Titanium 1.1E04 7.9E04 1.5E08 g/L
Yttrium 1.0E04 2.7E03 1.1E08 g/L
Ruthenium 8.5E-05 2.0E03 6.5E-08 g/L
Rubidium 6.7E05 1.7E03 4.9E09 g/L
Hydroxide (s) 6.6E-05 0.0E+00 0.0E+00 g/L
Praseodymium 5.7E05 1.5E03 1.8E09 g/L
Tantalum 5.6E05 1.4E03 4.1E09 g/L
Beryllium 5.3E05 4.2E04 1.9E08 g/L
Tellurium 5.0E05 1.2E03 2.6E-09 g/L
Praseodymium 4.9E05 1.3603 2.2E09 g/L
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Table B-1. Feed Vector Chemical Composition

Cyanide 4.5E05 1.0E03 5.3E09

Rhodium 3.6E05 8.6E04 4.0E09 g/L
Thorium 9.3E07 1.8E05 2.2E08 g/L
Cesium 6.9E07 5.3E06 7.6E08 g/L

Notes:
A Insoluble sodium is included in the average value, but not in the maximum and minimum values due to the low
concentration compared soluble sodium.
A These species are mostly insoluble as shown in the feed vector data. The values shown sum the insoluble and ¢
contributions.
A The averages shown are simple averages of the monthly compositions. The averages are not weightéal bylteetc
processed each month.
TOC = total organic carban

Many of the anions and organics in the feed will react to form gaseous products during high temperature
processege.g.,vitrification or steam reformingwhile a low temperature process like grout will
incorporatethese specidsto the grouted waste foralong with the water in the feedNitrate, nitrite,
carbonate, and formate will react to form nitroggtrogen oxidesNOyx), ammonia, Cg@ and CO in the
vitrification and steam reforming processes. The amount of each gas generated will depend on many
factors during processing, including the amount of reducing agents added, temperature, and residence
time in the high temperature process.

Speciation of théotal organiccarbon(TOC)is not part of thédanfordBest Basis Inventor{BBI) (in

addition, the TOBim model does not use all of the limited available speciation adth)the exception

of a small number of analytés.g., acetate, formate, and oxalate). Because of uncertainties, subtracting
the acetate, formate, and oxalate species tabulated BBtifeom TOC often results in a very small or
negative value for total TOC, as showrFigureB-6.

System Plan Scenario 1B TOC minus Oxalate, Formate, Acetate Concentration (Molar)

b

6/1/20%¢
/1/20%4
Pd

4/1/207%

157470056,
’

-0.4

e TOC minus Oxalate Concentration

Figure B-6. Total Organic Carbon
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Significant amounts of TOC remain after subtraction when processing wastes from tanks known to have
organic complexantsA detailed evaluation of organics in the tank wastes and potential for removal by
evaporation has been recently performed; the orgdrom that evaluation have been used in this

analysis BRNL-STI-2020-:00582,Hanford Supplemental Low Activity Waste Simulant Evaporation

Testing for Removal of Organic

Complexant Wastes

Strontium was recovered from tank waste using processes thatid¢heladdition of complexants

(EDTA [ethylenediamingetraacetic aciid HEDTA [hydroxyethylethylenediaminetriacetic acid], and

glycolate) to the wasteCNWRA 97-001,Hanford Tank Waste Remediation System Familiarization

Repor}. Significant amounts of 8se complexants remained in the tank waste after the process was
completed. Thus, a portion of the tank waste at Hanford contains concentrations of organic species at
much higher concentrations than the remaining wastes. This waste is often desighated asp | e x ant 0
waste. Tank&N-102 and AN107 are the two tanks that contain the majority of this waste.

Solids in the LAW Feed/Recycle Streams

Solid species in the feed vector form during evaporation of the combined treated LAW and WTP LAW
vitrification recycle stream in the WTIPT Facility and would also form if an evaporator is added to
directfeed options.Additionally, some carryover aflassforming chemicalsn the WTP LAW

vitrification recycle is expectedThis carryover is not included in tH®OPSim modeland is not shown in
the SLAWfeed vectopresented hereGiven the small amount of expected carryover, this omission
would not likely significantlyimpact the evaluation of tteipplementalreatment technologies for LAW.

Radionuclides in Feed ¥ctor

The radionuclides in the feed vector are showhahleB-2 andFigureB-7. °Sr and'®'Sm are the two
dominant radionuclides shown in the feed vector. Thesepecies account for 94% of the total activity;
99% of the activity in the supplemental LAW feed is accounted for Wien®Ni, and'*’Cs are added.

Thecrystalline silicotitanat¢CST) sorbent media used for TSCR during DFLAW processing has a strong
affinity for strontium and some affinity for americium, neptunium, and plutonium. Therefore, the SLAW
feed vector may have much less of these radionuclides if CST is used to remove cesium from the feed as
is planned during DFLAW processing. The WTP PT Ryoiliould use a resorcindbrmaldehyde resin

for cesium removal, which would not be expected to remove the americium, neptunium, plutonium, or
strontium. CST is assumed in this review to be used for cesium removal for the full WTP mission. The
adjusted mounts column accounts for strontium removal by CST.

Table B-2. Radionuclides in Feed Vector

Total Amount in Total Amount in
Feed Adjusted Amount Feed Adjusted Amount
Radionuclide (Ci) (Ci) Radionuclide (Ci) (Ci)
239

90gy 3.0E+05 3.0E+03 5.3E+00 5.3E+00
15ISm 5.1E+04 5.1E+01 2%2Cm 4.6E+00 4.6E+00
®Tc 1.2E+04 1.2E+04 BNp 4.4E+00 4.4E+00
3N 5.9E+03 5.9E+01 24Cm 3.3E+00 3.3E+00
BICs 1.5E+03 1.5E+03 80Co 2.2E+00 2.2E+00
24Am 1.3E+03 1.3E+03 CE= i 2.1E+00 2.1E+00
937Zr 4.6E+02 4.6E+02 155U 2.0E+00 2.0E+00
93™b 4.6E+02 4.6E+02 243Am 6.3E01 6.3E01
4C 3.5E+02 3.5E+02 Bpa 4.8E01 4.8E01
=%y 3.3E+02 3.3E+02 22Ipc 3.2E01 3.2E01
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Table B-2. Radionuclides in Feed Vector

Total Amount in Total Amount in
Feed Adjusted Amount Feed Adjusted Amount
Radionuclide (Ci) (Ci) Radionuclide (Ci) (Ci)

“Se 2.2E+02 2.2E+02 1255b 2.4E01 2.4E01
SN 1.1E+02 1.1E+02 2Cm 2.4E01 2.4E02
1263n 9.5E+01 9.5E+01 B 2.2E01 2.2E01
13mcd 8.9E+01 8.9E+01 V) 1.4E01 1.4E01
241py 8.8E+01 8.8E+01 LV 1.3E01 1.3E01
24Py 6.8E+01 6.8E+01 28Ra 4.7E02 4. 7602
°H 4.8E+01 4.8E+01 232Th 3.9E02 3.9E02
15U 2.6E+01 2.6E+01 24Py 3.1E02 3.1E02
=By 1.5E+01 1.5E+01 229Th 2.7E02 2.7E02
2 1.2E+01 1.2E+01 2Ra 1.5E03 1.5E03
B8Py 1.2E+01 1.2E+01 134Cs 1.6E06 1.6E06
=4 5.3E+00 5.3E+00 106Ru 5.6E09 5.6E09

® 9O8r Liquid Curies = "%'Sm Liquid Curies = *Tc Liquid Curies = ®Ni Liquid Curies = *’Cs Liquid Curies
= 21Am Liquid Curies = Zr Liquid Curies = *Nb Liquid Curies = C Liquid Curies = #*Pu Liquid Curies
m °Se Liquid Curies = *Ni Liquid Curies = 'Sn Liquid Curies = ""*"Cd Liquid Curies = #'Pu Liquid Curies
%Py Liquid Curies = °H Liquid Curies = "Eu Liquid Curies SRNL_FFRDC_125 11

Figure B-7. Radionuclides in Feed Vector Greater than 0.01% of Total Activity

The®'Smin Hanford tank waste was assumed to be 50% soluble during developmeri8Bf.the
Savannah River Sit&RS experience would indicate that samarium is highly insoluble and may not be
present in the feed gupplementalAW treatmentt the levelshown(SRNL-STI-201800499,Results

for the Second Quarter Calend#ear 2018 Tank 50 Salt Solution Sample
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Comparison of SLAW Feed Vector to SRS Saltstone Feed

During the National Defense Authorization Act for Fiscal Y2@t7 (NDAAL7) analysis (SRNRP-2018
00687,Report of Analysis of Approaches to Supplemental Treatment eA¢tivity Waste at the Hanford
Nuclear Reservatigna comparison between SRS Saltstone feed and the Hanford supplemental LAW feed
was made. This comparison is copied below withuypdates to the System Plan ScendB@ompositions.

The SRS Saltstone facility immobilizes treated supernatant wastes from the SRS tank farm. The SRS

tank farm stores wastes generated from the SRS PUREX processes and is the closest analog to the
Hanfad tank waste. Some differences exist since Hanford used processes other than the PUREX process,
and one of the processing facilities at SRS processed a modified PUREX process. In addition, the process
to treat the supernatant wastes at SRS uses a nuiwnostitanate (MST) strike to remove soluble

actinides and strontium prior to the filtration step and uses solvent extraction to remove cesium versus an
ion exchange process.

A comparison of the supplemental LAW and Saltstone feed for selected paramstenam in

TableB-3. As shown, the major species (sodium and nitrate) are the same as the supplemental LAW
feed, and the concentrations of these species are sifdijaroxide, nitrite, carbonate, and sulfate are

also similar in concentration. Aluminate concentrations are ~3x higher in the supplemental LAW feed.
Phosphate, fluorine, chlorine, and organic content are 1 to 2 orders of magnitude higher in the
supplemerdl LAW feed since these chemicals are primarily added by the separation processes other than
the PUREX process. Mercury is much higher in the Saltstone feed since the modified PUREX process
was the primary source of mercury in the SRS tank waste.

The amouts of*’Cs, **Tc, and!?9 are similar in the supplemental LAW and Saltstone feéi&y. is

much lower in the Saltstone feed since the SRS tank waste does not have the chelation agents that were
added at Hanford, and the MST strike will rem&&r if elevated levels are in the feed to the supernatant
treatment systems. As noted above,a@mm was arbitrarily assigned a solubility value in the BBI.

Nickel isotopes are also less than detectable in the Saltstone feed. The chelation agents in the Hanford
tank(s) could potentially elevate the solubility of the samarium and nickel in therdamdiste.

Table B-3. Supplemental LAW Feed Comparison to Savannah River Site Saltstone Feed

Sodium 1.80E+05 1.32E+05 mg/L
Nitrate 1.09E+05 1.19E+05 mg/L
Hydroxide 5.83E+04 3.38E+04 mg/L
Aluminate 4.66E+04 1.71E+04 mg/L
Nitrite 2.97E+04 2.60E+04 mg/L
Carbonate 1.89E+04 1.63E+04 mg/L
Phosphate 1.13E+04 3.74E+02 mg/L
Sulfate 9.27E+03 4.49E+03 mg/L
Fluorine 3.96E+03 <1.0E+02 mg/L
Oxalate 3.44E+03 5.04E+02 mg/L
Chromate 2.82E+03 1.14E+023 mg/L
Chlorine 1.73E+03 5.04E+02 mg/L
Potassium 1.41E+03 4.59E+02 mg/L
Total Organic Carbon 1.16E+03 2.1E+02 mg/L
Silicon 7.40E+02 1.86E+01 mg/L
Mercury 3.0E+02 6.7E+011 mg/L
905y 1.5E+00 5.71E02 mCi/L
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Table B-3. Supplemental LAW Feed Comparison to Savannah River Site Saltstone Feed

151Sm 2.3E01 <4.11E05 mCi/L
PTc 5.4E02 4.61E02 mCi/L
63N 3.5E02 <7.52E08 mCi/L
¥87Cs 1.0E02 7.91E01 mCi/L
129 5.4E05 3.33E05 mCi/L
Notes

AMercury concentrations have been increasing in the Saltstone feed due to methylated mercury fpecezyate to the
SRS tank farm from HLW immobilization processes.
Asaltstone values are from SRMTI-201800499,Results for the Second Quarter Calendar Year 2018 Tank 50 Salt So

Sample.
AcChromate is calculated from chromium measurement.
HLW = high-level waste. SRS = Savannah River Site.
LAW = low-activity waste.

B.2.3.2 Integrated Flowsheet

The model runs that generated the SLAW feed vector were performed using a TOPSim model, as
described in the model requiremedtsument (RPIRPT-5 9 4 7 0 , i 3.CvR&I Requikements )
that lists the calculational techniques and assumptions made irdblatans for each unit operation.

The TOPSIim model has a number of simplifications that allow the entire Hanford waste disposition
flowsheet to be modeled in a timely manner. These simplifications include:

A Single paramet er # patitioning of most speciesstiirough @actduait e r mi n e
operation, including the melter and melter offgas system

A Lack of inclusion of the impact of a melter idling on emissions from the melter
A Suppl ement al LAW treatment model ed as a fAbl ack

A Flushes of transfdines in the WTP are not modeled.

The use of single parameter split factors and the lack of impacts from melter idling impact the recycle
streams from the HLW and LAW melter offgas systems and could lead foomgervative assumptions

of semivolatile sgecies (e.g.2?9, *°Tc, sulfur, chlorine, and fluorine) in the feed to supplemental LAW
treatment (2459QVTP-MRR-PENG-16-004,DFLAW Sensitivity Studies for Melter Idling Impact3he

single parameter split factors do not account for any process vaffiatio changing feed compaositions

and determining if the impact of this simplification would be conservative ccoonservatives not

possible. The lack of flush water additions in WTP in the model primarily reduces the estimated amounts
of secondary wete generated from LAW and supplemental LAW processing.

Note that the retrieval sequence and processing assumptions (e.g., direct feed option timing and
processing amount) impact the amount of feed processed through supplemental LAW and the
composition. A with the split factor assumptions and not considering uncertainties, stating whether the
current estimates are conservative or-nonservatives not possible An assumption in this evaluation

is that use of this feed vector would be representativegdnm allow assessments of the efficacy of each
treatment option.
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An additional consideration for using the feed vector is that an integrated flowsheet could potentially be
generated that performs acceptably, with some constraints placed on supplem@ntakds to prevent

the most extreme conditions noted in the current feed vector. Thus, a proposed flowsheet should not be
automatically eliminated from consideration if a small set of conditions noted in the current vector are
outside the ranges possibigh the flowsheet.

One item noted in the review was that some of the monthly averages supplied by WRPS contain sufficient
radionuclides that the Cla€swaste limits are exceeded. These outliers are known to the WRPS team

and are assumed to be corredtgceeither a different blending or processing strategy for those wastes.
However, the model run is not repeated to correct these issues unless a significant fraction of the waste
feed exceeds limits. Thus, although these outliers exist in the feed ssgopdied by WRPS, no waste

feeds that would exceed Clasdimits are expected during supplemental LAW processing.

Finally, the'®'Sm concentrations in the feed vector are notably much higher than comparable streams at
SRS. Thé®'Sm concentration of fekto Saltstone is typically less than detectable, indicatindtsah

is likely very insoluble in SRS wastes. Thus, ¥#8m concentrations in the SLAW feed vector should

be considered bounding.

B.3 FLYWHEELS AND IMPACT ON SUPPLEMENTAL LOW -ACTIVITY WASTE
TREATMENT

B.3.1 Flywheel Description

The single pass retention of selected speeiggs, (technetiumis less than 50% during the LAW
vitrification process due to the high temperature of the melter leading to a portion of these species
vaporizing from the meltg24590WTP-RPT-PT-02-005). The majority of these species are efficiently
captured in the condensate from melter offgas such that losses to the stack are minimal

Exceptions to the efficient capture are mercury and iodine, which are likely to be captsigraficantly

lower percentages in the primary offgas system (Cree and Wagnon, 2022). Mercury is expected to be
captured in the carbon bed that is part of the secondary offgas system, while iodine is likely to be captured
in the caustic scrubber (atthhgh uncertainty is high for iodine capture). Recycle of the caustic scrubber
solution is under consideration for the WTP LAW Vitrification Facility.

To increase the overall retention of TExhaust
technetium, the melter offgas condensate is
evaporated to remove water, then recycled t| Feed »| Melter Feed

Recycle Offgas Offgas

= - .
the melter feed. The recycle loop increases |_'*9/98 & Kalday 2 kg/day ﬁp(glfj)gz'
technetiunretention, but also recycles specie ™" -*-"
such as chlorindluorine, and sulfur, which
can decrease the allowable waste loading th Flywheel
glass. Recycling material in this manner
increases the concentrations of the species
recycling in the rec N Sin"é‘gtggss he
single pass retention is high enough to purge " | Retention: 33%
the speciesrom the flywheel at the same rate
as the incoming feed adds the species to the ¥
flywheel. This process is shoviaigureB-8
for a species with a 33% single pass retentic
in a simplified flywheel with no losses to the .
offgas systems. 1 kg/day in glass

Figure B-8. Simplified Flywheel
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Note that the melter feed amount of the species has increased kgiday in the feed to Bg/day in the
flywheel to allow a 33% retention to remové&d/day in the glass. If the single pastention was lower,

the concentration in the flywheel would increase. Thus, if single pass retention was 10%, the amount in
the recycle would increase tk@/day and the amount in the melter feed would increase kg/tl@y.

The flywheel in the LAW sgtem after startup of supplemental LAW treatment is more complicated, as is
shown inFigureB-9. Note that chlorine, chromiurfiyorine, mercury, iodine, sulfur, antéchnetiumare

the primary species that will flywheel in the system. Water is also part of the flywheel, requiring the
evaporation step in tHeffluent Management Facilityp purge water. Because the supplemental LAW

feed represents an additional purgépdhe overall concentration in the flywheel is decreased. In this
example, approximately 50% of the melter feed is sent to supplemental LAW treatment; this ratio would
change during operation and impact the distributions in the flywheel.

No significant losses  Water
during evaporation Exhaust
process
Feed | Meter Feed | EVF | Offgas  Ofigas capture in
1 kg/day 1.5 kg/day Recycle 0.5 kg/day Condensate 2kglday  aen nearly 100%
SRNL_FFRDC 127 r1 05 kg/day 05 kg/day
Flywheel
Feed is evenly split
between Melter
supplemental LAW 0.75 kgfday »{ Single Pass
treatment and Retention: 33%
LAW vitrification
0.75 kg/day
Supplemental 5500 g of
LAW Treatment ng,?z:,-n’g,

0.25 kg/day in glass
Figure B-9. Low-Activity Waste Flywheel

B.3.2 Impact on Supplemental LowActivity Waste Treatment

The recycle flywheel could have two significant impacts on supplemental LAW treatment. First, the
amount of LAW glass required to immobilize theatesd LAW supernate could increase if waste loading

is decreased from the higher amounts of chloflnerine, and sulfur, if the single pass retention of these
species is lower than assumed in the model. Since the LAW Vitrification Facility is at gapacit
throughout the WTP mission, an increase in capacity for LAW treatment must occur at the supplemental
LAW treatment facility. Therefore, the flywheel could impact the amount of material sent to
supplemental LAW treatment.

Second, the composition of theeld to supplemental LAW treatment is impacted if the single pass

retention in the LAW flywheel changes. As showirigureB-9, 75% of the semivolatile species is sent

to supplemental LAW treatment even though the feed volume is evenly split in the example. If the single
pass retention of a species is lower, a greater percentage of the species is immobilized at the supplemental
LAW facility versus the LAW VitrificationFacility. If the single pass retention is 10% for LAW,

approximately 91% of the species will eventually be sent to supplemental LAW treatment even if the

melter feed stream flow continues to be split evenly between LAW and supplemental LAW.

Melter idlingleads to decreased single pass retention of species since the vaporization of these species
from the melt increases during idling, depleting the melt pool and increasing the amounts sent to the
offgas system. Melter idling is hot modeled during the Iratesgl Flowsheet; therefore, the overall
singlepass retention dechnetiuncan be assumed to be less than that assumed in the model.
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For comparisorto the figures abovehe single pass retention teichnetiums assumed to be 38% in the
Integrate Flowsbet models based on an average of pilot plant retention data
(24590WTP-RPT-PT-02-005).

In addition, if vitrification is chosen as the waste form for supplemental LAW, a similar recycle loop will
be required in the supplemental LAW treatment facility to ensure th&ég¢heetiums incorporated into

the glass product. Similar issues thaildaeduce the single pass retention in the LAW facility can also
be assumed to impact the supplemental LAW flywheel.

B.4  SUPPLEMENTAL LOW-ACTIVITY WASTE FEED VECTOR UNCERTAINTIES
B.4.1 Volume to be Processed Through LovActivity Waste SupplementalTreatment

In addition to the potential differences in the feed vector, evaluations are in progress that could change the
way Hanford tank waste is processed. Rather than list each of the possible changes, many aspects of tank
waste retrieval and immobilition should be assumed to change from the current assumptions. These
changes have the potential to minimize the need for a single supplemental LAW treatment facility tied
directly to the WTP, as assumed in this evaluation, and could potentially inohadlers modular

systems designed to treat the waste at the individual tank farms or even individual tanks within a farm.

The throughput for the current WTP LAW Vitrification Facility is assumed to not likely change
dramatically, as the models used in theegrated Flowsheet contain most of the expected improvement in
waste loading. Note that processing improvements in the WTP LAW Vitrification Facility may lead to
improved capacity; however, this review determined that improvements would not likelyatdirtiie

need for supplemental LAW treatment.

Changes in the required throughput of supplemental LAW could occur if the schedule for completion of
LAW immobilization changes from the current assumptions. Note that acceleration of the mission is not
a matte of building a larger scale immobilization facility; tank farms operations would need to be scaled
similarly to allow retrieval of waste to meet the processing needs of the larger facility. If HLW
processing is slower than expected, the need for supplah&\W processing would decrease.

In addition, elimination of the WTP PT Facility would lead to direct feed options for HLW that may
result in differences in the HLW washing and leaching operations. Changes to these processes would
result in significantdifferences in the amount and composition of HLW effluents that comprise a sizable
portion of the supplemental LAW feed.

Finally, all sludge wastes in the tank farms (except that expected to be classified as transuranic waste in
the Integrated Flowsheead)e assumed to be retrieved and immobilized as HLW. Some initiatives are
under consideration that could allow portions of the sludge tank waste to be classified and immobilized as
LLW, but these changes were not considered during this review.

Therefore, lte facilities for each immabilization technology will be sized as needed to process the feed
vector at 360,00Qal/month. Regarding project costs, the results from this evaluation should be scalable
such that the results can be used to evaluate the tegirior supplemental immobilization of LAW.

B.4.2 Compositional Uncertainty

The composition of the feed vector from the Integrated Flowsheet has three major sources of uncertainty.
First, the BBI is the source of the tank compositions used to create theet#ed VI he uncertainty in

BBI data has been evaluated previo(Blgterson, 20J)6along with the impacts of a 20% variation for
selected components on the baseline prod®BBRPT-51819 Hanford Tank Waste Operations

Simulator (HTWOS) Sensitivity Stydylhe evaluation of uncertainty determined that 20% is not a
bounding value, even for major analytes.
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In addition, specific data for organic species are not provided by the BBI to allow assessments of the
need for treatment to remove or destroy orgap&cies prior to a grouting proceSelected RCRA

metals, such as silver and barium, are considered supplemental analytes and data is available for only
some of the wastes.

Second, the feed vector provided from the Integrated Flowsheet is based oegmpopcessing for
retrievals and facility startup times that may change prior to supplemental LAW treatment startup.
Retrieval and batch preparation experieat®RS has shown that compositions of the tanks can be
different than expected and that opemaéil issues can lead to frequent departures from the planned
retrieval sequence&SRNL-STI-201300585 SRS Sludge Batch Qualification and Processing: Historical
Perspective and Lessons Learhed

Third, the TOPSIim model used to develop the feed vector hag siraplifications as described above.

Note that the immobilization technologies have been previously evaluated over a wide range of
compositions that may sufficiently cover the range of compositions expected from the Hanford SLAW
feed vector. The analysef each immobilization technology alternatives considered the composition
variation in the feed vector.

B.5 MODULAR VARIANTS

The feed vector for supplemental LAW is best applied to a singsit@isupplemental LAW treatment
facility. Modular alternatives wuld shift the supplemental LAW processes to two or more locations and
would not have the same feed vector. Thus, an evaluation of the compositions of the individual tank
farms was performed to assess the impact of processing by farm or by tank withmsgsidms. This
evaluation focused on grout as the immobilization process as modular vitrification or steam reforming
facilities were deemed less suited to a modular approach. This evaluation used the BBI directly and
includes additional organic datatrincluded in the TOPSim model output. An example of this data is
shown inFigureB-10for the Hanford $~arm. A similar analysis was performed for each tank farm.

The plots inFigureB-10 contain the following information on the waste in the tarkise data presented

show the variation in composition between the tanks in a siagte fThe values presented do not take

into account any volume change during retrievals, any concentration changes due to volume increases in a
final grout waste form, nor any removal of elements from the waste (e.g., cesium via TSCR).

Waste FornPerformance Constituent Concentrationkhis data is presented in both tabular and
graphical form and lists the concentratiomshe tankf the main species in terms of waste form release
(Te, I, Cr, NQ, NG;s, U). Note that the value for Tark102 canes from a solid and liquid retrieval line
from the tank.

Grout Driver Constituent Concentrationd his data is presented in both tabular and graphical form and
lists the concentrations in the tanks of the main species that could impact the formulatgrouwifto
immobilize the waste (Al, Ca, Na, R@nd SQ).

Waste Phase Volumé&his chatrt lists the current volumes of each of the three waste phases currently in
the tanks (supernatant, saltcake, sludge).

Volume Increase to DST Systefrhis chart listghe projected retrieved waste volume from each.tank

Waste Form Performance/Grout Driver Constituent Inventories by Waste PRagher detail on the
Waste Form Performance and Grout Driver Constituents by showing their concentrations in the tanks
split by waste phase.
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RCRA Metal Constituent by Waste PhaRBeesents the concentration of the eight RCRA metals by waste
phase in the tanks.

Tank Waste Sampling Historyrhe fourth page contains a chart to show the sampling history of each
tank. Based othis information, a data quality ranking is provided based onRPRP54509,0ne
Systeni Hanford Tank Waste Characterization Vulnerability Assessmdrere the rating assigned to

each analyte/ component usi ng BB londiB®aess Kknowletigee |l d:

= 3, Template (Sample or Engineering) or no data = 5. Aggreg#eguality rankings weighted
average by the analyte inventory in each component. This table can be used to assess uncertainty
associated with the reported concations.

Sum of Fractions PlotA sum of fractions plots for the full tank inventory (in the tanks) against @lass
limits and Clas< limits from 10CFR6 1 . 5 5, fWaste Cl| assliafdiTablt i on, 0
components. The presented values danubtide any removal from pretreatment of the waste upon
retrieval. Plots are also presented for the sum of fractions assessment by waste phase.
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Waste Form Performance Constituent Concentrations | Grout Driver Constituent Concentrations
F5Tc 129 cr Moz NO3 UTOTAL &l Ca Na PO 504
€L oL kg o'k afeg kg kg afeg afig @k o'kg
2415104 8.51a-05 0.636-08 E.7da+00 493+ 18807 4 4Ea+00 241510 E.5Ea+01 3.43a-04 1470z £ da+00 7 Ela+00
241.5-102 £.58a-05 1.506-07 Z.95a+00 3 e+l 2.38e=07 9.37a+00 2415107 E.00e+01 1 ETa+Dl 1.66a=0z &006+01 3 SEer+00
241.5-103 1.88a-04 1.E1a-07 3.94a+00 5 Tle+ld 25307 [FTN] 241.5-105 ZEEa+0l Z.0Ba-01 1810z 9 Z0e+00 1 0%er+0d
241.5-104 470405 7.62a-06 2.27e+00 230+ 2150z 3.2a+00 Z41.5-104 1.05a+02 Z3ta-01 1.24a+02 5.67&-07 1 12a+00
E 241-5-105 2.77a-04 Z.16a-07 SLdbe0] 1 15e+0d 53702 2350 241-5-105 E.EDe+00 7.62a-02 2470z Sdzer00 & 45e+00
& 2415106 1.57a-04 1.490-07 e 1] 7 SEe+dl 319607 2080 8 415105 1.E9e+01 1.170-01 1850z 1ETer01 & TTar+00
o aansan? 1.76a-05 Z17a-06 3.43e+00 3 13e+0d 501 FATe+00 W ozgpca07 1.56a+07 4.73a-04 .01 SUEDE+00 1 2 Tart00
241.5-106 1.69%-04 1.E06-07 &.ETa+OD & a5eril 2:95=07 5 Sda0d #41.5-106 1.E3a+ll 1.Eda-0d 2110z 2 SEe+00 1 &7ar+0d
241.5-109 2.08a-04 1.97-07 1.70e+00 7 98e+00 5.0da=07 1 Sla-0d 241.5-108 E.45a+00 110001 2.28a=02 1 OOl T 20e+00
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Tank Waste Sampling History

Bubble size represents the number of distinct samples (segmeants) anahyzed from each sampling event
(Seurce: TWINS Sample Analysis Data from 1985 to Present, download 0601/2021)

Tank Name
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1o57

1005

2001 2003 2005 2007 2009 2011 2013 2015 2017

Sample Event Date

2019

2021

DQR for Constituents important to waste form performance

NOZ

94Te 129

Farm Tank Name Ci Ci
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241-5-105
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241-5-110
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& Farm

DQR for constituents important for grout formation

Farm Tank Mame
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241-5-103%
241-5-104
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241-5-107
241-5-108
241-5-10%
241-5-130
241-5-111
241-5-11F

S Farm

Figure B-10. Concentration and Volume (Asis) Dashboard { pages)

Tank Farm needs to be selected
using both filters,

Tank Farm
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() ==

Sample Type
W core

[l SUFERNATE
B suRFACE

Farm
S Farm

Weighted Tank Analyta DOR
1000 [T s 000

Rating methed adapted from C5
Smalley, One System - Hanford Tank
Waste Characterzation Vulnerability
Assosemont | BPP-RPT-S4505 Rew. 01,
October 13, 2004. Rationg assigned to
each analyteg'component using BEI
“Basis” field: Sample Basad=1,
Calcualtion or Process Knowledge =a,
Template [Sample or Enginearing) or no
data =5. Aggregate DAR is weighted
average by the analyte imeentory in
wach componant.
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Sum of Fractions Plot for LOCFR61.55 (Scale truncated at SoF=5)
Table 1: Class A Limits (SoF < 0.1)
Grout Increase Factor: 1; Retrieval Wolume Selection: Use In-Tank ¥ol.

Farm Tank Name

S Farm 241-5-101
241-5-102
241-5-103
241-5-104
241-5-105
241-5-106
241-5-107
241-5-108
241-5-109
241-5-110
241-5-11Z

Sum of Fractions Plot for LOCFR6E1.55 (5cale truncated at SoF =100 )
Table 2, Columin 1: Class A Limits (SoF < 1.0, dotted line)
Grout Increase Factor: 1; Retrieval Violume Selection: Use In-Tank ¥ol.

Farm Tank Mame

5 Farm 241-5-101
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241-5-104
241-5-105
241-5-106
241-5-107
241-5-108
241-%-109
241-5-110
241-5-112

Table 2ol 1

Table 1

Surm of Fractions

Table 2, Column 1: Class A Limits (SoF < 1.0)
Red is 1.0 or greater for an individual analyte
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1.63e-01
1 B4e03

Figure B-10. Concentration and Volume (Asis) Dashboard { pages)
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Date Selection
10/5/2021

Retrieval Volume Selection
L@ In-Tank Val.

Iﬁmuum:ruu Fackor
1

Farm
5 Farm

Analyte
B fipha
[ L
| EEpr
| PR

B za1ru

Class A requires Table 1 SoF <0.1
and Table 1, Column 2 SoF < 1.0,

Analyte
B sose

137Cs
B <5 yr halflife
I sani
| EX
Il soco
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Class C Sum of Fractions Plot (Scale truncated at SoF =5
Table 2, Column 3: Class C Limits; SoF>1.0 (dotted line) is GTCC
Grout Increase Factor: 1; Retrieval Volume Selection: Use In-Tank Vol.

10CFRE1.55 Table

Farm Tank Mame Taklel Table 2 Col. 3
SFarm 2415101 0 i

241-5-103 I I

241-5-104 — | :

2415105 : | :

241-5-106 I I | |

241-5-107 —I :

241-5-108 i :

2415100 N I | I

241-5-110 N I :

241-5-112 | I | I

i 1 2 3 L 50 1 2
Sum of Fractions Sum of Fractions

From 10CFRGL1.55

If redipactive waste contains only radionudides listed in Table 1. dassification shall be determined zs follows:

(i} If the concentration does not exceed 0.1 times the value in Table 1. the waste is Class A.

(i} If the concentration exceeds 0.1 times the value in Table 1 but does not exceed the value in Table 1, the waste is Class C.

{iii) if the concentration exceeds the value in Table 1, the waste is not generzlly acceptable for near-surface disposal. [e.g.. Alpha exceeds 100 nCifg ]

{iw) For wastes containing mixtures of radionuclides listed in Table 1, the total concentration shall be determined by the sum of fractions rule described in paragraph {2){7) of this section.

For Table 2

(iii} if the concentration exceeds the value in Column 2, but does not exceed the value in Column 3, the waste is Class C.

{iw] if the concentration exceeds the value in Column 3, the waste is not generally acceptable for near-surface dispozal.

{v) For wastes containing mixtures of the nuclides listed in Table 2, the total concentration shall be determined by the sum of fractions rule

Figure B-10. Concentration and Volume (Asis) Dashboard { pages)
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Diate Selaction
10/5/2021

Retrieval Volume Selection
Use In-Tank Vaol.

lGrout Increase Factor
u |

Farm
5 Farm

Tank Mame
All

Use the Volumes/Mass Increase Factor to
specify the assumed increase in volume
and mass due to retrieval and waste from
processing (e g grouting).

Analyte
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| EEIL
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B 221Fu
M sz
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137Cs
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C.1 INTRODUCTION

The alternatives for supplementamobilization of lowactivity waste (LAW) are divided into three
technologies: vitrification, steam reforming, and grouting. This appendix provides an overview of each of
the technologies and their assumptions, with schematics depicting the buildikg dfleach alternative.

All of the alternatives considered in this evaluation are showialiteC-1. Generally, an alternative is
assigned a number for different typedacilities (e.g., single vs. modular), followed by a letter if the

facility is onsite (A) disposal or ofsite (B) disposal of the primary waste form, if applicable. Another

|l etter is assigned if an additowala) anm eadtmewnitt \ f(Ci
analysis and diversion) is nheeded. Vitrification is assumed to only resuksitecfintegrated Disposal

Facility [IDF]) disposal of the primary waste form. All-site immobilization alternatives assumeste

(IDF) disposhof secondary solid wastes. Several of the alternatives screened out for various reasons
were not fully evaluated in the taxonomy, with the reasons provided in the individual detailed descriptions
below. All alternatives include continued operationhef tirst set of LAW melters in the Hanford Waste
Treatment and Immobilization Plant (WTP). In some alternatives, waste that is found to be incompatible
with the immobilization method would be diverted to the WTP LAW melters.

The alternatives were formuéat based on the National Defense Authorization Act for fiscal year

(FY) 2017 (NDAA17) report $RNL-RP-201800687 Report of Analysis of Approaches to Supplemental
Treatment of LowActivity Waste at the Hanford Nuclear Reservatiand expanded to includéher

versions of those alternatives as conceived by team members or drawn from recently developed concepits.
Only immobilization methods that are r@atively high technical maturity and had (1) been demonstrated

with comparable tank waste elsewhere hofatory scale or larger; (2) been demonstrated at large scale

with radioactive streams albeit with different waste feed compositions; and (3) evidence that they could
pass the basic criteria, such as meeting Resource Conservation and Recovery Act (R&RAPC

hazardous metals, were considered.

Table C-1. Brief Title and Description of Alternatives

Full
Alternative evaluation
designation Alternative title Brief description completed
No

No action No Action Operate WTP LAWmelters only (no
additional facility)
Vitrification 1 Single VitrificationPlant Construct additional melter facility Yes

Vitrification 2 Increased LAW Vitrification Rate  Operate WTP LAW melters only, but take No
steps to increasatrification rate

Vitrification 3 NearTank Vitrification Construct modular vitrification facilities/ No
melters near waste tanks
FBSR1A Fluidized Bed Steam ReformirigOn- Construct-BSRfacility; dispose monolith Yes
site Disposal wasteform onsite
FBSR1B Fluidized Bed Steam Reformirig Construct-BSRfacility; dispose granular Yes
Off-site Disposal wasteform offsite
FBSR2A Modular Fluidized Bed Steam Construct-BSRfacilities; dispose monolitt No
Reformingi On-site Disposal wasteform onsite
FBSR2B Modular Fluidized Bed Steam Construct-BSRfacilities; dispose granular No
Reformingi Off-site Disposal wasteform offsite
Grout1A Single Grout plant On-site Disposal Construct single grout plant 20O East Yes
Area; dispose containerized grout in IDF
Grout1B Single Grout plant Off-site Disposal Construct single grout plant 200 East Yes

Area; disposeontainerized grout offsite

Volume Il |C-2
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Table C-1. Brief Title and Description of Alternatives

Full
Alternative evaluation
designation Alternative title Brief description completed

Yes

Grout2A Separate Grout Plants f@@0East an¢ Construct grout plants iROOEast and West
West Areas On-site Disposal Areas; dispose containerized grout in IDF

Grout2B Separate Grout Plants f@00East anc Construct grout plants iROOEast and West Yes
West Areag On-site Disposal Areas; dispose containerized grout offsite

Grout3A Individual Grout Plants for Each Tar Constuct multiple modular grout plants in No
Farm or Tank Farm GroupOn-site 200East and WesAreas; dispose
Disposal containerized grout in IDF

Grout3B Individual Grout Plants for Each Tar Construct multiple modular grout plants ir No
Farm or Tank Farm GroupOff-site 200East and WesAreas; dispose
Disposal containerized grout offsite

Grout4A Off-site Vendor for Grouting On-site Ship liquid to offsite vendor for grouting; Yes
Disposal dispose containerized grout in IDF

Grout4B Off-site Vendor for Grouting Ship liquid to offsite vendor for grouting; Yes
Off-site Disposal dispose containerized grout offsite

Grout5A Single Grout Plant On-site Monolith Construct single grout plant 200 East Yes
in Vault Disposal Area; dispose a monolith of grout in vault:

Grout5B Single Grout Plant On-site Construct single grout plant 200 East Yes
Containers in Vault Disposal Area; dispose containerized grout in vauli

Grout1C Single Grout Plant witechnetium/ Remove®Tc and*?¥, followed by GroutLA Yes
lodineRemoval and Ossite Disposal

Grout2C Separate Grout Plants f200East anc Remove®Tc and*?9, followed by GrouA Yes
West Areas witlTechnetium/lodine
Removal with Orsite Disposal

Grout1D Single Grout Plant witfechnetium/ Analyze LAW; grout all; select osite or Yes
lodine Sampleand Send with off-site disposal of container based*8hc
Off-site/Onsite Disposall and*?¥ content

Grout2D Grout 2A + Sanple Technetium/ Analyze LAW; grout all in modular plant; No
loding'Send Offsite/Onsite select orsite or offsite disposal of contain

based orf°Tc and*?¥ content

Grout6 Phased Ofkite and Orsite Grouting Phased approach of edfte vendor grouting Yes

in Containers and offsite disposal, followed by esite

grouting and ossite disposal

®Tc = technetium99. IDF = Integrated Disposal Facility
129 = iodine-129. LAW = low-activity waste
FBSR = fluidized bed steam reforming. WTP = Waste Trement and Immobilization Plant

WRPS performed TOPSim simulations to estimate the annual costs of construction and operations for an
alternative similar to Vitrificatiorl and an alternative similar to GralB i referedto here as
AVitrili(craddiofni e d4B BarlyQifsite Dis@ositiom t.Thosemodelruns cover the

entire Hanford tank waste missidmdgh-level waste HLW], LAW, plus LAW supplementalreatmeny
(TableC-2). Details of the mission analysis parameters are described in more detail in \igplume
AppendixF.
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Table C-2. TOPSim Hanford Tank Waste Mission Analyses

Simulation
designation Mission Analysis Title Brief description

Vitrification 1 Single VitrificationPlanti Modified  Construct additional melter faciliiy 2050 start
(modified) (MR-50638)

Grout4B (early Off-site Vendor for Grouting Ship liquid to offsite vendor for grouting; dispos
off-site disposition) Off-site Disposal(MR-5071%) containerized grout offsite

aMR-50638, 2021Analysis of Alternatives (AoAcenario Alternativd8 Phased StartygRev.0, Washington River

ProtectionSolutions, LLC, Richland, Washington
b MR-50713, 2022NDAA LAWSModelingStudy Rev.0, Washington River Protection Solutions, LLC, Richland,

Washington.
Pretreatment

All LAW is assumed to be pretreated to remé¥/€sequivalento or beneath the WTP LAW
Vitrification Facility criteria (<3.18E5 Ci/mole Nd [PNNL-28958 Cesium lon Exchange Testing Using
a ThreeColumn System with Crystalline Silicotitanated Hanford Tank Waste 244P-107]), which is
sufficient to permit contadtandled maintenance in all subsequent procesHaslevelis also assumed
for groutingand fluidized bed steam reforming (FBS&Eernatives In all alternatives, the liquid ek
wasteis assumed tbe processed through tliank Farms Pretreatment (TFPT) process or similar
system(s). Pretreatment in WTP does not preclude any alternatives but may impact the final waste
classification. Note that this*"Csconcentration would be0.2Ci/m?, well beneatHJ.S. Nuclear
Regulatory CommissioMRC) ClassA low-levelwaste (LLW)limits (1 Ci/m®) (10CFR6 1 . 5 &Gste i W
Classificatiord jor waste at 8 [Na*]. Substituting cystallinesilicotitanate CST) for the elutable
spherical res@inol-formaldehyde resin in WTP was not considered in this evaluation due to the
substantial facility redesign, added cost, and concomitant delays that would be needed to handle a
nontelutable media within the WTP Pretreatment Facility. Howesgmately, the need for, method,
and location of pretreatment will be evaluated by the U.S. Department of Energy (DOE) oibbg case
case basis, consistent with D@4 35.], Radioactive Waste Management

The TFPT is a followon facility, as described in GRL1242 River Protection Project System Plan
(System Plan, Re®) and is similar to theahkside cesiumremoval (TSCR) systemUsing TFPT
remowes’®*'Cs,%°Sr, and some actinides using C'SThe concentration of the feed to fREPT system
would be ashigh as 8V [Na'], but selected feeds may be processed for cesium removal at lower
concentrations (e.gsome feeds may be processed avHAa'] to maintain phosphates in solutitm
prevent plugging the filtejs

The simplified schematic of the TFPTopess is shown iRigureC-1. The schematic shows a filter

followed by three CST columns in series, although the number of columns in series may change,
depending on processing needs. The untreated tank waste is adjusted in thetdgualek (DST) to

the target concentration;qressed through the TFPT, and the decontaminated liquid is stored in an interim
storage tank prior to immobilizatian the supplemental LAW treatmemtocess. Solids that collect on

the filter are periodically flushed back to the DST. The waste is edripough the columns until the

137Cs breakthrough is detected, then the columns are flushed with water and replaced with fresh columns.

1 Crystalline silicotitanate (CST) is used as a common descriptor of the engineered bead form of the media produced by
Honeywell UOP of Des Plaines, lllinois, and is designated as BnSi20-B or 9146B.
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Figure C-1. Tank Farms Pretreatment Process

The spent CST columns from TFPT are intestored onsite Vitrification of the spent CST is the
assumed disposition patfihe spent CST is assumed to be sluiced from the columns and sent for
vitrification with HLW once that facility begins operation. The equipment needed to sluice (and
potentidly to grind) the spent CST is not designed but would presumably be smaller than the existing
TSCR system because it would need to only contain one column at a time and its only function is to
sluice the material out (and possibly grind it) before transmpthe waste to a DST or the WTP. The
number of columns of spent CST (~8@Peach) was estimated in System Plan (ARP42, Rev9) at

751 columns if it was used to process all liquid waste.

The TOPSim model run performed to support the cost and schedule projections used in this report
indicated up to ~1,006€0lumns would be needed, with the difference of ~@30mns due to differences

in the volume and composition of HLW wash water. Th@Qdlumns would bound the number of
columns needed, because minimizing the number of columns needed was not optimized in this model run
and the earlier run indicated ~286lumns fewer. Several efficiencies would likely be identified if this
scenario ipursued, such as optimum column operating parameters, waste evaporation concentrations,
and feed sequencing. Reuse of columns after sluicing out the spent CST is also not included in the cost
assumptions, but presumably could be pursued once the HLWicdiion Facility is operational and a

CST disposal path is established. Sluicing out the CST does not decrease the quantity of spent CST
columns produced and thus vitrified, only allows reuse of the column equipment to reduce cost. This
guantity of spenCST represents ~2wt% of the mass of HLW glass that would be produced, and this
amount is expected to be accommodated in the glass formulations6@B®Final Report: Vitrification

of Inorganic lonExchange Media, VS16R37161). This quantity of gent CST is not expected to impact

the total quantity of HLW glass that would be produced based on that testing. The CST is essentially a
replacement of some of the gléesming minerals that are included in the HLW glass formulation.

The extent of remal of soluble®®Sr and actinides by CST is not known for all feed stream compositions
but is estimated to be 99% and 30%, respectively, unless the waste is a complexant waste. The estimate
for noncomplexant waste is based on limited testing of proce3gngsAW-102, AR107, and APL05
through columns of CSTPNNL-28783 DeadEnd Filtration and Crystalline Silicotitanate Cesium lon
Exchange with Hanford Tank Waste AW2 PNNL-27706 Cesium lon Exchange Testing Using
CrystallineSilicotitanate with Hanford Tank Waste 2AP-107; and PNNL=30712,lon Exchange
Processing of AR05 Hanford Tank Waste through Crystalline Silicotitanate in a Stagé@2 3Column
Systei These tanks contain blends of supengliquidfrom severatanks andireexpected to be
representative of the strontium chemistry in{oomplexant wastesThe SrOH ion is the specieksnown

to beremoved byCST (Zheng, 1996nd is present in necomplexant wastesComplexant waste could
contain high solubl&Sr and actinides that may or may nofifbéhe form that isemoved by CST.
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The distribution coefficient fonon-complexed®Sr isapproximatelylOtimes higher than foresium on
CST(SRNL-STI-201900678,Preliminary Determination of the Impaoct Alkaline Earth Metals on
CrystallineSilicotitanate andPNNL-30185,Crystalline Silicotitanate Batch Contact Testing with Ba,
Ca, Pb, and 9r which indicates that removaf *°Srwould normally exceed that faresiumduring the
TFPTcolumn operation. Fther, the laboratory testing witton-complexant waste from TankaV-102
(PNNL-28783, AP-105(PNNL-30712, and AR107 (PNNL-27706 indicatedthat the®°Sr concentration
in the column effluentife., all were <1E3 uCi/mL) would also be beneath the copesdingNRC LLW
ClassA limit (0.04 Ci/m?), andthe combinegblutoniumisotope concentrations were beneath the Glass
limit (100 nCi/g).

These CST column tests indicate that P98B9% removal of strontium is achievable with non
complexant wastes. Thests also indicate that >50% of the plutonium and neptunium isotopes would
also be removed. The ability of CST to remove strontium has been known since its invention (Zheng,
1996), and its absorption is included in the computer model (ZAM) developésiibyéantors.

Verification of the ability of CST to remove these isotopes to beneath the/Cliasis for each specific

tank or batcttould be parof thewasteacceptance criteria for tiimobilizationprocessif applicable

The Federallfrunded Research and Development Center (FFRDC) NDAAL7 report (BRI201800687)
indicated that 90% of waste would reach Clas§99% of thesoluble®*Sr was removed.

The assumed pretreatment with TSCR/TFPT columns to retd@salso results in an @stated
removal of 99% of solublFSrfrom non-complexant LAW. The benefit of creating a Cladswaste

form is that it increases the edite disposal options for nasomplexant LAW. Only two tanks are
believed to contain complexant wastenksAN-102 and AN-107, and the planned treatmentalvesa
separatastrontium/transuranicSf/TRU) removal process that uses strontium isotopic dilutod°Srand
sodium permanganater the actinidesRPRPLAN-51288,DevelopmenTest Plan for Sr/TRU
PrecipitationProces}. That Sr/TRU process, along with CST treatment is likely to result in a Blass
waste, limiting offsite disposal t&VasteControl Specialists, LLCWCS) only if grouted. Presumably,
this waste would be sent to LAW vitrification @to the higlorganic content if it is not compatible with
grouting Conversely, pretreatment in WTP does not remove soltBidecause it uses a different ion
exchange media. Pretreatment in WW®uld result in a larger portion of the liquid waste being Ciss
limiting off-site LAW disposal of that portion to only W@$Texas.

After pretreatmentthe liquid will be evaporated to remove excess water; with many of the organic
species in the wastexpected to partition to the condensate during that evaporation. The condensate
containing the soluble organics will be sent to the Effluent Treatment Facility (ETF), which is permitted
for destruction of the organics in tank faravaporator condensat@ he target sodium ion concentration

for evaporation has not been specified but could be as higMdsl8'] for selected wastesMany of the
LandDisposalRestricion (LDR) organic compoundsuspected to be in the waste would likely be

removed to corentrations below the treatment standard by the evaporation process-&8RR020:00582
Hanford Supplemental Low Activity Waste Simulant Evaporation Testing for Removal of Qrganics
RPRRPT-63493,Tank Waste LDR Organics Data Summary for SarapteSend and
SRNL-STI-2021-:00453,Potential for Evaporation and In Situ Reaction of Organic Compounds in
Hanford Supplemental LAWOf theliquid tank sample data in the Tank Waste Information System
(TWINS), notanks wereidentified that vereconfirmed to contain a nonvolatilerganic above the
nontwastewater regulatory limit, although many tanks do not have reported analysis results. Further, of
the132regulated organics potentially present in tarik® of those are sufficiently volatite be
removable by evaporation (i .e., h aowerlimit eunrenglyd s L aw
set by anitrosomorpholing

2 Nonvolatile is defined as less volatile thamitrosomorpholine that was shown removable by evaporation from simulated
tank supernatant liquid.
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Recent experimental work expanded the list of organic compounds that could be removed by atmospheric
pressure evapation (SRNL=STI-202200391, Organic Evaporation and Oxidation Testing in Support of
Hanford Sampleind-Send, including rnitrosomorpholine, and identified some regulated species that

were not stable in caustic LAW simulant under test conditions. Ted8odemonstrated that some key
species that are not removable by evaporation, including phenolics, were treatable by oxidation with
permanganate in simulated LAW. Another reaepbrtthat further investigated the TWINS data
(RPRRPT-64064 Distribution of LDR Organic Compounds in Hanford Tanks Waste and the

Implications to LAW Treatment by Cementitious Solidification/StabiliZeitiolicates thawithout any

LDR removal processhirteentanks would produce a grout waste form that would exceed the non
wastewater standard for LDR organics. However, in eight of theks,the exceeding compousére
eithern-butanol,n-nitrosomorpholine, or toluenahich are allpredictedto besusceptible teemoval by
evaporation.The exceedances in themaining five tanks are associated with polychlorinated biphenyls
(PCB). However, the calculated PCB concentrations in staged waste from these five tanks would be
above the water solubility limits for PCBs, indicating that these compounds would nohplketaly

soluble at these levels. Rather, PCBs would be associated with either a separate organic phase or
absorbed onto retrieved, undissolved solids. In either case, the undissolved PCBs would be removed by
the filter system associated with the TSCRPTHprocess. If only dissolved PCBs are present in the

liquid sent for grouting, then the concentration in the solidified waste form would be below the PCB
nonwastewater standard of hiig/kg. The solids and insoluble PCBs removed by filtration would be

sent for processing with the sludge in WTP and would not be grouted.

The conclusions about the LDR organics in tank waste@ra complete representation of all LAW
because organic analysis results are not avaitabld| tanks, and many of the resudt® from samples
collected years ago. Howevéne datahat is available wasvaluatedand indicates that much of the
LAW would produce a compliant cementitious waste form even without organic removal.

While not a specific technology, the ability of gpplemental LAW immobilization process to have
flexible processing rates either through the ability to-tilown the process or the ability to easily stop

and start (idle) the process is important. The processing of HLW and the variable amounts terdedt in
being retrieved causes a wide range of ftates for supplementaAW treatmentdependingn the

need for washing and leaching cycles of a particular sludge. Having the capacity to process-at higher
thanaverage flow rates or to turn off the presand readily resunpeocessing would bieeneficial.

The primary alternativeare shown imableC-3 (SectionC.1.9, along with (1) whether the crosie
supernatantquid transfer line is needed to support the alterngt{@ whether the DSTs are used to
prepare and stage the LAW liquid, @) indication of the primary wasterm disposal location, and

(4) whether the wast®rm is individual containers or a single vault. These alternatives are described in
the sections that follow the table

C.1.1 Vitrification Alternatives

Thevitrification process was described in the FFRDC NDAA17 re[®RNL-RP-201800687%, and any
updates are included in the vitrification alternatives descriptions in the following section. In general,
vitrification blends radioactive liquid waste with glessming materials at high heat in a cerashed
Jouleheated melter forming a molten mixture that is poured into stainless steel containers to cool and
solidify into a borosilicate glass waste form that is highly stable in the expected conditodisjpiosal
facility.

3 Note that the transfer line is not needed for waste that is compatible with grouting but may be nemtled farposes,
such as waste retrieval or transfer to WTP.

4 Electrical current is passed through the molten glass between electrodes. The electrical resistance of the moltédts glass resu
in heat generation.
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Vitrification technology has been used in the U.S. and other countries to treat tHaetgk fraction of
tank waste, which is generally made up of a dilute salt solution in a slurry with metal oxides and

hydroxides, not a conceated salt solution. Both Savannah River Site (SRS) and the West Valley
Demonstration Project use(d) vitrification to immobilize metal oxide/hydroxide slurries from tanks.

Waste vitrification technology of Hanford LAW consists of mixing a chemicallyasttarized, aqueous
waste stream with sugéan organic reducing agent), specific metal oxides, and metal carbonates to
produce a slurry that is fed to a melter in which the slurry is incorporated into the melTheeoblatile
components are driven intdfgas by heat, requiring a complex offgas system to treat the melter offgas
prior to discharge and generating two secondary liquid waste streams and a solid secondary waste that
also requires treatment.

All water is vaporized from the melter into thifigas system, which typically has scrubbers and a
condensate system that generates a liquid waste stream that is larger in volume than LAW feed to the
facility. The sulfate ion in the LAW feed is one of the most challenging species because it has low
solubility in the glass and can limit the waste loading. Secondly, excess sulfur in the melter causes layers
of corrosive materials that can reduce melter and equipment lifetime. The nitrates and nitrite salts are
converted tanitrogen oxidesNOx) by reacton with a reductant, such as sugar. The MOst be

destroyed before the vapors are released to the atmosphere. Organic chemicals present in the waste are
destroyed by the heat of the melter, but some others can be produced by incomplete reactsugaf.the

The mercury?°Tc, and'? are largely vaporized in the melter and collect in the offgas system. In the
current WTP LAW melters, the offgas condensates are expected to be recycled in an attempt to increase
retention of thé°Tc and'?4. More dédail is provided in the individual vitrification alternative

descriptions (Sectiorns.3, C.4, andC.5).

Three vitrification alternatives were consideredhis evaluation, with differences reflecting different
approaches in the LAW supplemt treatment facility location or integrating process improvements.
These alternatives are shownTiableC-1.

C.1.2 Fluidized Bed Steam Reforming Alternatives

The FBSRprocess was described in the NDAAL17 repSRKL-RP-201800687, and any updated
information since its publication is included in the FB&&rnativesiescriptions in SectiorS.6 and

C.7. FBSRcanconvert radioactive liquid waste &dry, granular mineraproduct. With proper controls,
the mineral product consists afiemicastructures thatanretain radionuclideand other constituents of
concern FBSR has been researched, developed, and used commercially for over two decades for
processing lowevel radioactive wasteslthough those applications are unlike the highwsadon
content, alkaline Hanford tank waste

FBSR operates at temperatures up ta 738°C to evaporate water in the waste, destroy organics,
destroy nitrates, and convert the solid residue into a durable;desistant wasttorm. Coal and oxygen
are &d into thevessel known as tréenitrationandmineralizingreformer(DMR) where they readh the
presence of high temperatigteam(supplied ab00' 600°C) under chemically reducing (pyrolytic)
conditionsto heat the DMR an@roducelow concentrations dfiydrogen and otheeducedjas species

The DMRcontains a bed gfarticlesthat are the right size and density to be continually fluidized by
steam thaflows upwvardthrough the bedThe liquid tank waste is mixed with clay, and the slurry is
sprayed into the bottom of the vesseltrétes and nitriteg the waste react primarily with steam and
hydrogen under the chemically reducing conditions andalest with relatively high efficiencies (up to
99%). Organicchemicas in thetank wastere pyrolyzedr otherwise destroyed by the heat. Mercury in
the waste feed vaporizes and is captured in the offgas systen¥Tg lead*?% are largely retainedithe
mineral waste form with high single pass efficiencies, and any that escapes is captured in the offgas
system and recycled into the DMR to improve retention in the mineral waste form.
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No liquid waste is discharged from the FBSR systenth@system is operated such that all of the water
is recycled to the DMR and eventually vaporized, treated in the offgas system, and then discharged to the
atmosphere. Further details are providethenFBSR alternatives descriptions (SectiGrdandC.7).

FBSR has been ed internationally and in the United States ebammercialffacility for stabilizing ion

exchange media. A FBSR facility, the Integrated Waste Treatment Unit (IWTU), has been constructed at
the Idaho Nuclear Engineering Technology Center (INTEC) at #ieol#ilational Laboratory (INL) to

stabilize approximately 900,0@@llons of acidic liquid tank wastes. The design of the facility was informed

by largescale testing at a separate test facility, and simulant test runs are being conducted at the facility.

Four FBSR alternatives were considered, with the differences relating to using a single facility or multiple
facilities, and the waste form disposal location.

C.1.3 Grout Alternatives

Extensive experienagsinggroutwaste forms has been gairiadhe U.S. fronfederal and commercial
applications and as the standard immobilization technologylfdf across the international community.

This experience includes grouting of the supernatant liquid portion of the tank waste aftsRS

treatment of the waste to remove soluble cesium, strontium, and actinides. At SRS, the grouted waste is
disposed in large esite vaults adjacent to the Saltstone facility.

As no definitive formulation has been designated for the immobilizatisopglemental LAW at

Hanford, in either a containerized or vault waste form, general assumptions regarding the components of
a grout formulation were made. Informationcandidate dry reagents, material availability, and

formulation development to dateldanford is provided ivolumell, AppendixA. The grout was

assumed to have a water to dry mix ratio betweeii 0.8 to ensure adequate waste loading and to fall
within the commonly tested range. However, different ratios are plausible. The grout was also assumed
to be electrochemically reducing through the inclusion of blast furnace slag, which has a long history of
ensuring grout waste forms are compliant wébulatory requirements for hazardous metals as measured
by the toxicity characteristic leaching procedure (TCLP) test, and to improve technetium retention by
reduction to an insoluble species.

The required properties of the grout waste form in each atteenare dictated by the disposal location

(e.g., zero potable water pathway), the immobilization facility used (modular or centralized plant), and
chemistry of the waste. A history of experience in grout waste forms both nationally and internationally,
descriptions of immobilization facilities/technologies relevant to the alternatives, performance
requirements and formulation considerations based on disposal locations, recent work since the NDAAL17
report (SRNERP-201800687), and key assumptions are préed invVolumell, AppendtcesA, G,

andL.

The grouting process for eaaliernativemay be different, depending on both the process selected and
the supernatariguid composition. The basic components are ordinary Portland cement (OPC), blast
furnaceslag (BFS), and fly ash (FA). Other additives may be used or ratios may vary, depending on
composition and disposal requirements. The ratio of the basic components and waste loading will vary,
depending on whether the grout must be pumped long distemaesult or would be transferred to a
nearby container because the rheological properties atichseeteeds would be different. The dry
ingredients would likely be stored in silos exterior to the grout plant and fed into a dry mix blend tank
inside thefacility and then to a dry feed hopper.

5 While some differences exist between theSSRd Hanford wastes, the SRS waste is the closest analog in the U.S. to the
waste at the Hanford Site.
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The baseline for all grout alternatives is to design all aspects of the system to mestt¢hacceptance

criteria for disposal at the specified disposal site using the integrated retention properties of the waste
form chemistry, container (if applicable), disposal environment (e.g, M@H or offsitg, and

geotechnical cap. The intent is to design the entire system to be protective of the environment and retain
the contaminants of concern to within the aggtdtile limits. Additional measures, such as barriers and
getters, may be taken to provide additional confidence of contamé&tantion The details of those

measures aréescribed in/olumell, AppendixD of thisreport.

Multiple grout alternatives were considered in the study. These alternatives reflect different locations of
deployment on the site, different-gite disposal forms (containerized or monolitteyeraging close

location offsite commercial facility grouting capabilities, and commercial disposal sites. Whetbigg on
grouting alternatives are performed by the tank farms contractor or a vendor is not distinguished in the
selection.

Getters

Groutalternative forimmobilizatonof t r eated LAW can benefit from ad
improve sequestration of specific contaminants. Although BFS acts by chemical reduction to sequester
many contaminants, such as regulated metals andetain,the materials a bulk grouforming

additive and is not wusually referred to as a fAget
amountsalong with the bulk of the grodibrming materialsto enhance retention of a specific

contaninant, although there are also optionadtiol the material asbarrier beneath the bulk waste form

to hinder leaching of the contaminant to the environmé&wt the alternatives described in this section,

getters arassumed to beeeded to meet the ldang performancebjectivescriteria foron-site disposal

of grout in containerat HanfordIDF for alternativescroutli 4. If other manipulations of the grout

formulation are needed to reach the performance criteria or material propertajutmentsre

assumed to be included. The key contaminant of concern where get@sswanedequired for orsite

disposal of groted waste format the Hanford IDFs 129, although gettersiayalsobe needed for the

highest performing grouts to sequestéic (SRNL-RP-201800687%.

The oftsite and vault grout disposal alternatives are based on the assumption that getters adedot ne
for 129 and/or®*Tc, and retention of these species is reliant on the integrated disposal system. Getters
could be added if shown to be needed but are not included in the cost estimates for these alternatives.

RCRA Hazardous Metals

Groutingalterat i ves are based on the assumption that Age
hazardous metal8Because of their technical and economic effectiverssdification/stabilization

methods, using cement and other additives either alone or in conjunitiosther types of treatment

such as incineration, are the recommended Best Demonstrated Available Technology (BDAT) for at least

57 RCRAlisted wastes, including metalEB071.02W Solidification and Stabilization of Wastes Using

Portland Cement Solidification/stabilizatiormethods have been specifically designated as BDAT for

Ba, Cd, Cr, Pb, Hg, Se, and Ag (based on treatment/treatmehi{ ERifN/530/R93/012, Technical

Resources Document on Solidification/Stabilization and Its Application to Watteid and these

could be present in tank waste above regulatory limit levels

For mercury, solidification/stabilization has been specifically designated as the recommended BDAT for
Hg (D009) with <260mg total Hg/kg waste (55 FR 2257BDOAT Treatment Standards for DOO%nd
EPA/530/R93/012) For chromium, solidification/stabilization has been specifically designated as the
recommended BDAT for Cr (D0O07) (one alternative) 5622563 @ ler o miandm, 0O
EPA/530/R93/012)
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Regulated Organic

The acceptability of grouting alternatives assumes that the LDR organic concentrations in the final waste
form meet regulatory requirementi.the concentrations of some organics in the stagedrgated

waste exceed levels that would result in a caemplfinal form, then additional evaporation or low
temperature oxidation would be appliedive wastés assumed tbe diverted to the LAW melter for
processing. Waste evaporation to both remove LDR organics and reduce waste volume are relatively
maturetechnologies, although the effectiveness of LDR organic renod\dl speciess yet to be

completely demonstrated.

Additional treatment that may be necessary to destroy some organics is at a low maturity level, and
testing is ongoing in this are&imilar to that mentioned above for removaktbntiumandplutonium

all grouting alternatives assume that the liquid waste is sapgrialyzedand tested as necessary prior to
processing to ensure pretreatmeentemove*’Csand evaporation (and addital LDR organic treatment

if neededwill enable meeting the waste acceptance criteria for subsequent treatmiéinbe staged for
vitrification.

Nitrate and Nitrite

Unlike vitrification or FBSR, itrate and nitrite are not destroyedform NQ, vapor, nor do cement
based/slagpased groutprovideany enhanced chemical stabilizatioFhese anions are considered
Aimobil ed speci es wasthhyiare coacergratanthetporersaligioneand have am
sorption(liquid-solid partitioning coeftient) retardation factor of sindicating very little retention

under saturated conditions. Lowered nitrate/nitrite release rates have been measured in recent testing
efforts that used grout waste forms with decreased porosity (physitadling migration of the anions)
however the technology to do this consistently at large scale is not mature. An assessme#iNGi.NO
release from a supplemental LAW grout inventory in the IDF showed that existing leach testing results
are close teneding maximum contaminant levels (MCL) in groundwédtarnitrate release in the IDF
based on existing drinking water compliance standaXddge that laboratory tests are a bounding
conservative case due to the saturated nature of the tests {B899R2 Performance Metric for
Cementitious Waste Form Inventory Release in the Integrated Disposal F&igitse 4-3). Numerous
laboratorystudies and field demonstratigivscluding at the HanfordSite, have sed the inherent

denitrifying capacity of subsurfacenvironments fan situ remediation of N@and cecontaminants.

Nitrate and nitrite concentrations in a grout wdisten disposeaf offsite is inconsequential because the
disposal sites have no pathway to potable water

Working Grout Container Invento ry

For alternatives with of§ite disposal of containerized grout, the working inventory of containers onsite

or in transit at any point in time is estimated at a maximum of 750. This estimate is based on an average
estimated production rate of 130 conts per month, with a maximum of 3pér month (1(ger day).

These 30@ontainers would not be shipped until thed28 cure time has completed, so there is a

nominal continuous inventory of 3@@ntainers curing, plus 10 per day that have completedgcuf®ne

train per 15days would need a maximum of &ficars containing 156ontainers per shipment
(SRNL-RP-201800687%. Additionally, anallowance is assumedr a possibldl5-day lag time for other
circumstances (e.g., weather) anddHy transit andlisposal time. In the event of a suspension of

shipping for transportation or disposal site interruptions, the maximum inventory onsite or in transit of
grouted material awaiting disposition until the issue is resolved would beonfdiners.

Removal of'?% and/or °Tc or Sample-and-Send

Removal oft? and/or®®Tc are considereds augmented processesliernativesGrout 1C and2C,
where all other flowsheet assumptions are consistentaltémative Grout1A and2A, respectively.
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Si mil ar | yandsa nida reipihehtha wakte is sampled and analyzed'f8rand/or*°Tc

is an augmented activiiy alternatives GroutD and 2D After grouting the waste, grout containers with
concentrationgower than a threshold conceation of these radionuclides would be disposkonsite,

and those witltoncentrationdigher tharthethreshold concentration would be disposédffsite.

Flammable Gas

Production of gases thateflammable from radiolysis and thermolysis occurs mtdnk waste; these

processes are greatly reduced in the grouted waste form because of lower dose and waste temperature but
are not completely eliminated. Small amounts of gases that are flammable have been observed to be
released from grouted waste foratother sites. Therefore, mitigation of the flammability concern from

the release of these gases from the waste in a large, enclosed vault space must be evaluated and addressed
for alternative GroubA but would presumably be less impactful for all ottpeut alternatives because

the containers would be stored during the curing period in an engineered facility with ventilation.

Evenfor a monolithic disposal of grout in a vault, these concerns have previmasigddressed using

safety controls and dications. Further, alternative GrdaB, which places the cured containers in a

vault, may not have this risk because the grout would be expected to release minimal vapors after curing
beforebeing emplaced in the vault, although an engineering evatuatald be needed to confirm.

Monoliths in largevaults are not likely used for the other grout alternatives. Enginesraigations

would be needed to confirm safe storage and transport for all alternatives.

C.1.4 General Assumpionsfor the Alternatives
Defining Parameters

A No baseline technology was assumed for the treatment and immobilization of Hanford
supplemental LAW. The System Plan ScenaBoORR11242), defines the facilities and
infrastructure assumed available for all alternatives, regardl¢lss sfipplemental LAW
treatment technology.

A Alternatives were not screened out solely on the basis of total lifecycle cost. Alternatives were
screened out on the basis of affordability under benchmark funding level assumptions. At least
one alternative mesenting each technology was fully evaluated, regardless of affordability.

A Off-site disposalacilitiesi WCS Waste Disposal Facility (Texas) and En&gjytionsClive
Disposal Facility (Utahj do not have a pathway pmtablewater.

A Information fromperformancesssessmentdA) consider the D00-yearcompliance period (per
DOE 0O 435.1); projected postompliance period informatiaio 10,000years is intended to
provide information about potential lostgrm impacts, including peak doand potential
exceedance of standards beyond the compliance p&RIIRPT-59958 Performance
Assessment for the Integrated Disposal Facility, Hanford[&ie PA]).

A The need for, method, and location of pretreatment will be evaluated by DOE orby-case
basis, consistent with DOB 435.1.

A All activities related to retrieval, pretreatment, treatment, and disposal of tank waste will be
performed in compliance with applicable DOE Orders and anticipated regulatory requirements,
including Orders and griirements regarding safety, environmental protection, worker and
community protection, contracting, treatment, transportation, and disposal.

Assumptions

A The firstWTP LAW melter system continues to operateth melterdor the duration of th&iver
Protetion Project (RPPhnission.

A The start date for radioactive operations for the WTP LAW melters is Dec&ht2023 and
Decembef31, 2033 for the HLW melters.
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The assessment uses the same assumptions for glass modeling as used in the System Plan
(ORP11242, Rev9) (2016 glass models). More advanced models are not expected to
substantially impact the facility size (see explanatioviirification 2 [SectionC.4]).

HLW processing begins in DecemI233. For the HLW Vitrification Facility to achieve full
capacity, supplemental LAW treatment must be available withio 38 months.

The maximum feed rate to supplemental LAW treatment was determoifed

360,000gal/month to allow conservative sizing of the supplemental LAW treatment facility
versus the 264,00§al/month maximum in the baseline (System Plan ScehBr{®RR11242,
Rev.9]). All alternatives were, therefore, defined to be capabteldAW supplemental

treatment rate of 36kgal/month. The alternatives are projected to process different amounts,
depending on stattp schedule and availability of waste. This assumption determines faaiity
process requirements that factor ititecycle costs.

All aternatives will address permanent disposition of LAYM supplemental treatment. While
the actual volume of LAW treated may vary between alternatives, no LAW will remain upon
mission completion of any of the alternatives.

Only altenatives assessed as likely to comply with anticipated regulations and applicable
standards for mobility and toxicity of wastes at project completion will be fully evaluated.
Alternatives unlikely to comply with one or the other willdmeenedut

Direct-feed lowactivity waste (DFLAW) processing begins in 2023. Cesium is removed using a
TSCR system for the firstyears of operation.

After 5years of DFLAW operations, LAW is pretreated in the TFPT system. TFPT doubles the
capacity of TSCR.

I Pretreatmet is consistent wittawaste incidental to reprocessingIR) processand reduces
187Cs dose

i TFPTand TSCRemoves='Cs to WTP equivalent (<3.18& Ci/mol Na).

T The assumed pretreatment of LAWTRPT does not preclude treatmenthie WTP
Pretreatmenfacility. (Note: immobilizing the liquid in other esite locationgor some
alternativege.g.,200WestAred would continue to use TFRT

T Spent CST columns are stored onsite in interim stoeagkthe media is assumed vitrified in
the HLW Vitrification Facility and empty columns are disposed in IDF.

TFPTand TSCRreatment remove$Sr to ClassA (<0.04 Ci/n¥) andplutoniumto <100nCi/g
for most (~90%) LAW feednon-complexant).

T TheWTP Pretreatmenfacility would notbe expected to remove significant amounts of
soluble®’Sr; thereforemost waste would be ClaBsif grouted. (Note: this categorization
only impactspotential offsite disposal locatiorendthereforecosts) (Use of another
process solely to remove gble*°Sr from norcomplexant waste was not considered; this
would add an unnecessary processing step because the waste form could be disposed as
ClassB waste without it.)

I The Sr/TRU removal process for complexant wastes is performed as planned, regdirdles
the final waste form or disposal path for that stream.

LAW is retrievedand staged for pretreatment in TakR-106 or another designated DST (except
for alternatives Grou8A/B and 4A/B). Detailed assumptions about the feed vector are provided
in Volumell, AppendixB.
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A LAW is sampled and analyzed/testaibr to treatment (samplend-send)to ensurghata
compliant waste form will be producedetailed additnal laboratory methods are not known
but are assumed to be accommodated in existing laboratory space. Sampling after pretreatment
was assumed unnecessary.

A All alternatives include an evaporatorreach optimum Naconcentration prior to
immobilizationexcept for vitrification.

A All debriskolid waste is disposedf onsite in the IDF exceptternativeswhere grout is produced
offsite.

A All dternatives willinclude necessary transfer, storage, processing, and disposition facilities and
projects

A LAW immobilized bygrouting orFBSRcan be disposed of offsite provided thaste acceptance
criteriafor theoff-site disposalocationsaremet

A Enabling assumption to avoid restrictive screening of alternativasV immobilized by
grouting or FBSR can begtiosed of onsite in the IDF. An IDF PA, considering all waste forms
emplaced in the IDF, can demonstrate that contaminant and radionuclide concentrations at the
point of compliance are not exceeding limits over the timeframes evaluated-ediniement
can beachieved through predicting inventory partitioning, waste form performance, or inventory
management. The PA, and any needed supportive technology development, will be completed
before onsite disposal is initiated.

A All dternatives that include ofite shipmentise U.S. Department of Transportati®O(T)-
compliant shipping containers

™

Permits can be obtained in a timely fashion to meet the schedule

A The IDF can be expanded to accommodate the needed volume of immobilizedb#gvand
risks of IDFexpansion will be assessed where applicable

A Both the volume and content of secondary waste streams will be evaluated against the selection
criteria.

A Water infiltration into thdDF when the RCRA cap is in plateassumed to be the same as the
2017 IDFPA (0.5mm/year) RPRRPT-59958, which could allow some leaching from waste
forms prior to the assumed cap failure point at {p&4rs.

A Exogenous risks (e.g., earthquake, catastrophic flood, volcano) were assessed as indistinguishable
across all technologs (vitrification, FBSR, and grouting) and disposal locetitHanford DF,
WCS Waste Disposal Facility [Texas], and En&gltionsClive Disposal Facility [Utah]).

Vitrification Only Assumptions

A The assumetbtal operating efficiencyTOE) for vitrification systems is 50%System Plan
ScenaridlB [ORPR11242, Rev9]).

A Melters are replaceafter5 years of service.

A Some technical risks for supplemental LAW treatment will be reduced by lessons learned during
WTP LAW melter operations, whiclr&not currently available, and so some risks cannot be
resolved at this time. Future knowledge is credited in risk evaluations for a parameter where
appropriate. Current knowledge is also used where appropriate, such as estimating operating
cost, meltethroughput, and TOE.
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Grout Only Assumptions

A If present above regulatory limits, LDR organics will be removed from LAW by evaporation (and
oxidation, if needed) to beneath regulatory levéfeasible; if LDR organics are present that
cannot be treatedylihis processhewaste will be sent foWTP LAW vitrification. All
flowsheets for grout immobilization show an evaporation and LDR treatment step for
consistency, although it may not be needed for some wastes.

A Atransfer path is assumed availabledending waste to either a grouting process or WTP LAW
vitrification (for wastes that cannot be processed by grouting).

A Themajority of LAW is assumed to initially bat 5.0M [Na*] and is evaporated to 8\d [Na*]
(380,000gal condensate perMgal LAW) requiring~30,00 gal of fuel 0il.> Some LAW
containing high phosphate content may be processed at lowér [Na

A For groutalternativesgetters fof?% (and perhap&Tc) are included in grout formulations for
alternatives GroutA, 2A, 3A, and 4A, but are not needed and not included for any alternatives
that include offsite disposal (alternatives GralB, 2B 3B, 4B); orsite vault disposal
(alternatives GrousA and5B); sampling fo? and®*Tc to determine disposal location
(alternatives GroutD and 2D); or removal df1 and®*Tc (alternatives GroutC and 2C).

Removal oft?9 and®°Tc is not requirectue tothe use of getters for IDF dispodalit will be
evalwated aslternativedor onsite grout disposdhlternatives GroutC and 2C).

Thegroutalternatives consider Cast Stone as a baseline formulation but acknowledge
formulations can be derived based on performance or processing requirements

Alternative méerials can be developed and made available in the event thé@BBR&pr FA
become unavailable.g.,due to ceasing coal plant operagpn

For off-site disposal alternatives, transport of immobilized waste will be performed by rail.
Based on experiee at other sites, loading containers onto rail cars is established capability and
no development was assumed needed.

A Off-site grouting facilities wilhaveadequate capacity for treatment (grouting) of LAW within
6 months ofthe start of HLW treatment

T Applies to alternatives Grod#A, 4B, and 6only

A The assumed TOE for grouting systems is not defined but is not rate limiting becthese of
expectedversized design and operating on weekdays @oynparable to SRS)

A For Grout4A, 4B, and 6 the vendois assumed tperform the immobilization processing,
controls, and restrictiorts produce a waste foridentical tothe Grout 1A alternative

Do o o Do

FBSR Only Assumptions
A TheFBSR TOE is the same as vitrification (50%)

Funding Assumptions

A Projectedexpenditures will be comparéd abenchmarkannual budgebut not screened out if it
is exceeded.

A Cost escalation rates are 4% on cagital2.4% on operating expenseghe discount rate B%.
These ardased orJ.S. Office of Management and Budg@®MB) recommendatias
(GAO-21-119SP High-Risk Series: Dedicated Leadership Needed to Address Limited Progress
in Most HighRisk AreasDOE G 413.321A, Cost Estimatingsuide OMB Memorandum
M-21-0 9 2021fiDiscount Rates for OMB Circular Ni-940).

6 #2 fuel oil at 138,500 BTU/gal (www.eia.gov); 8,092 BTU/gal to boil water; 85% efficiency; result igdl4vatergal fuel oil
or 26,200gal fuel 0l/380,000gal water evaporated, plus ~4,a§¥ to heat the waste from ambient to boiling.
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A Anintegated pilotscaletest facility is needed for bothe \trification and FBSR alternatives
(to enable includingtreams generated frofLW processingindto examinepretreatmenof
recycle streamsind is included in the cost estimates.

A This study reflecte assumptions of successful tank operations for duration equivalent to or
reduced versus current System Planning estimates. The TOPSim model runs used the same
modeling assumptions for Base Operations and Waste Feed Delivery as per the current Site
planning status. Tank Integrity and DST operations are indeed inherent for all alternatives, but
costs and impacts of these were beyond the scope of this study and are not included in the cost
estimates provided in Volumg AppendixF for these alternatives.

A Detailed cost estimating assumptions gnavided inVolumell, AppendixF.

C.1.5 Alternatives Comparison
TableC-3 compareshe alternatives identified by the FFRDC team.

Table C-3. Alternatives Comparison

Cross-site Use
Alternative Transfer Existing
Designation Brief Description Required DSTs Disposal |Container
Vv

No action Use LAW melters only \Y \Y Onsite
Vitrification 1 Vitrification \% \% Onsite \%
Vitrification 2 Increase LAW vitrifcationrate \% \% Onsite \%
Vitrification 3  Neartankvitrification - \% Onsite \

FBSR1A Steanmreforming \Y \Y Onsite Y

FBSR1B Steamreforming V V Offsite \%

FBSR2A Separatehodular FBSR - \Y Onsite Y

FBSR2B Separatehodular FBSR - \Y Offsite Y

GroutlA Singleplant \% \% Onsite \%

Grout1B Single plant \% \% Offsite \%

Grout2A Separate plant200EastWest - \% Onsite \%

Grout2B Separate plan00EastWest - \% Offsite \%

Grout3A Individual plants (farms/tanks) - - Onsite \Y

Grout3B Individual plantyfarms/tanks) - - Offsite \Y

Grout4A Offsite vendor - - Onsite \%

Grout4B Offsite vendor - - Offsite \%

Grout5A Onsite monolith va \% Onsite -

Grout5B Containers in vault - - Onsite V

Groutl1C Grout 1 + Tc/l removal NA NA Onsite \%

Grout2C Grout2 + Tc/l removal - \% Onsite Y

GroutlD Grout 1 + Sample Tc/l/send offsite/ons \% \% Onsiteoffsite \%

Grout2D Grout2 + Sample Tc/l/send offsite/onsi - \Y Onsiteoffsite Y

Grout6 Phased offsite/onsigrout V V Offsite-onsite \

2|f vault monoliths are constructed in both Hanford Ha3t and 200Vest Areas, a crossite transfer line would not be
required for direct suppodf alternativesGrout5A or 5B but would be needed for other purposes.
DST doubleshell tank. LAW = low-activity waste.
FBSR fluidized bed steam reforming. NA not applicable.
| iodine. Tc technetium.
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C.1.6 Hybrid Alternatives

In theory, any of the alternativésr supplemental LAW treatmentn be combined with anothevrith
phased implementation of one that transitions to the other or simultaneous implementationlfo&two.
alternativehas lower capital expenditures in the early stages of implementation, theepistential to

use the additional available funds in ways that could advance the schedule and helmigsione
duration, cost, anthnk degradation risksAfter evaluating tk alternatives against the evaluation criteria,
the lower cost of all grout alternatives was found to offer the opportunitigasfed implementation and
early startup. This phased approach cindtlide eitheearly construction of ossite facilities andearly
startup or implementing c8ite grout production by a vendor with simultaneous construction-siten
facilities in 20342035 as HLW operations ramp up production after scheduled startup in 2033. In both
scenarios, the disposal of the grout wdstm is assumed to initially be at an-affe facility, but with
potential for a later transition to egite disposal in a tbe-determined configuration. In all alternatives,
the first phase is DFLAW vitrification, with hybrids applying to supplemeanggtment of LAW.

This hybrid approach initially sends some aativity liquid waste offsite for processing by commercial
treatment contractors during the design and construction phases ofdite facility for the alternative

Only the alternatives ith on-site grout capital projects offered the financial opportunities to spend funds
on these early ofsite shipments. The Vitrification and FBSR alternatives required all of the benchmark
$450million/year to support the timely execution of capitaljpets, and any funds diverted from the
projects for offsite shipments would delay the capital projects and/or increase the size of the project(s).
Any additional funding expended on efite groutingwill delay the startup ofon-site supplementalAW
treatmentoperationsand further delagompletion othe HLW mission Therefore, only hybrid

alternatives that involve grout as the final waste form were considered.

C.2 DETAILED ALTERNATIVE DESCRIPTIONS
C.2.1 Alternative: No Action

The At ake no amptymeansdhatdhle onyy LAWairhnobiligatian icapacity during the
Hanford tank waste mission would be the WIAW Vitrification Facility operating at 2MT glass/day
(per contractual desighOE of 70%). A simple analysis was performed trsatiithe amountfd AW
glass to be produced from both LAW asupplemental AW treatmenfacilities in System Plan
ScenariolA (ORPR 11242, Rev9) and the design capacity of the WTP LAWitrification Facility to
estimate the minimum length of time to completeRRPmisson. InScenaridlA, a total of
489,000MT of LAW glass is producedAt the design rate of 2UT/day, approximately 6%ears would
be required for the WTBAW Vitrification Facility to produce the required amount of gla@sote that
the design life ofte WTP facilities is 4§ears[ORP-11242, Rev9].)

The waste loading of the LAW glass would likely be reduced if a segarpemental AW treatment

facility is not processing portion of the recycle stream from the melters in the WAW Vitrification

Facility. Thus, the glass soda loading for this scenario would likely be close to the 20% value determined
for supplemental treatment of LAUringScenarialA. However, for simplicity, the total glass amount
produced irScenaridlA was notadjusted for the expected reduction in waste loading.

Therefore, if LAWtreatmenbegins in 203 with startup of the DFLAWprocessthe earliespossible
mission completiomiate without increasing LAW immobilization capacity would be 2088 versus a
completon date of 2066 isystem Plan ScenaridA (ORR11242, Rev9). The minimum increase in
LAW treatmentength wouldbe 22years which represents a 50% increase from3lsenaridl A mission
length estimate. This simplistic analysis does not addressifaei on HLWtreatment, but the mission
length extension for HLW processing is expected to be at least as long as that for LAW processing.
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Selected studies of Hanfotank waste treatmenguch asSystem Plan Scenari®® (ORR11242, Rev9),
have evaluatethe impact of a lower TOE on tleerallHanfordRPPmission. The TOE that would be
achieved by th&/TP LAW Vitrification Facility is challenging to predict with a firsif-a-kind melter
system.Analogous facilities have demonstrated TOEs 6f5006. Atan assumed TOE o6%, the
minimum mission length would be increased to approxim&@iyearsto process all LAWbecause the
throughput of WTRLAW Vitrification Facility is reduced to 3MT/day resulting in completion no

sooner than 213.

Given the predited increase in the LAWeatmenimissionlength and the expected impact on HLW
processing, not providing additional LAW immobilization capacity for the HarRBrBmission has been

rejected as an alternative

C.3 ALTERNATIVE: VITRIFICATION 1, SINGLE SUPPLEME NTAL LOW -ACTIVITY
WASTE VITRIFICATION PLANT

(Note: This description is duplicated from tRERDCNDAA17 report (SRNERP-201800687), with
updates for the current evaluation.)

The Vitrification alternative considered in this assessment is shokiguneC-2. Disposal of the glass
waste is assumed to be in the IDF in stainless steel containers. This scenario is comparable to the
vitrification from the previous NDAA17 report (SRNRP-201800687),but with a six melter LAW
supplemental treatment facilityBecause othe assumed annual $48tllion benchmark budget for
supplemental LAW treatment activitighis alternative does not begin radioactive operation until
~2047205Q and meeting the HLVigroduction mission schedule requires<¥sgher throughput than the
current LAW melter facility, whicltorresponds to at least six LA¥ized melters. The cost for this
additional melter facility increases by »8ue to the larger facility with more melgebut is then
discounted by 40% compartmthe LAW melter facility to account for scalg and increased design and

construction efficiency.

New LERF/ETF Treated Water > SALDS
y Caustic Scrubber Effluents  Stack
A A EMF Condensate
and Caustic Scrubber Water and
Effluents Y Y Chemicals } Offgas
e Primary Offgas Secondary Offgas (HEPA,
Effluent Management Facili Offgas
(Filtration gvaporation) ty <—SBS Treatment (Film cooler, 9 »| Carbon Bed, TCO, SCR,
; and :
WESP SBS, WESP, or SAS) Solid Waste Caustic Scrubber)
Solids and
Nat) " Dby o Fofigas (Spent HEPA, Carbon Bed)
Concentrate Solutions
Feed Receipt and Preparation ——— Melter ETF = Effluent Treatment Facility
Slurry HEPA = High-Efficiency Particulate Air
* LERF = Liquid Effluent Retention Facility
Treated LAW Glass-forming Glass SALDS = State-Approved Land Disposal Site
Feed Chemicals and Sugar gpent '\B/‘egglrs SAS = Steam Atomized Scrubber
y PpeiBubtes | gy o Submerged Bed Scrubber "
IDF Leach Water Integrated SCR = Selective Catalytic Reduction s
: Disposal <« |TCO = Thermal Catalytic Oxidizer g
G;ggtg{ies;z&rér;)%?g?ﬂcueg&gte M Facility TFPT = Tank Farms Pretreatment £
WESP = Wet Electrostatic Precipitator z

Figure C-2. Flow Diagram of Vitrification
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In this alternative, the existing DST systés assumed to be used to blend and stage the feed. To

transport the liquid waste to the single supplemental LAW vitrification facility, a-citssransfer line

capability would be needed, and some remote tank farms may require transfer capaliliesste is
assumed to be sampled in the DST and analyzed and found to be compliant with the pretreatment system
waste acceptance criteria to produce an acceptable glass waste form. Vitrification for supplemental
treatment of the Hanford LAW is summagtzbelow.

In the supplemental LAW melter system, the molten glass is poured into a stainless steel container to
cool. Vitrification unit operations are shownkigureC-2.

The waste components are chemically bonded as part of the glass waste form; the interaction of the waste
components with the glassrming chemicals defines the amount of waste that can be immobilized in glass.
The concentration and interaction amaohgse components define the glass properties, such as durability.

For LAW and supplemental LAW treatment, the Glass Shell v3.0 (a collection of property models) is
used to constrain the composition and loading of LAW glasses to control the sulfurdelefahe melter
feed to durability response, viscosity, and refractory corrosion. The models also consider component
concentration limits for chromium, halides, and phosphate. The models use the chemical composition
(measured) of the waste to be vigd. Preliminary calculations use the concentrations of sodium,
potassium, and sulfur to develop a target glass composition. Then, using the property models and the
12 glassforming chemicals identified, the target glass composition is adjusted usiglasiséorming
chemicals to maximize waste loading while meeting all the processing and performance constraints.

The final properties and composition of the vitrified waste form vary, but the models ensure that all the
properties remain within acceptabl®pessing and performance regions. The vitrified waste is poured
using lifts into stainless steel containers. The canisters, filled to at least 90%, are cooled, sealed, and
decontaminated, and are stored temporarily prior to IDF disposal.

The nitrate and nitrite salts in the LAW are converted to a mixture of nitrogen, amawhidQ in the

melter by reaction with sugar, also producing carbon dioxide and other gases. The melter is continuously
bubbled by forcing air through submerged pipes in the molten pool to increase the melt rate. The air and
offgassed chemicals are processed thinahe primary and secondary offgas systems. The organic
chemicals, including regulated organics, are largely destroyed by the high heat of the melter; although
some other regulated organics are produced by the incomplete combustion of sugar in th& heelter

sulfate in the waste has potential to form a separate phase in the melter and has limited solubility in glass.
Sulfate can limit waste loadingsing the current glass models and can limit waste loading even with the
latest glass models if accumudat in the recycle stream is higher than expected. The ammoniGnd

are partially scrubbed into the secondary waste liquids produced in the offgas system that are processed in
the Effluent Management Facility (EMF), but most passes to the secondgay sffistem. The NG

destroyed by reaction with added ammonia in the catalytic reducesngneimaining ammonia is

released vighe stack. Glass waste loading is typically 2%%6 (defined as waste sodium ion loading).

The waste volume is reduced ses the aqueous waste, with the glass volume equivalentit63%0of

the liquid feed volume.

This alternative assumes a segantinuous process, where a specific mass of each of tthey-hix

components, sugar, and a volume of liquid LAW are blendedeahfibrward to a melter feed preparation

tank in discrete batches while the melter is continuously fed from the melter feed tank. Molten glass is
poured through a spout from the melter into a-§8Hon stainless steel container. Pouring into the

contairer i s done in Aliftsd to avoid | arge changes i
a container. When the container is full, the pour stream is stopped, the filled container is moved, and the
process repeats. The containers are a&ltbte cool, sealed, and swabbed for removal contamination.

Any contamination is manually removed and the container is transported to the IDF for disposal.
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The feed rate, bubbling rate, and melter power are balanced in an attempt to maintain a colldecap on
melt pool, other than in the immediate vicinity of thebl®blers. The cold cap is produced by the melter
feed slurry cooling the surface of the glass. Water and other volatile components (e.g., Hg) are boiled off
from the cold cap. Reactions betmethe nitrate/nitrite and sugar generate CQO;, G&) N.O, NG, and
ammonia. Small amounts of organic products from incomplete combustion of the sugar also occur
primarily in the cold cap. Cold cap reactions with nitrate/nitrite and the reactionsdoldheap and

plenum with oxygen result in destruction of most of the organics in the feed. Melter offgas condensate
consists of components that are volatile and sesfatile at melter temperatures. These species include
Cl, F, I, Tc, Hg, As, S, and Sén the absence of a cold cap or during operation with a reduced cold cap,
these species vaporize more completely. These species are largely scrubbed out by the primary and
secondary offgas processes.

All water fed to the system and the water added dwffgas treatment processes becomes liquid

secondary waste. The liquid secondary waste generated during vitrification is collected and processed
through the EMF, which is expanded in this alternative to accommodate the additional volume from more
melters As generated, the primary waste condensate and scrubber stream is near neutral in pH. This
waste is collected and processed using filtration and evaporation in the EMF. In EMF, the pH is raised to
~12, causing the ammonium in the waste stream tdipartd the overheads as ammonia. The EMF
evaporator bottoms are recycled to the melter for retreatment so that the radioactive and hazardous
components, such &3¢, are forced to be incorporated into the glass at higher concentrations than a
singlepas system would achieve.

The EMF overhead condensate and secondary offgas system liquids are transferred to the Hanford Liquid
Effluent Retention Facility/Effluent Treatment Facility (LERF/ETF) for collection and further treatment.
The liquid secondary wesfrom the EMF evaporation process is expected to contain organics that
require upgrades to the ETF treatment systemsdntlyin progress to treat condensate from the WTP
LAW Vitrification Facility) and the volume of waste generatgda supplementalAW vitrification
processould require additional upgrades or a new facility. The liquid secondary waste from the
secondary offgas system will likely contain a large fraction ot4thén the supplemental LAW feed and
could require treatment prior toqaressing this effluent stream at LERF/ETFhe volume of liquid

secondary waste from the supplemental LAW treatment facility, when combined with other WTP
effluents, willincrease ~6xystem Plan$ection5.1.2.4.5.40ORRP-11242, Rev9]) andlikely exceed the
treatment capacity for the ETF. A new facility would likely be required for treatment of the supplemental
LAW effluent.

After treatment in ETF, the concentrated waste from ETF is primarily ammonium sulfate; a similar
process is expected if a nexgdatment facility is built. The waste form for the concentrated waste is
currently under development, with the intent to grout the ETF concentrated waste and dispose of the
waste in the IDF. Treated water from ETF is disposed of at asgtpteved landlisposal site (SALDS).

Solid secondary waste from the vitrification facility (e.g., hedficiency particulate air [HEPA] filters,

carbon bed media, bubblers) will be placed in a container, processed/treated as necessary to meet disposal
facility waste aceptance criteria, and disposed of in the IDF or at a commercisit®fflisposal facility

along with the immobilized waste from the ETF that contains the offgas condensate components from
vitrification. Waste disposition will be an evolving process efittiencies will be examined after

DFLAW operations commenceélthough not included as part of this alternative, disposal of the

secondary solid wastes and immobilized waste from ETF concentrate insite ddication is identified

as a potential opptumity to reduce the asite inventory of radionuclides and potential constituents of

concern.

7 Methods to mitigate the issues with iodine in the liquid secondary waste are under evidudid® LAW vitrification
and could be applied to a supplemental LAMyification system(Cree and Wagnon, 2022).
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The technology parameters for the technology readiness for alternative Vitrifitasi@stimated to be
moderate for this type of waste streahthis timedueto previous nonradioactive simulant testing and
full-scale implementation on HLW at other sites, but not in the quantities and glass production rates and
waste type required for this alternative.

C.4 ALTERNATIVE: VITRIFICATION 2, INCREASED LOW -ACTIVITY WASTE
VITRIFICATION RATES

The existing WTR.AW Vitrification Facility has a design basis throughput of\80/day of glass and an
assumed time that the facility is operating versus idled (TOE) of 70%, for an average operating capacity
of 21MT/day. If the throupput of the WTR.AW Vitrification Facility can be increased, the need for
additional facilities to process LAW could be eliminated (or the capacity required feugpimental

LAW immobilizationfacility reduced). In addition, increasing the percenti#fgeaste in the glass

produced, or the waste loading, will reduce the amount of glass to be produced, which would lower the
required production rates.

In addition, the impact of installing a third melter, changing the TOE, increastngated LAWag
storage to reduce thmaximum processing rate needed, and breaking the recycle loop will also be
considered in this alternative.

This assessment is performed using the LAW feed vector from System Plab RORR 11242, Rev9).

Increased Waste Loading

WTP LAW Vitrification Facility Waste Throughput

Increasing the waste loading reduces the - 700

amount of glass generated by treating the ta
waste. With theWTP LAW Vitrification 200 o
Facility capacitydeterminecdy the glass >0
production rate, increasing the waste loadin¢s " 400
allows a greater volume of waste feedvéo
processed each day and would reduce the n 200
for supplemental treatment, as shown in 100
FigureC-3. As shown irthe figure the
facility glass output is constant at 0 5 10 15 20 25 30 35
640 MT/month, while the amount of sodium oo Sodium
oxide (soda) processed is determined by the

waste loading, varying from 3@T/month at Figure C-3. Impact of Waste Loading on
5% soda loading to 192 T/month at 30% Waste Throughput

soda loading.Sodium, asthe dominant glass

forming species in the waste, is used amditator of the total amount of waste in the glass.

300

MT/Month
=
o
(=]

Glass (MT/month)

(%)
(=]

o

0

Glass

The glass modelssa the composition of the melter feed to predict a number of glass properties, such as
melt viscosity and glass durabilitgndthe solubility limits for species like chromium and stéf¢hat

have limited solubility in the LAW glass. The glass models are used to determine both the minimum
amount and type of the glakg¥ming chemicals to be added to each batch of fémgrovements in the

property predictionsalong with formulation lsanges to improve solubilithave led to models (denoted

by the year the final report on the model development was issued) that allow increased waste loadings for
LAW processing, as shown ifableC-4.
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Table C-4. Waste Loading as a Function of Glass Model

Expected Average Waste Total Amount of LAW Glass
Glass Model Loading? (MT)

2007 15.6% ~800,000
2016 27.3% 489,000
2020 30.7% 420,000
aWaste loadings in this table are total amount of all oxides in the LAW, not soda loadings
LAW = low-activity waste.

ORP11242used the 2016 glass models that resulted in average soda loadings at th&W/TP

Vitrification Facility of 23% and average waste loadingssapplementalAW of 27.3% that result in a

total glass amount of 489,000T . According to DOEGs projections,
reduce the total amount of glass produced to 42MIDO Additional inprovements in the LAW waste

loading are expected to be smal the most significant issues impacting waste loadings have been
addressed to achieve the improvements notdalie C-4.

WTP LAW Vitrification Facility Capacity Compared to Total Glass Production

LAW processindegins during the DFLAW prograrwith glass production starting #023. The end
date of the mission varies depending on the assumptions made for HLW processingQRR 1142
end date of 206&asused in this evaluation. The WTRAW Vitrification Facility treatment capacity
during the 42year mission is 322,00dT of glass if the facility runs at thdesigned capacity. Given the
total amount of glass expected exceeds this value by a significant nveaigia,loading increases alone
will not allow the WTPLAW Vitrification Facility to complete the mission on scheduldwus, increased
waste loading could reduce, but will not eliminate the need for supplementatieathentvithout
throughput increases in the WTRW Vitrification Facility.

Increased Throughput

Assuming 489,50MT of glass production is heeded basedf@RPPSystem PlaifORPR11242, Rev9)
(and the 2016 glass models) and ayéar mission length, the throughput of the LAXNrification
Facility would need to increase to an average d¥A31day. At the design capacity of 24T/day

(30 MT/day capacityx 70% TOE), LAWprocessingvould take a minimum of 6years.

However, the total LAWprocessingapacity is not based on an average glass production rate since the

total amount of total LAW feed each month varies considerably due to variations in HLW prg@assin

tank wasteetrievals® Projected monthly feed variations result in required LAW throughpak

requirements that are much higher than the average throughput and valleys that are significantly lower, as
shownin FigureC-4. Note that the chart shows sodium throughput; but if a constant waste loading is
assumegthe required glass production would follow a very similar trend. At the maximum assumed
monthly LAW flowrate, a LAW treatment capacity of 66 MT/day would be requirkdjusting for an

assumed TOE of 70%, the required total capacity for LAW vitrification would ldBday. Increasing

the soda loading has the potential to reduce this value to approximatdily/88y, or 4A0MT/day per

melter.

8 FigureC-4 only shows the supplemental LAW treatment flowrates. Fedue LAW treatment facility isssumed to be
congant and would simply increase all values on the chart by the same amount.
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Pilot-scale testing tancrease théhroughputof the LAW melters was documentedHiamel et al. 2006).

The pilotscale facility was able to demonstrate operation above the design basis without modifications
with some test runs achieving the equivalent oMX¥day/melter. Tl authors concluded that increasing

the melter surface area by reducing the thickness of the refractory could lead to a 47% increase in
throughput, and increasing the temperature to 1°2X7%ould lead to an additional 22% increéldamel et

al., 2006)for apotential cumulative increase of 80%. These cumulative increases, if realized, would lead
to a capacity 7MT/day for the WTRLAW Vitrification Facility or 37MT/day per melter.

Since the2006study wagublished DOE has further estimated thatiaorease in operating temperature
to 1200C could result in a production rate of BO/day (45MT/day per melter)which would eliminate

the need for additional LAW treatment capacity when compared to the needed capacity requirements
(81 MT/day) at 25% was loadings. However, as discussed below, the ability of the melter to support
increased capacity does not meandtieer components of th&TP LAW Vitrification Facility can

support the increased production rates.

1.00E+04

Sodium Flowrate {(kmole/month)
o
°
8
t

Sodium Flowrate

Note: Flowrate fron2020,River Protection Project System PldRev.9, U.S Department of Energy, Office of River Protection,
Richland, Washington.

Figure C-4. Sodium Flowrate to Supplemental L ow-Activity WasteTreatment

Installation of a Third Melter in WTP -LAW Facility

The WTPLAW Vitrification Facility was originally designed to have three meltargl the current

contract for construction of the facility requires the design to allow installation of a third melter.
However,design changes to tlfigcility (e.g., the addition of unit operations to the melter offgas trains)
led to use of spacgetaside for the third melter in the existing design. Thus, installation of a third melter
is not deemed practical in tNéTP LAW Vitrification Facility.

9WTP Contract No. DEAC27-01RV14136, Modification No271, SectiorC s t dHe &AW\ Fadility design shall not
preclude the installation of a third melter, melter power and camslystems, melter feed, offgas treatment, container handling,
HVAC, and other systems and components not initially installe@. capacity to expand the waste treatment shall be consistent
with an increase in the design capacity of\80G/day to 49MTG/day ©
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Total Operating Efficiency Impacts

The assessments above were performed assuriii@gaf 70% as specified by the WTP contrdBtE-
AC27-01RV14136. Analogous facilities have typically operated at lower TOES, thus a lower TOE for
theWTP LAW Vitrification Facility was evaluated. A lower TOE would reduce the glass production rate
and require more capacity.

The evaluation of a lower TOE is not as straifgimvard as simply taking the capacity at 70% (94 or
80 MT/day depending on agsied waste loading) and applying a differential fadiecause the TOE for
HLW vitrification should beassumed to blewer if the LAW TOE is loweredBecausehe feed volumes
to LAW processingare dependent on the HLW processing rate, recalculatior efitfire mission is
required to assess such an impact.

This recalculation was performed as System Rianl1B (ORR11242, Rev9). In this run, the mission
length extends to 2076&nd the maximum required capacity for LAWbcessings reduced to 5MT/day
prior to adjusting for TOE. Using a TOE of 50%, the total required L&@¢essingapacity is

108 MT/day (TableC-5). Improving the waste loading could decreaserétigiired capacity to
approximately 8T/day. Thus, the impact aflower TOE on the overall mission resultssimeed to
increase the total LAWWrocessingapacity, but these increases iao¢ directly correlated to thatio of
TOEs since HLW processasuld run slower.

Table C-5. Comparison of Capacityfor System PlanModel Runs 1A and 1B

Required Capacity for LAW Required Capacity for LAW
(20% Soda Loading) (25% Soda Loading)
Model Run? TOE (MT/day) (MT/day)
1A 70% 94 80
1A 50% 108 86

aModel run data from ORR1242,2020,River Protection Project System P|dRev.9, U.S. Department of Energy,
Office of River Protection, Richland, Washington

LAW = low-activity waste. TOE = total operating efficiency.

IncreasedFeedlLag Storage

The average capacity need for LAW treatment once HLW processing starts was estimated to be
39MT/day (or 56MT/day after application of a 70% TOE) for the LAW feed vector from System Plan
ScenariolA (ORP-11242, Rev9), approxinately onehalf of the maximum required production rafe

Lag storage can be used to even out the feed to the ié¥fication Facility by storing feed during

periods when the featblumeexceeds the average amount praviding LAW feedwhenfeed volume

are low. As the amount of lag storage available is increased, the required LAW immobilization capacity
is decreased. Note that usel@ink AP-106 to stage LAW feed is planned during the DFLAW portion of
the missioncontinued use after DFLAWrocessingvould provide approximately Mgal of lag storage
capacity.

An evaluation was performeaf the requiredsupplementallAW vitrification capacity i.e., capacity with
varying amounts of available LAW feed lag storage cappwiityh the results shown iRigureC-5 based
on the monthly volumes iBcenaridlA. A waste loading of 20% was used for the vitrification
evaluation. As shown iRigureC-5, the required capacity approaches the average as the lag storage
volume approachesMgal.

10 This average treatment need is higher than the value indicated in the increased throughput section because the simplistic
analysis in that section did not account for the DFLAW portion of the mission, where the treatment rate is limitedbititythe
of the tank farms to provide feed.
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Based on this evaluation, thequiredLAW treatment capacity could be reduced to a capacity ttodee
average capacity need of BH glass/day if 8Vigal of lag storage is provided. The required capacity is
only slightly reduced to 561T/day by the IMgal of lag storage provided by useTa@nk AP-106. Thus,
lag storage could be used to reduce #rpiired amount of LAW treatment capacity needed.

Impact of Lag Storage on Supplemental LAW Vitrification Capacity Required
(Scenario 1A Basis)
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Note: Based on Scenario 1A from ORP242,2020,River Protection Project System PldRev.9, U.S.Department of Energy,
Office of River Protection, Richland, Washington

Figure C-5. Required Vitrification Rate Versus Lag Storage Amount

Breaking the Recycle Loop

One option for increasing the waste loading, and thus the wasteghput, of the WTRAW

Vitrification Facility is to eliminaterecycleof the offgas condensate. Proposals to grout the evaporated
offgas condensate instead of recycling would eliminate returning sulfate, chlorine, and fluorine to the
melter feedthereby potentially allowinchigher waste loadinyj However, the retention 8fTc and?

in the glass would be reduced to their siqggss retention values (38% f8fc and likely <10% fof?9)
(24590WTP-RPT-PT-02-005 Flowsheets Basefssumptions, and Requiremgnt¥hese values would

be even lower if the melt pool temperature is increased.

11 The impact of the recycle stream is reduced as glass models and LAW formulations continue to improve; therefore, the
impact of breaking the recycle loop is lessened with these models. For the 2016 mod#fer¢healin WTP LAW
Vitrification Facility versus supplemental LAW soda loadings (23% vs 20%, respectively) provides insight into the amount of
impact from the recycle stream since the supplemental LAW processes a higher amount of recycle than the WTP LAW

Vitrification Facility.
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Processes have been tested to sep®iiatérom the recycle to allow preferential return of only ke,
but these processé@documented in thfollowing) would not address iodine retention

A SRNL-STI-201900006,Solid-Liquid Separation Testing for the Remediation of Hanford Waste
Treatment Plant Low Activity Waste Melter @Gfis Condensate; SRMTF201800047,
Evaluation of Immobilizing SecongaWaste from a Proposed Treatment Process for Hanford
WTP LAW Melter Condensate

A SRNL-STI-201700322,Bench Scale Experiments for the Remediation of Hanford Waste
Treatment Plant Low Activity Waste Melter Gf&s Condensate

A SRNL-STI-201 700087, Investigation of Variable Compositions on the Removal of Technetium
from Hanford Waste Treatment Plant Low Activity Waste Melte3aff Condensate Simulant)

Development of these processes could allow breaking the recycle loop to be a more viable option.

Without a process to remove tf&c and'?¥ from the offgas condensate, most of tec and'?1 would

be partitioned to a secondary waste that is assumed to be gendetie efficacy of operation of the

WTP LAW Vitrification Facility could be questinedi What is the incremental benefit gained by
incorporating a small fraction of tl&T'c and*?¥ in glass if the majority ends up in grout? In other

words, if grouting the recycle stream is deemed acceptable, why not simply grout the tank waste?
Opeimation ofthevitrification facility to achieve destruction of organics and nitrate in the waste appears to
be a highly inefficient use of resources.

Other Considerations
Impact on WTPLAW Vitrification Facility if SupplementaLAW Treatmentis Eliminated

The WTPLAW vitrification process recycles the melter primary offgas condensate back to the melter
feed tanks after evaporation to remove water. VWupplemental AW treatmenis operational, a
portion of the recycle stream frotine WTP LAW Vitrification Facility is sent to thesupplementalAW
treatmenfacility. All recycle streams isupplemental AW are handled internal tihe process As a
result, the WTR.AW Vitrification Facility can operate at a higher soda loading hagplemental AW
processig (23 versus 20%, respectively f8ystem PlarscenaridlA [ORP-11242, Rev9]). If
significantly increased throughputtae WTP LAW Vitrification Facility is achieved that allows the
elimination of thesupplemental AW treatmenftacility, all LAW vitrificationrecycle streams would be
handled internal to the WTIPAW Vitrification Facility. Thus, the achievable waste loadings in LAW
vitrification could be reduced by the recycle stream. The size of this impact would need to be
demonstrated based thre glass models to bead during processing.

Impact of Increased Throughput on Process and Support Systems

The melter is only onpartof the WTPLAW Vitrification Facility. Operation of the melter at increased
rates would require all process and suppgstems to keep pace with the meltglany of these systems
are designed with very little margin for increasing facility throughpuRast evaluations of the ability of
the WTPLAW Vitrification Facility to process at higher rates did not includeirtiygact of higher waste
loadings, which impacts the cycle times of the melter feed and condensai@taoikg other impacts.

12 Exceptions ar¢he Glas$-ormers Reagent Systeand AnalyticalLaboratory Contract language for these facilities include
the requirement to support LAW operations atMBday for the glasformer feed at 4B8/T/day and analytial laboratory
capabilitiesare required to be designexisupport an increase in LAW treatment capacity that inclsidgglement AW
treatmenbperations.
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Operation at 3x the current capacity is likely not supportable for the support systemagshe melter

feed preparation procedbe offgas systems, cooling water systems, offgas condensate collection
systems, melter power supplies, canister lidding, decontamination, and handling. An engineering
evaluation of the full WTRAW Vitrification Facility and support function(g.,the WTPAnalytical
Laboratory and EMF) would be needed to assess the amount of maximum likely throughput each system
could support.

As an example of this impact on WTRW vitrification operations, the cycle times of the melter feed
preparation vess@lere calculated. At the current M8 /day/melter rate, each melter feed preparation
vessel would cycle 1.5 times per day or once evetyolBs assuming &/ sodium feed and 25% soda
loading. At the lower molarities expected during DFLAWécessingnecasary cycle times would be
reduced to 1&ours per cycle. Operation at KB /day/melter would reduce the necessary cycle time for
the melter feed process tdhburs at M and 4hours at 5.9. These cycle times are likely not

achievable based on therisfer times at the current pump rates and the time needed to batch and transfer
theglassforming chemicals

Reducing the required rates using lag storage could reduce the required rd#rtglads/daywhich is
likely a more achievable targetfithoughit is not certairthatthe WTPLAW Vitrification Facility and
support facilities could support operation at this rate at high waste loadings.

Impact of Increased Melt Pool Temperature

Increasing the melt pool temperature would have a numbepafcts on the procedacludingreducing

the design life of the melter and melter components like the bupbtesgver the primary concern for

this evaluation is the impact on retention of seolatiles in the melter. Retention of all senaiatile

species would be decreased, but the impact of reduced retention of sulfate, chlorine, and fluorine would
be most impactful for melter operations. Given the expectation of higher amounts of these species in the
offgas condensate recycle, the allowable wistdings would be reduced. Like other impacts, process
modeling will need to be conducted to assess the impact. However, thepsisgleetention of species at

the higher operating temperature would need to be estimated for the higher operatinguessgaiar

to performing the model run.

Expected meltedecontamination facts{DF) would be reduced fd*Tc and*?9, and for**'Cs and other
semivolatile compound. Like sulfur, chlorine and fluorine, revised DFs would be needed, and the
impacts agsssed.

Impact of Turndown

The LAW meltersas currently designetiave a limited ability to operate at lower rates than the design
capacity. When the melters are operated at decreased rates, the cold cap coverage is not sufficient to
prevent higher lossad volatile species. Thus, operating a vitrification system with a feed stream that
has the variability projected for the total LAW feed amount presents problems with either operating at
below design capacity and/or frequently idling the melter processstllation of additional lag storage
would alleviate this issue. However, if additional lag storage is not provided, the impact of idling or
lower feed rates on the DFs of sevolatiles species must be evaluated.

Impact of WTPLAW Vitrification Facility Modifications

The WTPLAW Vitrification Facility is assumed tbegin operations with the current design. Thus, any
modifications, even if minor, would require the existing process to stop operations for some length of
time. If the modifications amminor and could be coordinated with a melter changeout, this impact could

be small. The modifications would be performed to a facility that has been contaminated from the initial
operationswhichcould add cost and schedule to the modification procBEss.amount of outage time

and scope of the required modifications would need to be assessed to determine the impact of the outage
on the overall mission and the estimated costs.
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Overall Conclusions

This evaluation showed that improvements in the meltéroparations (increases in soda loading
coupled with increased throughput) may be capable of achieving the throughput necessary toftreat all
the LAW generatecht a rate sufficient to meet the projectedy42r mission lengthHowever, it is not
clearwhat the maximum rate that could be supported by the other unit operations in tHeAWTP
vitrification processes nor whether other support facilities would allow operatibe 8/ TP LAW
Vitrification Facility at higher capacity.

Due tovariability in thefeed delivery rate required to maintain an integrated tank retrieval and treatment
mission, the required treatment capacity is roughly a 3x increaadg@s®0 MT/day and as high as

108 MT/day assuming 70% TOE) compared to the existing VWAV Vitrifi cation Facilitycapacity.

The 3x capacity increase is not likely to be achieved without significant redesign and expansion of the
existing LAW vitrification facility. Lag storage of LAW feed can be used to leveltbatvariability in
theLAW feedrate An analysis of the required lag storage capacity required suggests that roughly

6 Mgal would be required to reduce the 3x capacity spikes to the average capacity requiké@/ (a6
assuming 70% TOE) without impactittge HLW mission duration.

With the information currently available, the capacity to increase throughput of the WTP LAW

Vitrification Facility cannot be determinedPrevious studies of throughput increases did not adequately
account for the impacts of waste loading on melter fee@msyahd offgas condensate handling systems.
Additional evaluations of the WTPAW Vitrification Facility to assess the capacity of the facility to

increase production given the current assumed waste loadings and feed sodium concentrations are beyond
the sope of this study. If pursuedich a studyould benefit from operational experience gained during
startup, commissioning, and initial operation of the ARV Vitrification Facility. Therefore, this

option was not scored during this evaluation.

C.5 ALTERNATIVE: VITRIFICATION 3, NEAR-TANK VITRIFICATION

Alternative Vitrification3 uses multiple, ofite fabricated transportable vitrification urtibstreat
supernant liquidat separate plants igach for th&00East and WesAreas or several plants assated
with tankfarm groufngs. The immobilized glass waste form would be dispossie Themain intent
of this alternatives to reduce the crosste transport of untreated wastied to provide flexibility in
retrieving and processing 200est Area \aste

Neartank vitrification converts radioactive liquid waste to a durable borosilicate glass waste form with
properties similar to the LAW glass produced in the WTP L¥NMyification Facility and alternatives
Vitrification 1 and Vitrification2. The tehnology can be deployed remotely and moved to the waste
stream to be treated (e.g., 20@st Area, 200 East Ardacomplex or near WTP. Neartank )
vitrification can be realized in multiple configuratioimcluding GeoMelt In-Container Vitrificatior
(ICV) (Raymond et al., 2004 ransportable Vitrification System (TV@Nhitehouse et al., 1995nd
Demé&Melt (Didierlaurent et al., 2019&ps examples. All threeommerciakystems are well developed
and demonstrated at least to pilot scale. The WeSusedor treatment of Oak Ridge National
Laboratory mixed waste sludgé&&amecnik et al., 1998)The Dem&Melt has been tested at psoale
with decommissioning and dismantling wastes from French nuclear reprocessing féDilitiedaurent
et al., D19a)and Fukushima secondary wageglierlaurent et al., 2020; Didierlaurent et al., 2019b)
The ICV was designed and demonstrated at full scale with Hanford siAMiant(30686RT-0003,
Demonstration Bulk Vitrification System Seried=8fl-Scale Tesbg; Witwer et al., 2008and
demonstrated twice in pilscale test melts with actual Hanford tank wé#Bfgaasen et al., 2004)CV
has also been deployed for treatment of a variety of wastes worldwide, including DOE Office of
Environmental Manageme(EM) wastes at INL (Walling et al., 2021; Finucagteal., 2020; Finucane
and Campbell, 2006; Witwer et al., 2013; Garretlgt2020)
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The ICV configuration was selected as the referemegtank vitrificationtechnologyfor alternative
Vitrification 3 due to the abundance of design and operating data specific to Haumppldmental AW
generated through the Demonstration of Bulk Vitrification System (DBVS) pro(iR&@R24544,
Demonstration Bulk Vitrification System Independent Qualified RegistecéesBional Engineer
(IQRPE) & RCRA Review Packad®PRRPT-35775,Process Hazard and Operational Analysis for the
Demonstration Bulk Vitrification System in Support of Critical Decision 3

Consistent with other vitrification alternativebetwaste is @simed to bélended, staged, asémpled in
aDST and analyzed and found to be compliant with the pretreatment system sticé teativould
produce an acceptable waste fafter treatment The tank waste would be pretreated throlgPT
units and collected in aditank toawait vitrification processing (DSTs such as Té#k106 in 200 East
Area will be used to provide Mgal of lag storage, or a ~100,60@llon lag storage tank is expected t
be sufficient).

Near-Tank Vitrification Technology

Neartank vitrification as designed and demonstrated for applicatisngplemental treatment bAW is

based on ICYas shown irrigureC-6 andFigureC-7. The pretreated LAW is blended with glass

forming chemicals in a concentrator/dryer operated at 60°Cadwaumn of 26n Hg. The dyer offgas

system consists of a particulate filter and a liquid condenser. The filter is redpaleklyulsed and the
particulate recycled. The dryer offgas is combined with the melter offgas stream for further treatment.
Condasatesecondary waste is collected and transported to LERF/ETFttedied and discharged

while HEPA filters are drummed and disposed. The melter feed is dried to rougtity 5,0 and fed

into a melter through a dryaste transfer system (DWTSyhemelter is a 24 7.5x 7.5foot steel box.

The melter is prestaged with refractory walls, a melt starter path, electrodes, and lid. The lid is connected
to both the DWTS and melter offgas treatment system.

Add Soil. Glass Scrubbed/Filtered Air
Formers and Flow Released to
Amendments Atmosphere
(as required) ?
Steam/Water Prepare ICV
Treated/Recycled Container for Offgagyg{gam‘me”t
as appropriate Waste Loading Processing
A
/ TContdg?éate VIVazjter
Blending and Load Soil/Waste realed/recycied as
Preére%aged — Dryingg(as »| Matrix into ICV »| GeoMelt ICV appropriate
required) Container Processing
ICV Container and Vitrified | _
Product Prepared for S
Lr_?nfspgrg OdeC\t/ Transport to Disposal Site |5
itrified Product | g
: 2 (e.g., Hanford low-level &
DiEpalbie waste burial grounds) 2

Source:30686RT-0003, 2007Pemonstration Bulk Vitrification System Series 38 8dhle TestingAMEC Nuclear, Ltd.,
Richland, Washington.

Figure C-6. ProcessFlow Diagram for Demonstration Bulk Vitrification System
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1 | ™M
Power Supply Baghouse Filer 0,000 lter Dryer/Mixer

Sintered Metal Filter

Source: Witwer, K.S., E.J. Dysland, J.S. Garfleld TH Beck, J. Matyas, L.M. Bagaasen, S.K. Cooley, E.M. Pierce, D.S. Kim,
and M. J. Schwelger, 2008, fAHanf Gcale ntegrated Tegihgeofeomainek! Tr eat ment
Vitrification anda 10,000L i t e r thte/l\eanagerbnent 2008/MSymposia, Inc., Phoenix, Arizona.

Figure C-7. Full-ScaleIn-Container Vitrification Demonstration System
in Process oiVitrifying Waste

A melt is initiated by passing current betwee 3836
graphite electrodes through the resistive sta 3525
path which heats the surrounding melter fee 014
forming a continuous melt phase. As the m
phase growsdt is Jouleheated.Dried feed is N
added through the DWTS to maintain a eold 2531
cap over the melt, which insulates the melt 2280
reduces volatility FigureC-8). The feeding 1969
and melting contin@ until approximately 4% 1658
of waste glass are produceiden a topoff frit
is added to reduce volatility until aif the 1345
waste is incorporated into the glass melt. 1035
724

Source30686RT-0003 Demonstration BulkK/itrification System
Series 38ull-Scale TestingandRPR48703,Bulk Vitrification
Technology for the Treatment and Immobilization of {Awmtivity
Waste

Figure C-8. Thermal Image of Melter FeedPiles,
Cold-Cap, andElectrode in Full-Scale ICV Melt
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At that point, the power is turned off and a 1
disposal lid is placed on the box, which is ﬁ Waste Mixer/Dryer ’ o[ BON Cas
subsequently rolled off to a cooling station %
where the melt solidifies into a solid glass AT Reckrmis ol
waste form FigureC-9). Unlike the joule Addition
heated ceramic melters used in WTP where
glass is poured into disposal canisters, the ICV X — v
melter box also serves as the disposal e {| BLEELR (| ahsnts
Container_-'The gIaSS bOX iS then tranSFEIﬂIO C:)nlinue mgll Start Mellir?g Initial Wauste Pre-SlagZ
IDF for dlSpOS&l. While continuing  into Box Box

T Of % Fill with dried waste
The glass composition is designed to efficien _ Vet _ .
immobilize LAW into a borosilicate glass that i : .“[ﬂj]]|
satisfies the current LAW glass durability - -vTop—Off o
criteria of normalized product consistency test Complete  Affix Cover &
response below @ m?2 and vapor hydration External Decon
ted responses below ¥m?Ad TCLP Figure C-9. Simplified Demonstration Bulk
responses were sufficient to satitfig LDRs Vitrification SystemFlowsheet

Due to the higher melting temperature of the

ICV process (1200 1350°C) and short refractory life requirements, the loading of LAW in glass can be
significantly higher ér similar chemical durability and can be specifically tailored for each melt
(PNNL-14351,Development and Testing of ICV Glasses for Hanford LAMNL-15126,Laboratory
Testing of Bulk Vitrified LowActivity Waste Forms to Support the 2005 Integrated ®&iapFacility
Performance Assessmgnhnitial melts found a small (~3%) fraction of unincorporatechnetiumn the

box in the form of undissolved molten s@0686RT-0003; Bagaasen et al., 2004jhis resulted in a
projected fast initial, but accegtile, release in the risk assessment calculafRRB17675,Risk
Assessment Supporting the Decision on the Initial Selection of Supplemental ILAW Technologies
Recent advances in glass formulation for high sulfate wastes will enable the reductidteofsalo

(Vienna et al., 2014; Skidmore et al., 2019; Jialgt2022) A series of engineeringcaled melts with
Fukushima secondary wastes have demonstrated that the solution to molten salt has been resolved by
processing glass with ovem% SQ without generating a separated salt pl{gsaicane eal., 2020)

The offgas treatment system was designed to filter, scrub, and chemically treat the ICV process, dryer,
and storage vessel offgag¥gilson et al., 2008) The ICV offgas is filtered with BIEPA-rated sintered

metal filter, which removes and recycles 99.97% of particulate abover9.3The dryer offgas is

condensed and filtered. Filtered gases from the ICV process are combined with the filtered dryer gases in
a secondary treatment systethermal oxidizer/reducer is used to destroy organics and nitrogen

oxides. Gases exiting the thermal oxidizer/reducer are quenchedédjeetorventuriscrubberoperated

with hydroxide solutionfollowed by a heated HEPA filter and carbon bed and thr@mgexhaust stack.

Technical Maturity

The ICV system to treat a complete lowrie waste tank ahe Hanford 200WestArea TankS-109) was

designed and demonstratatfull-scale(30686RT-0003) Full design review and hazard evaluations

were conducte(RPR24544; RPFRPT-35775) This system complete@ritical Decision 3 (CB3) and

was approved to operate undeesearch, development, and demonstrgiRID&D) permit issued by the
Washington State Department of EcoldggyA 7 8 90008 96 7, fi Buws amd briMixdddViasteDa ng e r
Resear ch, De v el op me i€onstructian df thB systemrbegant baittwasdenntinated due

to a delay in WTP startup and contractor changes at Hanford. A detailed cost estimate was performed by

an independent contractarfboth the 5&ox TankS-109 demonstration (DBVS) and for a complete

system to be operatedtime 200 WestArea and the northern portiontbie 200 EastAreato treat a total

of 26,000t of sodium in 4,56boxes(ORP-11242, Rev3A).
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Each of the 200 Eaand West ICV systems

were projected to have up to four replicate CompletedBox ' ramec. o
melter lines to meet the throughput necessal Storege :

for supplemental LAW treatmen# rigorous - \ :

external technical review was performed to iRRRRRRRRRR

evaluate the likelihood of success of thesar - -

tank vitification option which concluded: - . Off-Gas
fiNo fatal flaws (issues that would jeopardize A1) Scrubber
the overall DBVS mission that cannot be = B

mitigated) were found, given the current stat / : _
of the projead (RPR31314,A Comprehensive SESEHRY P e ey
Technical Review of tHeemonstration Bulk Liquid Waste Off-Gas Scrubber

Vitrification System Source: RPRI8703, 2011,Bulk Vitrification Technology for tt

Treatment and Immobilization of LeActivity Waste Washingto

FigureC-10gives a rendition of the fubicale River Protection Solutions, LLC, Richland, Washington.

supplemental AW version of the ICV Figure C-10. Rendition of Full-scale Hanford LAW
process.A similar ICV system treating Supplemental TreatmentDeployment
hazardous waste has been in-Bdhale

operations in Iga&City Japan since 200FigureC-11). The technology aliness level (TRL) was
sufficient to satisfy CEB requirement$RPR24544) with a technology maturation plan to obtain to
TRL 9 was to be completed during DBVS.

= a)

Melt ‘L

Station

Pretreatment
Building

Water Treatment Facility E'ecmca'.rfg:;‘f"’)"r;"etra"d Main

>
Source: RPRI8703 2011,Bulk Vitrification Technology for the Treatment dnamobilization of LowActivity Waste
Washington River Protection Solutions, LLC, Richland, Washington.

Figure C-11. Iga-City I n-Container Vitrification System

Although there are potential cost savings associated with tstefabricated/orsite assembled ICV
system versus a sitmuilt facility, each processing location would require significant site preparation,
storage and processing pads, utilities, and preparation facilities. In addition, replicatdimesit@ould

be required to reach the throughput comparable to alternative Vitrificatiofth similar offgas treatment
complexity. The advantagef avoiding use of a crosste supernant liquidtransfer line specifically for

this process by using modular/separatgfigation plants must be compared te theed fotwo facilities.
Further, the added expense of a second facility may further extend the schedule, delaying startup and
completion of the missionBecause of the cost of multiple IG¥cilities with simila complexity and
capacity as alternative Vitrificatioh, this alternativés considered bounded by the analysis of

Vitrification 1. Furtherconsideration of alternatiwitrification 3 is, thereforeunnecessary.
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C.6 ALTERNATIVE: FBSR 1A AND FBSR 1B, FLUIDIZ ED BED STEAM REFORMING
ON-SITE (A) AND OFF-SITE (B) DISPOSAL

Note: The description below was adapted from SRRP-201800687for steam reforming applied to
Hanford LAW with edits to provide more ujo-date input.

Steam Reforming

FBSR converts radioactive liquid wastexed with a clay additive to dry granular mineral particles
with chemical structures thate expected tretain the radionuclided=BSR has been researched,
developed, and used commercially for over two decades for processHeyklwadioactive wastes.
FBSR for supplemental treatment of Hanford LAW is summarized below.

Fluidized Bed Steam Reforming Technology

FBSR is a high tempature process that operates at temperatures up t@52& to evaporate water in

the waste, destroy organics, destroy nitrates, and convert the solid residue into a durablksittanh
wasteform. Forthe concept of supplementatéatment of Hanfar LAW, this process occurs in the DMR
vessel, which contains a bed of particles that are the right size and density to be continually fluidized by
steam that flows wpardthrough the bedThe steam is superheated to nominallyiBB@°C prior to
entering he DMR. Coal and oxygen are fed into the DMR, where they react (also with steam) under
stoichiometrically reducing (pyrolysis) conditions to heat the DMR to the target operating temperature
and to produce hydrogen and other reduced gas species thatitledice nitrates and nitrites in the waste
feed, converting the nitrates and nitripgedominantlyto nitrogen and waterOrganics in the feed are
efficiently pyrolyzed; nitrates in the feed are destroyeaear orbelow detectable levels in the

minerdized wastgorm. Overall, up to 979%IO, destruction was obtained in pistale Hanford LAW
FBSR testingRT-21-002,Report for Treating Hanford LAW and WTP SW Simulants: Pilot Plant
Mineralizing Flowshegt Over 99% NQdestruction was measured in pikrale INL sodiurrbearing

waste testing (2826RT-001, Pilot Plant Report for Treating SBW Simulants, Mineralizing Flowgheet
and >90% NQ destruction was measured in INL IWTU startapting (FPT-1642,Integrated Waste
Treatment Unit Engineering Data Alysis of T+1021 Part4). IWTU startuptesting (RP¥1642)

indicates that NQoffgas concentrations could exceed the desired performance level opp/B9Qdry
basis). If that translated to the FBSR for LAW, it presumably wadslult in additional controls being
required.

The remaining dissolved and undissolved components sUgii@ementalAW (e.g.,sodium,

aluminum, halogens, sulfur, hazardous metals, and radidesglif present) react with the clay that is

premixed with the waste feed to form the desired mineralized ¥gaste This product includes highly

durable mineranepheline, carnegieite, sodalitmdbr nosean.These structures can incorporate the

norvolatile and semvolatile elements in the waste feed either into the nepheline or carnegieite mineral
structures or inside sodalite or nosean ficageso o
(FigureC-12) (SRNL-STI-2011-00387 Fluidized Bed Steam Reformed Mineral Wasteform Performance

Testing to Support Hanford Supplemental Low Activity Waste Immobilization Technology Sel&tigon

relative proportionef these minerals in the wastem depend largely on the amounts of halides, sulfur,

and radionuclides relative theamounts of total sodium and potassiunth@LAW.

Modeling predictiors forrepresentative supplemental LAY8mpositionsuggesthat thegranular

mineral product auld nominally contain mostly (B0 wt%) nepheline or carnegieitei, B) wt%

sodalite, 612 wt% nosearfwhere sodalite and nosean could form a solid solytarg I 10 wt% silica
(Si0,) and alumingAl203). The relatively small amounts of sodalite and nosean minerals compared to
the larger amounts of nepheline and carnegieite minerals imitlezal assemblage predicticgsult from

the relatively small amounts of anions and radionuclides (rangngdbout 814 mol% of the sodium)

and sulfur (ranging from about @ 2mol% of the sodium) in theupplemental AW feed vector.
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Resultant Nepheline — Kalsilite structures
that can contain radionuclides:

Kaolin .
Crystal Na,Al,Si,0, "1
CsAlSiO,
RbAISIO, .
(Cags,Sro5)AlSiO, Group 1,2, an
(Sr,Ba)AlLLO —— certain other
’ 2Y4
Met (Na,Cag5)YSiO, elements
Kaolin (Na,K)Lasi0,
Amorphous (Na,K,Cay.s)NdSiO,
Anions that can be incorporated into cages:
. . Oxidati
Anion Mineral Name xidation
State
F F-sodalite -1
K *¥ele) cl- Cl-sodalite -1
Feldspathoid e toRg s \% Clo, Cl-sodalite -1
Crystal j\ \»ﬁ{‘ S 50,2 Nosean +6
& P ¢ Y © TcO, Te-sodalite +7
M{.‘(U ReQ, Re-sodalite +7
O - I I-sodalite -1
el Br Br-sodalite -1

Figure C-12. S 0 d a ICa ¢ €onfains Halogens andRadionuclides

Fluidized Bed SteamReforming Alternatives for Supplementallreatment ofHanford Low-Activity
Waste

Two main FBSR cases were analyz&hth produce a durable, mineralized primary wéstm for
storage and permanent disposthe differences between the tatbernative are the disgal sited IDF
on the HanfordSite (alternative FBSRLA) andoffsite (alternative FBSRB)d andthe FBSR processing
steps needed to meet the requirements of those disposal facilities.

In both FBSR cases, two process systems in parallel receive waste fragie deed system to provide
the throughput and ability to vary the throughput needed to maintasupiptemental AW feed vector
throughput

Alternative FBSRLA (FigureC-13) produces a monolithic primary wagtem for storage and permanent
disposal in the IDF on the Hanfo8ite. Secondary wastes also are disposed of at ®WEeopolymer
process downstream of the FBSR converts the granular FBSR product to ahmuatidib is needed to
meet the IDRB5 Ib/in.2 compressive strength limiequired for IDF disposalThat step is shown as part
of product packaging iRigureC-13.

Alternative FBSR1B produces a solid granular primary waften for storage and permanent disposal
offsite. Secondary wastes aassumedlisposedf onsite in IDFE Off-site disposal is assumedrtot
require a monolithic wasterm, so the geopolymer monolignoductionsystem is eliminated, making
theadlternative FBSR1B process simplerThese two cases bound the potential dispalsainative
considered in thialternative
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In all steam reforming cases, the wet scrubber solution is entirely recycled back to the wasthifeed.
o f °Tclarel'®pbatithe flywreel eaablées! e
highly efficient capture of these isotopes in thi@eralized product because the single pass capture of

recyclecr eat es

Figure C-13. Flow Diagram of FBSR1A and 1B

a

Afl ywheel 0

Revision0
Air
Water Stack
Fuel (to thermal oxidizer) *
Sulfur Impregnated Carbon Sorbent
NaOH (to scrubber) Filtered Offgas System
Offgas | Particulate Oﬁgas> (Thermal Oxidizer, Cooler,

Coal Filter (PGF) Carbon Bed, Scrubber, Heater,
Alumina HEPA)

Clay *

Y Liquid Effluents
Feed Fluidized (Spent Scrubber Solution)
Treated LAW | | Feed | = Receipt _V | Bed Steam Recycled to Feed Receipt and
Feed Evaporator and " | Reformer Prep System
Preparation (DMR)
S Solid Waste

Oxygen | Condensate to ETF T (Spent Carbon, Spent HEPAs)

Nitrogen v Sent to MLLW or LLW Disposal
If a monolithic waste form is needed: ~ Packaged Mineralized
Troy clay Packaging Pl »| Disposal Site
Silica D (Na,0-SiO, solution) »
NaOH (FBSR 1A only)
Water SRNL_FFRDC_123 13

these isotopes is relatively high. In laboratory testing in sipaés tests without recycling, results
indicate that 681% of the | and.3-20% of the Tc may enter the offgas with- 8% of the recovered |
and 8898% of the recovered Tc retained in the granular product (S&N12011-00387). The FBSR
offgas system unit would require an effective scrubber to capture Tc; a caustiber is BDAT for

iodine for pH >12.Small fractions of these isotopes are captured in two secondary dvagest carbon
(used for Hg control) and spent HEPA filters. The mass balance estimates and flywheel discussion are

summarized in Sectioh.3. Snce 100% of the spent scrub solution is recycled, there is no liquid
secondaryprocess waste from the offgas system.

The size of each of the two DMRs was increased from-thdi&@meter reported in SRNRP-201800687
to 5.3ft diameter to provide an ingase in the total design waste feed rate frong&l/2nin (in

SRNL-RP-201800687%, prior to adding the clay mineralizing additive to increase the design feed rate to

8 gal/min (375,00@al/month). This change was made to account for a 50% TOE assurhid in t

analysis.

The actual achievable feed rate is also impacted by the amount of lag storage that would be available.
Lag storage capacity of 500,008llons was assumed 8RNL-RP-201800687and here. Similar to that

shown inFigureC-5 (SectionC.4) for vitrification, higher or lower levels of lag storage can enable
different degyn processing rates for the same sized treatment units (which is not included in this

analysis).

The baseline FBSHternatives§ FBSR1A and1B) require two FBSR units in one facility to be

constructed to be able to keep up with HLW processitesand b maintain processing capacity while

one unit is being maintained he two units would share use of the interim storage tank and feed

preparation facilities.
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C.7 ALTERNATIVE: FBSR 2A AND FBSR 2B, MODULAR FLUIDIZED BED STEAM
REFORMING ONSITE (A) AND OFF -SITE (B) DISPOSAL

Alternatives FBSR2A and 2Bconsidettwo FBSRplants, one each for tt#0East an®200WestAreas,
producing agranular, mineralizediaste form.The granular waste form is formed into a geopolymer
monolith in the container falternative FBSRA because of the IDF compressive strength requirement.
Themain intentof these alternativas to reduce the crosste transport of untreated wasted to provide
flexibility in retrieving and processing 20est Area waste

These Hernatives areidentical toFBSR1A and 1Brelative to TFPT treatment operations and for all
processing and waste daimer size parameters. The waste is assumedhlebeed, staged, and
sampled im DST and analyzed and found to be compliant withptletreatment system such ttiz¢ feed
would produce an acceptable waste fafter treatment The tank waste would still be pretreated
throughTFPTunits and collected in adgitank to awaiFBSRprocessing. The pretreated LAW would be
transferred to thFBSRplant and accumulated thelag storage tank(In the 200West Area, a
~100,000gallon lag storage tank is expected to be sufficient; in theeE2@0Area, TanlkP-106 is used

to provide IMgal of lag storage). Since FBSH requires immobilizinghe granular FBSR product in a
geopolymer (to meet the compressive strength requirement for H2finmobilized waste containers
arestored forcuring, decontaminated, and transported for disposal. Secondary waste dispodaiFis

Alternatives FBSR2A and 2Bwould require a total divo FBSRfacilities, oneeachin the 200West and
200EastAreas. Regardless dheprocessing capacity e 200WestArea, the200EastArea
immobilization proceswould still requiretwo FBSR units to maintaitihe capacity to handle LAW liquid
produced during HLW processiad interim storage while one unit is offline

Depending on feed vectors from each area, combined with the LAW feed vector to tasP@ea
immobilization proess from HLW processing and the lag storage capacity at each area, up to two FBSR
units at each location (properly sized for the different feed vectors) may be needed to provide both
capacity and flexibility for times of high and low feed rates. For ekanipe monthly average total
estimated feed vector ranges from Ogamin to 8.3al/min SRNL-RP-201800687 FigureJ-7;

without any adjustment for TOE). This rate represents a ~50x monthly average turndown ratio for the
total feed rate for the singlecation vitrification, FBSR, and grout alternatives. The combination of two
FBSR units, plus lag storage, is included in alternatives FBSEnd 1B to account for the assumed 50%
TOE, provide the needed capacity for maximum feed rates, and enabt# boéh] to be turned off

during periods of low feed rates.

The advantagef avoiding use of a crosste supernatant liquid transfer line biging a modular/separate

FBSR plant must be compared to the significantly more costly need for two compleigemciFurther,

the added expense of a second facility would further extend the schedule because of the unavailability of
funding, delaying startup and completion of the missieumther consideration of alternat’/#EBSR2A

and 2Bis thereforeunnecessy.

C.8 ALTERNATIVE : GROUT 1A, SINGLE GROUT PLANT i ON-SITE DISPOSAL

TheGrout 1A immobilizationalternative is shown ifrigure C-14. Disposabf the grout is assumed to be
in the IDF in containers. This scenario is comparable to Césen theFFRDCNDAAL7 report
(SRNL-RP-201800687%.

In alternative GroulA, the existing DST system is assumed to sl uo blend and stage the feed
comparable to the plans for System FrmenarialB (ORP 11242, Rev9). To transport the liquid waste
to the single large grout facility, a cresite transfer line would be needed, and some remote tank farms
may require transfer capabilities.
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| |
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| e | ! T __ _ senFFROC 11513l Trangsport

Figure C-14. Flow Diagram of Alternative Grout 1A

Like all grout alternativeghe waste is assumed to be sampled in the DST and analyzed and found to be
compliant with theTFPT and LDR organic requiremerstsch thathe feedvould produce an acceptable
grout waste fornafter pretreatment and evaporation (and additional LDR organic treatment if needed)
be staged for vitrification.

The pretreated LAW would be transferred to the grout plant and accumulateevin purposéuilt
500000galon tank for lag storage. The projected process flowfaatsupplemental LAW treatmerg
8 galmin, so the tank would accommodate aboutidys of lag storage.

The grout formulation iglescribed irWolumell, AppendixA. The basic componerase OPC, BFS, and
FA. For onsite disposal in this alternative, a getter is added for impr&destention.

This alternative assumes a sezuntinuous batch procgswhere a specific mass of enix feed and

volume of liquid LAW are blended as a single batch and poured into containers. The filled containers are
moved, and the process repeats. Between batches, the batch mixer would be cleaned with water, and any
flush water is returned to a storage tank awaiting incorporation into the next batch.

The containers are assumed tadagsable8.4 m® steelboxesthat can be disassemb]eghch with a
heavyduty polypropylene bag liner. The exact container size and bag type used in a final deployment
may be somewhat different thdiscussedhere assuming this size makes convenient comparisons to
additional alternative scenarios. Minariations in the container and liner would have minimal impact
on theprovidedcost and schedule estimates

Atfter filling, the containers would be closed and the exterior decontaminated. The secondary waste
generated by théecontaminatioprocess, and grcontaminated hardware, would be transported and
disposed in the IDF. The filled, closed containers would be staged prior to transport to IDF to allow time
for curing. Once in IDF, the steel frame would be disassembled and returned to the grout pasefo

and the grout waste form would remain in the polypropylene liner and emplaced.

The technology parameters for the technology readinesdtéonative Grout A areestimated to be high
and could be deployed with existing technology, assuming thefhibited organics can be managed
in compliance with the regulations. Additional research of formulations thatleaveasetkeachability
versus previous grouts could further improve waste form performance.
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C.9 ALTERNATIVE : GROUT 1B, SINGLE GROUT PLANT i OFF-SITE DISPOSAL

TheGrout 1B immobilizationalternative is shown ifrigureC-15. Disposal of the grout is assumed to be
in containers at an offitefacility. This scenario is comparable to Casieom theFFRDCNDAAL7
report(SRNL-RP-201800687%.

In alternativeGrout 1B, the transfer, mixing, and preparation of the waste form are the same ad/&rout

For GroutlB, the cured waste form containers singoped offsite for disposal instead of to the IDF.
Once in the offsite facility, the steel frame would be disassemhbled returned to the grout pléamt
truck/railcarfor reuse, and the grout waste form would remain in the polypropylene liner aratechpl

LDR Organics
& ?TF ________________________ Grout Plant |

} 1
1 ¢ > | Flush ! Second
) econdary
. | Water ‘ : Debris =| IDF
Treated LAW | Exgygrrﬁtg)él +»| Receipt ,.| Batch :
Feed Treatment | 1 Tank Mixer I
I |
i A Container | -
Drv Feed Sil | ] Desati : Container Lag >‘off it
site
Dty reed Slos | o A | Storageand | Facility
| Ordinary Portland Cement | D . i Transport
i Container - [
| Blast Furnace Slag | : [§r|en|:j > HZT)T)ir Filling :< TR |
[ Fly Ash | [ an : for Re-use
| Other? | ' '

SRNL_FFRDC_116_r3!

Figure C-15. Flow Diagram of Alternative Grout 1B

The technology parameters for the technology readinesitdanativeGrout 1B areestimated to be high
and could be deployed with existing technology, assuming the fidRibited organics can be managed
in compliance with the regulations.
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C.10 ALTERNATIVE : GROUT 2A AND 2B, SEPARATE GROUT PLANTS FOR THE
HANFORD 200 EAST AND 200WEST AREAS WITH ON-SITE (A) OR OFF-SITE (B)
DISPOSAL

Alternatives Grout2A and 2Bconsider two —
grouting plants, one each fhre200Eastand = =
WestAreas, producing a containerized grout
waste form(an aerial view of the 208rea is
shown inFigureC-16). Themain intentof
these alternatives to reduce the crosste
transport of untreated waste, and as sbidbut
2A and 2B arentermediate between the singl
grouting plant alternative$sfout 1A and1B)
and the tardby-tank alternativé Grout3A and
3B).12 Eliminating the need for crosste

. . . Waste Treatment and
transport okupernadnt liquidto support this [EEEEIEES s \ mmobilzation Plant
alternative would presumably decrease e il e

bottlenecks in the transfer system and would Figure C-16. Aerial View of the 200East and

be exp_ected to improve overall flexibilitthe 200West Area Tank Farms and Waste Treatment
waste is assumed to biended, stagednd and Immobilization Plant

sampled im DST and analyzed and found to
be compliant with th&@ FPT and LDR organic requiremersisch thathe feedwould produce an
acceptable grout waste form, or be staged for vitrification.

Alternatives Grout2A and 2Bareidentical to other grdualternativeselative to TFPTand LDR organic
treatment operations ageessentially the same &out1A and 1Bfor all processing and container size
parametersor the 200East Area facility The 200West Area facility would likely be smaller becalis

does not need to process surges in HLW recycle voludrhe.tank waste would still be pretreated
throughTFPTunits and collected in a local tank to await grout processing. The pretreated LAW would
be transferred to the gropitant and accumulated &lag storage tank. (In 20West Area, a

~100,0006gallon lag storage tank is expected to be sufficient; inE23Q Area, a 500,08allon tank is
assumed to accommodate surigelsAW volume due tgrocessinddLW). The containers are stored for
curing,decontaminated, and transported for disposal. Secondary waste disposal in IDF is the same as
alternativeGrout1A. Getters are included in the grout forgite disposal (GrolA).

The grout formulation igescribedn Volumell, AppendixA. Thebasic componentre OPC, BFS, and
FA. For onsite disposal in GrolA in this alternative, a getter is added for impro¥@&dretention but
not for off-site disposal itGrout2B.

Alternatives Grout2A and 2Bevaporator and other operations may be somewhat different in that two
smaller versions may be suitable for a {plant scenario relative to a single large grout plant. Note that
the 200 East plant would have to be sized to hamsdigplemental AW from WTP HLW vitrification,

while the200West plant would likely be smaller and have a lower capacity requiréfhent.
Thecondensatérom 200West Areawould have to be transported to LERF/ETF by truekdreETF is
already equipped to receive waste by truck).

13To give a sense of scaleeeFigureC-16), t h e 200 Eaati(Anand G-armg and200West (S and WFarmg clusters are
separated by about6i | es; whi | e 208East(Bearmpand200@esb(TFarn) clusters are each about hnlles
from the mairR00 East an®200WestAreaclusters, respectively.

14 Both grouting plants might be relocatable. If relocatable, a single move 20@West grouting plant, from the Barm to
the TFarm; and/or a single move of tB60East groutinglant from the AFarm to the Brarm, might be cost effective.
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However, if some portion of the waste is resistant to the processes selected for LDR organic treatment
(e.g., evaporator and losiemperature oxidatignthat waste is assumedte diverted to th& TP LAW
melterfacility for processingia the transfer linessed to transposupernatantiquid to the200 East tank
farms and th&VTP.

For alternatives Gro®#A and2B, disposal of the grout waste forsonsite or offsite, respectivelylhe
flowsheet schematics aassumed to bhne same as those shown in altgive Grout1A and 1B, and as
shown inFigure C-14 andFigureC-15 (SectionsC.8andC.9, respectively)although with smaller
equipment sizes. The slight difference in the shipping of the greufgademental AW containersrom
the200West grouting plant to the IDF is insignificar®ther details for ossite or offsite shipping and
disposal are the same as alternatives Gkdund 1B, respectivelylNote that these alternatives have the
option of beginning treatment iheé200 East or200WestAreas, independent of the other.

C.11 ALTERNATIVE : GROUT 2C, SEPARATE GROUT PLANTS FOR THE HANFORD
200EAST AND 200WEST AREAS WITH TECHNETIUM/IODINE REMOVAL AND ON -
SITE DISPOSAL

Removal oft? and/or®*Tc is consideredlternativeGrout2C, where all other flowsheet assumptions are
consistent withalternative GroufA (and would eliminate the need for getteréfter TFPT treatment,
technetium and iodine removal processkss¢ribed in 8ctiors C.15.1andC.15.2 respectively) are used
to remove these radionides prior toLDR treatmentgrouting and onsite disposabf the supplemental
LAW waste form The separated technetium and iodine are disposed as a secondary waste form in a
commercial offsite facility.

C.12 ALTERNATIVE : GROUT 3A, INDIVIDUAL GROUT PLANTS F OR EACH TANK FARM
OR TANK FARM GROUP WITH ON -SITE (3A) OR OFF-SITE (3B) DISPOSAL

This alternativeuses mobile or multiple small batd@#PT, LDR treatment, and grout plants to treat
supernant liquidat eachtankfarm ortankfarm grouping, disposing thenimobilized waste either onsite
(3A) or offsite @B). This alternative does not require a crsigs transfer line for superraait liquidthat

is compatible with grouting. The liquid is immobilized in mobile or multiple small batch grout plants and
pouredinto containers. The containerized grouted waste could then be transported and disposed in the
IDF (Grout3A) or sent to an ofkite facility for disposalGrout3B). If some portion of the waste is
resistant to these treatments to remove the orgdhatsyaste is assumedhe diverted to th&VTP

LAW melterfacility for processing.

The grout formulation islescribed ivolumell, AppendixA. The basic componerase OPC, BFS, and
FA. For onsite disposal in Grol8A in this alternative, a getter is added for impro¥&dretention but
not for off-site disposal itGrout 3B.

Modular treatment units would be installed at the individual tank farms or tank farm giftthgsse

treatment units could be skidounted systems operated by a vendor or the tank farms contractor. Waste
is retrieved and fed directly to the TFPT/LDRdagrouting processesThe waste is assumed to be

sampled in the tank artdenanalyzed and found to be compliant with TePT and LDR organic
requirementsuch thathe feedwvould produce an acceptable grout waste form or be staged for
vitrification. The pretreated LAW would be accumulated in an alapreeind tank module on the order of
10,000gallons for lag storage. The projected process flowfoatgupplemental LAW treatmerg

8 galmin, so the tank would accommodate aldbday of lag storage. Viém the treatment of the targeted
tanks has been completed, treatment modules could be redeployed tardthemms or, where more
economical, simply replaced, thus maximizing the investment made in the equipment.

This alternativeassumes the same procass steps for preparing containerized grout as Graubut
the steps occur in two facilities in separatesia locations.
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Technical maturity for the immobilization process is high and could be performed with existing
technology. Portable grout plarttave been deployed at SRihough for use in facility stabilization
and not immobilization of treated supemndtliquid At least one mobile evaporator design has been
fabricated and testdalithas not been deployed in radioactive service, albefondéchnical reasons.

The process flowsheet is showrFigureC-17. Since treatment will be accompleshnear the tanks, a
crosssite transfetine for supernaint liquidis not necessary for waste that is compatible with the
grouting process. All seconddiguid waste generated by tleeaporatiorprocess is assumed to be
handled by the available site flitoes such as ETF. Transportation to ETF will likely occur by truck.
The ETF is already equipped with facilities to receive waste transported byNuotek the receipt tank is
smaller for this alternative vs. other alternatives).

LDR Organics + Grout 2A - Separate Grout Plants; 200
to E%‘F _____________________ Grout Plant East-WestArezfs; On-site Disposal

+ Grout 2B — Separate Grout Plants; 200

)
! 'l East-West; Off-site Disposal
: ~—1 | water i : + Grout 3A - Individual Grout Plants;
Evaporation i 1| On-site Disposal
Treated LAW | o| andlor LDR + »| Receipt - Batch 1 -gfrfou{ 38.—|ndi\llidua! Grout Plants;
' site Disposal
Feed Treafment | ! Tank Mixer 5 : isp
: A Container | !
j Filling S ;
Dry Feed Silos . econdary Debris | |pF
- v : < + [ 1 o
| Ordinary Portland Cement | i , i
I | 1 Feed Container :
Blast Furnace Slag ! Blend > Decon » A: Onsite
: TEriie Hopper | Container Lag Storage
l Fly Ash I | 1 and Transport B: Offsite
} J
I Other? | - |
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Figure C-17. Flow Diagram for Alternative s Grout 3A and 3B
Alternative Grout 3A

Disposal of the grout is assumed to be in containers in the IDF. This scenario is comparablé to Case
from theNDAAL7 report(SRNL-RP-201800687%. Thisalternativeassumes that the grouted waste form
will be packaged in a similar manner@mout 1A (using8.4m? polypropylene bagmside a reusable

steel box that can be disassembled for reasd the grouting process wikkeithe same formulations
assumed ilternativeGrout 1.

Alternative Grout 3B

This alternativealso assumes that the grouted waste form will be packaged in a similar manner as
Grout1A (8.4m? polypropylene bagmside a reusable steel box that can be desabledl and the
grouting process will & the same formulations assumedliarnativeGrout1A. The grouted forms
would be transported for disposal to an existing permitteditafffacility, with the same assumptions as
Grout1B.

Once removed, the wastannot be returned to the singleell tanks (SST). The individual grout plants

would also be accompanied by individual TFPT/TSCR systems, which contain filters. The TFPT/TSCR
filter must be flushed periodically to remove solids, which cannot bes#m SSTs, requiring a tank for
storage. Essentially, the process would require construction of waste receiving facilities (WRF) and
pretreatment and treatment capacity near each group of tanks. The TFPT/TSCR system, along with an
LDR treatment systemmd the ability to provide utilities, containment, seismically qualified pads, WRFs,
and primary and secondary waste/effluent staging, handling, and trucking for each tank farm/grouping
would likely also be needed (although some of these would be reusaédigned to be mobile).

Thecost and time of constructing (and perhaps moving) all equipment for each group of tanks negates the
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advantages of these alternatives and would add cost and construction time to deploy and Gokglize.
that Grout2A and B avoid this cost and effort, those alternatives would be considered superior to
Grout3A and 3B. For these reasons, alternatvesut3A and 3Bhave been rejected and no further
evaluation is recommended.

C.13 ALTERNATIVE : GROUT 4A AND 4B, OFF-SITE VENDOR FOR GROUTING WITH ON -
SITE (4A) OR OFF-SITE (4B) DISPOSAL

This alternative ses an offsite vendor to immobilize the treated supesnatiquid The grouted waste
could then be sent to an dfite facility for disposal or returned toe HanfordSite for disposal in the

IDF. After removal of*’Cs and®®Sr in TFPTand LDR organic treatment, the treated supamntdiquid

is shipped offsite in liquid formt> Multiple vendors are currently available that have the technical ability
to grout the waste, and one or more could be used for this service. Though not atteyaiédite
vendorcould potentiallytreatthe LDR organics instead of treating onsite.

In aternatives Grout4A and 4B the existing DST system is assumed to ¢eel o blend and stage the
feed. The logic assumes retrievals are routed through Tak&02 and S¥103, and TanksY-101 is

the feed tank to the TFPTA crosssite transfer linespedfically for this alternativewould not be needed
for waste that is compatible with groutin@he waste is assumed to be sampled in the DSThand
analyzed and found to be compliant with &PT and LDR organic requiremenstsch thathe feed
would praduce an acceptable grout waste form, or be staged for vitrification. This alternative could
provide an early start and/or supplemental capacity for grout stabilizationloA¥ke An early start for
supplemental treatment bAW using this alternative, ith eventual replacement/supplement withsite
grout facilities could potentially reduce overall mission costs and duratiwhis addressed in
SectionC.16(altemative Grou®).

The grout formulation igescribedn Volumell, AppendixA. The basic components are OPC, BFS, and
FA. For onsite disposal in GroutA in this dternative, a getter is added for improvédi retention but
not for off-site disposal itGrout4B.

The process flowshe#dr Grout4A/4B is shown inFigureC-18 (whereLDR treatments assumed in this
alternativg. This alternative can be used for both a centralized facility that pretreats the sugernat
liquid or for modular facilities at each tafdem; however thisalternativeis more suited for aank or
attankfarm systems. A crosste transfer linespecifically for this alternativéor supernadnt liquid that
is compatible with grouting not necessary assuming the preiresnt is not cetnalized.

LERF/ETF
A » Option A
Evaporation ; 2
Treated LAW || Zndfor LDR Theate
SRNL_FFRDC 118 13 ESIy S SN il |, OptionB
Offsite

Figure C-18. Flow Diagram for Alternative s Grout 4A and 4B

15The ability to shippretreated liquid tank waste at a small s¢aigallon proof of conceptyjas demonstrated during the
HanfordTest Bed Initiativg§ DOE-EM, 201§.
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All secondaryliquid and solidwaste generated by the immobilization processsimedo be handled
by the offsite vendor.The pretreated LAW would deansferred to &150,000gallontank for lag
storage. The projected process flow fatesupplemental LAW treatmerg 8 galmin, so the tank would
accommodate 20-20 days of lag storage.

This alternative assumes a sesantinuous batch procepsrformed by the vendor, where a specific mass
of dry-mix feed and volume of liquid LAW are blended as a single batch and poured into a container or
containers. The filled containers are moved, and the process repeats.

Consistent with the other alternadi/for containerized grout, tkentainersare assumed to eusable

8.4m?3 steelboxesthat can be disassembleshch with a heavgluty polypropylene bag liner. The exact
container size and bag type used in a final deployment by the vendor may be abditerentthan

discussed here; assuming this size makes convenient comparisons to additional alternative scenarios.
Minor variations in the container and liner would have minimal impact on the provided cost and schedule
estimates but will ultimately beonsistent with the basis defined in the &l incorporated into the

waste acceptance critefia theon-siteor off-sitedisposal alternative.

Technical maturity for the immobilization process is high and could be performed with existing
technology, asuming that the LDR organics can be removed by a separate process.

This alternativepostpones the cost of a grout plant (a@pdperating, and disposition); instead, a fee is
paid per gallon for immobilization of the wast®elaying the initial capitatost for an orsite
supplemental LAWreatmenfacility could be advantageous to avoid exceeding yearly spending limits
and could allow an earlier start for procesgisee hybrid alternative Gro6).

For alternative GroutA, the grouted waste packagee shipped from the vendor to the IDF. For
alternative Grou#lB, the vendor that produces the grouted waste form may not be located at the disposal
siteand the compliant grouted packages wdhkhbe senfrom the vendoto the off-site facility(ies)for
disposal If the vendor that performs grouting is located at the disposalrstgrouted wasteoes not
need additional transport. In either case, the waste is emplaced at the disposal &tee(gygolutions
[Clive, Utah] andbr WCS [Andrews, €xa3). Since the offsite contractor is handlingr coordinating
both immobilization andlisposain alternative Grou#B, the contractocould choose both the
immobilization technique and the final packaging size and @itfeough for purposes elaluating this
alternative, the same size package and transportation details were asSagwmulary wastes from
grouting are estimated to be small, and standard commercial practice is for the vendor to handle
management and disposal.

Early Start

The oftsite treatment alternatives have the potential for an earlysstagt a capital projeds not needed
prior to beginning supplemental LAW treatment. -6ife vendors currently have the production capacity
to begin immobilizing decontaminated tank was@onstruction of the TFPT, LDR treatment, and a
load-out station onsite would be needed, along with permitting for processing and diSghisalotential
for early startvas adopted for alternatives GralB and 6in the detailed comparative evaluatiofithe

four selected alternatives.

Volume Il |C-43



SRNL-STI-202300007
Revision0

C.14 ALTERNATIVE: GROUT 5A AND GROUT 5B, SINGLE GROUT PLANT WITH
ON-SITE MONOLITH (5A) OR CONTAINERS IN VAULT (5B) D ISPOSAL

The grout immobilizatioralternative Grout5, is depictedn FigureC-19. The grout is either poured as a
slurry into theon-site vault to produce a monolittbR) or is poured into containerghich are then

transported and emplaced im ansitevault (Grout5B). Disposal of the grout is assumed to be in large
vaults referred to as grout disposal units (GDahalogous to the newest, megdume>30 Mgal

Saltstone Disposal Units (SDU) at SEERRCWDA-2019300001,Performance Assessment for the

Saltstone Dispsal Facility at theSavannalRiver Sitg,*® with the exact geometry of the vault to be
determinediepending on the grouted waste form processing ofdisnussed below)Compared to

disposal of containers in IDF, this scenario would reduce the interaitibe grouted waste form with

the surrounding environment. Theaul t 6s | arge si ze has minimal surf
interact with the surrounding environment and has engineered controls that thereby reduce the potential
for leaching, redase, and transport of constituents of concern to the environfk®described below,

this alternative provides considerable flexibility in processing and disposal pathways based on timing and
waste characteristics and allows the ability to transitiboieftly among different alternatives.

I ?TF __________________ GroutPlant| On-site Disposal

> | Flush o |
1 [ water [T ¥ | Attemative SA___ | Water Tank Type !
Treated LAW Shl M Batch H Yaul '
Feed > andiorLDR || RECEp > i ') multilayer foundation |
ee Treatment | Tank ,_> ixer i |

I
- I~ | Feed - Alternative 5B Rectangular Vauft |
Dry Feed Silos | ——— |Hopper | Container | ;: - ec@ﬂg,‘%f,[e)au !
| Ordinary Portland Cement | N Filling X :
" multi-layer foundation !
| Blast Furnace Slag :. »| Blend } - tt ‘ ¥ y o
. | Container | ! . g
| Fly Ash | ! (ank | Decon | Secondélrly Debris . g
| T = w
| Other? N | i (4 9

-

Figure C-19. Flow Diagram of Alternative Grout 5 (5A i Large Grout Plant and Water-Tank
Vault | 5B Modular Grout Plant(s))

16 Construction of the fitsmegavolume SDU 6 at SRS was completed in N2@17 and began receiving waste in
August2018. SDUs 7 through 12 have been approved, with two currently under construction.
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In alternatives GroubA and 5B, the existing DS3ystem would be used to blend and stage supernatant
liquid and followed by TFPT and LDR organic treatmenhis alternativerequiredarge vaults to be
constructed irthe200East Area (where both the WTP and IDF are located), and uses thsitoss
supenatantliquid transfer lineandtransfer capabilities to transfer waste from the remote tank fdrms.
Thewasteis assumed to be sampled in the DST system and anaiymed/hen found to be compliant
with the TFPT and LDR requiremenssich thathe feedwould produce an acceptable grouted waste
form, pretreated via TFPT temove'®*'Cs (with®°Sr and some actinides also removed), evaporated, and
any fraction requiring additional treatment treated for LDR oxggomi the waste is sent for WTP LAW
processing The resulting pretreated LAWould be transferred to the grout plant(#) large grout

facility (like the SRSSaltstone ProductioRacility) would be constructed to support the large waste tank
type vaultthe treated waste would be accumulated in a tank up to 50§efl66s for lag storagesifilar

to assumption inleernativeGrout1A).1® The projected process flow rét supplemental LAW
treatmenis 8 galmin (seedlternativeGrout1A), so a 500,00@allon tank would accommodate
approximately 4@lays of lag storage.

This alternative is based on a sezontinuous batch grout process, where the liquid LAW is mixed with
cementitious materials (e.g., cemdnd, and slagBFS]) and then pumped:

A Alternativ e Grout 5A i In lifts for the large, water tartype vault similar to SDUJ through 12
at SRSwhere the grout solidifies into a monolithic, sdlidw form.

A Alternative Grout 5B Into 8.4m? polypropylene supersacks initially contained in reusable
steelboxesthat can be disassembledfter filling, the containers would be closed and the
exterior decontaminatedrhe filled, closed containergould be staged to allow time for curing.
The seel frame would be disassembled and returned to the grout plant for reuse, and the grout
waste form would remain in the polypropylene liner for disposal in large vauttséxact
geometry to be determingdsing, for example, a gantry cratte.

The grouformulation and additives would likely differ for the above alternatives because of the need for
flowability for pumping long distances and likely increased {badring capacity for alternative

GroutbA. AlternativeGrout5B has benefits in higher flexillty of grout formulations because of the
absence of the need for flowability'he grout formulation is describedVolumell, AppendixA. The

basic components@ OPC, BFS, and FANo getter for?9 is added, since the vault and cap system are
designed to retain the contaminants.

17 Alternatively, if one or more large vaults were constructed in th&B00 Eastand 200West Areas; this alternative would
not require using the crosite supernatariguid transfer line for waste compatible with grouting but would require TFPT, LDR
treatment, and grout plants in both the a2t and 200Vest Areas and the cresie transfer line is needed for other purposes.
An additional consideration for this alternative entails whether a large vault containing a monolithic waste form would
necessarily dictate a large grout facility (e.g., S8 Processing Facility [SRNETI-2019-00009 Review of Cementitious
Materials Development and Applications that have Supported-BRBVissions: Waste Treatment, Conditioning, Containment
Structures, Tank Closures, Facility Decommissioning, Environmental Restoration, and StructurahAstgpss could smaller
(and perhaps mobile) grout facilities provide sufficient process capacity to efficiently and effectively fill a largeevault (
necessarily using lifts) without impacting grout performantkis consideration would be obviateg assuming that smaller,
modular(on- or off-site) grout facilities would be paired with filling 8143 polypropylene supersacksside reusable steel boxes
(seedternativeGrout 3) that could then be (depending on timing and waste characteristicsyatispdarge vaults (with
geometry to be determinedote that this alternative would be analogoudlternativeGrout3A for onsite disposal of the
supersacks in the IDF or #iternativeGrout3B for off-site disposal (Cliv®isposal Facilityand/orWCS). This hybrid
alternative would thus provide a great deal of flexibility in the disposal pathway based on timing and waste characteristics.

18 Alternatively, a relocatable (and perhaps molgieut facility @ternativeGrout3) would requiredifferent lag storage
requirements (at a volume or volumes and configuration to be determined).

19 Depending on timing and waste characteristics, the supersacks could also be disposed of onsittémiDive
Grout1A) or sent offsite (Clivddisposal Rcility and/or WCS) for disposaéifernativeGrout1B) for onsite grout generation.

For off-site vendor grout generation, these alternatives correspaitdruatives Grout5A and 5B, respectively.
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Between batches, the batch mixer would be cleaned with water, and any flush water returned to a storage
tank awaiting incorporatiomto the next batchAny secondary debris waste generated by the
decontamination process, and any contaminated hardware, would be transported andafisptsead

IDF.

The large vaults are assumed to be constructed of high strength, low permeability concrete where the
altematives differ in the vault internals and how the grout would be produced and stored in th&hawult.

vault floor would sit atop a multayer foundationKigureC-19) similar to that for SRS SDU&through

12; the layers include a specially engineered geosynthetic clay liner anddehgjty plastic liner

(similar to that used in commercial landfill applications) sandwiched between two concrete layers called

fi mu d s mMidng mud mats serve as the foundation for the concrete structural base slab and to protect the
leakage detection systeriihe vault and engineered liners work together to further limit release and
environmental migration of contaminants.

Specific assmed vault dimensions would be:

A Alternative Grout 5A i Thegrout is pumped into tharge wateitank type vault assumed to be
375ft in diameter, 43t high, and can hold approximately B&yal (125,000m?) of grout?°

A Alternative Grout 5B Disposal of tle groutsupersackss assumed to be in large disposal
vaults with geometry to be determineBackfill material fillsthe spaces among the waste
supersacks. Assumingectangular vault to be 6d0long x 200ft wide (divided into twelve
100t x 100t cells) x 30t tall,?* the vaultcould contain as much as Mtal (65,500m%) of
grout (and could be redesigned to contain neodessgrout). The vault woulccomprise
individual cells constructed of concrete.

Although not expected, if in the futureet need to remediate the waseezame necessary, an additional
robust cap or barrier could be added since the vault covers a relatively compact area. Alternatively,
retrieving the material for unforeseen reasons is also considered pl&tisililepstly to retrieve the

large monolith (GroubA) in sections using current techniques. Retrieval of the containerized grout
(Grout5B) would also be plausible, and presumably be more readily achighedetrieved waste is
assumed to be disposed in a diffedeation and/or facility.

®These are the di mensions of SDU 6 and [SRRGMDA-20AS0QOEL). ( or M meg

2L These are the dimensionsanf existing SRSault. The rectangular vault and cell dimensions considered for the Hanford
Site applicatiorwould likely be revised to better accommodate the aspect ratios of the supersack.

221f found necessary, sections of the large grout monolith can be retri@®redanalog for the grout monolith is a nuclear
reactor biological shield, which surrounds tkeagator pressure vessel and is made of conaeteval of a contaminated reactor
biological shield has occurred in numerous instanBast experience suggests that diamond wire cutting and water jet cutting
are the best suited techniques for biologgtaéldcutting (Laraia, 2021)The major advantage of diamond wire or water jet
cutting is that airborne contamination can be reduced to the point that-HEP&d ventilation would not be required.
However, both techniques would generate contaminifeid waste that must be managédebr a huge structure like a
biological shield or large grout monolith, techniques with limited cutting size (e.g., explosions, thermic lance, sawsdtAzz.ld
considered suitable.
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Additional defenseén-depth measures (both internal and extéfhabuld be added as needed to ensure
meeting the criteria in the PAzor example the use of a rectangular vaultdternativeGrout5B (versus
direct emplacem# of the supersacks in the IDF) would further limit the exposure of the grouted waste
forms to the environment and thus contaminant release and tranBpese defensim-depth measures

are not formally evaluated as alternatives or options in the dedisimework.

The technologyeadinesgor dternatives Grout5A and5B is estimated to be high and could be deployed
with existing technology.

C.15 ALTERNATIVE : GROUT 1C, SINGLE GROUT PLANT WITH T ECHNETIUM /IODINE
REMOVAL 1 ON-SITE DISPOSAL AND
GROUT 2C, SEPARATE GROUT PLANTS FOR THE HANFORD 200 EAST AND
200WEST AREAS WITH T ECHNETIUM /IODINE REMOVAL i ON-SITE DISPOSAL

Removal oft?9 and/or®*Tc are consideredlternativeGrout 1C, where all other flowsheet assumptions
are consistent withlternativeGrou 1A (and would eliminate the need for gettergfter TFPTand LDR
treatment, technetium and iodine removal processes (destriBedtiors C.15.1andC.15.2

respectively) areised to remove these radionuclides prior to grouting arsitemisposal of the
immobilized LAW. The separate technetium and iodine are disposeslatacondary waste form

offsite. Similarly, asampleandsend approach is employéat alternative GroulD (described in
SectionC.15.3. In alternativeGrout1D, the waste is sampled and analyzed¥mand/or®*Tc. After
grouting the waste, grout containers with lower than a threshold concentration of these radiomaaliies
be disposedf onsite, and those with higher than threshold concentration would be digfadtsite.

The threshold limit has not yet been defined, but would be tied to the risk budget tool used for the PA.

Alternatives Grout1C and2C are idential toalternativesGrout 1A and GrouRA, except a process is

used to removeechnetium andbdine from the LAW after TFPT treatmenthe technetium and iodine
removal technologieare described in the subsections that foll@iscussion of the subseque
immobilization stegor Grout1C and2C is provided inthe descriptions for GrodtA and GrouA,
respectively.Note that technetium and iodine partition to the offgas and then to the recycle stream from
the first LAW melters, which are blended witlesh LAW feed. For these alternatives, the partitioning of
radionuclides requires that the technetium and iodine removal occurs just prior to supplemental LAW
immobilization from the combined stream. If iodicennot be removed, getters are assumedingbd

waste form instead falternativesGrout1A, 2A, 3A, and 4A.

C.15.1 Technetium Removal

A technology for removal o¥Tc from LAW was developed and matured as a pretreatment step for the
Hanford WTP LAWvitrification flowsheet(McCabeet al.,2001,WSRGTR-200300098,Multiple lon
Exchange Column Runs For Cesium and Technetium Removal Freb@ AWaste Sample(lJ)

Burgeson et al., 201 PNNL-25834,0ptions for the Separation and Immobilization of Techngtium
However, the technetium removal step wamoved from the flowsheet in 2003, albeit not because of
technical maturity or effectiveness.

23|n addition to using a large monttiiin alternativeGrout5A (low surface area to volume ratio) to reduce potential
interaction of the bulk of the grouted waste form with the surrounding environment, other types of coatings, linerst and grou
applications may reduce impacts even fur{edy., a coating was applied to SDU 6 atSB provide sufficient water tightness).
The application of clean, reducing grout layers (acting as diffusion barriers and additional reziyERity) in eitheglternative
Grout5A or 5B could significantly inprove overall vault system performancgdditional research of grout formulations that
havedecrease leachability versus previous grouts could further improve waste form perform@iizer options include getters
in the backfill material and closure capengineered coversn addition the propose®Tc and'?1 removalalternativesvould
provide even greater flexibility in waste treatment and disposal pathways.
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The approach developed for WTP was the use of a molecular recognition technology resin, $dperLig
639, to remove Tc In this application, the resin isdded into columns. After treatment to remove
BICs and?9, thetreatedLAW is pumped through the columns to remove®fie. The absorbe¥Tc is
subsequently removed from the resin by elution with warm water and immobilized separately. The
columns ae regenerated and returned to service for another loatlitign cycle. ThéreatedLAW is

then treated for LDR organicé neededand sent for immobilization.

SuperLidg® 639 can selectively remove 99+% of the pertechnetate ion from LAW. The technical
maturation activities that were completed included testing with several actual tank waste samples and
with simulants

A Burgeson etal. (20115, Re mo v a | of Technetium from Hanford 7

A McCabe et al(2001),i# Co mp r e h e rTssting ef th&lonaEkchange Removal of Cesium
and Technetium from Hanford Tank Wasteso

A WSRGMS-200100760,Technetium Removal from Hanford and Savannah River Site Actual
Tank Waste Supernates with Supefl689 Resin

A WSRGTR-200000419 Small Scale lon Exmnge Removal of Cesium and Technetium from
Envelope B Hanford Tank 2447-102

A WSRGTR-20000042(Q IntermediateScale lon Exchange Removal of Cesium and Technetium
from Hanford Tank 241AN-102

A WSRGTR-200000424 Tank 241AZ-102 SuperLi§ 639 Technetium lExchange Eluate
Evaporation Study

Testing was also performed to demonstrate chemical stability during multiple cycles with actual tank
waste(WSRGTR-200300098Multiple lon Exchange Column Rufts Cesium and Technetium
Removal from AWL01 Waste Samgld). Simulant testing with full height columns has demonstrated
99% removal of perrhenate (surrogate for pertechndfdt8RCTR-2000-:00302 Summary of Testing of
Superlig 639 at the TFL lon Exchange Fac)lity\No further development is believadeded to prove
viability for full-scale deployment of the removal technology. Depending on the selected fate of the
disposal path of theechnetium development work may be needed for the final waste form.

A conceptual schematic shown inFigureC-20. A two-column carousel of the Superfig39 resin can
remove 99% of the technetium from approximately B0 volumes of waste for each loading cycle
before saturationAfter the absorption step, the resin is eluted with aboie20volumes of warm water,
reconditioned with caustic, and then returned to service for reuse multiple times. The water eluate
contains the pertechnetaéad the original flowsheet involvedagoration to concentrate the eluate, and
then incorporating it into the HLW melter feed where it would be vitrified for disfassBILW glass
Evaporation and incorporating thkechnetiumfrom actual Hanford waste into HLW glass was
demonstrated at thelaratory scald WSRCTR-200000424 WSRCGMS-98-00447 Production of a
High-Level Waste Glass from Hanford Waste Sampl€he evaporator condensate would be reused as
eluate. Howeveduring HLW vitrification,a substantial portion of thechnetiumwould vaporize from

the HLW melter and would be scrubbed from the vapor and into the melter condensztigrn to the
aqueoud AW phase, where the condensate would be processed for Tc removal again and retlyeled to
HLW melter. Further steps could be taken to improve retention of Tc in HLW melter for limited
campaigns, if found necessary, such as reduced bubbling rate and more electrochemically reducing glass
chemistry.

24 SuperLig is a trademark of IBC Advanced Technologies, Inc., American Fork, Utah.
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Figure C-20. Technetium Removal Concept

Existing technologyould also potentialljmmobilize the eluate as a secondary grout waste, although this
has not been specifically demonstrated. fBohnetiuracontaining grout would be a very small volume

and could be dispodeas a special waste fomssumed disposeff site. While not demonstrated, the
technology for this exists. Although this is low technical maturity because specific testing has not been
done, the chemistry is understood and there is high confidendheipabcessould be accomplished

with minimal technology development.

The alternative assumes evaporation and immobilization, but there are other methods. Condhatrating
technetium from the eluate could also be done by reducing the soluble Tc(pétashnetate to the
insoluble Tc(lV) oxide and removing it from the bulk of the liquid eluate by settling or filtering.

This alternative eluate treatment is not showRigureC-20. The reductive precipitation téchnetium

has been demonstrated at the laboratory scale in similar low ionic strength waste streams using either
Stannous chloride (SNgI(SRNL-STI-201500677, 2015l aboratory Optimization Tests dechnetium
Decontamination of Hanford Waste Treatment Plant Direct Feed Low Activity Waste Mel@aOff
Condensate Simulgnor Zero Valent Iron (ZVI) (Boglaienko et al., 2019). Presumably, these methods
could be readily adapted to precipitate e from the eluate, allowing it to be settled or filtered and
sent as a slurry for immobilization as HLW glass or a grout wastetfanhwould be disposed of offsite
The eluate aqueous phase leftover dfiehnetiunprecipitation and removal would be btead with

LAW for immobilization. Regardless of whether f§&€c in the eluate is concentrated by evaporation or
precipitation, these processes are considered mature or are readily matured for deployment for
immobilization of th€’®Tc as a glass or groutaste form.In all cases, offite disposal of the
concentrated technetium irgkass or groutvaste form is viable.

However, only the portion déchnetiunthat is present as pertechnetate ion can be removed by the
SuperLi@ 639 resin. Tanksare known taontain varying fractiomof soluble technetium that is present

as a species other than pertechnetate, known agartechnetate. Any portion that is present as any
soluble species other than pertechnetate would pass through the resin column unhitdiezatdhin in
thesupplementalAW stream. Thisimpact of norpertechnetatis discussed further Molumell,

AppendixE. For this alternative, an analysis oéttank waste liquid would be performed prior to TFPT
treatment to determine the amount of pertechnetate andertechnetate. Those tank liquids with a
concentration of nopertechnetate above a selected threshold would be sent to the LAW melterohstead
grouting, or a method to convert npertechnetate to pertechnetate would be developed and used prior to
ion exchange treatment.
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Although the resin is reused, after multiple cycles, the resin degrades and needs replacement. The spent
resin can be thoroughly eluted and dispasiess LLW in IDF. Thisdispositionwas the original pathway

for disposition of this spent resin (andhe tpathway for the resin used f@siumremoval in the WTP
Pretreatment Facility).

Removing®*Tc from the LAW stream could avoid disposing a sizeable fractid@rirothe inventoryof
thesupplementalAW wasteform, if is diverted to another waste forivore details on alternatives for
technetium sequestration and/or removalpaiozided inNSRNL-STI-2020:00228 Evaluation of
Technologies for Enhancing Grout for Immobilizing Hanford SupplementalAatiwity Waste (SLAW)

TableC-6 summarizes the status of technetium removal technology.

Table C-6. Technetium Removal Technology

Knowns? Unknowns

A Demonstrated 99% removal of pertechnetate A Inventory of nospertechnetate

with actual wastes A If vitrification is not selected for separated
A Demonstrated >99% removal of perrhenate  technetiundisposition path, development of a
from simulant at full bed height waste form would be needed
A Resin can be produced by vendor A Behavior of norpertechnetate ia grout waste
A Elution method effectiveness form

A Demonstration of eluate evaporation
A Demonstration of vitritation oftechnetium
eluate in HLW glass
A Spent media characterization
a Assumes SuperLf 639 resin is used
HLW = high-level waste.

C.15.2 lodine Removal

Unlike technetium, iodine removeitbm LAW has never been part of the WTP flowsheet. Historically, a
significant portion of the iodine was assuntethe retained in the glasand any iodine that partitioned to

the vapor would be captured by the secondary offgas systemasEisiptioded to minimal testing

being performed over the years to examine methods to remove it from LAW. Limited testing with
simulants has been performed with sitbaised materials that could remove iodine from LAW

(Asmussen et al., 2016nd one test with actual SRank waste and a re¢iBRNL-STI-201300538

Scoping Tests of Technetium and lodine Removal from Tank Waste Using Sug29LResin The
pretreatment technology for iodine removal that is most effective is a-sdwaining zeolitebased

media that precipitates th& (and all other iodine isotopes) as Agl. Other sorbents are considered to not
be selective enough for iodine ave sufficient capacity to be useflhe processs assumed tbe
implemented to treat the LAW aft&€FPTand befordechnetiunremoval (if applicable) and LDR

organic removal processing. The media would either be loaded in a pair of packed bedaogexch
columns or would be contacted with the liquid as a slurry, such as in a continuous stirred tank reactor
(CSTR). Selection of the appropriate method would be determined by a technology development
program. A conceptual flowsheet for the ion exchasalemn configuration is shown igureC-21.

The media would remove iodine species through precipitation onto the zeolite (i.e., as silver iodide). The
iodine-depletal, treated LAW would then be transferred for grout immobilization. #héoaded media

would be sluiced to another container and disposed of as secondary waste. Fresh media is loaded into the
columns or CSTR for the next cycle. Alternatively, the meday remain in the columns, with the

columns simply drained, rinsed, dried, and stored, and replaced with new columns.
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Figure C-21. lodine Removal Concept

Laboratory tests have been conducted using severabAi@ining matedls as selective removal agents,
or getters, for iodine removal from deionized water and a liquid Hanford LAW sim@amtussen et al.,
2016). These getter materials included commercially obtained#gegnated activate carbon (AQ)

and Ag exchanged abte (Agi Z), and laloratory-synthesized argentiteAnoxic batch experiments with
10g/L sorbent dosing in LAW simulant indicated thati Zgsignificantly outperformed the other getters
in simulant with the highest initial iodide content walistribution coefficient (Ky) values of 2.

10* mL/g after 2hours, which remained constant foleast 15days. Similar results were observed in
oxic conditions, but the tests were only run ford@irs.

Argentite also performed reasonably well in anoxic conditions but was much slower, gradually absorbing

the iodine until exhibiting a Kof 1.8x 10° mL/g after 15days. The common zeolite substrate used in

these materials is likely not stable in contact with LAW over long service times due to the high pH
environment, which has been shown to release silver in [(ASkhussen et al., 2016 This workshows

that i odine can be sequest er e dholeveplomgterd ¥érvicenof a qui c
zeolitebased media is uncertaifio be successful for a loftigrm service configuration, a more stable

substrate for the Ag would be needed aedhdnstrated effective using actual LAW.

Off-site dsposal of the secondary waste contairififigis assumed to be done via direct disposal in
macroeencapsulated gro@®NNL-28545,Development and Characterization of Cementitious Waste
Forms for K. Immobiization of Granular Activated Carbon, Silver Mordenite, and HEPA Filter Media
Solid Secondary WagteOther disposal technologies for zeoli@sed media have been developed
including densification to a durable wagbem (Jubin et a) 2014,Ma t y § §20H)i andaothefow
temperaturg@rocesses (SRNBETI-201700508,Examples of Disposition Alternatives for Solid
Secondary Waste The immobilization and disposal of iodine sorbents and resulting waste forms is an
active area of research witHDOE Office of Nuclear Energy program¥/itrification of the spent media

in either the HLW or LAW melteis not likely tobe required anduch an approach & alow TRL.

Since the spent, iodideaded media selected for use would be expected to be chemically and physically
stable during interim storagine mediacould be stored while a final disposition path is determirigath
onsiteand offsite disposal are feasible for the spent iodine metie release behavior of both the
iodine andsilver need to be considered due to the RCRA designatisitvef.
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A closely related material, silvdoaded mordenite, has been shown compatible with a grout
immobilization method to sequester gikver (Scheele et al., 2015) asldown to havenhanced iodine
retention in leach testing of the grout waste form (PNBOLL(b, lodine Speciation Basis and Gap
Analysis for Hanford Tank Farm Inventory and During ProcessfigNL-28545). Further discussion of
iodine and possible immobilization of spent mediprsvided inVolumell, AppendixE, SectionE.3.1.1

An example media is a silvexchanged zeolite and other similar commercially availataterials

(e.g, IONEX Ag40(). The silverbased media pretreatment approach has demonstrated iodide removal
from simulated LAW in batch tests on the bench s@adenussen et al2016. The iodine removal and
media immobilization technology are aiMd@RLs.

Removing iodine from the LAW stream would decrease the iodine inventory in the pgroatgdLAW
waste form in théDF. The envisioned silvémpregnated zeolite would presumably be very stable
during storage and have minimal leachability to the environment because of the extremely low solubility
of silver iodide in wate(PNNL-28545 Li et al., 2019. Removing iodinginstead of using a selective
additive (getter) to theupplemental AW waste form, would minimize adverse impacts of silver (a
hazardous metal) in a grout waste form. A specific waste form for the {iodiraining spent media is
assumed to be develop#tit is environmentally stable and compliant wathisitedisposal requirements
However, there are numerous challenges with implementation of the technology. Silver carries both a
high cost and a RCRA designation. Further, the chemistry of iodin&Whis notunderstood
(PNNL-30105) and magxist in multiple chemical forms in solution, such as iodate iog)(ihich

would have lower affinity for Agcontaining media. The chemical behavior and speciation among the
various waste compaositions, alonglwiemoval and sequestration methods for the different species,
would need significant research.

Alternatives GroufL,C and 2C assume iodine remoigalequired for orsite disposal To implement that
processresearch and development will be requiredeeedop and mature the technology needed. More
detail on alternatives for iodine sequestration and/or removal are avéd&iNg-STI-2020:00228.
Laboratory testing has been performed with other technolagiiésh are considered less mature and/or
lesseffective than the silvezeolite material.

TableC-7 summarizes the status of iodine removal technology.

Table C-7. lodine Removal Technology

Knowns Unknowns

A Demonstrated rapid 99+% removal of A Speciation of iodine in tank waste liquids and sorpt

iodide with simulant wastes with Ag properties of different forms

zeolite A Demonstration of iodine removal with actual waste
A Multiple potential immobilization A Ag-zeolite media chemical stability

pathways for spenodine-loaded zeolite A Determination of final waste form

media A Spent media characterization

A Column/CSTR performance

A Media production at scale

A Sorption kinetics in columar CSTR design
A Leachability ofsilverinto tank waste liquid
A Interfering waste components (¢.Gl)

A Effect of complexants osilver stability

CSTR = continuous stirred tank reactor

25]0NEX is a trademark of Molecular Products, Inc., Louisville, Colorado.
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C.15.3 Alternative Grout 1D: Single Grout Plant with Sampleand-Send for Technetium/lodine
Diversion and Grout 2D: Separate Grout Plants for200East and West Areas with Sample
and-Send for Technetium/lodine Diversion

For alternativesGrout1D and2D, similar to otheraternatives, the waste is sampled and analyzed prior to
processing. The analysis results¥drc and!?1 concentrations are used to decide if the grouted waste
form is disposedf onsite or sent offsite. After TFPT treatment, the waste is grouted into conthaters
are disposedf either onsite or offsite. Those witlfdc and*? content below a threshold value are sent
to IDF, and those above the threshold amdéomeither®*Tc or'?9 are sent to an offite disposalacility.

The threshold limit has not yet been defined, but would be tied to the risk budget tool used inBledoRA.
aredescriptionsf the concept.The subsequent TFPT, LDR, and immobilization sfep&rout1D and

2D are discussed ithe descripbns for GroutlA and GrouRA, respectively.

Sampling and Disposal Selection

FigureC-22 shows the molar concentrations’®Fc, 129, and’°Se projected to be in tfieed vector
duringsupplemental AW treatments calculated for the most recent Hanford System (@i&ir11242,
Rev.9). The molar concentratigishown in the figurds in the range of 6E-5 to 1.2E4 M for **Tc and
2E-6 to 7E6 M for 129 during the fist 7 years of LAWsupplemental treatment and proces$ingdrops

to aboutonethird that range to 265 to 6E5 M for °°Tc and 1 to 2 5 M for 129 for the remaining years.
This suggests that the quantity’®Fc and'?q that remains onsite could be reduced bysiti disposal of
thetreatedLAW produced during the first several years, with the remaining waste dispbsesite.
FigureC-22 also shows that th€Se content is low throughout the mission and is therefore not included
as a deciding factor in esite or offsite disposal.

System Plan (Rev. 9) Radionuclide Molar Concentrations
7.00E-06

140E-04

- 6.00E-06

1.20e-04 |

- 5.00E-06

1.00E-04

r 4.00E-06

Tc-99
Others

|- 3.00E-06

Vi1 2.00E-06

1.00E-06

- 0.00E+00

Tc-99 Molarity = ess==]-129 Molarity === Se-79 Molarity

Figure C-22. ®Tc, 129, and "°Se Concentrations for Supplemental LowActivity Waste
Processing
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The data used fahe System PlafORR 11242, Rev9) feed vector fosupplementalAW treatment

wereused to calculate the potential benefit of this approach. If 50% of the waste batches that contained
the highestechnetiumwas shipped offsite, the amountte€hnetiunthat remained onsite from

supplemental LAW treatment and processing (only) wouldedse by 69%. Calculating a corresponding
ratio foriodine is not practicabecause a sizeable but uncertain and probably varying fraction of iodine
vaporizes in the melter and is captured in secondary offgas streams or components, which areoflisposed
onsite. However, his strategy could be used to decrease the inventory remaining onsite.

For alternative Grou2D, which is essentially a combination of Gr@#t and 2B, where a decision point

is inserted to dispose of the treated LAW onsite or offsibased on the technetium and iodine content.

Any benefits of the samplendsend approach will be identified in the evaluation of alternative @Gfdut

The evaluation of those three alternatives will encompass the advantages and disadvantages v alternati
Grout2D. Because these alternatives are fully evaluated independentiyrther evaluatioof

Grout2D as a separate alternatigavarranted Any advantages identified in evaluating Gradt, 2A,

and 2B will be compared to the those in evaluatib&rout1D and will allow a determination if

Grout2D would be a further improvement without a full evaluation.

C.16 ALTERNATIVE : GROUT 6, PHASED OFFSITE AND ON-SITE GROUTING IN
CONTAINERS

Although there are several potential hybrid alternatives, the ongsi@meil to be the fastest at treating
waste and thus the most reduction of risk regarding removal of waste and minimizing further tank
degradation was the only one fully evaluated. Alternative Gddgithe example hybrid that was found
to dominate the Hyrid alternatives and is described below.

This hybrid alternative begins with one process implemented in phases by grouting waste offsite, and then
onsite, with offsite disposal and then transitions to a final process-sftergrout production and

dispasal. This hybrid alternative gives time to develop the waste form performance information and PA
modeling needed to complete remaining technology maturation to support the final phaséef on
disposal (e.g., characterizing waste, grout formulationgiaes)), while simultaneously making progress
and working within the budget for the third phase to begin. In the interim, the configuration ofsite on
disposal can be selected and any getters or radionuclide removal technology can be matureld while sti
making progress using efite treatment and disposal. The eventual transition-sitemproduction and
disposal is expected to lower the overall mission cost and thers&ingains the lowesiverall mission
duration and risk. Of course, the-site production and disposal alternative could instead be initiated
immediately, avoiding ofkite production and disposal. However, this approach is not the fastest at
reducing risk of tank leaks, in part because it is reliant on the timing for approudisesgiederal budget
cycle, followed by grout plant construction time. If the-sife production and disposal is deemed
infeasible due to unforeseen issues, the early construction and startup of the most favesigdle on
alternative would be able to gaat least some advantage of the early removal of liquid waste from the
tanks. A modular grout production systertould potentially be ctocatedalong with planned waste

retrieval infrastructure in some tank farms, Wold require further evaluation, #ss alternativewas

not envisioned to be the most cestective or fastest way to complete the entire LAW supplemental
treatment mission. gdescribed in SectioB.12 the reasons atargely due to the need for constructing
considerable infrastructure at multiple locations

This conceptual hybrid alternativéhown inFigureC-23, is aphased approach thadmbines alternatives
Grout4B (off-site vendor, offsite disposalin Phasel beginning in 20@ andaspects oGGrout2B
(separat®n-site pretreatmerplants with offsite grouting anddisposallandPhase? (adds orsite grout
production in 200 East Are&) phasedstartup in 2034035, and transitions to Ph&@eavith an onrsite
grouting and disposal method in 2040.
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The configu_ration of the esite disposal Phase 1 Phase 2 Phase 3
(e.g., containers in vault, alternative 2026 — 2028 ~2034 2040
Grout5B) and any getters or removal Grout 4B
technology needed can be developed in * ggoscve et - s“er’r‘:t'r‘e;f:em - Grout ~1A/5A/B
. . f . est Area; * On- % :
interim while the offsite treatment and 200 East Area) on-ste grout production . o on z:g:te;trr:::z (200 East Area)
disposal is underway, along with further - Offsite grout production (200 East Area) (200 East Area)
« Off-site grout disposal « Off-site grout disposal

« On-site grout disposal in containers
Maximum flexibility alternative in IDF or vaults

PA modeling. The purpose of this
alternative is to expedite retrieval and
disposal of wastes within site budgetary Figure C-23. Alternative Grout 6 Concept

limits. The waste is initiallypretreated in

200WestAreain a TFPTsystem undergoes LDR treatméifineeded) and the liquid is then shipptal

an oftsite immobilization vendor and the grouted waste form is disposed défsitgparable to

alternative Grou#tB). Multiple vendors are currently available that have the technical ability to grout the
waste, and one or more could be used forgérsice.

A TFTP and LDR treatment process woble constructethterin Phasel and operated in the 2@ast
Area, with the same offite grouting packaging, transportatioand disposal stepsimilar to alternative
Grout4B. Onssite grout production could commence in 200 East Area in PhaBeis alternative gives
time to develop the information and work within the budget for the third phase to begin watOtBast
Areaplant performing both the TFPT treatment, LDR treatmand orsite grouting plant that creates a
waste form that is disposedl onsite similar to alternative GroutA or Grout5A/B. The exact
configuration and operation ofalon-site grout production and disposal sysi@e, GroutlA or
Grout5A/B) would be determined in the interiperiod based on the outcome of PA modeling,
technology development, and permitting activities before 2040. Whether-tit alisposal in Phase

is in containers in IDF (similar to alternative Grduf) or in a monolith ocontainers in a vault (similar
to alternatives GroliA or 5B)would also be decided based on these outcomes. Alterriaitoug 5B

was assumed for costing in this phase, sinceattésnativeis expected to be the most expensive of these
three alternaties GroutlA was used for the technical evaluation because it is expediegtdthe

lowest technical certainty, in part due to the need for getter development. Ultimatelgijté grout
disposal is found not viable, the fallback option would bdisposeof all of the wastffsite.

Since the offsite contractor is handling both immobilization and disposal, the contractor would choose
both the immobilization technigue and the final packaging size ancdhgeecondary waste disposal,

per common camercial practice For this study, grout is assumed for costing purposes. Construction of
the TFPT, LDR treatment, and a leadt station onsite would be needed, along with permitting for
processing and disposal and ultimatelysite disposal.FigureC-18 (SectionC.13 (with off-site

disposition) provides a schematic representation of this portion of the alternative.

This alternative assumes dfite supplemental LAW treatment operations through the fieaisyof
DFLAW operations and in support of HLW vitrification startup. During the -starand initial
operations of HLWitrification, an onsite grouting capacity will be developed and constructed in the
200East Area. Orsite grouting operationsouldcommence in 2032039 and run in parallel with
off-site grout until full capacity is realized, transitioning tesite disposal in 2040. At this point, WTP
LAW vitrification and onsite grout will suffice for balance of mission LAW feed immaobilization.
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Although not included in thisvaluation if needed depending on the pace of the\2@3t Area saltcake

rich SST retrievals, an additional grouting plant could be constructed near ter®YFigureC-19
(SectionC.14) (with on-site disposition of containerized grout in IDPBrovides a schematic

representation of this portion ofetalternative, which is comparable to alternative G2dut The

evaluation of this alternative assumes that the iodine getter is included in the grout formulation for the
final phase, with ofsite container disposal in IDF. However, the work in the imt@eriod may identify

that technetium and iodine removal or disposing as containers in vault (without gettersgiter on

disposal is optimal. The cost estimate will use the disposal in a GDU vault to bound the estimate, but the
technical evaluation if®r using the getter with esite disposal in IDFlue to lower technical certainty for
getter development.

This alternativeassumes that the grouted waste form will be packaged in a similar maaiterrastive
Grout1A (8.4m3 polypropylene bagmside areusable steel box that can be disassemblBdth onsite
and offsite treated waste will use these packages as the transportable fosite disposition is
assumed to be in IDHor the cost estimate, four GDUs will be assuinettimately the numeér of
GDUs depends on total treated LAW volume, start date, and duratiors@iealisposition.

Early start of LAW processing, particularly in the Zb&st Area, alleviates DST space limitations and
allows for HLW vitrification support as required for atig dissolution of aluminum and sludge washing.
These support operations will generate LAW feed; the program will be required to process significantly
more volume. This additional volume may increase the total LAW feed volume for disposition from
nomindly 100to 137Mgal.
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Appendix D.  Selection Criteria Assessments foEach Alternative
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D.1 INTRODUCTION

The decisiorinforming criteriadescribed in Volumé AppendixA were developed as assessment
measures for the alternatives evaluated in this report. Each alterwas assesed against the criteria by

a subteam of subject matter experts on the Federally Funded Research and Development Center
(FFRDQ team. Where applicable, this expert team reviewed previously developed technical reports to
identify information 6 support each assessment. In the absence of specific technical information
regarding specific criteria, expert judgement from related work and experience was used to inform the
assessment.

D.2 SELECTION CRITERIA ASSESSMENTS

Each of the criteria for eaditernative werereviewed by the team, and the results were documeiitsal.
detailed results ariacludedin this appendix for each of tié alternatives that were fully evaluated.
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E.1 INTRODUCTION

Crucial to the alternatives analysis was consideration of uncertainties in the assessments for each
criterion. Specific criteria carried more weight than others, and as such uncertainty around these criteria
would drive overall uncertainty in the achievability and success of each alternative. This appendix will
first present a summary of the maincertainty drivers and technical risks in each section of the analysis
criteria (SectiorkE.2). This summary is then followed by expanded descrigtifrthe uncertainty/risk

items listed SectionE.3(grout), SectiorkE.4 (costs), Sectiofe.5 (vitrification), and SectiorkE.6 (FBSR).

The uncertaities/risks presented focus solely on the drivers that lead to the final assessment rfaoking
details on the other uncertainties considered, but that did not impact the overall assessment, a brief
description igiven in Sectiork.7.

E.2 UNCERTAINTY DRIVERS IN ALTERNATIVES

In the evaluation of the various alternatives (VoluméppendixD), the final rankings contained a
summary of uncertainty and technical risks around the assessments of the four mainanigeseam
effectiveness (environmental and safety risk after disp@Sal}) implementation schedule and risk
(environmental and setffy risks prior to mission completion, including risks driven by waste tank storage
duration)(C2), likelihood of successful mission completion (including affordability and robustness to
technical risks)C3), andifecycle costs (discounted{C4). Therecould be low uncertainty (high

certainty) around an assessment that was strong or poor, and vice versa. For example, a criteria with a

rating of #fALow probability with | ow uncertainty?o

breakthrough thalternative will still have low probability of success. The sources of uncertainty/risk in
each criteria vary between the alternativ€ableE-1 (on the next pagejsts the uncertainty/risk
classification for the three main criteria (@3) f or each alternative and
ranking of uncertainty/risk was given, the driver(s) of that uncertainty is listed. More detailed
descriptions of these devs are given in the subsequent section or callouts to supporting text in the
report. A brief description of the uncertainty in ttiecycle costs (discountedi4) is also given. The
criteria for uncertainty and risk for the three levels is definddlksvs:

A Low uncertainty/risk i Sufficient supporting data/experience exists for allstileria. The
overall assessments made are unlikely to change with future developments/changes. High
confidence could be assigned to the descriptions provided loicegeria.

A Moderate uncertainty/risk i Sufficient supporting data/experience exists for mostcsiteria.
For select criteria, gaining further knowledge/development could have an impact on the overall
assessments made. Technical challenges identitetbasidered feasible to overcome with
future development. High confidence could be assigned to the descriptions provided of most
criteria and discrete uncertainties were identified.

A High uncertainty/risk i Minimal supporting data/experience exists felest sukcriteria that are
considered crucial for success of the alternative. For select criteria gaining further knowledge/
development could have an impact on the overall assessments made. Technical challenges
identified are considered unlikely to ageme without significant breakthroughs. Low
confidence could be assigned to the descriptions provided of most criteria, and several broad
uncertainties were identified.

Volume Il |E-2

w h



Alternative?

Vitrification 1

FBSR 1A

FBSR 1B

Grout 1A

Grout 1B

SRNL-STI-202300007
Revision0

Table E-1. Summary of Primary Uncertainty Drivers in Each Alternative

C1 (67] C3
Uncertainty Associated with Risk Associated with Mission Uncertainty Associated

Effectiveness Ranking Duration and Technical Risks | with Probability Ranking
Moderately Effective with Respect to DNF even if executed as intended Extremely Low Probability of
Long-term Immobilization with with Moderate Technical Risk of | Successful Project Completion
Moderate Confidence in that Operations with High Confidence in that
Assessment Technical Risk of Operations Assessment
Uncertainty Drivers: ADeIays due to annual operating Uncertainty Drivers: None

A Secondary waste inventory, volumi  costs exceeding budget
and disposal location of secondary A Radiation exposure

waste A Chemical exposure
AFate of ®Cs(radionuclides and A Intentional wastewater discharc
hazardous contaminanis) A Secondary waste streams
secondary wastes generated
Effective with Respect to Lonterm  DNF even if executed as intende« Extremely Low Probability of
Immobilization with Moderate with High Technical Risk of Successful Project Compliein
Confidence in that Assessment Operations with High Confidence in that
Uncertainty Drivers: Technical Risk of Operations Assessment
A Mobility of iodine, technetiumand A Delays due to technical issues Uncertainty Drivers: None
nitrate toPW and associated ADelays due to annual operating
confidence in immobilization costs exceeding budget
ATc, | and Hg partitioning A Radiation exposure
A Effectiveness of nitrate/nitrate A Chemical exposure
destruction AParticulate Exposure

A Amount of and performance of Tc/l
in waste form

Highly Effective with Respect to DNF even if executed as intende(« Low Probability of Successful
Long-term Immobilization withHigh | with High Technical Risk of Project Completion with
Confidence in that Assessment Operations High Confidence in that
Uncertainty Drivers: None Technical Risk of Operations Assessment

ADelays due to technical issues | Uncertainty Drivers: None
ADelays due to annual operating
costs exceeding budget
ARadiation exposure
AChemical exposure
AParticulate Exposure

Moderately Effective with Respect to 40-45 Years if Executed as Very High Probability of
Long-term Immobilization with Intended with Low Technical Risk Successful Project Completion
Moderate Confidence in that of Operations with High Confidence in that
Assessment Assessment

Uncertainty Drivers: Uncertainty Drivers: None

AMobility of iodine, technetiumand
nitrate toPW and associated
confidence in immobilization

A Effectiveness of treatment for LDR
organicsif needed

Highly Effective with Respect to 40-45 Years if Executed as Very High Probability of
Long-term Immobilization withHigh | Intended with LowTechnical Risk Successful Project Completion
Confidence in that Assessment of Operations with High Confidence in that
Uncertainty Drivers: None Assessment

Uncertainty Drivers: None
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Table E-1. Summary of Primary Uncertainty Drivers in Each Alternative

C1 C2 C3
Uncertainty Associated with Risk Associated with Mission Uncertainty Associated
Effectiveness Ranking Duration and Technical Risks | with Probability Ranking

Effective with Respect to Lonterm  40-45 Years ifExecuted as High Probability of Successful
Immobilization with Moderate Intended with Low Technical Risk Project Completion with
Confidence in thatAssessment of Operations High Confidence in that
Uncertainty Drivers: Assessment
A Mobility of technetium (non Uncertainty Drivers: None

pertechnetate) and nitrateRoV and
associated confidence in
immobilization

A Effectiveness of treatment for LDR
organicsif needed

A Efficiency/maturity of iodine
removal materials

Effective with Respect to Lonrterm  40-45 Years if Executed as Very High Probability of
Immobilization with Intended with Low Technical Risk Successful Project Completion
High Confidence in that Assessment of Operations with High Confidence in that
Uncertainty Drivers: None Assessment

Uncertainty Drivers: None
Moderately Effective with Respect to 40-45 Years if Executed as High Probability of Successful
Long-term Immobilization with Intended with Low Technical Risk Project Completion witiHigh
Moderate Confidence in that of Operations Confidence in that Assessment
Assessment Uncertainty Drivers: None

Uncertainty Drivers:

AMobility of iodine, technetiumand
nitrate toPW and associated
confidence in immobilization

A Effectiveness of treatmefdr LDR
organicsif needed

Highly Effective with Respect to 40-45 Years if Executed as High Probability of Successful
Long-term Immobilization withHigh  Intended with Low Technical Risk Project Completion wittHigh
Confidence in that Assessment of Operations Confidence in that Asessment
Uncertainty Drivers: None Uncertainty Drivers: None
Effective with Respect to Lonterm  40-45 Years if Executed as High Probability of Successful
Immobilization with Moderate Intended with Low Tehnical Risk Project Completion with
Confidence in that Assessment of Operations High Confidence in that
Uncertainty Drivers: Assessment

AMobility of technetium (non Uncertainty Drivers: None

pertechnetate) and nitrateR®V and
associated confidence in
immobilization
A Effectiveness of treatment for LDR
organicsif needed
AEfficiency/maturity of iodine
removal materials

Moderately Effective with Respect to 40-45 Years if Executed as Very High Probability of
Long-term Immobilization with Intended with Moderate Technica Successful Project Completion
Moderate Confidence in that Risk of Operationsi with High Confidence in that
Assessmen Technical Risks: Assessment

Uncertainty Drivers: Alncreased transportation Uncertainty Drivers: None

AMobility of iodine, technetiumand requirements
nitrate toPW and associated
confidence in immobilization

A Effectiveness of treatment for LDR
organicsif needed
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Table E-1. Summary of Primary Uncertainty Drivers in Each Alternative

C1 C2 C3
Uncertainty Associated with Risk Associated with Mission Uncertainty Associated
Effectiveness Ranking Duration and Technical Risks | with Probability Ranking
Highly Effective with Respect to 40-45 Years if Executed as Very High Probability of
Long-term Immobilization with High  Intended with Moderate Technica Successful Projec€ompletion
Confidence in that Assessment Risk of Operationd with High Confidence in that
Uncertainty Drivers: None Technical Risks: Assessment
Alncreased transportation Uncertainty Drivers: None
requirements
Effective with Respect to Lonterm  40-45 Years if Executed as High Probability of Successful
Immobilization with Intended with Low Technical Risk Project Completion wittHigh
Moderate Confidence in that of Operations Confidence in that Assessment
Assessment Uncertainty Drivers: None

Uncertainty Drivers:

AMobility of iodine, technetiumand
nitrate toPW and associated
confidence in immobilization in vau

A Effectiveness of treatment for LDR
organicsif needed

Effective with Respect to Lonterm  40-45 Years if Executed as High Probability of Successful
Immobilization with Moderate Intended with Low Technical Risk Project Completion wittHigh
Confidence in that Assessment of Operations Confidence inthat Assessment
Uncertainty Drivers: Uncertainty Drivers: None

AMobility of iodine, technetiumand
nitrate toPW and associated
confidence in immobilization in vau

A Effectiveness of treatment for LDR
organicsif needed

Highly Effective with Respect to 40-45 Years if Executed as High Probability of Successful
Long-term Immobilization with Intended with Moderate Technica Project Completion witiHigh
Moderate Confidence in that Risk of Operationg Confidence in that Assessment
Assessment Technical Risks: Uncertainty Drivers: None
Uncertainty Drivers: Alncreased transportation

Alnventory split between onsite/offsi  requirements
AMobility of iodine, technetiumand

nitrate toPW and associated

confidence in immobilization in vau
A Effectiveness of treatment for LDR

organicsif needed

aInformation on the rankings (first score) is provided in VolumAgppendixA.

CoC
DNF
FBSR
Hg
HLW

contaminant of concern | iodine.

does not finish LDR = Land DisposaRequirements
fluidized bed steam reforming. PW = potable water.

mercury. Tc = technetium.

high-level wastes. TOE = total operating efficiency.

E.3 UNCERTAINT Y DRIVERS FOR GROUT ALTERNATIVES

E.3.1 Uncertaintieswith Long-Term Effectiveness of Proposed Grout Alternatives

The following sections present a seriesaat sheets related to the knowledge of key contaminants/
radionuclides present in Hanford leagtivity waste (LAW). For each element a summary is given
including the inventory in the waste, expected behavigront and the subsurface, approaches to
improve retention within the waste forms, and the associated uncertainties with disposal. This
information was used to support the taxonomy criteria in SeEtigrincludingthe mobility to potable
water and confidence in immobilization.

Volume Il |E-5



SRNL-STI-202300007
Revision0

In the subsections below, the inventories presented are based on downloads from the Hanford Best Basis
Inventory (BBI) between Jul2021 andlanuary2022. Note that there are uncertainties associated with

these inventories, as only a portion of the values are from sampling data of the wastes. Other values come
from estimates or from sampling data over several decades. An assessmentualidataf ghe tank

waste data is discussegdVolumell, AppendixB.

E.3.1.1 lodine Uncertainties Table E-2. Summary of the Tank Inventory
Hanford Waste Background and Inventory Splits of lodine-129

lodine is present in the Hanford tank wastes as a - lodine-129 - 200 East or
fission product resulting from historical waste Tank Farm (Ci) % Total | 200 West
A E

processingTableE-2). The primary isotope is the 1.14 4%

long-lived iodine 129 ¢29) radionuclide (haHife: AN 6.36 22% E
15.7million years), of which 29.Zi (165kg) is AP 5.38 18% E
present (based on the B&pdated as of Julg021 AW 3.55 12% E
and assuming a decay date of RMM5). A poorly AX 0.27 1% E
quantified inventory ot?l exists for the tanks and AY 0.47 2% E
has only been quantified in 12nks to date AZ 0.92 3% E
(PNNL-31794 The Removal of lodine from Liquid B 0.10 0% E
Effluents Directed Toward the Efént Treatment BX 0.29 1% E
Facility). Within the tanks, the majority of iodine i< BY 2.19 7% E
expected to be iodide’Y(PNNL-30105,lodine C 0.01 0% E
Speciation Basis and Gap Analysis for Hanford S 2.00 7% W
Tank Fam Inventory and During Processinddoth SX 1.45 5% W
iodate (IQ’) and organdodine are possible, and ISY% 1.21 4% W
recent work has better speciated and quantified tr T 0.06 0% W
iodine within the supernatant liquid (Fountain, TX 2.39 8% W
2020). Anequivalent fraction of iodine is projectec TY 0.08 0% W
to be present in the saltcakieableE-3), and work in U 152 5% W
2020 highlighted for the first time that iodine cankt = t4ig 29.37 100% -

present in theludge af\gl (Reynoldsetal., 2020).

lodine is likely to be also present in secondary wastéable E-3. Distribution of lodine Across the
streams generated through vitrification. The iodine Three Main Phases of Hanford Tank Waste
is projected to be present on the granular activat lodine-129

carbon (GAC) from the Waste Treatment and Saltcake 42%
Immobilization Plant (WTP) LAW and higlevel Superna 45%
waste HLW) vitrification plants, the higtefficiency Sludge 13%

particulate air (HEPA) filters from both the WTP
LAW and HLW Vitrification Facilities the
Ag-mordenite from HLW vitrification, and in the liquid secondary effluents from WTP.

129 levels are used as part of the waste classification®PR6 1 . 55, fAWaste Classifica
used to classify wastes for neanface disposal. The Clagdimit for 129 is <0.08Ci/m?, and the

ClassA limit is <0.008Ci/m?. 29 is also a ke radionuclide of interest in the Integrated Disposal Facility

(IDF) Performance Assessment (PRRRRPT-59958,Performance Assessment for the Integrated

Disposal Facility, Hanford Site, Washingdpand'?9 is sufficiently mobile in the subsurface thhé

existing inventory is large enough to impact potable water.
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Behavior in Grout Waste Forms and Subsurface

As iodine is most likely to exist as an anion in both its oxidized and reduced forms within the tank waste,
little change in behavior is likely bgeen reducing or oxidizing conditions within a grout waste form.

The iodine species would be released from the waste form through a similar diffusive process as many
other anions. Some evidence exists for partial interactions between iodide/iodateuamiagrices,

although the degree of sorption would likely be low. Little is known about the leaching behavior of
organaiodines; however, the expectation would be limited retention as many organic compounds do not
interact with grouts similarly to iodidewithin the Hanford subsurface, limited to no natural attenuation
has been found once released from the IDF. As such, release ratéddading to projected

concentrations at the point of compliance are dictated by waste form performance aednaiedse

IDF. The uncertainty with the behavior of iodine in unmodified grout waste forms or in the subsurface is
low compared to other uncertainties with iodine (e.g., inventory partitioning in WTP).

Approaches to Improve Retention

Improved retentionfdodine within grout waste forms may be achieved through solubility control and the
precipitation of iodine as a low soluble phase. The most common phase being silver iodide (Agl,
Ksp=8 x 101) (Asmusseretal., 2016;PNNL-26443,Updated Liquid Secordy Waste Grout

Formulation and Preliminary Waste Form QualificatidRPRRPT-26725,Cast Stone Technology for
Treatment and Disposal of lodiRRich Caustic Waste Demonstratédfinal Repor}; however, other

phases such as bismuth iodide §Bénd leadodide (Pb}) can be usedPNL-4045 Selection of a Form

for Fixation of lodinel29. In this approach, a getter (or simple chemical form) is used to introduce the
precipitating species (e.g., Ag, which iRasource Conservation and Recovery [REERA]-listed metal)

to the liquid waste. Upon forming the stable phase (e.g., Agl), the waste form would be produced and the
iodine present in a more stable form within the final waste form. Release of iodine would then be
controlled by the stability/solubilitgf the stable phase. This approach has been successful on the
laboratoryscale in suppressing iodine release usingvt?s of an iodine getter (Ageolite) Saslow,
2017;RPRRPT-26725, although tests with minor amounts of getter addition (w@%) werenot

successful in limiting iodine releaseNNL-25577 Getter Incorporation into Cast Stone and Solid State
Characterizations No data exists between @i% and 5wt% getter addition to assess thresholds for
where iodine retention is acceptable, far itheal getter loading for performance/economic benefits, or for
maintenance of this improvement at fialcale. The solubility approach needs to consider thetkmg
stability of the precipitated phase and possible interfering mechanisms (e.g. oredfithie cation used,
displacement of the iodine by a separate species, competition with a redox getter). The uncertainty with
this improvement mechanism lies in the leagm prediction of stability of the phases in disposal site
subsurface condition$of which limited data are currently available) and identifying the optimal getter
type and loading. However, geochemical calculations could be used to provide an additional line of
evidence.

The removal of iodine can be pursued, and further informatiamailable ivolumell, AppendixC,
SectionC.15.2. The primary uncertainty with iodine removal is the service lifetime of candidate
materials and scal@p of aremoval process.

Bulk approaches could also be used for improved iodine retention through enhanced containment
(e.g.,low permeability or reactive barrier around the waste form) or further isolation within the disposal
environment (e.g., larger waste pag&aize reducing the surface area to volume ratio).

Uncertainty Upon Disposal and Mobility to Potable Water

Where an achievable pathwaypotablewater exists (e.g., Hanford IDF), the long Hifk of 129

introduces temporal uncertainty due to the edéeltimeframes that need to be considered. As covered in
taxonomy iterml.1.2 {olumell, AppendixD), iodinehas limited release in 1,0§@ars but could reach
thecompliance limits (dependent on inventory/conditions/properties of the waste form) in $6z080
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Incorporatingsufficient uncertainty in PA modeling around laboratory and sleont dataderived

parameters is the best approach to addressing theaintieg. If a solubility control approach is to be

used, then longerm stability of the resulting phase would carry associated uncertainty. Having a better
understanding of the stability and release/interference mechanisms of the stable phase \ifaaddtsign
reduce such uncertainty for disposal of the grouted waste form in a site with a pathway to potable water.

Once again, if waste is disposed of at a facility with limited water recharge and inaccessible potable water
sources, only the inventory @fdine is a consideration, not the leachability and release, whicdnpref
concern in orsite disposal.

E3.12 Technetium Table E-4. Summary of the TankInventory

E.3.1.2.1 Technetium Uncertainties Splits of Technetium99
Tank Technetlum 99 200 East or

Hanford Waste Background and Inventory
%Tc is present in the Hanford tank wastes as a 6.61E+02 3%
fission product and has a long hbdé of 4.19E+03 17% E
211,000years. There are 25,3@ (~1,500kg) of AP 3.95E+03 16% E
9Tc present in the Hanford tank wastes (based o1 AW 3.06E+03 12% E
the BBI updated as of February 2022 and assumi__ AX 2.78E+02 1% E
a decay date aqfuly 2015). Technetium in the AY 4.16E+02 2% E
alkaline tank waste (pH >12.5) is primarily presen. AZ 1.64E+03 6% E
as theoxyanionpertechnetaté®TcOy, and with a B 1.97E+02 1% E
fraction of poorly quantified (between 00475%) BX SIS 12/" E
nonpertechnetate that exists in lower oxidation Bg ;"2%?03 GOA’ E
states andisually complexed by organic moieties. 29E+00 0% E

. : : . .S 2.01E+03 8% w
The highest inventories of technetium are found ir SX 1 33E+03 506 W
the AN, AP and AWFarm tanksTableE-4). Due Sy 1:74E+03 7% W
f[o its squb_Ie nature, the maity of the te_chr_1et|um T 1.39E+02 1% W
is present in the saltcake and _supanahqwd . X 2 32E+03 9% W
(TableE-5). *°Tc supernatant liquid concentrations Ty 8.12E+01 0% W
range from <54 to about 101 puCi/mL U 1.57E+03 6% W
(PNNL-23319,Technetium Inventory, Distribution, Total 2 53E+04 100%

and Speciation in Hanford TankBableA.1).

Behavior in Grout Waste Forms and Subsurface Table E-5. Distribution of T echnetium Across
As pertechnetatéTcOy is a highly mobile anion in the Three Main Phases of Hanford Tank Wast

water and in the environment. Therefore, lbagn
stabilization needed for neaurface disposal of Saltcake 510
wastes containingfTc is a challenge that carries Supernataniiquid 42%
long-term uncertainties. Sludge 7%

Historically, granulated ground blast furnatags

currently referred to as slag cement, has been used to achieve both the stabilization of selected anions and
cations (e.g., Tc@ CrQ, and Hg") and formation of a hydrated waste form mattiar{gton, 1987;

Langton and Qji, 2021 Sulfur in the slag glass is responsible for the reducing chemistry that results in
precipitation of°Tc(VII) and other metal anions such as chromate ¢(€ré the alkaline wastsolution

(Langton, 1987).
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The chemistry applied to both removal angituimmobilization of pertechnetate in Hanford tank waste
and SavannaRiver Site (SRS) tank waste is based on chemical reduction of the pertechnetate Tc(VII)
ion to the +4 valance state, Tc(IV). Under sufficiently reducing conditionsy icf@adily educed to
Tc(IV) and precipitated/immobilized as an oxide, Fc®hich can be hydrolyzed as a poorly amorphous
hydrate, Tc@nH-0, both of which have relatively low solubilities in aqueous solutions and in
chemically reducing waste forms such as Cast StodesaltstoneRNNL-22977 ,Characterization of
Technetium Speciation in Cast Stpne

Chemically reduced sulfur speciescementitiousnaterial containing slag cement, including Saltstone
and Cast Stone, are associated with a darkdpleencolor. Oxiddion of S(0) and Sspecies in air results

in a loss othemicalreduction and is associated with a tan to almost white color. This color change is
also observed in Cast Stone and Saltstone when samples are exposed to ais (BROI200468,

Method Evalation and Field Sample Measurements for the Rate of Movement of the Oxidation Front in
Saltstong The authors also reported polymeric sulfur (detected by ultraviolet light spectra) in aqueous
leachate in contact with the sthgsed saltstone. In addm, within 20minutes after sampling, the
polymeric sulfur peak disappeared and no peak for sulfide was observed, which was attributed to rapid
oxidation of the leachate in contact with air. Consequently, oxidation and mobilization of low solubility
techretium phases is a rapid process when-blgpd waste forms are exposed to air; understanding the
rate of this process in the disposal environment is imperatargonetal., 2014; Chertal., 2021).

Little is known about the behavior of npertechneite species within grout waste forms. Only a single

study exists in which a ngpertechnetate species was placed in a grout waste form and leached
(PNNL-23319). There was a small increase in technetium release; however, no spectroscopic evidence of
the ron-pertechnetate within the grout was provided.

Approaches to Improve Retention

To enhance retention of technetium in cementitious waste forms, several approaches are being considered.
Bulk approaches could be used for improved technetium retention khemignced containment

(e.g.,low permeability or reactive barrier around the waste form) or further isolation within the disposal
environment (e.g., larger waste package size). For example, Saltstone at SRS is disposed of in
32E+06gallon engineered barriers/robust concrete tan&sheeve a very low surfaa@eato-volume ratio

and reduce exposure of the waste form @@ moisture. This is the basis of alternatives CséusB.

Pacific Northwest National Laboratory (PNNL) and others have investigated technetium getters, which
can further stabilize the technetium within a grout waste form. Ideal getters are materials that have
specific affinity for Tc(VII) or can react with, bind, and immobilize Tc(VII) in the waste form so that they
are resistant to controlling release mechaniéeng., oxidation). PNNL has investigated getters as an
additive to Cast Stone and also as amendments for backfill in the IDF at Hanford (Asmussen, et al., 2015;
Asmussen, et al., 2017; Boglaienko et al., 2019; Burgesaln 2011; Pearcetal., 2018;Saslowetal.,

2017. Most of the technetium getters tested to date have focused omadiilctjoroxidationcontrol to
suppress technetium migration; however, ion exchange and incorporation processes have also been
studied PNNL-19681, Tc-99 lon Exchage Resin Testingaslowetal., 2018; Bourchytal., 2022).
Additional work is in progress to expand and optimize the performarteetuietiunmgetter materialsA
thorough examination of methods to impragehnetiunretention in grout waste fornis providedin
SRNL-STI-2020-:00228 Evaluation of Technologies for Enhancing Grout for Immobilizing Hanford
Supplemental Lovctivity Waste (SLAW)The use of slag as the reducing agent, which converts soluble
Tc(VI) to insoluble Tc(1V), was included in atinsite grout Alternatives; however, the use of additional
Tc getters was not.
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The removal of technetium, as described for alternatives Gfaind 2C, can hgursued and further
information is available ivolumell, AppendixC, SectionC.15.1 The primary uncertainty with
technetium removal is the inventorimonpertechnetate and its impact on remaféctiveness
(SectionE.3.1.2.2.

Uncertainty Upon Disposal and Mobility to Potable Water

Where an achievable pathway to potable water exists (e.g., Hanford IDF), the lelifg lodl{°Tc

introduces temporal uncertainty due to the extended timeframes that need to be considered. Incorporating
sufficient uncertainty in PA modeling around lasimry and shorterm data derived parameters is the

best approach to addressing this uncertainty. The reoxidation rate of the grout waste form/getter remains
the primary uncertainty with longerm disposal at a facility with a pathway to potable wateeaddring

the rate of reoxidation in realistic disposal conditions remains the best approach to refine this uncertainty.

Uncertainty also exists in the speciatior?Gfc within the disposed wastes, as tiog-pertechnetate
fraction may behave differentlpan pertechnetate within the waste form and within any capture process.

Once again, if disposed of at a facility with limited water recharge and inaccessible potable water sources,
only the inventory of°Tc is a consideration, not the leachability aneasé.

E.3.1.2.2 Non-Pertechneta¢ Uncertainties

Hanford Waste Background andTechnetium Inventory/Speciation

Speciation of technetium in Hanford tank waste is vital to the management and disposition in grout waste
forms. The predominant form of technetium in tardste is pertechnetate ion, TcOThere is also a

form of technetium i n Herefrdared htnadiR-kbddaTeghdethkrn o wn as
Partitioning for the Hanford Tank Waste Remediation System: Anion Exchange Studies for Partitioning
Technetim from Synthetic DSSF and DSS Simulants and Actual Hanford Was@Y i 1035Y)

Using Reille€ -HPQ Resi), which is believed to be predominantly a Tc(l) carbonyl moiety
(LBNL-56315Ext-Abs, Investigations to Identify the Soluble, No@rtechnetate Sgies in the High

level Nuclear Waste at the Hanford Sitekens et al., 2004), although it may actually be multiple ionic

state forms that coexist (PNN25000,Spectroscopic Properties of Tc(l) Tricarbonyl Species Relevant to
the Hanford Tank Wast®NNL-24916;Synthesis and Characterization of Tc(l) Tricarbonyl Nitrosyl

Species Relevant to the Hanford Tank Waste: FY2016 Status;R&hmtterjeestal., 2020). The

complete speciation and distribution of technetium in Hanford tank waste is not knowme Of

177Hanford tanks, only 10 have been tested for the presence -plentathnetatéPNNL-23319)

Whether the noipertechnetate fraction in waste tanks changed over time is also not known. The
presence of nepertechnetate in specific tanks can patdigtbe influenced by the presence of

complexants in the tank waste and chemistry induced by irradiation of the waste.

Determination of Non-Pertechnetate Species

The initial method used to measure the-pentechnetate fraction was by processing the veasteple

through an ion exchange column that removed only pertechnetate; any remaining technetium in the
ef fluent | i gupear tweacshTieptrdoseadt t@inalysisvas to test the effectiveness

of various ion exchange resins aglneededp prepare samples for further decontamination testing and
immobilizationi not to quantify the amount of nguertechnetateSeveral discrepanciesere notedn

the ion exchange column data, where results from test to test with samples from the sgme&lethk
different results. Generally, if <10% of total technetium in a sample was present in column effluent, no
further testing or analysis was done to elucidate its speciation or better quantify the exact amount.
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Those tanks with <10% of technetiumdolumn effluentould potentiallyhave no nofpertechnetate, but

there is no way to knodvom current test dataAnalytical methods, imperfect column packing, slow

kinetics, or other experimental issues may have led to some breakthrough of pertecMetatd the

tanks that were found to contain >60% e r t echnet at e are Acompl ex conce
high organic tanksyhich have complex technetium chemistries.

Based on prioguantification of Table E-6. Existing Non-Pertechnetate Data
nonpertechnetate in 10 of the 27 doubleell Summary

tanks (DST) (using the maximum - T T Te (C) -
nonpertechnetate fraction reported) and Tank non-PT | non-PT | currentBBI | non-pPT
current estimates in the BBI the AN-102 386
nonpertechnetate is approximately 12% of tt-

total technetium in the DSTs (~5% of total AN-103 1.6 8 213 22
tank waste technetium). A summary of the AN-107 48 80 302 242
existing norpertechnetate data and the impa AP-101 0.5 13 738 96
on the overall technetium inventory is shown AP-104 69 72 93.6 67
in TableE-6. Some of theéanks that have AW-101  0.06 15 468 70
measured nopertechnetatpreviously AZ-101 0 0 1310 0
(circa2000) fave since had transfers infout  aAz-102 0 0.04 176 01
that may have changed projected concentratio_ SY-101 53 70 63 44
rl:l(;)rt}eptt;atr n:uzhé)fhth:: \éViStz I:n(;wn ito Scont§u 'SY-108 54 78 484 378

. . . Total (Ci 1304
waste and woultlkely be best immobilized in (€D

. . % Tc of Total 5%

the melter anyway because of higher organic Tank Waste
content, dependent on the results of %Tc of DST Tc 13%

contemporary.and Disposal Requirements aNote A value of 33% nofpertechnetate is present in

(LDR) organics studies. PNNL-23319 Table4.7, for TankAZ-102 however the reference
. L listed in the table is incorreciThis value could not be confirmed i
An analysis method for quantifying non other available references and is highly suspect.
pertechnetate has been developed thatis BBI = BestBasis Inventory PT = pertechnetate
compatible with test procedures used in the DST = doubleshelltank. ~ Tc = technetium.

222-S Laboratory (SRNiSTI-2016:00510,Preliminary Tests for Development of a N@artechnetate
Analysis Methoy but the method has not been implemented. Another analysis method has also been
developed thatises a special sensor to measure the Tc(l) moiety but would not sense if other forms of
nonpertechnetate exist (PNN26316,Non-Pertechnetate Technetium Sensor Research and
Development A full suite of norpertechnetate species can be identified usic@bination of nuclear
magnetic resonance spectroscopy an@yXadsorption spectroscopgiatterjeest al. 2020). Additional
information on the topic of nepertechnetate chemistry is provided in SR8ILI-201 700382 Literature
Review of the Potentiairipact of Glycolic Acid on the Technetium Chemistry of SRS Tank)Waste

Non-Pertechnetate Behavior in Grout Waste Forms

The presence of ngpertechnetate species may have significant impacts on potential use of a grout waste
form if a significant inventorys present. First, if technetium is to be removed from LAW to enable a

grout waste form, most of the known technetium removal methods have only been shown to be effective
for the pertechnetate ion. However, removal of a Tc(l)¢@pPécies has been showsing spherical

resorcinol formaldehyde resi€atterjeeet al. 2020). No removal methods have been developed
specifically for all of the notpertechnetate form(s) and only very limited testing has been performed on
methods to convert ngoertechnetateotpertechnetate. Second, the target{mmm sequestering

mechanism for technetium in grout waste forms is insoluble Tc(IV).
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Converting to Tc(1V) in the grout forms likely requires that the technetium is originally present as
pertechnetate in the wasttien mixed with grouforming materials that contain a reductant. The main
source of reductant being blast furnace slag that can convert the Tc(VIl) pertechnetate into an insoluble
Tc(IV) species (Angus et al., 1985; Langton, 1987; Adieal., 1997). Once converted into Tc(1V),
technetium is present as either an oxide or sulfide species that controls its release from the grout (Lukens
etal., 2005; PNNE20753,Radionuclide Retention Mechanisms in Secondary Wrasta Testing:

Phasdl; Arai etal., 205). That reductiofoxidation reaction of Tc(VIl) to Tc(lV) with slag is key to
sequestering th&Tc and making it leach resistant (PNI26194,Secondary Waste Cementitious Waste
Form Data Package for the Integrated Disposal Facility Performance Asseissmen
SRNL-STI-201000668,Longterm Technetium Interactions with Reducing Cementitious Matgrials
SRNL-STI-2009-00473,Geochemical Data Package for Performance Assessment Calculations Related
to the Savannah River Site

In grout waste forms, whether or ribe nonpertechnetate species will undergo this redox conversion is
not known, but is considered unlikely because it is already in a reduced oxidation state (i.e., Tc(l) vs.
Tc(IV)). Simulant testing of a grout waste form containing a laboratpnyhested Tc(l) carbonyl
complex indicated a ~10Rrcrease in observed diffusivity for a Tc(l) species compared with Tc(VII)
(PNNL-24297, tended Leach Testing of Simulated LAW Cast Stone Monol&ttsough, if this
laboratorysynthesized form was identidal the norpertechnetate in tank waste is not known. Key to
the assumptions that underpin grout leaching performance is tf&t ¢tis present primarily as Tc(1V) in
the grout.

Non-pertechnetate Behavior in OnSite Disposal with Grout

In considering orsite disposal of LAW as a grout waste form, quantification of thepmstechnetate

fraction of the technetium inventory would be needed to accurately pttjedtactional release rates

from the IDF. A high degree of confidence in theeintory between the technetium forms in tanks and
measurement of their corresponding release mechanisms from grout would ensure that the risk associated
with disposal of the nepertechnetate inventory in an-site scenario can be accurately assessed.

Because it is not known how much npertechnetate is present in tanks and whether it would be
sequestered in a grout waste form similar to pertechnetate; at this time, there is associated uncertainty in
selecting orsite disposal of a grouted waste formfolfind that there is sufficient nepertechnetate

present and it is not sequestered, this fraction of technetium released from the waste forms could increase
the overall IDF source term. Similarly, selecting the flowsheet alternative where technetiuralismo
performed prior to grouting may result in a grout that contains thgedachnetate fraction, which is not
removable by known methods. The contribution to overall fractional release from the IDF in this scenario
is unknown and could only be deténed with improved quantification of the npertechnetate fraction

in the tanks. Note that the uncertainty aroundperechnetate behavior is captured in the risk budget
analysis performed to support taxonomy criteria 1.1.2, where all technetiunssuaseal to be mobile in

the conservative case. However, a mitigation to thepmotechnetate scenario could be sending the

tanks with high nofpertechnetate (e.g., TaAiN-102, AN-107) to the LAW melter, and those with low

or no nonpertechnetate to grout a sampleandsend approach.

The risk and consequences of fertechnetate in esite disposal cannot be quantified until: &1)

precise analytical method is implemented, and a quantitative study is performed on actual (fresh) tank
farm samples, (2ctual leachability of nopertechnetate in grout is measured,R8)calculations are
performed on the results of these two studies, and, if needed, (4) a practical conversion method is
developed.
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Non-pertechnetate Behavior in OffSite Disposal with Grout

However, if disposal of the grout waste form is not dependent on theédomgechnetium leaching
performance, the presence of faertechnetate species is likely inconsequential. If the waste form is
disposed offsite, where a potable water path iplantsible and the insoluble property of technetium in
grout is not a fundamental assumption or requirement, thgp@daechnetate inventory and chemical
reactions do not impact the disposal. The majority of the technetium from the tanks would still have
limited solubility in the waste form because it would convert from the majority pertechnetate in the waste
to the majority insoluble Tc(IV) in the waste form. Further, the-periechnetate may have unexpected
reactions that render it insoluble, and itscleability would be partially mitigated by the limited porosity

of the waste form. Soff-site disposal of the waste form is considered to be plausible regardless of the
presence of nepertechnetate.

Non-pertechnetate Behavior in Vitrification and Fluidized Bed Steam Reforming

For vitrification and FBSR, disposal of ngertechnetate in a final glass or mineralized waste form is not
an issue. The heat of the melter or FBSR will convert anypeotechnetate to pertechnetate when it
reaches 600°C (Lukskt al., 2019), which would happen in the cold cap or DMR. Although there may
be some differences in vapor retention, its behavior in the disposed waste form is the same as the
technetium that originated as pertechnetate in the waste.

E.3.1.3 Selenium79 Uncertainties Table E-7. Summary of the Tank Inventory
Splits of Selenium79

Hanford Waste Background and Inventory ,
Tank |Selenium-79 200 East or
Selenium79 (°Se) is present in the Hanford waste=E1g (®)) % Total | 200 West
A 3.6
AN

as a fission product resulting from historical waste 3% E
processing. There are 1C4(1.6kg) of °Se 20.0 18% E
present in the Hanford wastes (based on the BBI AP 12.9 11% E
updated as of Jul021 and assuming a decay date AW 7.2 6% E
of July2015). The oncentration of°Se varies by AX 1.7 2% E
tank and by phase within the tank, with a maximur ~ AY 15 1% E
inventory in TankAN-101 (5.38Ci); the”Se AZ 4.0 3% E
inventory is split with 55% of the inventory located B 0.2 0% E
in the 200East Area tanks and 45% in the 20@st BX 0.9 1% E
Area tanks. A summary dtie farm distribution is BY 11.1 10% E
provided inTableE-7. Direct sampling data is ¢ 0.0 Ooﬁ’ E
available for only 24 of the 17Hanford tanks for S 13.1 11(/’ w
9Se. Little is known about the speciatidi’%e SX 8.3 % w

o . o - SY 55 5% W
within the tanks, which will likely exist as some T 0.2 0% W
form of oxyanion. Thé°Se is assumed to have eve 1y 13.8 12% W
distribution across _the sludge, saltcake, and TV 0.2 0% W
supernatant liquid in the tanks. U 95 8% W

Total 1.14E+02 100%

°Se was projected to partition mainly to the LAW
glass in the 201IDF PA (RPPRPT-59958), with a
range of 10&i 1 140Ci partitioning to the glass, the over&@Be inventory estimates having decreased

from 144Ci to 114Ci. TableE-8 provides the projected splits. The remainder was projected to partition
to the Effluent Treatment Facility (ETF) and only a small fraction to the solid secondary waste. Note that
this behavior is uncertain, as selenium has been identified as beititg \wlmelter conditions
(ORPR53935,Redox Control for Hanford HLW Feeds VV\82R25301, Rev0). However, the partitioning

will not impact the overall assessment of limited impagidablewater due to the low inventory.
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TableE-8 provides assummaryof the distribution of°Se between the main waste streams in the IDF PA.
Case7r i s considered the fAbase caseo0 with rdtyclg,h r et en
and Case 10A is a contrived case with an extremely low retentfi8ficoh the glass.

Table E-8. Distribution of Selenium-79 Between theM ain WasteStreams

IDF PA2 Case 7 IDF PA?2 Case 10A
Waste Stream ()] ()]

LAW glass 140 108
ETF liguid secondarywaste 2.85 35.3
Solid secondarywaste 0.005 0.004

aRPRRPT-59958 2018,Performance Assessment for the Integrated Disposal Facility, Hanford Site, WashRetah
Washington RiveProtection Solutions, LL@nd INTERA, Inc., Richland, Washington.

Note: the 2017 IDF PA assumed ~144 Ci of/Sewhile recent projections are 114 Ci.
ETF = Effluent Treatment Facility. LAW low-activity waste
IDF = Integrated Disposal Facility PA performance assessment

°Se is not included as part of the waste classification iI@AR61.55. "°Se was not a major radionuclide
of interest in the IDF PA; however, information §8e was included.

Behavior in Grout Waste Forms and Subsurface

There is little information to date on the behavior and speciation of selenium within groufosaste

However, as selenium will likely exist as an oxyanion across oxidation state under alkaline conditions, the
selenium would likely be mobile and thus a conservative assumption could be made in PA modeling.

A study of selenium speciation and leachwithin candidate grouts would help reduce or eliminate this
uncertainty. Within the Hanford subsurface, there is likely limited to no natural attenuation of selenium,
and a low distribution coefficienKg) <1 has been assumed in the past (RRB79,Distribution

Coefficient Values Describing lodine, Neptunium, Selenium, Technetium and Uranium Sorption to
Hanford Sedimen}s

Approaches to Improve Retention

With the lack of data, there are also no documented approaches to improve selenium retentibn in gro
waste forms (if needed). Bulk approaches could be used for improved selenium retention through enhanced
containment (e.g., low permeability or reactive barrier around the waste form) or further isolation within
the disposal environment (e.g., largersteapackage size to reduce the surface area to volume ratio).

Uncertainty Upon Disposaland Mobility to Potable Water

The primary uncertainty arouriéSe during disposal conditions lies with the lack of experimental data to
date and the inventory estimatese disposed. Where an achievable pathway to potable water exists
(e.g., Hanford IDF), the long hadlife of "*Se introduces temporal uncertainty due to the extended
timeframes that need to be considered. With the lack e$péeific data, uncertaiynmust be built into

any PA modeling. However, there is only a small amoufiS# in the Hanford tanks, and any migration
to potable water is unlikely to exceed regulatory limits (Sedii@1.9 and projected to be on the order

of zeptecurie concentrations (#6Ci/L).

If waste is disposed of at a facility with limited water recharge and inaccessible potable water sources,
only the inventory of°Se is a considation, not the leachability, release, and transport. Since the
inventory is extremely low, there is minimal risk frdf8e in onsite or oftsite disposal.
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E.3.1.4 Resource Conservation and Recovery Act Metal Uncertainties

Hanford Waste Background and Inventory

The RCRA metals (i.e., Ag, As, Ba, Cd, Cr, Hg, Pb, Table E-9. Inventory of RCRA Metals in
and Se) have a range of origins within the Hanford Hanford Tanks

tank wastes. (Note th&Se is addressed in Inventory? (kg)
Cr

SectionE.3.1.3ard is separately considered versus 546.000
the hazardous neradioactive Se isotopes discusse Pb 73.300
here.) These RCRA metals play a key role in was Ba 4.090
acceptance as their performance in the U.S. As 4'070
Environmental Protection Agency (EPA) Method '

.. - . Cd 2,310
1311 testToxicity Charactestic Leaching Ag 3410

ProcedurdTCLP]) is used from a regulatory
perspective to demonstrate satisfactory treatment Se 3720

land disposgl _restrictions (LDR); and to date, waste T Inventory as oFebruany2022 an dcurrent as ofhe

forms containing blast furnace slag pass the TCLPyyy 2015 decay date iime HanfordBest Basis Inventory
TableE-9 shows the inventory currently projected

across all tanks based on the BBI (updated as of Fel2028/and assuming a decay date of 201{/5)

and the distribution of RCRA metals as a weight percentage (wt%) within the tank TadohsH-10).

The data inTableE-10indicates that chromium (546,089 total) and lead (73,30 tota) represent the
majority of the total mass of RCR#etals across all tanks. The distribution indicates that the majority of
metals are contained within a few tank farms (e.§ai# tanks for Cr, and AN, B, and=Brms for lead).

Hg 1,820

Table E-10. Distribution (as % of total) of the RCRA MetalsAcross the Hanford Tank Farms

Savkram | o | ma | s | co | Ay | Ho | o | so |
A

6% 5% 0% 1% 2% 17% 2% 0%
AN 24% 8% 18% 25% 8% 11% 5% 19%
AP 6% 0% 2% 1% 12% 8% 4% 6%
AW 2% 4% 9% 4% 35% 1% 3% 8%
AX 1% 2% 0% 3% 0% 1% 1% 0%
AY 2% 10% 1% 5% 6% 2% 1% 1%
AZ 2% 3% 0% 0% 0% 1% 1% 0%
B 11% 8% 2% 3% 1% 4% 2% 2%
BX 6% 3% 5% 19% 2% 8% 3% 0%
BY 6% 14% 8% 13% 4% 7% 11% 10%
C 0% 0% 0% 0% 3% 0% 0% 0%
S 2% 8% 12% 3% 9% 4% 16% 14%
SX 2% 9% 15% 9% 5% 15% 18% 18%
SY 3% 3% 3% 6% 1% 1% 15% 4%
T 11% 12% 2% 3% 6% 1% 2% 2%
X 6% 0% 1% 0% 0% 4% 8% 1%
TY 2% 3% 0% 0% 0% 13% 1% 0%
U 8% 7% 22% 5% 6% 1% 8% 15%
RCRA = Resource Conservation and Recovery. Act
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TableE-11shows the distribution of the RCRA metals between the three primary tank waste phases.
Although the speciation of the RCRA metals within the tanks is not well characterized, lead, barium,
silver, and mercury are believed to be primarily present as insoluble oxides/hydroxides in the sludge,
while arsenic, chromium, and selenium are projected to be primarily oxyanions in the saltcake and
supernatant liquid The speciation and distribution atether complicated, as many of the RCRA metals
could form complexes with organic components of the waste. Complexation may explain why cadmium
exists in all three waste phageas hydroxides in the sludge and as soluble complexes in the saltcake and
supenatant liquid

Table E-11. Distribution (as wt% of total) of the RCRA Metals
Across the Waste Phases in the Hanford Tanks

Saltcake 21% 33% 64% 43% 23% 7% 67% 62%
Supernat 4% 3% 14%  20% 8% 0% 7% 17%
Sludge 75% 64% 22% 37% 69% 92% 26% 22%
Ag = silver. Cd = cadmium. Pb = lead.

As = arsenic. Cr = chromium. Se = selenium.

Ba = barium. Hg = mercury.

Behavior in Grout Waste Forms andSubsurface

Most of the RCRA metals exist primarily in one or two oxidation states. Of these metals, chromium is
the most likely to change oxidation states from relatively insoluble Cr(lll) to soluble Cr(VI); therefore,
chromium may act as a sentinel spedor the potential faleductionoxidationimpacts within grouted
waste forms. Note that silver and barium exist only in a +1 state and would not be expected to be
influenced byreductionroxidationchanges.

No direct speciation of RCRA metals in thekavastes, except for chromium, have been recorded. In a
reducing grout waste form, the RCRA metals would be projected to be in their lowest oxidation states
(e.g., Cr(llD), Pb(I1), As(lll), Cd(l), Hg(l)). The alkaline conditions of the waste forms alsmpte

insolubility of metals as hydroxides. Under the conditions of unaged grouted waste forms, the potential
release of the RCRA metals, based on TCLP test, shows that reducing waste forms consistently pass the
TCLP (PNNL-22747,Supplemental Immobilizan of Hanford Low Activity Waste: Cast Stone Screening
Test$. Under oxidizing conditions, some RCRA metals (e.g., Cr) could oxidize to more mobile species,
increasing their release behavior. However, the impact of oxidation on the behavior withibstinéase

would be highly dependent on the RCRA metal and its speciation.

Approaches to Improve Retention

All evidence to date shows that grout waste forms pass TCLP for the RCRA metals-PRUNL;
PNNL-26570,Effluent Management Facilitgvaporator Bottoms: Waste Streams Formulation and
Waste Form Qualification Testiligherefore, there is little need for specific amendments to target these
metals. However, if enhanced retention is required, improvements would bespeatidilc and theres

likely no catchall approach for improved retention.

Additionally, approaches to enhance retention for one constituent may impact the release of another. For
example, the use of a silvbased getter for iodine retention provides excess silverhwhay potentially

lead to different silver leaching behavior from waste forms than would be expected with the nominal
amount of silver in the waste. However, note that the impact of-sibr@nining getters for iodine on the
release of silver from groudamaterials is not welllefined.
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Bulk waste disposal approaches, such as the grout disposal unit (GDU) suggested for improved retention
of other contaminants, would also be effective for RCRA metals and through enhanced containment (e.g.,
low permeabilityor reactive barrier around the waste form) or further isolation within the disposal
environment (e.g., larger waste package size to reduce the resulting surface area to volume ratio).

Uncertainty Upon Disposal and Mobility to Potable Water

Regardless of thdisposal facility considered, waste acceptance criteria relative to RCRA metals will be
based on performance in the TCLP test, where chemical stabilization has typically shown to be sufficient
(PNNL-22747). Where a pathway for leachate to reach potedtier exists (e.g., Hanford IDF), the

long-term chemical changes of the waste form (e.g., carbonation, oxidation) may facilitate increased
release and potential transport to potable water. For the cases whereeosilaiting getter is used in

the wase form for iodine retention, the corresponding release behavior of excess silver is not well
documented; however, the studies that have measured silver release sheledea rates
(PNNL-28545,Development and Characterization of Cementitious Waste Fomhsmmobilization of

Granular Activated Carbon, Silver Mordenite, and HEPA Filter Media Solid Secondary)Waste

E.3.1.5 Nitrate/Nitrite Uncertainties

Hanford Waste Background and Inventory
Nitrate and nitrite are nonradioactive, Table E-12. Summary of the Tank Inventory Splits

inorganic anions present in Hanford of Nitrate and Nitrite
wastes due historical waste processigg ” NO NO 200 E

o ) Tan 3 2 ast or
activities TableE-12). Farm (kg) % Total (kg) Total 200 West

In general, these two anions form the A 5.74E+05 1% 3.69E+05 3%

general, the concentration of nitrates  gx 4.72E+06 9% 8.79E+05 7%
in stoichiometric ratio with the amour sy 9.83E+05 204 5.33E+05 4%
of sodium in solution. Nitrate/nitrite T 5 79E+05 1% 8.66E+04 1%
are not regulated under RCRAcano
release limits for N@ or NG, are
available.

X 1.11E+07 22%  8.49E+05 7%
TY 5.66E+05 1% 4.71E+04 0%
] 3.72E+06 7% 7.48E+05 6%
EPA recognizes nitrate and nitrite Total 5.09E+07 100% 1.19E+07 100%
sources from land application of
fertilizers and has published maximum contaminant levels, enforceable for public water systemyg at 10
N/L and 1mg N/L for NO; and NOy, respectively (EPA, 2022).

background liquid phase of the tank AN 4.44E+06 9% 2.39E+06 20% E
wastes, although precipitatadrogen AP 4.47E+06 9% 2.00E+06 17% E
may be found in the solid phase as ~ aw  3.18E+06 6%  151E+06 13% E
nitrates and nitrites depending on the 5y 321E+05 1% 1.74E+05 1% E
reductionoxidalioncondiions Of e av  azeEe05 1% 205E+05 2% E
converted to nitrate (N via AZ 5.52E+05 1%  5.35E+05 4% E
oxidation; however, the reaction is B 1.69E+06 3%  1.32E+05 1% E
kinetically hindered (i.e., time BX = 134E+06 3%  1.36E+05 1% E
dependent). The N@and NQ ratio BY 5.19E+06 10% 6.07E+05 5% E
relative to hydroxide is crucial in C 1.66E+03 0% 1.07E+03 0% E
corrosion control in the tanks. In S 7.08E+06 14%  6.78E+05 6% W
W
W
W
W
W
W
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Behavior in Grout Waste Forms and Subsurface

Due to the solubility of many nitrate minerals, chemical retention of &i@ NQ' in grouted waste

forms and in subsurface environments is limited. Most sorption surfaces are negatively charged at neutral
to alkaline conditions; therefore, anions, like N&nhd NQ', are not attracted to these surfaces. In

grouted waste forms, a srhahd likely insignificant fraction of nitrate may be substituted into some
secondary precipitation minerals (e.g., ettringite) (Hailong, 2021). Geochemical speciation of Cast Stone
porewater suggests that the majority of nitrate is contained in the gterenf cold test samples

(Chenetal., 2021). Therefore, the pore structure of grouted materials offers the primary physical

retention of nitrogen due to a disconnected, tortuous pore pathtliaylonger and more tortuous the

pathway, the slower the eglse. However, implementation and maintenance of these physical approaches
is limited to date to slow nitrate/nitrite release.

Crucial to the behavior of nitrate and nitrate is the understanding of their subsurface behavior, primarily
the impact of denitfication. Denitrification is a microbiological process that involves the rsteip

reduction of N@Qto NG, and then to gaseous nitrogenous products. Denitrifying microbes are ubiquitous
in sedimentary environments, including industry and nuclear waste impacted sites. Numerous laboratory
studies and field demonstrations have used the inherent denitrifyiagityapf subsurface environments

for in situ remediation of N@and cecontaminants, including at the Hanford Site, Oak Ridge Reseryation

and other nuclear waste disposal sites around the world (F”X8846,Carbon Tetrachloride: Evaluation

of Biotic Degralation Mechanisms and Rajdé$oyd et al., 2005Safonov etl., 2018 Wu etal., 2010).

As an anaerobic process, denitrification activity will the highest in lewe@ions (natural or engineered)

of the subsurface; however, denitrifying bacteria survieé in aerobic conditions.

Nitrate is a widespread contaminant at the Hanford Site stemming from past nuclear production activities

and waste disposal practices (DOE/RL10-89, LongRange Deep Vado se Zone Program Plddnder

the neutral to slightlylkaline subsurface water conditions preserthatHanfordSite nitrate displays no

effective adsorption to sediments. The primary attenuation processes that affect nitrate include subsurface
water flow (dilution), abiotic reduction by reactive minerbhpes, and microbial degradation. While the

bulk of the Hanford subsurface is influenced by oxic conditions, ample evidence shows that chemically
reduced, anaerobic zones do comprise a portion of
spot® f or abiotic and microbial activities that hav

The conceptual site model for contaminant attenuation in th&\V2dd Area aquifer (Central Plateau

Area) includes abiotic reduction and microbial degradadiccurring in anoxic, reduced zones of low
permeability (e.g., silt and clay lenses, Lower Ringold Mud Unit, Cold Creek Unit). There are numerous
indicators that these zones exist and that degradation pathways are actively occurring for nitrate/nitrite,
and for other priority contaminants (e.g., carbon tetrachloride, chloroform, and reedatiation active
radionuclides) (PNN28846; Neeway et al., 2019; PNMI9999 Evaluation of Ammonia Discharge into
PUREX Crib 216A-37-1 and Nitrogen Species Fatethlre Subsurfage Reliableindicators for

contaminant (N@) reduction include site subsurface water data, characterization studies, remedy evaluations,
and laboratonpased investigations (PNN28844§ Lin et al., 2012PNNL-29999; Yaretal., 2016).

Approaches to Improve Retention

Since there is little chemical retention for nitrates/nitrites, the principal methodologies for improving the
overall retention of N@ and NQ is to: (1) limit exposure to a leaching solution, and (2) provide a longer
diffusion pathway and smaller surface area for release (e.g., reduced porosity). Infiltration control
through caps and other barriers can limit the volume of leaching soluwontact with grouted waste
forms. Getters are unlikely to be successful to improve nitrate retention (SRN2020.00228).
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Recent work with geopolymers has shown promise for improved nitrate retention with lower salt solution
(VSL-21R150001, Developmat of Improved Grout Waste Forms for Supplemental Low Activity Waste
Immobilizatior). Maximization of diffusion path and minimization of exposed surface area are best
achieved by creation of bulk solidified materials.

Uncertainty Upon Disposal and Mobility to Potable Water

The principal sources of uncertainty upon disposal include the amount of water infiltration in contact with

the waste form and the potential for attenuation and dilution of leache &MNDNQ™ between the waste

form and the point of gapliance. Disposal environments that minimize infiltration (e.g., through barriers

or discontinuous pathways) are more likely to retain™d@d NQ" from grouted waste forms. Peak

concentration of nitrate and nitrite scale linearly to disposed inveatatyherefore, any ofite disposal

with confiet made®dneconditions are good disposal <can
retention.

E.3.1.6 Land DisposalRestrictions Organics Uncertainties

An overview of the existingnowledge behind LDR orgics can be found iolumell, AppendixA,
SectionA.3.6. In summary, everal recent analyses have provided groundwork for confirming the
presence/absence of LDR organics in the Hanford wakigis concentrations relative to narastewater
standards in the liquid and immobilized forms, and their removability via treatmgntdvaporation,
chemical treatmenthrough historical analyses, recent tank samplingdated analytical methodology,
and degradatioassessmentsThese efforts, including those occurring during the NDAA21 Se&id@b
study timeline, have reducedetincertainty associated with the possibility of LDR organics exceeding
compliance limits in a grouted waste form.

The assessments of LDR organics carry varying levels of uncertainty. For the quantification of LDR
organics, mch of the sampling data fdnd tanks is over 3@ears old |dentification of compounds in the

tank waste halied heavily on headspacedateh er e uncertainty can arise fr
concentration conversions in the tank wastéesummary of the organics and associated samgbngs

provided in the waste profiles Wolumell, AppendixB. The stability of the LDR organics in the tank

waste also raises uncertainty in their concentrations as some LDR organics suspected to be present in the
Hanford tanks may have degraded (chemically or radiolyticatle in storage in the tanks or have

become affected by tank transfers. Updated sampling of the tank wastes can address the uncertainty
associated with their presence and concentration in the taakktional work is needed to determine

what, if any,LDR organicxould beformed through decomposition wfore compleorganicsn the tank

wastes. In the analysis of historicabpess knowledge from thi¢anford Site, someDR organicscan be
eliminatedfrom thecandidatdist in the tank waste, with higtertainty,becausehere is no history of

select LDR organics being used in the Hanford mission and the specific organic compound could not be
formed in the tank waste

Some of the LDR organics may have detection limits that are above the corresporgding tar
nonwastewater standard in the tank waste measurements using contemporary analytical teaHniligues
other compounds have never been analyzed for (for example, phthalic acid, a likely decomposition
product from phthalates in the tank€jfforts areongoing to evaluate alternate techniques to improve the
quantification and lower detection limits to below the waastewater limiteind develop methods for

other compoundsAchieving detection limits significantly below the naastewater limits would

remove the uncertainty around the risk of an LDR organic exceeding compliance levels based solely on
noncompliant detection limits. If these discrepancies between detection limits and target concentrations
remain, treatment (e.g., evaporation, chemicalaiiod, directed to vitrification) may be pursued or a
variance evaluated for the organievaporation has been evaluated as a means to remove LDR organics
that may be present above compliant levetslfurther work is ongoing to confirm the efficacy bkt
evaporation approach suchorganics
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Organics not removed by evaporation may be destroyed by chemical oxi@gagiompermanganate
treatment) althoughthere is uncertainty around the efficacy of the process for specific organittteeand
resulting impact on a grouted waste form.

However, with the low concentrations of many of the potential LDR organics, there is high confidence
that a chemical treatmeptocess could be successful, if required. The cost of implementing a separate
chemical oxidation treatment from evaporation was believed to be within the projected cost uncertainty
already consideredn addition, the work underway in evaluating LDR @angcs in tank waste is expected

to conclude a fraction of tank waste does not require LDR organic pretreatment prior to grouting. DOE
will need to establish the treatment facility waste acceptance criteriataibholdershat results in

identifying theparameters and constituents to be used in determining whether LDR organic pretreatment
is required for a campaign/batch of waste before treatment.

E.3.1.7 Vault Design Uncertainties

Uncertainty around nfility to potablewater of key contaminants is still pres@ntlternatives GroubA,

5B and §where a GDU is used for dispos&lowever, this uncertainty is lessened compared to
containerized options as a monolith in an engineered vault that limits interaction with the environment,
creates long transport pathygaand slows the rate of change of waste form properties controlling release
The extent of this effect is dependent on vault sitf@ese uncertainties can be further improved with an
updatedPA of a GDU design at Hanford, the last being performed 88 {&HC-SD-WM-EE-004,
Performance Assessment of Grouted Double Shell Tank Waste Disposal at Hanford

E.3.1.8 Sample and Send Uncertainty

For alternatives GroutD and GrouB, an additional uncertainty exists in the projected splits of the
supplemental LAW inventory that will be directed onsite to the IDF versus to-aiteflisposal facility.
These splits directly impact the projected impact to potable water onsite, as a near linear relationship
between inventory and peak dose existhélDF (dictated by waste form concentration). Itsité
pathways are not available or minimally used, the uncertainty is similar to-giteaases (GrouA,
Grout2A). This uncertainty can be handled by evaluating inventory sensitivity cadesIiDR PA.

E.3.1.9 Confidence in Immobilization with Respect to Potable Water and Mobility to Potable
Water

To assess the mobility of the radionuclides and contaminants to a potable water source, conservative
gualitative estimates of full system waste form releeme made using the IDF PA risk budget tool and
using volumetric concentrations of the various species within the waste forms to project peak
groundwater concentration in different inventory and performance c@ikesnclusion of radionuclides

in the IDF PA risk budget tool was developed based on an agreement between DO& \Afashington
State Department d&cology to include radionuclides for information only and does not imply that
radionuclides are regulated under the IDF RCRA permit. DOE uséeddihmation on radionuclides

from the IDF PA risk budget tool to perform analyses that are consistent with its capabilities (e.qg.,
inventory and waste form release rate sensitivities) and are necessary under the IDF PA maintenance
program required by DOM 435.%1, Radioactive Waste Management Manual

E.3.1.9.1 Inventory Uncertainty

Two inventory cases were tested for this full systeng where the best case retention of radionuclides/
contaminants in the LAW glass was assumeadd one where the worstase retention of radionuclides/
contaminants in the LAW glass was assum@ableE-13) . The Abest caseo gl ass
using tle splits from Case of the IDF PA (RPHRPT-59958), where the majority of contaminants/

radionuclides are retained in the glass.
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The Aworst caseodo gl ass 10AcoftieedDFiPA where rgedameuatéai e s f r om
contaminants/radionuclideseapartitioned to the secondary waste grout. In each case, the supplemental

LAW inventory was unchanged. The releases from all waste forms can be combined qualitatively. The
ASLAWO cases assume the suppl ement ayithetiheWWesiandv ent or
worst glass case splits were applied to the remai
the inventory splits will be refined once WTP begins operations.

Table E-13. Inventory Splits Evaluated to Technetium, lodine129, and Seleniurvir9

Best Glass Worst Glass Best Case Glass Worst-Case Glass
Retention- Case 7 | Retention i Case 10 | Retention + SLAWP | Retention + SLAWP
Spemes Stream from IDF PA2 from IDF PA2 Disposed of in IDF | Disposed of in IDF

ILAW 99.50% 31.91% 55.30% 17.70%
SLAW = = 44.4% 44.4%
ETF LSW 0% 67.80% 0% 38%
SSW 0.08% 0.05% 0% 0%
Melter 0.14% 0.04% 0% 0%
129 ILAW 56.21% 19.43% 31.25% 10.80%
SLAW - - 44.4% 44.4%
ETF LSW 0.22% 63.80% 0.12% 35.47%
SSW 41.23% 14.91% 22.92% 8.29%
Melter 0.08% 0.02% 0.04% 0.01%
°Se ILAW 97.92% 75.00% 48.96% 37.50%
SLAW - - 5096 5096
ETF LSW 0.13% 0.10% 0.06% 0.05%
SSW 1.99% 24.51% 0.99% 12.26%
Melter 0% 0.02% 0% 0.01%
NOs ILAW 0% 0% 0% 0%
SLAW - - 44 4% 44.4%
ETF LSW 0.29% 3.98% 0.16% 2%
SSW 0% 0% 0% 0%
Melter 0% 0% 0% 0%
Cr ILAW 82.94% 77.77% 46.11% 43.24%
SLAW = = 44.4% 44.4%
ETF LSW 0.00% 5.83% 0.00% 3.24%
SSW 0.13% 0.12% 0.07% 0.07%
Melter 0.13% 0.11% 0.07% 0.06%

aRPRRPT-59958, 2019Performance Assessment for the Integrated Disposal Facility, Hanford Site, WashRetah
Washington River Protection Solutions, LLC and INTERA, Inc., Richland, Washington.

b Using the applementL AW inventories fromthe Integragd Flowsheet (RRRPT-57991,0ne System River Protection
Project Integrated FlowsheeTable6-7, comparing the volumes of treated LAW (ddk) sent to WTP to the volumes of
LAW for supplemental treatment (c45+46).

° No split for’*Se was provided faupplementaLAW so a 50% split was presumeBifferences from 100% totals rest
from splits to other streams

ETF = Effluent Treatment Facility PA = performance assessment.

IDF = Integrated Disposal Facility. SLAW = supplemental lovactivity waste.

ILAW = immobilized lowactivity waste SSwW = solid secondary waste

LAW = low-activity waste. WTP = Waste Treatment and Immobilization Plant.
LSW = liquid secondary waste
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The ASLAWO cases assume the suppl eme@QORRHEA242, L AW i nve
River Protection ProjecBystem PlanRev.8), thenthe best and worst glass case splits were applied to

the remaining Afir ¥ *LaAdVSe wgre evaluated. Mhere is tinoertainty

within the inventory splits that wibhe refined once WTP begins operations.

E.3.1.9.2 Risk Budget Evaluation

Theinventorysplits were then used to calculate concentrations of radionuclides within the various waste
streams in Ci/rh Peak dose is presumed to scale linearly tadneentration of radionuclide within that

set volume of waste. By adjusting the projected volumetric concentrations to actual amounts in the risk
budget tool Al ocked volumeo, a qualitative peak d

For example:

A Inthe risk budget tdpan inventory of 26,368 of technetium is present for 278,787 of
LAW glass, giving a peak concentration of 98GI/L, assuming a fractional release rate of
2.57E+07yr. This split would equal 0.09Gi/m®.

A Using the best case splits for Grdg, the supplemental LAW grout is projected to have
0.0219Ci/m3,

A This concentration would equal 6,1G60f technetium in 278,79%° of glass listed in thesk
budget toal

A The value of 6,10€i was input to theisk budget togland the resulting peak doses
~21pCi/L.

A The peak dose was then adjusted for the volume of glass in the alternative tqol@/E10
The same approach was used for the Ejld secondary waste

For thesolid secondary wasta similar approach was taken, but using the individpkis for thesolid
secondary waste types. The technetium was only evaluated for the HEPA filt&i% whe evaluated for
GAC and AgM, and th&Se for the HEPA filters and ion exchange based on the splits used in the IDF PA.

To determine the releagrom the supplemental LAW grout, three waste form release rate cases were
evaluated to capture uncertainty around waste form performance.

A Using the projectedolume of supplemental LAW grout from the System Plan (QRP42,
Rev.8) (320,489 and the Cdistribution, a volumetric concentration was determined.

A The volumetric amount was then applied to the evaluation system of choice

i Conservative CaseT he ficonser v a triskbbedgett@okakes fougsoats t h e
performanceliquid secondaryandsolid secondary wastiypes) and the supplemental LAW
grout performance was calculated using the ETF grout. The ETF grout is assumed to be
oxidized from Dayl in the risk budget tool and is therefore considered to be highly
conservative. The peak doseatatined using the 18,900° volume in theisk budget tool
was multiplied by 17x to account for the increase in volume for the supplemental LAW
grout.

i BackCalciThe Aback calcdo case uses the minimum f
PNNL-28992 Perfamance Metric for Cementitious Waste Form Inventory Release in the
Integrated Disposal FacilityTableS.1). To do this, the LAW glass line in trigk budget
tool was used for the calculation, the fractional release rate was adjusted, and a volume factor
of 1.14 was used to estimate peak dose.
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T ImprovedCasé The fAi mproved case0 uses a best case
technetium, getter continues to hold for iodine) added to the supplemental LAW Toodi.
this, the LAW glass line in thiesk budget toolvas used for the calculation, and a factor of
1.14 was used to estimate peak dose. The fractional release rate was decreased by several
orders of magnitude to account for the improved waste form performance.

The qualitativaesults of the assessment were used to draft the taxonomy assessiels&ll,
AppendixD, Section3.1.1.2 of each alternative.

E.3.2 Risks in Mission Duration and Technical Risks of Operations for Grout Alternatives

The primary uncertainty driver itheimplementation schedule and risk (environmental and safety risks

prior to mission completion, including risks driven by waste tank storage dur@@i®ygriteriafor the

grout alternatives (GrodtA, GroutdBand Groub) t hat carri ed a fAmoder ateo
brought forward by the increased transportation of waste. A description of the transportation

uncertainties and risk is provided\tolumell, AppendixH. In summary, the risk is driven by closure of

the transport route following a theoretical spill. While the probability of a spill occurrence is very low

there are high unmitigated consequences and high schedule impacts.

During the study questions around uncertainty pertaining to maintainisi@fiisposal access for the
duration of the mission were raised. This scenario is unlikely and did noudiceetainty rankings.
Further discussion of the scenagajiven in Volumd, Section4.0.

E.3.3 Uncertainties Associated with Likelihood of Project Successful Completion for Grout
Alternatives

None of the grout alternati v e shelikeihdod af succedsfulng bey on
mission completion (including affordability and robustness to technical (683) primarily due to the

extensive experience in the implementation ouging or low temperature processes for waste
immobilization/stabilization.Volumell, AppendixL describes the prior experience drawn upon in this
assessment.

E.4 UNCERTAINTIES IN LIFECYCLE COSTS

A full description of the development of the lifecycle costgrsvidedin Volumell, AppendixF. Based
on the assessment, cost unaimties can range fror20% to 100% on the projected cost.

E.5 UNCERTAINTIES IN VITRIFICATION ALTERNATIVE

The National Defense Authorization Act for FY 2017 (NDAA17) report (SFHRR-201800687,Report

of Analysis of Approaches to Supplemental Treatment ofAdliwity Waste at the Hanford Nuclear
Reservatioly AppendixB, covered many of the uncertainties associated with LAW vitrification at
Hanford, with little change in that assessment since. The primary uncertainty driver®irgtterm
effectiveness (enronmental and safety risk after dispog&)L) criterion are similar to the esite grout
alternatives due to the presence of secondary waste grout waste forms in the IDF. The uncertainties with
those waste forms are identical to those discussed ilDB&CB, with the main caveat being secondary
wastes will likely have a higher concentration of radionuclides/contaminants (dependent on pariitioning
WTP) than a primary grout waste form. High uncertainties are present in the partitioning of iodine and
mercury {/olumell, AppendixB, SectionB.3.1). Two waste forms with similar properties but different
concentratias will see aigher overall release from the waste form with higher concentration. These
uncertainties upon disposal would be mitigated withsa# disposal of the secondary waste.
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The primary LAW glass waste form also carries uncertainty with effectiveness. |daseref
radionuclides and contaminants from the LAW glass is predicted using the immobilizadtloity
waste (ILAW) corrosion model, which is based on Transition State TheoryRRAT59958). Extensive
work was undertaken in recent years to understamdpplicability of the ILAW corrosion model to
enhanced waste LAW glass compositions and assess conservatism in the current approach.

The common assumption is: as waste loading is increased in the glass, durability will be sacrificed to a
degree. Fdher information on these efforts is provided in:

A NavaFaraiseta | . ( Rppiang haporafory Methods for Durability Assessment of Vitrified
Material to Archaeological Samplies

PNNL-28999,Alternative Approaches to Determining &d Modeling its Inflence on ILAW
Glass Corrosion

PNNL-31072,Stirred Reactor Coupon Analysis: Determination of Glass Composition Effects on
Forward Rate Model Parameters

A
A
A PNNL-31746,lon-Exchange Immobilized Ledctivity Waste Glass Rate Model Term
A

PNNL-31758 FY2021 ReporttLAW Glass Stage Il and Il Static Dissolution Testing and
Modeling

A VSL-21R49602, FY2021 ILAW Glass leiExchange Rate Testing

An example of the uncertainty arising from this emerging information is the influence of the ion
exchange process in glass ceiom. The ion exchange process will control glass dissolution over the
majority of its lifetime upon disposal. A presumed conservative assumption was made in the LAW glass
corrosion model where a constant ion exchange rate was used when evidentieagxiistson exchange

rate will decay exponentially with time. In turn, the release from the glasses would overestimate release
with the use of a constant term. Recent work (PNIIZ46; VSI-21R49662) has identified a time
dependent ion exchange rate rabithat can be used. Implementation of this tdependent ion

exchange term only led to a 10x decrease in predicted release in IDF waste form simulations
(PNNL-31746).

As with any application of model theories to letegm performance, there are uncertigis associated.

One such discrepancy exists in comparing the contribution of LAW glass to peak &8se oh the

2003 Risk Assessment (RAFP675,Risk Assessment Supporting the Decision on the Initial Selection of
Supplemental ILAW Technologigf}e peak concentration of technetium from WTP glass was
0.771pCi/L (Table4-8b of RPP17675), while in the 2017 IDF PA (RHFPT-59958, Revl) the peak

%Tc concentration (base case) wap@l/L (Table5-43 of RPPRPT-59958). These differences

highlight uncertainties associated with primary waste form behavior in the IDF.

Theimplementation schedule and risk (environmental and safety risks prior to mission completion,
including risks driven by waste tank storage durat{@®) criteria carried technicalsis of operations.

There was an identified risk of delays due to annual operating costs exceeding the projected budget. This
risk was described in the NDAAL7 report (SRIRIP-201800687) and involumell, AppendixF. The

increased radiation and chemical exposure risks were attributed to the volatilization of radionuclides and
harmfulchemicals (mercury) transferring them to the offgas management system, anduéetfvearker
exposure required for regular consumable (bubblers, melters, HEPA) replacements. The large volume of
wastewater discharged, -3%jallons per gallon of LAW feed, and the corresponding large volume of
secondary wastes, both liquid and solid,tdbated to the environmental technical risks.

For thelikelihood of successful mission completion (including affordability and robustness to technical
risks) (C3), vitrification had low uncertainty associated with the low probability assessment due to
mitigation by experience gained from future operations with WTP LAW melters.
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E.6 UNCERTAINTIES IN FLUIDIZED BED STEAM REFORMING

TheNDAAL7 report SRNL-RP-201800687%, AppendixD, covered many of the uncertainties associated
with theuse of fluidized bed stearaforming (FBSR) for Hanford LAW. The primary uncertainty

drivers in thdong-term effectiveness (environmental and safety risk after disp@Hl)criterion are

driven by the identification of the FBSR waste form and the limited amount «fp@taficdata on
representative waste forms, which can be considered similar to-giee@mnout alternatives. The

dissolution data available compares the granular FBSR product to representative LAW glass; however,
the test data available does not correlatectliréo a value used in a PA. The corrosion results are
promising, as in similar tests (e.g., product consistency tegtegpassflow-through the normalized
dissolution rates of the FBSR granular product are within the ranges of normalized dissatesdor
borosilicate glass with compositions within the
(PNNL-14805Waste Form Release Data Package for the 2005 Integrated Disposal Facility Performance
AssessmenNeeway et al., 2016; Vienna et al., 2018u@ret al., 2021SRNL-STI-201400063

Chemical Composition and PCT Data for the Initial Set of Hanford Enhanced Waste Loading ;Glasses
PNNL-28838 Enhanced Hanford Lowctivity Waste Glass Property Data Developm@&itase 2, but

further testing is needdad produce rate model parameters to represent the dissolution of this waste form
in a PA to calculate a fractional release rate.

Theimplementation schedule and risk (environmental and safety risks prior to mission completion,
including risks driven by waste tank storage durat{@®) criteria for FBSR carried technical risks of
operations. There was an identified risk of delays duedhnical issues and annual operating costs
exceeding the projected budget. These two risks were described ilNDAREL7 report
(SRNL-RP-201800687%. The increased radiation and chemical exposure risks were attributed to the
volatilization of radionuclides transferring them to the offgas management system and aerosolization of
dust and toxic gases. The frequent worker exposure required for regular consumable (e.g., nozzles,
HEPA) replacements was also identified as a rigke Aigh volume of clay and other granular solids,

liquid oxygen, and nitrogen, each having unique transport mechanisms, increased worker exposure risk.

For thelikelihood of successful mission completion (including affordability and robustness to technical
risks)(C3), FBSR had low uncertainty associated with the low probability assessment due to prior
experience with WTP. Note that in alternative FBIER the carbonate product was not considered as

this resulting product (used at theegrated Waste Traaent Unit[IWTU]) would only have minor

changes to the taxonomy criteria related to previous demonstration of the technology, while uncertainties
related to waste form performance would persist.
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TableE-14 summarizes other relevant unknowns pertaining to the FBSR alternatives.

Table E-14. Fluidized Bed Steam Reforming Uncertainties and PotentidWitigations

Uncertainty Potential mitigations

During pilotscale demonstration testin¢ ASlow thefeedrate during the first 3 operating yeaisr example,
or facility startup, FBSR may not achie! extending tke first 3years of operation to ylears would match a TO
at least 50% TOE, especially in the firs of about 33%. Beyond the firsty@ars of the feed vector, the TOE
3 operating years when the feed vector can be lower than 50% and still meet the feed vector rate.
highest. Alncrease lag tank storage

Alncrease the size of the treatment facilimly practical if done prior

to final design/construction)
AEvaluate and solve the issue(s) that limit the TOE

During pilotscale demonstration testin¢ ASlow thefeed rate durng the first 3operating yearsfor example,
or facility startup, FBSR may not be ab  extending the first 3/ears of operation to ylears would match a TO
to achieve the design bastgdrate. of about 33%. Beyond the firstygars of the feed vector, the TOE
can be lower than 50% and still meet the feed vector rate.
Alncrease lagank storage
Alncrease the size of the treatment facility (only practical if done p
to final design/construction)
AEvaluate and solve the issue(s) that limitfieel rate

A refractory lining may be needed for tl AThis will be determined idetailed design; including or excluding &

DMR. refractory lining would have a small (negligible) cost impact
Partitioning of**Tc and*?9 to spent AMove the offgas scrubber upstream of carbontgdorption
carbon may be higher than can meet IL Almprove Tc/l retention in grouted spent carbon and filter wiastas
acceptance requirements. ASend spent carbon to effte disposal

Pilot-scale demonstration testing may ARemove the wet scrubber from the design, which would simplify
show that a wet scrubber fiTc and*?d = process and lower costs

may not be needed to achieve the neel

capture in tke primary wastéorm.

Certain unit operations may fail to APerform more representative and extensive pilot testing than wa:
operate as intendéd done for IWTU

For FBSRIA, disposal of monolith wast AModify additives and stoichiometries to achieve a wéste that
form in IDF: During demonstration meets IDF performance requirements

testing, the wastorm may fail to meet AProceed wh FBSR1B (disposal offsite at WCS)
IDF performance requirements.

For FBSR1B, disposal of wastéorm at  ANegotiate withWashington Texas or secure disposal options (e.g.
WCS: Texas blocks WCS from accepti HIC to IDF)
Hanford wastes.

For FBSR1B: Rublic opposition to AcChange route, shift to road/truck shipping, or secure other dispos
transportation halts rail shipping. options
aDuring IWTU startup and operation, several unit operations (including the DMR fluidizing gas distributors, feed r

process gas filters, and granular product handling system) required redesigidambnstration. This occurred when pilot
scale tesng was not representative or extensive enough to identify certain issues that were only found on IWTU startu

DMR = denitration andnineralizing reformer IDF = Integrated Disposal Facility
FBSR = fluidized bed steam reforming. IWTU = Integrated Waste Treatment Unit
Hg = mercury. Tc = technetium.

HIC = high integrity container TOE = total operating efficiency.

I = iodine. WCSs = Waste Control Specialists, LLC.
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E.7 MINOR UNCERTAINTIES CONSIDERED BUT NOT DRIVERS

Throughout the assessments, sevattadr uncertainties were identified; however, they did not become
drivers of the overall assessment. These items are acknowledged in the written taxonomies and are
summarized here. These items were considered minor as they could be closed with niorinoal ef
upon processing start, or would not affect the overall performance of the alternative if changed.

Grout facility engineering uncertainty 1 While the exact design of the grout facility(ies) associated with
the alternatives is not known, an assumpti@s made that the flowsheet and approach would be similar

to that used at SRS. This uncertainty in design was deemed minimal due to the expansive experience in
producing grout waste forms using a varietyapproaches (discussedvolumell, AppendixL).

Alterations to facility design were not expected to impact alternative efficiency or resulting waste form
performance.

Inventory uncertainty in tanks i Much of the data available on the inventory in the Hanford tanks is
based on estimates built on sampling data from other tanks. When coupled with analytical uncertainties
in a complex matrix like the tank wastes, there is uncertainty in the ovemtitaries present. However,

this uncertainty was deemed minimal due to improved sampling in recent years and the range of values
considered as possible partitions between waste streams/disposal sites.

Ammonia releasei Ammonia release is identified as akfuncertainty in the assessment arising from
the treatment of secondary wastes and-engn stability/release from waste forms. Because first LAW
melterswill produce a large volume of ammonia regardless, any additional ammonia from one of the
supplemetal LAW alternatives was deemed to be of minimal additional consequence.

Supplemental LAW feed vectori A summary of the uncertainties associated with the supplemental
LAW feed vector is provided iolumell, AppendixB, SectionB.4.
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G.1 INTRODUCTION

The lowactivity weste (LAW) immobilized by the alternatives described in this report will be
permanently disposed of either on orthié Hanford Site. A combination of @ite and offsite disposal

is also plausible (alternative Grasit This appendix describes the dable disposal options for the

Hanford LAW requiring supplemental treatment. Sec@o®.1describes oisite disposal at the Hanford
Integrated Disposal Facility (IDF). Two edfte disposal facilities were identified as potential disposal
sitesi EnergysolutionsClive facility in Utah (Sectiort5.2.2) and théWaste Control SpecialisteLC

(WCS) facility in Texas (Sectio®.2.3. The oftsite disposal of all syglemental LAW is assumed in
alternatives GrouB and fluidized bed steam reforming (FBSI) (FBSR1B was considered, but not
recommended)The offsite disposal of grout generated until 2040 is assumed in alternative8srout

The grout generated stangi from 2040 is assumed to be disposed of onsite in this alternative. The
off-site disposal of all grout generated in alternative Géouas considered to cover the unlikely

situation in which ossite disposal becomes unavailabMote that the liquigo-solid volumetric ratio

was conservatively assumed to be 1.2 in transport and disposal calculations related to FBSR. The larger
ratio results in a larger FBSR waste volume. The FBSR volumetric ratio assumed in all other analyses
discussed in this reportas 1.0.

As described in Volum#, AppendixH, SectionH.6, all supplematal LAW liquids converted to solid
waste formseither grout or FBSR,an be disposed aft WCS. Clasé waste, which includes 83% to
90% of the grout and 72% of FBS#aste formscanbe disposed dagither at WCS or CliveThis
conclusion was made basedlthe comparison of (he radionuclide composition of grout and FBSR
waste forms to the Clive and WCS radiological waste acceptance citppar({dixH, SectionH.6.1),
and (2)the ClasA waste volume to Clive and WCS available disposal voluppdndixH,
SectionH.6.2). Note that theadiologicalwaste acceptance critedge identicabht WCS andClive; waste
classified as Clasa at Clive would be classified as Cladsat WCS. Details of the waste class
determination are provided AppendixH, SectionH.6.

The details regarding transport of the different waste forms (liquids, grout, and FBSR) to Clive and WCS
are discussed in Volumk AppendixH. The conclusion made isppendixH is that the liquid, grout,

and FBSR waste forms meet all the requirements of thesjpmaific ativity (LSA)-Il materials and are

exempt from classification as fissile material. Consequently, liquid, grout, and FBSR waste forms can be
transported in industrial packages (e.g-218r IR3) that are exempt from U.S. Nuclear Regulatory
Commission (NR{certification. The proposed packaging is describe&bipendixH, SectionH.7.1

Liquids, if transported to Clive and/or WCS, are assumed to be treated at Clive or WSC to generate a
grout waste form. Volumi, AppendixH also discusses how spiitg the Clas#\ waste between the
Clive and WCS facilities affects transportation and disposal costs.

G.2 DISPOSAL SITES

This appendix describes three disposal facilities that are under consideration for disptesaicntl
supplemental AW.

A Integrated Disposal Facility (IDF) (Hanford Site} A U.S. Department of Energy (DOE)
facility that is permitted by the Washington State Department of Ecology (Ecdtogdisposal
of low-level waste (LLW) and mixed LLW (MLLW) from Hanford Site operations.

A EnergySolutionsDisposal Facility (Clive, Utah)i This disposal facilitys commercially
operatedy Energysolutionsandis licensed by thatate of Utah (a NRC Agreement State) and
theU.S. Environmental Protection AgendyRA) to dispose of LLW and MLLW.The Clive
facility can accept only Class LLW and MLLW for disposal.
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A Waste Control Specialists (WCS) Waste Disposal FacilitiAndrews, Texas) This disposal
facility is commerciallyoperatedby WCS and idicensed by thetate of Texas (also an NRC
Agreement State)The WCS facility can accept Cla8sB, and C LLW and MLLW for
disposal.

The NRC Agreement Statesastate versions of the 10FR61, Lidgensing Requirements for Land
Disposal of Radioactive Wastestandard for licensing LLW disposaldilities, which divides LLW into
ficl as s es, Aanddd wadies &sltha least and most hazardous, respectively.

TheClive and WCS facilities can safely dispafevastes containing the projected LA&Ncentrations
of iodine129 (¢2%) and technetiur®9 ©°Tc). This conclusion is based onrdepth analysis of the
disposal performance.

The description of the disposal sites is focused on the site conditions, disposal facility design, applicable
regulations, waste acceptarwéeria, and analyses perfoed in support of the dispogaérformance
assessmenP@). The other aspects are discussed in VoluygppendixH.

G.2.1 Integrated Disposal Facility (Hanford Site, Wagington)
Description

The IDF is bcated in the 20&ast Area of the Hanford Site Washington Statandprovides a disposal

facility for LLW and MLLW. The Hanford Site is located within the Columbia Plateau between the
Cascade Range and the Rocky Mourgairhis portion of the plateau is also known as the Columbia

Basin as itis a topographically low area surrounded by mountains on all st@igsclysmic ice age

flooding inundated the aredepositing sediment that is informally called the Hanford &diom. The
underlyingbasalts form a block of rock that is surrounded by active fault zones where stresses are mostly
relieved. Therefore, stress relief and ground motion on the Columbia Plateau are relatively small.
TableG-1 providesthe general stratigraphy of the Hanford Site (HFEPI-59958,Performance

Assessment for the Integrated Disposal Facility, Hanford Site, Washington).

Table G-1. General Stratigraphy of the Hanford Site

Surficial Deposits Thin layer of silt, sand, and gravel

Hanford Formation Glacio-fluvial deposits from Ice Age flooding consisting mostly of unconsolida
sediments that range fropebble to cobble gravel and firte® coarsegrained sand
with lesser amounts of silt and clay lenses

Cold Creek Unit Very hard rock called caliéhor hardpan located primarily in the 20@st Area,
but largely absent from the 2@&ast Area.
Ringold Formation Semtiindurated clay, silt, fineto coarsegrained sand, and granule to cobble gra

Strata are typically below the water table, and texttuariations can influence
groundwater flow.
Columbia River Basalt Grou Flood-basalt flows and interbedded sediments.
and Ellensburg Formation

SourceRPRRPT-59958,2019,Performance Assessment for the Integrated Disposal Facility, HanfordA&ishington
Rev. 1A, Washington River Protection Solutions, LLC, and INTERA, Inc., Richland, Washington.

The IDF is situatedpproximately 90 to 106 (300 to 33@t) above the water table, with the liner
approximately 70n (230ft) above groundwaterApproximately 137 to 16 (450 to 55Gt) of
unconsolidated to sersbnsolidated sediments over basalt bedrock uiedbe disposal siteThe
stratigraphy at the IDF coisss of the Hanford Formation and Ringold Formation. The Hanford
Formation is as much as 1&6(380ft) thick, and the Ringold Formation reaches a maximum thickness
of 87 m (285ft) on the west side of the IDF site, thinning eastward (Vance, 2021)
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Constructed in 2006, the IDF comprises two
expandable disposal celBigure G-1). Celllis
permitted as a dangerous waste landfill under the
Resource Conservation and Recovery Act of 1976 cell 1 Cell 2
(RCRA), which allows for disposal of radioactive
MLLW. The dangerous waste comont is regulated
under WAC1733 0 3, ADangerous
Regul ations, 02iblimtetAmo | og |
radioactive LLW only. The radioactive components; i ii i i
both LLW and MLLW are regulated by DOE under ' 0

DOE O 435.1,Radioactive Waste Managemeffthe | = 0
disposakells include a leak detection system to Colle o
leachatgWA 7 8 9 0 0 0 Bafbrd Facilily RCRA ;i i
Permib). B

Landfill Construction

The IDF liner system complies with WATZ3-303
665, ALandfills, o and i
leachate collection and rewal system (LCRS), leak
detection system (LDS) ars#condary ldadetection

: [ Permitted for MLLW

5 [:| LLW only

1

1

1

1

1

1

1

1

1

1

1

i i
Vo : Current Configuration : ? S I a ye

] 1

1 1

i i

i i

1

1

1

system (SLDS).The operations layer, consisting of -

well-graded granular soil, acts as an insulating layer == pocgble Future Expansion o
and protects the underlying liner from damage by ;o R ROBORE:
equipment and from fregry and desiccation cracking. - - - . oL __1 R e

Figure G-1. Integrated DisposalFacility

Below the operations layer, the LCRS comprises : :
Configuration

two geotextiles and a gravel layer, followed by a
geomembrane liner made of higkensity polyethylene
and a geosynthetic clay liner that act as moisture barrfdrs.LCRSis designedso that leachatibows

through a perforated pipe above the primary liner into the LCRS collection sump. Below the LCRS is the
LDS, which is used to collect any leachate that leaks through the LCRS. The LDS has a similar
configuration, as the LCR@xcept a composite drainage net) replaces the gravel layer and there is no
perforated drainage pipe. The LDS geomembrane liner conveys leachate to the LDS sump for removal.
The collected leachate is pumped to two leachate collection tanks until ttansfieeatment, storage,

and disposal unffWA 789000896Y.

The IDF liner system also includes an SLDS, which includes an operations layer, drainage gravel, a composite
drainage net, and a geomembrane. The SLDS liner is not a design requirements b7 388G 665,

but is a redundant leak protection system that collects any leachate that leaks through both the LCRS and
LDS. Liquids in the SLDS are removed manually tigio a portable pump and then transferred to the
leachate collection tankslableG-2 identifies the layout of the IDF liner systgiVA 789000896Y.
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Table G-2. Integrated DisposalFacility Liner System Description

Layer (Top-to-Bottom) Components (Landfill Base)

Operations layer A Native soil
LCRS A Separation geotextile A Primary geomembrane
A Drainage gravel A Primary GCL
A Cushion geotextile
LDS A Composite drainage net
A Secondary geomembrane
LDS sump A Drainage gravel A Secondary geomembrane
A Cushion geotextile A secondary GCL
SLDS sump A Operations layer material A Tertiary geomembrane
A Composite drainage net
Admix layer A 0.9 m (3ft) thick

Source: Vance, B.T2021, fiResponse to Technical Deficiencies for the Integrated Disposal Facility Operating Unit Grot
Class 3 Permit Modification Requesfietter21-ECD-001740 tdD. Bowen Washington State Department of Ecology,
June9), U.S. Depament of Energy, Hanford Site, Richland, Washington.

GCL geosynthetic clay liner LDS
LCRS leachate collection and removal system SLDS

leak detection system
secondary leak detection system

The IDF liner was completed at the north end of the landfill for the initial phase. Additional phases are
anticipated to extend the liner to the south as more space for waste disposal is required. Each future liner
expansion project will connect to theush edge of the previous lin@VA 789000896Y.

Landfill Cover

Thefinal cover design of the IDF has not been completed, but a general conceptual design has been
developed. The general design is to cover the IDF with a modified RCRA SGbitidierier, vhich

provides a surface barrier for lotgrm containment, hydrologic protection, and minimizes physical
intrusion and recharge. A Subtitlebarrier is the baseline design for a disposal facility containing both
dangerous waste and LLW. The IDF coveansicipated to include layers composed of durable material
(e.g., topsoil, sand and gravel filter, asphalt base) topped with cover vegetation and a slope (up to 5%) to
encourage runoff and minimize the tendency for ponding of rainwater. These layiaterated to divert
moisture that may come through the surface barrier away from the trench. The RCRA Suiatitier

is to be constructed with a minimum depth of at leant(@6.4ft) to provide shielding from radioactive
material andleter intrusion.The cover will include a vegetated surface layer of-§ir&ned soils to

retain moisture, encourage evapotranspiration, and minimize infiltration RRAT59958).

Key Regulatory Requirements

Disposal in IDF must meet DOB 435.1requirements for wasiacidental to reprocessing (WIR) that
specify how tank wastes that have been managhiglatevel waste ILW) are accepted for

management as LLW. In addition, D@E435.1 requirements for neaurface disposal of LLW must be
met. The LLW requirementsesubstantially addressed through a DOE PA that evalilésngterm
impact of neassurface disposal through computer modeling analysis, to provide DOE with a reasonable
expectation that LLW and MLLW disposal will meet the radiological performancetolgedocumented

in DOEM 435.11, Radioactive Waste Management Manual
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Performance Assessment

In 1999, the initial PA for the IDF (DOE/R27-69, Hanford Immobilized LowActivity Tank Waste

Performance Assessmgmtas approved, followed by an updat001 (DOE/ORF200024, Hanford

Immobilized LowActivity Waste Performance Assessment: 2001 Vérsiddditional revisions to the PA

were deferred until completion BfOE/EIS039], Final Tank Closure and Waste Management

Environmental Impact Statement the Hanford Site, Richland, Washingt@C&WM EIS), which

occurred in 2012. This EIS resulted in a Record of DecisioRRB85 9 1 3, AFi nal Tank Cl o
Waste Management Environmental Impact Statement for the Hanford Site, Richland, Washington, Record

of Decisiono) to implement disposal of the foll ow

LLW and MLLW from tank waste treatment activities generated from the Waste Treatment and
Immobilization Plan{WTP)

A

A On-sitenon-CERCLA non-tank waste

A Fast Flux Test Facilitgleconmissioning waste

A Effluent Treatment Facilitgenerated solid secondary waste
A Onsite waste management waste.

Based on the Record of Decision, a new PA was necessary to examine ttegrorffects associated

with the planned waste types. The current 8tie IDF (RPFRPT-59958), was publicly released in

2019 and includes computer modeling of the semface disposal of LLW and MLLW at IDF. DOE

LLW disposal requirements in DO# 435.21r equi re t hat a PA fAmust provid
that the faility will not exceed the performance objectives for a period of 1y@d®s following closure

of the facility.o The 2019 | DFye&Aperigdebutfaleofrome d an al
1,000 to 10,00@ears, and an extended runout to 500 yx¥rs after closure. Computer models

simulated the engineered and natural barriers of the IDF and assessed-thespostperformance

objectives for exposure and performance measures of an inadvertent intrusion event. The PA assumes

that the IDF willremain under institutional control for a 2@6ar postclosure period. The IDF PA has

been reviewed and approved by DOE, and an Operating Disposal Authorization Sthtesrizrdn
issued(Gilbertson, 2021)licensing IDF for disposal of radioactive maadsior vitrified primary waste

and grouted secondary waste.

Although the most current revision of the IDF Riés completed in 2019, the technical basis supporting
the PA is maintained through continued updates that evaluate changes to the PA inpsisnapiicas.

An annual assessment of these changes is performed to ensure that the conclusions of the PA are still
valid. The description below includes the results of the PA and subsequent assessments, specifically
RPRCALC-64672,Integrated Disposal Fality Performance Assessment Special Analysis: Updated
Vadose and Saturated Zone Transport Calculations

Procesdevel models simulated the system to assess concentratitfis,df%, and other radionuclides
and dangerous chemicals through groundwater and air pathiaygeling showed contribution of
radionuclides and chemicals to the groundwater pathway within the-fie@d@osiclosure period.This
contribution is attributed tan increaseTc inventory in groutetligh-efficiency particulate airHEPA)
filters compared with the original 2019 IDF PA simulations.

Overall, groundwater models predict compliance with the 1y@@0 performance objectivésompliance
period) Within the 10,000yearpostcomplianceperiod, models predict compliance with performance
objectives, witf?°Tc and*?¥ as the primary contributing dose to a representative member of the public.
The simulated base model assumes the worst possible configuration for the HEPA filter waste, disposing
of it in the worst possible location in the IDF, which would place all wastes in a small area along the
central portion of the facilityMitigation opions could lower the impact of radionuclides in groundwater
includingthewaste placement configuration and consideration of alternate methods for disposal of the
HEPA filter waste stream.
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For the atmospheric pathway, the 1,8@ar postclosure period islominated by the slow release and
transport of gaseous radionuclides resulting in dose below performance objeEkpesure routes
include air immersion, dust inhalation, external exposure to radiation from the contaminated ground
surface, and ingestioof food and animal products grown from the contaminated ground suffaee.
radionuclides that most significantly affect the atmospheric pathway are ¢btff€) and*?% due to
diffusion from cementitious waste forms.

Model simulations for all pathays show thatheinitial dose is dominated B{Tc and*?9. Other
radionuclides contribute insignificant doses relative to the total dasalysis of the 500,00@ear post
closure period shows that peak doses occur in the first 19e206, and radiu-226 (**Ra)becomes a
dominant contributor after 200,0§@ars.

In addition to assessing pathways, an analysis was performed to calculate the dose equivalent for a future
member of the public that intrudes on the 1DFis type of scenario is used tdaddish radionuclide
concentration limits for disposaln the IDF PA intruder scenario, a hypothetical driller of groundwater
uncovers waste disposed of in the IDFhe waste form is assumtalbedegraded and unrecognizable.

Both acute and chronic eapures were considered and evaluated for up to ¥€f@ after closure of the

IDF, following at least 10§Qears of institutional controlsDose was calculated for the expected waste
streams, and although packaging is expected for some waste streaditiooal packaging was

credited in the analysiBased on these analyses, the three chronic exposures scenarios evaluated (rural
pasture farmer, suburban garden resident, and commercial farm worker) were belowntineri00

chronic dose performance meesand the acute well driller scenario dose was below therséMh

acute dose performance measure.

Waste Incidental to Reprocessing

In accordance with the criteria set forth in DOIE435.21, a final WIR (DOEORP202203, Final

Waste Incidental to Reprocessing Evaluation for Vitrified Low Activity Waaste&Secondary Wasés the
Hanford Site Washingtohwas preparetb address the waste from the Hanford Site underground tanks
thatwill be separated, pretreated, and vitrifiethe WIR assessed whether the vitrified waste meets the
criteria in DOEM 435.%21, and determined that the waste is incidental to reprocessing, not HLW, and may be
managed as LLW. As described in the WIR, the approach removes key radionuclides, Me@@e yiear
postclosure requirements, atiae vitrified wastewill not exceed Clas€ LLW concentration limits.

Waste Acceptance

In addition, a waste acceptance criteria document for the IDF has been finalized and defines the
acceptance criteria for LLW drMLLW and the requirements for complying with ti¥ Disposal
Authorization Statemer{Gilbertson, 2021per DOEM 435.21 and RCRA permit (Vance, 2020)he
waste acceptance criteria prohibits HLW, which is defined in [@D2E35.1.

RCRA Permit and WasteAcceptance Criteria

The IDF is permitted as Operating Unit Grdlfpunder RevisioB8c of the Hanford Facility RCRA

Permit (numbeWWA7890008967) (Ecology, 2022 urrently, the IDF permit authorizes disposal in only
one cell (Celll). Celll is permittedo dispose of MLLW, limited to immobilized LAW from WTP,
immobilized LAW from the demonstration bulk vitrification system, and IDF operational wastes

(WA 7890008967).

Currently, waste acceptance for the IDF includes the following requirements:

A Wastes musbe compliant with RCRA Land Disposal Restrictions (LDR)¢(#R2 6 8, fALand
Di sposal Restrictionso).

A Transuranic wastes are prohibited.
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A Free liquids are prohibited, unless one of the provisions in W2g&303-140(4)(b)(ii) can be met.
A Prewaste acceptands required; waste pedigree needs to be verified by IDF personnel.
A

Containers must comply with maximum void space requirements (i.e., containers must be >90%
full).

Permit conditions associated with waste acceptance of dangerous waste at thedd3€rdyed in the

Hanford RCRA permit and document the parameters required by Ecology for waste acceptance and
disposal. Requirements include performance data and assessments, the creation and maintenance of a
modeling Risk Budget Tool, and updates towlaste analysis plan prior to commencement of operational
activities.

Dangerous waste performance information has been included in therla@#ated PA required by

DOEM 435.11 (RPRPRPT-59958). This PA is required for analysis of radioactive constitualtiimugh

an assessment of dangerous waste was included to meet the IDF RCRA permit condition. The Risk
Budget Tool involves modeling future impacts of the planned IDF waste forms to the vadose zone and
groundwater. Results should be compared againsirpgfce standards such as drinking water

standards. If modeling indicates results within 75% of a performance standard, the permit requires DOE
and Ecology to discuss mitigation measures or modified waste acceptanceiordedardance with IDF
PermitCondition 111.11.1.5.a.i(HDWP, 2021). The Risk Budget Tool was developed and provided to
Ecology in Januarg2020 (Vance, 2019).

An update to the waste analysis plan was included in a permit modification request submitted to Ecology
in June2021 (Vance2021). This modification request is under review with Ecology. Upon approval,
the permit would:

Allow disposal of mixed waste in C&ll

Allow for disposal of secondary waste from WTP vitrification activities

Remove the option for acceptancedemonstrated bulk vitrification waste

Add a waste storage pad

Add a waste treatment pad

T Treatment would be limited to the immobilization technologies of microencapsulation,
macroencapsulation, and sealing.

Too oo Too Too Too

Additional waste analysis and acceptance permmitlitons may be included upon approval of the permit
modificationrequest

Waste Capacity

Plans for IDF includéuture constructiorto expand the disposal cells to a length of BO(L,645ft) and
width of 410m (1,345ft) at ground levelwith a depth ofLl2.8m (42ft). The IDF PA assumes that waste
loading will comprise 40% of the total available IDF capagitiyh the remainder consisting of backfill.
This results in a maximum waste disposal capacity of 900y8@0,200,000yd®) (RPRRPT-59958)

Basel on this data, aBupplementall AW treatment technologies would produce waste within the waste
disposal capacity of IDFTableG-3).

System Plan (ORR1242 River Rotection Project System PlgRev. 9]) waste disposal volumes were
estimated for several scenarios that evaluated different volumes split between first LAW and supplemental
LAW capacities. Volumes of both vitrified waste and grout for the supplemental LAW volume were
presented and used to compare the volumes disposed of onsite in the IDF in the various alternatives
(TableG-3). The baseline case, Scenatidn the System Plan considers a split of 59% to first LAW and

41 % to supplemental LAW. The presented values are based on this scenario, where the IDF capacity is
not exceeded in grcases. Note that one scenario (Scerfrjwresented in the System Plan would

exceed the IDF capacity, where over 72% of the treated LAW feed is directed to supplemental treatment.
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Table G-3. Estimated Disposal Volumes to theritegrated Disposal Facility

System Plan? LAW Supplemental Treatment Alternatives®
Waste Type

Scenario 1 Grout Onsite Grout Offsite FBSR
m? (yd?) m? (yd®) m? (yd?) m? (yd®)

Immobilized LAW 190,074 (250,097} 112,143 (147,557) 112,143(147,557§ 112,143 (147,55¥)
Grout (primary waste 0 304,000 (400,000) 0 0

FBSR 0 0 0 202,667 (266,667)
Secondary waste 41,397 (54,469) 24,424 (32,137) 24,424 (32,137) 28,072 (36,936)

Total | % IDF capacity231,471 (304,567)26% 440,567 (579,693)49% 136,567 (179,693)15% 342,882 (451,161])38%
a0RR11242, 2020River Protection Project System P|aRev.9, U.S. Department of Energy, Office of River Protectic
Richland, Washington.

b Secondary waste volumes calculated based on the assumed ratio of secondary waste projectedifantbkiliattd
LAW inventory in the IDF PATable3-26 (0.218 ratiofRPRRPT-59958 Performance Assessment for the Integrated Disp
Facility, HanfordSite, Washington

¢ Taken from Scenario 1 of ORPL242[Rev. 9], TableES4, assumes 5.98T of immobilizedLAW per container and a
density of 2.5&g/L (MT/m?3) for the LAW glass.

4The LAW supplemental treatment alternative Vitrificatbbmould resultim equivalent waste disposal volumes as the
PA Baseline Case.

¢ Based on the amount of WTP LAW glaassuming 41% of volume is attributedsigpplemental AW (assumed in
Scenarial of System PlafRev.9]).

f Taken from Scenario 1 of ORPL242[Rev. 9], TableES-4.

9 Calculated based on the grout volumesopplemental AW from ORPR11242[Rev. 9], TableES4, and assumes the
volume multiplier of waste to grout as 1.8, and of waste to FBSR product. a@\bt2 that the liquieto-solid volumetric ratio
was conservatively assumed to be 1.2 in transport and disposal calculations related to FBSR. The larger ratio eegelts
FBSR waste volume. The FBSR volumetric ratio assumed in all other analysesseélisn this report was 1.0

h FBSR assumes a ratio of 0.018 units of secondary waste per unit of primary waste generaRETIREFS0,
Calculating the NorMonetary Impact of Operating a Fluidized Bed Steam Reforming Faeitity added to volume of
secondary waste from vitrification.

FBSR = fluidized bed steam reforming. PA = performance assessment.
IDF = Integrated Disposal Facility. WTP = Waste Treatment and Immobilization Plant.
LAW = low-activity waste.

G.2.2 EnergySolutionsDisposal Facility (Clive, Utah)

This section presents a summary of the site
conditions, disposal facility design, applicabl
regulations, waste acceptarwéeria, and
analyses performed in support of the dispos¢
PA (WCS, 2011) for the Ener§plutions

waste disposal facility in ClivéJtah This
information was collected from multiple
sources and presented without further

interpretation or reevaluation. T
G.2.2.1 Background/General Description oo

¥ 4 gySolutiog ¢ T e
EnergySolutionsoperates a lovievel % : 1 :
radioactivewaste (LLRW) disposdhcility ' Ao B 2 Google
west of the Cedar Mouains in Clive, Utah o ] _ o
(FigureG_Z)_ Clive is located a|ong Figure G-2 Location of the Clive Site
InterstateB0, approximatelyt.8 km (3 mi) (base image from Google Earth)

south of the highway in Tooele County.
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The facility is approximatel$05 km (50mi)
east of Wendover, Utah, and approximately
128.7km (80mi) west of Salt Lake City, Utah
The facility elevation is approximately
1,303m (4,275ft) above mean sea levelhe
natural topography slopes slightly toward theg
southwest with approximateB/m (10ft) of 7
relief from the northeast corner of the sectior ¢
to the southwest corner of the section. An g
aerial view of the facility is shown in
FigureG-3.

Figure G-3. Aerial View of the Clive Facility

The initial séection of the site location dates

back to the late 1970s when DOE and the state of Utah began the cleanapafidonedranium mill

site. The Vitro mill site, located in central Salt Lake City, was one of the first sites cleaned up under the

DOE Uranum Mill Tailings Remediation Action (UMTRA) Program. DOE investigatedi#Ss to

identify the safest permanent disposal site for these materials. Afar8of characterization and

evaluation of several sites, DOE selected the Clive site located mbl 6 s We s t Desert. Th
location, low precipitation, naturally poor groundwater, andp@smeability clay soils were some of the

attractive qualities of the area.

From 1984 to 1988, the Vitro tailings were
relocated to Clive and placed in albbove
ground disposal cell. Since acquiring land
adjacent to the Vitro disposal embankment & {

]
| |
.:
f
i
I

EnergysolutionsClive facility has been to » 7
provide a private disposal option for material =R
from cleanups and generators of radioactive = e
waste in separate disposal embankments |} ‘ﬁ b 4
similar to those use |

The Clive facility has received waste from L= Coa s
cleanup activities carried out across the el
country, including projects by the EPA, DOE}:
U.S.Department of Defense (DoD), utilities, §
and other commercial entities. The initial
disposal license was for naturallycoicring ,
radioactive materigNORM). Since 1988, the’ ..
EnergySolutionsradioactive material license ﬂ
has been amended several times, expandin¢ &
the types of radioactive materials to include @
ClassA LLRW, in addition to NORM.

The facility is2.6 km? (1 mi?) in size. The
DOE-owned Vitro property occupies -
approximately 10@cres of the facility. ~HEE AR

L

FigureG-4 shows the disposal cells and majCSource' kyurel of_E.n;ar-g;;So.I;t‘i;ons 201557Bulk Waste Disposal ar
manmade and topographlc featarat the Treatment Facilities Waste Acceptance Craefev.10,

and rail transportation. : . . .
P Figure G-4. Clive Facility Disposal Cells

and Main Features
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EnergySolutionsbegan waste disposal activities at the facility in 1988. At present, waste is placed in one
of threedisposal embankments: Cla&dVest (CAW), mixed wast@r 11e.(2). Afourth embankment,

the lowactivity radioactivevaste (LARW)embankment, located between the mixed waste and 11e.(2)
embankments, was closed in October 2005.

On NovembeR6, 2012, the Utah Division of Radiation Control (DRC) approved andment to the
EnergySolutiongadioactive material license W3 00249, fARadi oactive Materi al
UT2300249, 0 t o @ anhBGlasd dlorth édmbaniirerdsingo the CAW embankment. The

CAW embankment contains the large component disjposa and the Containerized Waste Facillty

the northcentral part of the facility, DOE has disposed of the Vitro uranium mill tailings. This area is

owned and monitored by the DOE.

Waste disposal cells at the site are permanentlidleg cells wih composite clay and rock cap designed
to perform for a minimum of 50¢ears.

The Clas®\ Hanford LAW, if disposed of at Clive, would be placed in the CAW embarkment. The disposal
volume available at CAW is 2,293,66% (3 million yd®). Disposing of alClassA waste at Clive will
take from 8% to 15% of the available disposal volume. Clive does not have a limittotatlaetivity.

Grout waste forms generated by a vendor are assumed to be pl@ceaifllyd®) i s & fi td e 0
containers ClassA grout will be shipped to Clive using gondola railcars. The details are discussed in
Volumell, AppendixH, SectionH.7. The grout can be disposed of in the-side containers in the bulk
waste area of the dispal cell. If the grout is generated at Clive via treatment of radioactive LAW liquids
received from Hanford, Clive will then decide on the applicable disposal options.

G.2.2.2 Hydrogeology

The site hydrogeology is described in the 2021 Hydrogeologic Reporef@iitre facility
(Energysolutions 2021). This report was developed for the renewal of the EBehgiyonsGround
Water Quality Discharge Permitlo. UGW450005.

The facility is located in the eastern margin of the Great Salt Lake Desert, part of thar®bRiange
Province. This province is characterized by naxhth trending mountain ranges with discontinuous
alluvium-filled valleys found between the ranges.

The deposits at the facility are the Quaterregg lacustrine lake bed deposits associatédthve former
Lake Bonneville. These surficial lacustrine deposits generally comprispdoweability silty clay.

Beneath the facility, the sediments consist predominantly of interbedded silt, sand, and clay with
occasional gravel lenses. The deptthefvalley fill beneath the facility is unknown; estimates range
from 250 to 3,000t below ground surface.

The climate at the facility location is sewniid with an average precipitation of 8i3year and average
pan evaporation of 53i8./year basedn onsite data collected from 1993 to 2018.

The regional groundwater flow direction is toward the Great Salt Lake to thecedstast. Groundwater
recharge to alluviuriilled valleys in the Basin and Range Province occurs primarily through the &lluvia
fan deposits along the flanks of the adjoining mountains. Because of the low precipitation and high
evapotranspiration, direct infiltration of water into shallow aquifers in the valley floors is negligible.
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The four hydrostratigraphic units that areidedl beneath the facility are described below.

Unit 4: This uppermost unit comprises silt and clay. 4ratxtends from the ground surface to a depth
of 6 to 16.5t, averaging approximately X0in thickness. Uni#l is unsaturated beneath the facility
Unit 4 deposits are used as the liner and radon barrier for waste disposal cells.

Unit 3: Unit 3 underlies Uni# and consists predominantly of silty sand, with interbedded silt and clay
layers. Unit3 ranges from 7 to 2% in thickness, averaging ppoximately 15t. The lower portion of

Unit 3 is saturated beneath much of the western portion of the facility. The unconfineth&atag

zone occurring in UniB (and the upper partof Uit) has been designadt ed as

Unit 2: Unit 2 underlies UniB and typically consists of clay, with occasional silty sand interbeds.2Unit
ranges in thickness from 9 to #2averaging 15t. The upper part of UnR is saturated beneath the
facility, and along with the lower part of Ur8t comprises the shallow aquifer.

Unit 1: The deepest hydrostratigraphic unit identified beneath the facility 1Uwgically consists of

silty sand interbedded with clay and silt layers. Few boreholes penetrate this unit, and the thickness has
not beerdetermined. Unil is saturated beneath the facility, and contains a locally confined- water
bearing zone, desionated as the fAdeep aquifer

The shallow and deep aquifer are described below. The hydrogeologisectios oriented
longitudinally is locaed approximately in the middle of the facility, li@eC' in FigureG-5.
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SourceFigure 9in EnergySolutions 2021, Revised Hydrogeologic Report WabBlisposal Facility Clive, Utah
Figure G-5. Hydrogeologic CrossSectionC-CNj at Cl i v e
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The conceptual representatiditiee crosssection is
shown inFigure G-6.

Low Permeability Clay

) ) i ] sl Shallow Aquifer
The isotopic studies conducted to characterize S| TDS 14,786 — 60,718 mgll

groundwater recharge sources, groundwater age, and
groundwater geochemical evolution indicated that the
ionic composition of groundwater at the facility was
consistent with very slow horizontal flow rates. eTh
groundwater in both aquifers is extremely saline.
Groundwater beneath the facility is classified as a
ClasslV saline groundwater under the state of Utah
Groundwater Quality Protection Regulations standards
for total dissolved solidéTDS) (exceeding 1,000mg/L)
(Utah Administrative Cod@JAC) R317-6-3, iiGround
Water Classés) .

"2 Low Permeability Clay and Silt

Deep Aquifer
TDS > 20,000 mg/L

Naturally occurring concentrations of many dissolved
constituents (e.garsenic, selenium, thallium, radium, Figure G-6. Conceptual Representation o
and uranium) exceed EPA and Utah State drinking watéte Hydrogeologic CrossSection at Clive
standardsNlayo and Associates, 1999; Bingham

Environmental, 1996; Ener§plutions 2014).

Shallow Unconfined Aquifer

The hydraulic conductivity of the shallow aquifer was estimated from hydraulic tests conducted on
117wells. The hydraulic gradients were estimatea the hydraulic head data in the monitoring wells.
The velocity was calculated for the average gradient using theigitgegeometric mean hydraulic
conductivity of 5.96ED4 cm/sec (1.6%t/day) and porosity of 0.29. Velocities ranged from 36880
9.32E03ft/day (0.41 to 1.04n/year).

Groundwater at the site is extremely saline. Sodium and chloride dominate the major ion composition in
the shallow aquifer. The TDS concentration ranges from 14,786 to 68¢/L8 The sitewide average

of 2018 (omost recently available) TDS data is 40,28F/L. The salinity of the water is high because

of dissolution of evaporite deposits and concentration of salts due to evapotranspiration.

Deep Confined Aquifer

Less data are available for deep aquifer. Aversgjocity estimates for horizontal flow in the deep
aquifer range from 7.9984 to 2.82E03 ft/day (0.09 to 0.50n/year), which are similar but slightly
slower than estimates for the shallow aquifer.

The deep confined aquifer is separated fronstialow unconfined aquifer by a low permeable portion
of Unit 1. The vertical hydraulic conductivity of this portion was measured in the laboratory using soil
core samples from deep monitoring (depth interval from 43 ) 6@Geometric mean of the varal
conductivity was 2.2#4 ft/day, which is more than three orders of magnitude lower than the horizontal
hydraulic conductivity of the deep and shallow aquifers. The estimated vertical gradient is low. This
indicates that the downward flow from theaflow aquifer into the deep aquifer is not significant.

The TDS of the deep aquifer is less than that of the shallow aquifer, but is greater tham2d,000
Theexploratory borehole drilled to a depth of @2th Section29 did not encounter frestater
(Shrum,1999). In 2015, Ener@olutionssampled deeper groundwater from its well located
approxmately 3mi northrnorthwest of the Clive facility. The well is perforated from 185 to 850 he
TDS concentration of the groundwater sample from thexal was 49,80éhg/L.
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G.2.2.3 Disposal Facility Design

The design and operation of the Eneéglutionsdisposal site provides a loftigrm disposal solution with
a minimal need for active maintenance after closure. EBeigtionsuses an abovground engineered
disposal cell. The design of these cells is patterned after DOE and EPA specifications for the Vitro
disposal embankment.

The design of the CAW cell is similar to the design of the existing Class A cell, with a larger footprint.
The CAW disposal cell @uipies 2,569 x 2,258 (approximately 13&cres). The cell is excavated into

the native Uni# silty clay soil. Waste will be placed above a layer of compactedtétyey soils and
covered with a layered engineered cover constructed of natural (mmade) materials. The top slopes

of the cell will be finished at a 4.0% grade, with side slopes no steeper than 5:1 (20%). The cover design
is engineered to reduce infiltration, prevent erosion, and protect from radionuclide exposure. The landfill
desgn includes both a lovangled top slope and steeper side slope section of the cover. The layers of the
CAW top slope cover consist of the following, from bottom to top:

A Liner. The cell will be lined with a 0.6 (2-ft) thick layer of compacted clayeytha soil
(Unit 4) with a field hydraulic conductivity of 1.0 x 2@m/sec.

A Waste The waste layer will not exceed a final thickness ah235.3ft) above the top of the
clay bottom liner. The height of waste at the shoulder of the top slope (tlaetdostiwveen the
top slope and side slope) will be approximately 1i.@87.6ft).

A Radon barrier. The top slope cover design contains an upper radon barrier consistingrof 0.3
(12in.) of compacted clay with a maximum hydraulic conductivity of 5 ® d@&/sec and a lower
radon barrier consisting of O3 (12in.) of compacted clay with a hydraulic conductivity of 1 x
108 cm/sec.

A Filter zone (lower). The 0.15m (6in.) of TypeB filter material will be placed above the radon
barrier in the top slope covef his filter material ranges in size from <0.187 toith.5The
TypeB size gradation corresponds to a coarse sand and fine gravel mix.

A Sacrificial soil (frost protection layer). A 0.3m (12-in.) layer consisting of a mixture of silty
sand and gravel will be placed above the lower filter zone to protect the lower layers of the cover
from freeze/thaw effects. The sacrificial soil material ranges in size from <0.003 i0.0.75

A Filter zone (upper). The 0.15m (6in.) of TypeA filter material will be placed above the
sacrificial soil in the top slope cover. The Typéilter material ranges in size from <0.003 to
6.0in. The TypeA size gradation corresponds to a poorly sorted mixture of coarddsaoarse
gravel and cobble.

A Rip rap cobbles Approximately 045m (18in.) of TypeB rip rap will be placed on the top
slopes, above the upper (Tyfgfilter zone. The Typé® rip rap used on the top slopes ranges in
size from <0.003 to 4.1., with a nominal diameter of approximately 1.25 tm2

The design for the side slope is similar to the top slope, except for the thickness of the waste layer and the
material used in the rip rap layer.

A Waste The thickness of waste will range from zero atettige of the cell to 111 (37.6ft) at
the shoulder, for an average waste height of5(18.8ft) [(0+37.6)/2].

A Rip rap cobbles Approximately 0.4%n (18in.) of TypeA rip rapwill be placed on the side
slopes above the Tygefilter zone. The Typé rip rap ranges in size from <0.003 toih6
(equivalent to coarse gravel to boulders) with a nominal diameteriof 12
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G.2.2.4 Key Regulatory Requirements

The applicable federal agency that regulates disposal of LLRW at the Clive facility is the NRC. The
reguations (10CFR61, and Utah regulation R32%9, A Techni cal Analyseso) in
evaluate performance with respect to members of the public and inadvertent human intruders.

The state of Utah has been authorized by the NRC as an Agreemean8thtes regulatory authority

over the Clive facility. The DRC was previously the state agency with oversight over the facility. In
2015, the state of Utah combined the DRC with the Division of Solid and Hazardous Waste to create the
Division of Waste Maagement and Radiation Control (DWMRC). The DWMRC currently has

regulatory oversight over the Clive facility.

EnergySolutionss permitted by the state of Utah to receive Chasd W under UACR3132 5, fiLi cense
Requirements for Land Disposal of Radioaetiv Wa sTheewasbes that are received must be classified

in accordance with the UAC R311%-1 0 0 9 ACl assificatioltkeveend Char act e
Radi oactive Waste. O The c¢ | ad51009feflecthasd oatlimedrine gui r e me
10 CFR61.55, but include additional references to radi2@é ¢2°Ra).

SubpariC of 10CFR61 specifies the performance objectives for the-sadace LLW disposal facilitieis
protection of general population and inadvertent intruders. Thesogace disposas defined as
disposal in or within the upper 30 (100f t ) of t he eCkR6U.B)6s surface (10

10CFR 61.41 Protection of the General Population from Releases of Radioactivity

Concentrations of radioactive material that may be released to the gangérahment in groundwater,
surface water, air, soil, plants, or animals must not result in an annual dose exceeding an equivalent of
25mrem (0.25mSv) to the whole body, #rem (0.75 mSv) to the thyroid, and @2Bem (0.25mSv) to

any other organ of anyember of the public. Reasonable effort should be made to maintain releases of
radioactivity in effluents to the general environment as low as is reasonably achievable (ALARA).

10CFR 61.42, Protection of Individuals from Inadvertent Intrusion

Design, opmation, and closure of the land disposal facility must ensure protection of any individual
inadvertently intruding into the disposal site and occupying the site or contacting the waste at any time
after active institutional controls over the disposal aiteremoved.

No dose limit is specified in 10FR61 for the inadvertent intruder. However, sinceCHR61 has been
issued, the standard used by NRC and others for LLW disposal licensing has been an annual dose of
500mrem. Theéb00mremin-a-year standard is also used in the DOE waste determinations implementing
the 10CFR61 performance objectives (NUREIB54,NRC Staff Guidance for Activities Related to
U.S.Department of Energy Waste Determinatioridraft Report for Interim de), and as part of the

license termination rule dose standard for intrudersCER2 0 . 1 £fteSia for license Termination

under Restricted Conditiods) .

I n addition, groundwater protection | evelnd ( GWPL)
Water Quality DischargPermit (UWQB, 2010). Th&WPLs are numerical standards that are set by

Utah Department of Environmental QualftyDEQ) in the groundwater quality discharge permit

(UWQB, 2009. Groundwater in the vicinity of the sitedefined as Clas/, saline groundwater

(UWQB, 2009), andsWPLsfor existing wells were determined by UDEQ according to administrative

rules for Clas$V saline aquifers. GWPLs were set at the greater of either the Ground Water Quality

Standard (GWQS) ghe upper boundary of the background concentration. The upper boundary of the
background concentration was calculated as the mean concentration plus two standard deviations for each
constituent in each individual well, based on Clive facility groundwaiality samples.
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TablelA of the permit | i st sTabieG#.iLangLivedaRadionuGlME L s
that applyto all LARW, Class A, CAW, and Concentration Limits

Evaporation Pond wells, and TaldlB of the RIE nCilg
permit lists GWPL exceptions that apply to 1 *-
specific LARW, Clas#\, CAW, and Evaporation

1C (act) 80 -
Pond wells. SNi (act) 220 i
G.2.2.5 WasteAcceptance Criteria 94Ngl;_r(act) 0.2 :

C 3 -

The type, form, and quantity of LLRW, NORM, 129 0.08 -
11e.(2) byproduct material, and mixed waste thé Alpha-emitting transuranics - 100
can be treated and disposed of at the Clive facili >5-year halflife
is defined in various licenses and permits. The 241py - 3,500
licenses issued to Eneigglutionsby theUtah 242Cm - 20,000
DWMRC applicable to LLRW and mixed 226Rg = 100
wasteare: Source: Tabléof UAC R313151009A Cl assi f i ¢

. . . Characteristicsof Lov. e v el Radi o btaht i v ¢
A An Agreement State radioactive material agministrative Codeas amended.

license (UT2300249). This license
authorizes Enerd@olutiongo receive Clasa LLRW, NORM, and mturally occurring and
acceleratoproduced radioactive materidARM) waste.

A A stateissued ParB Permit (EPA ID Number UTD982598898) to treat and dispose of hazardous

waste that is also contaminated with LLRW, NORM, or NARM wastes (mixed waste).

A An Agreement State radioactive material license 2300478) for 11e.(2byproduct material (as
defined by theAtomic Energy Aobf 1954[AEA]).

The determination of waste class involves t@osiderations. First, consideration must be given to
specific longlived radionuclides listed in Tableof UAC R31315-1009 (reprodued asTableG-4).
Second, consideration must be given to specific sived radionuclides listed in Tableof UAC
R31315-1009 (reproduced asableG-5). Note that the Clive waste acceptance criteriBaibleG-4 and
TableG-5 are identical to the WCS waste acceptance criteria.

A When the waste does not contain any radionuclides listed in eitherl Talllethe waste is
ClassA.

A When the concentration does not exceedithés the valuén Tablel, thewaste is Clasé. For
wastes containing mixtures of radionuclidieted in Tabld, the totalconcentration is determined
by the sum of fractions rule (details are discussed in Volumg@pendixH, SectionH.6).

A When the waste does not contain any of the radionuclides ilisTeablel, classfication is
determined based on the concentrations shown in Tlablghen the concentration does not
exceed the value in Columnof Tablell, the waste is Clasa. For wastes containing mixtures
of the radionuclides listed in Tablle the total concetrationis determined by the sum of
fractions rule (details are discussed in VoluinédppendixH, SectionH.6).
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Table G-5. Short-Lived Radionuclide Concentration Limits

Column 1 Column 2 Column 3
Radionuclide Cl/m3 C|/m3 C|/m3

Total of all radionuclides 5 year haHlife

3H 40 * *
8Co 700 * *
3N 3.5 70 700

63N (act) 35 700 7,000
%0sr 0.04 150 7,000
187Cs 1 44 4,600

Source: Tablél of UAC R313151009A Cl assi fi cati on a#fdkve@HarRadti eorbtakt ti ivees
Administrative Codeas amended.

* There are no limits established for these radionuclides in BlassC wastes. Practical considerations such as the
effects of extmal radiation and internal heat generation on transportation, handling, and disposal will limit the concent
for these wastes. These wastes shall be Blasgess the concentrations of other radionuclides in Tabietermine the wast:
to be Clas C independent of these radionuclides.

In addition to waste acceptance crite A ARA criteria are applied to minimize worker exposures. The
ALARA criteria arenot a license condition but are used as the primary distinction between waste that is
accepable for direct disposal at the Bulk Wagizcility ard Containerized Waste Facility.

The ALARA criteria summarized in Table G-6. ALARA Criteria for External Contact Dose Rate
TableG-6 define allowable external and Surface Contamination Limits

contact_dos_e ra_te§ and loose surface Removable Surface
contamination limits for waste Contamination On Exterior
managed at the Bulk Wadtacility. External Contact Dose Rate Surfaces of Debris

226 Di | Perf < 200mR/hr on manifested container ~ <500d p m Uch?l 0
G.2.2.6 ISplosa.l erf orlmance < 500mR/hr on external, accessible ~ <50,000d p m b ,cro?/
Evaluation of ClassA West g faces of waste in container

(CAW) Disposal Cell < 80mR/hr on contact of unshielded

On May2, 2011, Energgolutions container withresin
submitted an amendment to Source: Energysolutions 2015 Bulk Waste Disposal and Treatment Facilit
Radioactive Material License UT Waste Acceptance Criteri Rev.10, EnergySolutions Salt Lake City, Utah

2300249 to combine the Cla&sand Clas# North embankments into the CAW embankment. The

design and operation of the proposed CAW embankment were substaitidkr to those already

approved for use in the ClagsNorth and Clas# disposal embankments. However, the most recent site
data and PA were included in the amendment request. The DRC conducted the review of the amendment
request and documented tlesults of this review iIDRC-2012003582 Safety Evaluation RepofSER.

Themain conclusion was that all of the applicatdquirements of UAC R3135 were satisfied. On
November26, 2012, DRC approved the amendment request.

The following descriptiosummarizes how the applicable requirements of UAC RZEL®&ere met. Note
that the protection provided to members of the general public is largely unchanged from what the DRC
approved following its review of the 20Qicense Renewahpplication(Envirocare, 2005).
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UAC R313-25-20, Protection of the General Population from Releases of Radioactivity

This requirement sets the dose limits to the general population due to the exposure to the radioactive
materials released in groundwater, surface water, air, soil, plants, or animals. Clive is a remote and
environmentally inhospitable area for human retloh. Human activity at Clive has historically been

very limited, due largely to the lack of potable water, or even water suitable for irrigation. None of the
exposure pathways at the site are viable as explained below. However, the groundwaterpashway

analyzed in great detail to provide evidence that GWPLs in the compliance monitoring well are below the

l' imits outlined in the sitebés Ground Water Qualit
groundwater impacts from the CAW embankment vegeduated in Whetstonassociate42011).

Air Pathway

After final placement of the waste and closure of the disposal embankment, the facility design prevents
any further migration of radioactivity through the air pathway because all waste will be betigeith a
earthen cover. Radon releases will be negligible because the cover design includes a clay radon barrier
designed to limit the surface radon flux to less thap@@n?, resulting in potential radon exposures well
within limits. The design is basenh the disposal of uranium mill tailings, which are highefiRa than

the ClasA waste.

Soil Pathway

The soil pathway involves the exposure of the public to contaminated soil from the facility. If an

exposure occurred, doses could result from exteackhtion or ingestion of soil on dirty hands. The
primary site characteristics that prevent the |iKk
remote location, low population density in the site vicinity, and lack of natural resourcesittegor

population expansion. The design of the embankment also contributes to minimizing exposures to
contaminated soil by memberstbg public.

After closure of the embankment, all contaminated soil will be covered in the disposal cells. The cove
system includes a surface layer of riprap to protect against erosion and human intrusion. Beneath the
riprap, the cover system has a drainage layer and a clay radon barrier. The thickness of the cover system
prevents penetration of the waste by rootburrowing animals. No contaminated soil material is

expected to rise to the ground surface or be otherwise removed from the disposal cell.

Surface Water Pathway

Due mainly to the natural site characteristics, no radioactive releases are expectedtiersughce

water pathway. The annual precipitation is low and evaporation is high. No permanent surface water
bodies are on the site. The nearest stream channel is alpoab&t of the facility. In addition, the site is
far from populated areas.u®ace water from precipitation is directed away from the waste disposal
embankment by drainage ditches and berms. The embankment design features also minimize the
potential for releases by the surface water pathway. After precipitation events, thgeldiiohes

around the disposal areas will divert runoff to areas away from the disposal cells.

Plant Pathway

Exposures via the plant uptake pathway are not expected. Insufficient water exists at the site to produce
food crops. In addition, saline sofisesent at the site limit the number and type of plant species that can
tolerate such conditions. Few demoted native plants are in the site vicinity and relatively few plants of
any kind are predicted to become established on the rock-pped CAV embankment cover system

at and following closure of the embankment. Design features of the facility also help prevent exposures
via the plant uptake pathway. A thick earthen cover will be placed over the disposal cells to make the
waste inaccessible f@ant roots after closure of the facility.
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The possibility of native plants extending their roots into the waste is prevented by the configuration of
the earthen cover with the lower TyBdilter functioning as a capillary break, with minimal moisture
storage to attract or even support plant roots.

Burrowing Animal Pathway

The burrowing animal pathway is not expected to result in any exposures to humans. Burrowing animals
at the site include jackrabbits, mice, foxes, and ants. The first deterremtdwipg animals is the riprap
erosion barrier. While this may be only partially effective in deterring animals, the primary protective
barrier is the clay radon barrier. The burrowing species at the site are not known to dig to such a depth
that their lurrows could penetrate through the entire cover and into the waste.

Groundwater Pathway

The groundwater protection criteria are based on an annual doserefito an individual drinking
groundwater. The primary site characteristics that prevent puplasares via the groundwater pathway

are the very poor groundwater quality at the site, low population density, and relatively slow groundwater
flow velocities. No domestic water use occurs withirkd0of the facility.

The groundwater is not potable basa of its very high concentration of salts. The TDS in the shallow

and deep aquifer exceed 20,000/L. Per the EPA secondary drinking water regulations n&@Q is

the recommended maximum amount of TDS for drinking water. Any measurement higher than
1,000mg/L is an unsafe level of TDS. Additionally, several embankment design features provide
protection of the public from exposure via the groundwater pathway. The cover system to be placed over
the disposal waste allows very little water to flow itite disposed waste. This limits the contamination

of the groundwater by minimizing the contact of water with the waste. Another design feature of the
disposal embankment is the bottom clay liner below the disposed waste. The clay absorbs many of the
radionuclides and slows their potential release from the cell and subsequent transport to the water table.
Even though the groundwater is not potable, potential doses to the public from groundwater were
calculated and met all applicable limits.

UAC R313-25-21, Protection of Individuals from Inadvertent Intrusion

Utah regulations require special provisions to protect inadvertent intruders from disposed LLRW only for
ClassC LLRW. Since only ClasA waste will be disposed of in the proposed CAW embankment, no

special intruder barrier, as defined by Utah regulations, is required. In a more general sense, however,
intruder protection is required by the performance objective stated in UACE2AD Protdction of

the General Population from Releases of Radiiaac. 0 The intruder protection
by the facility remoteness from large population centers, lack of resources at the site, provision of a cover
system to separate the waste from the atmosphere, construction and maintenanceabfagbgsis

barriers at the closed facility, maintenance of access controls at the closed facility, and placement of
monuments denoting the locations of embankment boundaries. The embankment cover system provides

the longterm barrier to inadvertent intrios, with 1.1m (3.5) ft of rock layers0.61m (2 ft) of clay, and

0.3m(@Aft) of noncontaminated native soil as a fAtempor

The NRC evaluated the lorigrm hazards of LLRW disposal in its draft and final environmental impact
staements of the regulation of LLRW disposal (NUREG/&¥/0,Update of Part 61 Impacts Analysis
Methodology. Radiation hazards associated with Clasgaste are such that: should intrusion into
disposed waste occur following the 1@€ar institutional cotrol period, doses were projected to be
within acceptable limits.
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Groundwater Protection Requirements

Groundwater protection requirements place limits on the individual radionuclide concentrations in the
groundwater at the compliano®nitoringwell. Theradionuclide concentration limits must not be
exceeded for at least 5@@ars following closure of the facility. An extensive analysis of groundwater
pathway was performed in support of the license amendment request. This analysis is documented in
Whetgone Associates (2011).

Fate and transport modeling of a similar nature was performed previously for th& CeEEd ARW

cell, 11e.(2)cell, and mixed waste cell at the Ene8gjutionsClive facility. This modeling was based on
site-specific parameters, where available, or conservative assumptions wherespedifie data existed.

Over time, with more data collected for the sitesthmodels were refined and updated to provide more
accurate yet environmentally conservative estimates of the leaching, transport, and arrival of constituents
at the compliance monitoring well. The methodology used in the modeling was initially degerbed
two-volume comprehensive modeling report for the LARW cell (Adrian Br@ensultants1997).

The following description is based orformationprovided in Whetstonéssociate2011). FigureG-7
shows the conceptual model considered in the analysis.

Inventory

The CAW disposal cell will contain LLRW and metals for permaidésgosal. The Whetstone
Associateg2011)analysis evaluateal total of 26Cadionuclides and 18etals.

The refinements in radionuclide inventory, Hates, and sorption coefficients {Kvalues for the
ClassA radionuclides weracorporated into this analysis.h& analysis used the mostigpdate Clas#\
nudide inventory approved by DRC at the time.

The waste concentrations for each isotope were initially developed in 2000 from data supplied by the
Manifest Information Management System (MIMS), a database managed by DOE that summarizes
national LLRW disposahformation. The list of radioisotopes established from the MIMS database was
then classified by UAC R3185-1009 and their respective maximum ClAssoncentrations determined.

If not listed on Table or Tablell (reproduced a3ableG-4 andTableG-5), the radioisotope is Clags

in accordance with UAC R31B5-1009(2)(f). In thee cases, the waste source term in the model was set

at the specific activity. The waste source term concentrations used in the analysis were identical to those
used in previous modeling of the Classell (Whetstone Associates, 2000) watliew exceptins.

Concentrations in
the well water

Tnfiltration \i\l‘— 274 m —
Leaching fromWaste 1

The radionuclide concentrations in pCi/g were  2-ft thick
converted to Ci/fhusing the waste bulk density o ' 'iner
1.8. Avalue of 1.8gm/cn? was used for the bulk /!/
density of the waste. This value is consistent wi '
previous modeling and the range of density l =

determind by Energ$olutiong(1.75 to
1.80gm/cn?) for the compacted, iplace waste.

Sl Unsaturated Zone Transport
The GWPLs are specifiu n d
Water Quality Discharge Permit (UWQB, 2010)
only for a subset of evaluated 2@&@lionuclides.
Groundwater standards for the radiolides that
are not specifically listed in the permit were
developed from the following main sources:

A Maximum contaminant levels (MCL) and
secondary MCLs (SMCL) in drinking Figure G-7. Conceptual Model Considered in
water established by UDEQ and the EPA. the Groundwater Protection Analysis
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A Proposed drinking water standards for alphtters, as published 56 FR3 3 0 7 8GFRfi 4 0
Parts1 4 1, 14 2, Nati onal Primary DrinkingC Water Reg
Alpha Emitters.

A Proposed drinking water standards for beta emitters, as published inRR858 1 2 OGFR i 4 0
Parts141,14 2 , Nati onal Primary Drinking Wa®8BtBeta Regul :
Particle and Photon Emitters.

The Whetstonéssociate42011) analysigvaluated 26@adionuclides. However, 92dionuclides and
sevensurrogates were explicitly modeleRadionuclides having very short hiilfes and/or very high
sorption coefficients (i) were modeled using one of the segarrogate isotopes.

The nonradiologicalconstituents evaluated in the Tgple G-7. Groundwater Protection L evek for

anaIyS|S and the|r GWPLs are I|Stedﬁab|eG'7 Non_Radiological Constituents

niration though the Cover

The EPA Hydrologic Evaluation of Landfill Arsenic 0.05 5.00805
Barium 2 2.00E03

Performance (HER) computer model was used t:*

evaluate the infiltration rate of water through the Beérylium O:008 4.00E06
cover. The annual average precipitation used a cadmium 0.005 5.00E06
input in the HELP model was 8.58/year based Chromium 0.1 1.00804
on the site data from the 4/@ar record. The Copper 13 1.30803
HELP infiltration modelingesults indicate that ~ Lead 0.015 1.50E05
0.0937in./year (0.23&m/year) infiltration would Mercury 0.002 2.00E06
occur through the CAW cell top slope, while Molybdenum 0.04 4.00E05
0.132in./year (0.33%m/year) would infiltrate Nickel 01 1.00E04
through the side slope with a6 thick TypeB Selenium 0.05 5.00E05
filter. Based on these HELgenerated inftration  Silver 0.1 1.00E04
rates, the UNSATH model, a onelimensional Zinc 5 5.00E03
finite difference numerical model, was selected t&WPL = groundwater protection level

evaluate the migration of water in the unsaturated

soils at the site. The UNSAH model predicted that moisture contents would stabilize at 0.05@ in t
waste and 0.043 in the native soil below the top slope, and at 0.0599 and 0.045 in the waste and native
soil below the side slope (which are comparable to those originally modeled for thé Claks

Contaminant Release from the Waste Form

In defining the contaminant release rate, the clay cover is assumed to immediately degrade and the
infiltration water moves through the cover instantaneously. No credit was taken for the container life and
for the time required for the infiltration water to pertelthrough the cover. The infiltration rates and
moisture contents of the waste were used to calculate the constant release rate of the contaminants from
the waste form as:

in

[=— T
d9(l+pﬁ‘d}
o

(G-1)

where L = fractional annual contaminant release rate (yl"l)
Qw = water infiltration rate (m/yr)
0 = volumetric moisture content of waste
d = waste layer thickness (meters)
p = waste density (g/cm®)
K4 = waste distribution coefficient (ml/g)
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In reality, a significant delay will occur for the timequired to wet the cover and the waste, and for
moisture to travel through the cell cover, waste, and liner. The moisture content in the waste at the time
of cell closure may also be well below the levels assumed at the start of the closed cell modeling.

The Ky values used in modeling at the Ene3glutionssite have evolved over time, as radionuclide
inventories changed and more information was obtained from the literature and frgpesitee Ky
testing. The modeling performed for the CAW cell incogtes the current approved Walues for the site.

The modeling preferentially uses @pproved sitespecific Ky values, (2) the lowest measured sajl K
values published in the literature, and (3) publishgdafues calculated from the soil:plant cati

Approved sitespecific Ky values were available for cesium, cob#it, 129, 2Np, *°Tc, uranium, and

zinc. The most conservative (lowesty\ralues found in the literature were used for nuclides that did not
have sitespecific Ky values.

Contaminant Transport from the Waste Form to the Water Table

The contaminants released from the waste are transported first through the unsaturated zbnhdenea
bottom of the waste to the water table. The unsaturated zone includef$ thiekclay liner below the
waste bottom and excludes the capillary fringe at the water table. The resulting unsaturated zone
thickness is 13.3@. The flow through tB unsaturated zone was modeled with UNSAT

The contaminant transport was modeled with computer code PATHRAE. PATHRAE solves the
advection/dispersion equation, includes aquifer diffusion, assumes that diffusion is Fickian, allows for
retardation of containants using retardation coefficientgfKand includes radioactive decay.

PATHRAE is limited to solving the contaminant transport equation in one homogeneous medium. The
characteristics of individual units in the unsaturated zone were converted gtesesjnivalent porous

medium. The unsaturated zone velocities calculated for the equivalent porous media (liner and silty sand)
underlying the top slope and side slope simulations are 0.418 anccthB@ar. The dispersivity in the
unsaturated zone traport model was set to Ol

None of the 99adionuclides exceeded the GWPLs at the water table withige#)8 in the top slope

and side slope models. Sixteen out of&@%ionuclides exceeded the GWPLs at the water table at some
time after 500/ears. Most of the radionuclides did not exceed GWPLs at the water table due to ashigh K
value, low starting concentration, or short Hidd.

The top slope and side slope model results indicated that none of the metals modeled would arrive or
exceed GWPLs ahe water within 20@ears. The metal transport in the aquifer was not modeled
because all GWPLs were met at the water table.

Contaminant Transport in the Shallow Aquifer

The transport of 1éadionuclides in the shallow aquifer was modeled with PATHRAd#etermine the
radionuclide concentrations at a compliance well.

The hydraulic conductivity of the shallow aquifer was 7.53 % dfd/sec, based on the 90% upper
confidence level for the Un& sand calculated from 1H58ug tests conducted sitewide. Thenpi for the
existing Clas#\ and Clas# North cells gives a maximum allowable hydraulic gradient<110 ft/ft

for the shallow aquifer beneath the cells. Previous and current modeling was based on this hydraulic
gradient. The assumed aquifer porpsias 0.29. The resulting velocity in the shallow aquifer was
0.819m/year.

The horizontal distance was modeled as the distance from the edge of the waste to the nearest compliance
monitoring well. The side slope modeling used a horizontal distancefofZ04 m).
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The distance from the compliance well to the edge of the waste under the top slope was modeled using
the side slope length (188 plus the distance from the side slope to the wellff)of@r a total distance of
278ft from the waste to theompliance monitoring well. The top slope modeling used thidt278

(84.7m) horizontal transport distance.

The PATHRAE fate and transport modeling for the top slope (kB88ear infiltration case) indicates
that all radionuclides modeled would remb&low the GWPLSs for at least 5@6ars at a compliance

well located 278t from the edge of the top slope waste, provided that the concentrations of

two radionuclides?*Bk and®¢Cl, are received in limited concentrations of 1.92 and 73,
respedtely. All other modeled constituents would meet the groundwater standard if placed in the top
slope area at Clagslimits.

The PATHRAE fate and transport modeling for the side slope witmatBick TypeB filter

(0.335cml/year infiltration case) indates that all radionuclides modeled would remain below the GWPLs
for at least 50@ears at a compliance well locatedf®@om the edge of the waste, provided thall is
received in limited concentrations of 106,000,p@i/g. All other modeled consients would meet the
groundwater standard if placed under the side slope at £lasgs.

All 13 metals could be placed in the top slope or side slope at the maximum possible concentration based
on density, and would meet GWPLs at the water table gneitiension, at a compliance well located
90ft from the edge of the waste for the 2@8ar compliance period established for heavy metals.

The analysis demonstrated that reductions in side slope infiltration eliminates the necessity to limit waste
disposaconcentrations beneath the CAW side slopé%i;, 24’Bk, “'Ca, 2*°Cf, 2°°Cf, *°Cl, ¥'Re,%Th,
and*®®Th, as originally modeled in 2000.

G.2.2.7 Disposal Performance Evaluation of a Proposed Depleted Uranium Cell

A separate PA analysis was performed forgiaposed disposal of tltepleted uraniunfDU) in a

designated DU disposal cell at the Clive facility. This analysis is documented in (Neptune, 2021). The
PA is probabilistic and goes beyond 8@ yearsbhecause DU reaches peak activity atNyk. Even

though this analysis was done for a different inventory than the one that will be disposed of at the CAW
disposal cell, the analysis provides additional confidence in the performance of the Clive facility. The
most important assumptions and conclusiofithe DU PA are summarized below.

The Clive DU PA model was implemented quantitatively for 10y34¥Fs and has run additional
simulations for 2. Myr.

In the saturated zone (aquifer), contaminants are transported laterally to a hypatiatitaing well
located about 2 (90ft) from the edge of the interior of the cell. The distance to the well from the DU
waste is about 78 (240ft).

The PA considers both the groundwater pathway and the air pathway. Radionuclides are transported via
diffusion in both water and air phases within the cover system. Once radionuclides reach the ground
surface at the top of the engineered cover, they are subject to suspension into the atmosphere and
dispersion to the surrounding landscape. Atmosphamsport of gase$¥Rn) and contaminants sorbed

to suspended particles is modeled using a standard modeling platform approved by EPA, AERMOD. The
results of this model are used to calculate contributions of airborne radionuclides to dose, and the uranium
toxicity hazard is evaluated.

The Clive DU PA evaluated the doses to a member of the general public and to inadvertent intruders.

For the Clive facility, based on the NRC definitions, ranch hands, huntersffamnghway vehicleaiders
are expected to gage in activities both on and off the site. These receptors fit the NRC definition of
inadvertent intrusion.
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The receptors that are located at specifiestff locations fit the NRC definitioof membetrof the public.
There are specific points of expwe within the vicinity of the Clive facility where individuals might be
exposed. About 1Bm (8 mi) to the westpff-highway vehicleiders use the Knolls Recreation Area.
InterstateB0 and a railroad are located to the north, with an associatedaastrathe highway. Closer to
the Clive facility, the Utah Test and Training Range access road is used on occasion.

The doses to members of the public and inadvertent intruders were calculated within ay&8r000
compliance period. The doses are comptoedperformance criterion of 2brem in a year for a
member of the public, and 5@@em in a year for an inadvertent intruder.

After that time, the modeling focus turnstolengg r m, or fideep ti med scenari 0:¢
waste occurs when theqmeny of the principal parerff®U reaches secular equilibrium. This occurs at

roughly 2.1Myr from the time of isotopic separation, and the Clive DU PA evaluated the potential future

of the site in this contextThe evaluation takes into account the likely possibility of future deep lakes in

the Bonneville Basiandeolian (i.e., wineborne) depositionf dust/particles Aseach lake returns,

estimates are made of the radionuclide concentrations in the lake tedsediments surrounding and

subsuming the site.

The probabilistic PA results are reported in terms of the mean, median,"aperé8ntiles of the dose at
10,000years for the 10,000 realizations. The peak mean dose is sometimes of interest fasoompa
with performance objectives, and in this model, the peak mean dose occurs at orkyeadieffect,

10kyr is the worstcase year in terms of dose. Under these circumstancestper@gntile is analogous

to the 95% upper confidence interedlithe mean at 1Ryr that is commonly used to represent reasonable
maximum exposure in theomprehensive Environmental Response, Compensation, and Liability Act of
1980(CERCLA) risk assessments.

Compliance with the performance Technetium-99 Concentrations in the Compliance Well
objectives for the inadvertent intrude!
dose o600mrem/year and for a
member of the public of 2&mirem/year
is clearly established for all types of
potential future receptors. None of tr
95" percentile dose estimates for the:Z 0
receptors exceedsnirem/year, and all”
of the peak mean dose estimatesair
or below 0.Imrem/year. Sensitivity 1068
analyses indicated that receptor dose .1« Set 1 72%
are dominated by radon inhalation fo = = = Mean
the air pathway and groundwater My 100 200 300 400 w 0%

. Time (yr)
g?gssg\t\c::g’nrfam;;gigg; G-8 Source: Figures of Neptune (2021).
shows thé°Tc concentrations in the Figure G-8. Statistics of Technetium-99 Concentrations in
compliance well for the different the Compliance Well (1,000ealizations)
percentiles based on 1,0@&lizations.

1.0e2 e : - e 11.0e2

1.0e0

Oed
1.0e-2 1.0e-2
<o p1.0ed
1086

1 0e-6

1.0e-8 Statistics for
5% /95%

1.0e-10

The®*Tc inventory considered in this analysis was 16 0D0The resulting®Tc concentration in the
compliance well leads to a small dose (belownxém/year) even when an extended compliance period

was considered. The totdl'c inventory in the Hanford LW is only 11% larger (18,000i); therefore, the
dose is also expected to be smdlhe Clive DU PA results suggest that the betprade disposal

configuration can be used to dispose of the quantities of DU waste included in the analysis in a manner
adequately protective of human health and the environment.
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G.2.2.8 Confidence in Successful Disposal

This section summarizes the aspects that contribute to the confidence in the successful disposal at the
Clive site.

The site natural conditions ensure safe permanent siposal of LLRW

In the 1970s, DOE investigated 2®es to identify the safest permanent disposal site for uranium tailings.
After8y ear s of characterization and evalwuation of se
remote location, low @cipitation, naturally poor groundwater, and ipermeability clay soils make this

site well suited for the safe permanent disposal of LLRW.

The initial site application and the subsequent amendments went through a rigorous review
process, including publichearing and comments, and were approved

The initial Energolutionsdisposal license was for NORM. Since 1988, the Ersoitionsradioactive
material license has been amended several times. The 2011 license amendment request for CAW, a
disposal areéhiat contains a federal disposal cell, required updating the scientific and engineering
analyses to reflect current practices and stéthe-art science and engineering procedures.

The CAW license amendment request was approved by the DRC in 2012. Thed&ws a license
application to determine the extent to which each applicable regulatory requirement is satisfied and to
ensure that particular licensing actions are justifiable under provisions of the regulations.
Therequirements and criteria for dnsing commercial LLRW disposal facilities are included in UAC
R31325. UAC R31325 address such topics as:

Performance objectives

Site suitability requirements

Facility design, construction, operating, closure, and-@lasure requirements
Waste charaeristic requirements

Environmental monitoring requirements

Financial assurance and financial qualifications requirements
Administrative requirements.

Too Too Too To T T I

The license amendment process includes the following steps:
A Review license amendment request
A Prepare interrogatories as necessary to resolve issues not adequately addressed in the amendment

request
A Review interrogatory responses, ensuring that all regjinfermation is included in either the
initial submittal or responses to interrogatories
A Prepare draft SER and draft revised license conditions
A Publicize the Directords decision to amend the
A Conduct public hearings and receive public comment
A Prepae public participation document
A Prepare final SER and final license revisions.
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Depleted Uranium Performance Assessment

A separate PA analysis was performed for the proposed disposal of the DU in a designated DU disposal
cell at the Clive facility. The PAs probabilistic and goes far beyond the §6@rs because DU reaches

peak activity at 2.Myr. Even though this analysis was done for a different inventory than the one that
will be disposed of at the CAW disposal cell, the analysis provides an adtitanfidence in the
performance of the Clive facility.

Operational Experience

EnergySolutionshas over 34ears of experience operating the Clive facility. The NORM waste disposal
operations at the Clive facility began in 1988. LLRW disposal operabegsn in 1991. Mixed waste
disposal operations have been conducted since 1992.

The Clive facility has received waste from cleanup activities carried out across the country, including
projects by the EPA, DOE, U.S. Department of Defense (DoD), utilitielspther commercial entities.

EnergySolutiongreceived, treated, and disposed of oveMdal of waste shipped in ISO tankers from
the DOE Rocky Flats closure project. Enéglutionshas disposed of more th&6 million ft® of waste
from DOE sites ovethe last 25/ears.

All wastes received at the Clive facility are entered into and tracked with the Electronic Waste
Information System (EWIS). EWIS is an electronic recordkeeping system used to track waste type,
volume, activity, and placement locatiorthin the disposal embankments. EWIS also contains waste
profile information and provides automated compliance checks of the waste shipments against license
limits and sampling frequency.

Compliance Monitoring Well Network

A compliance monitoring well netwvk was developed for the CAW embankment. The network includes
27 wells. The monitoring well network is designed to verify regulatory compliance with the state of Utah
GWPLs and to provide early warning of potential releases. The spacing of the wetgimee

requirement of the Clive facility Ground Water Quality Discharge PetdwW@®B, 2009 for wells to be
located no further than 90from the edge of the waste (PaR.1.e).

The well spacing analysis was performed and provided reasonable assuaaneleases from the CAW
embankment can and will be detected. The modeling was performeddsamgl®*Tc as the surrogate
contaminants. These radionuclides were selected because of their potential presence in the CAW
embankment Clash waste, theiconservative transport characteristics (i.e., relatively mobile), and
because of their long hdifes relative to the modeled time period of 5@@rs.

Financial Assurance

Funds for the closure, remediation, and lbeign surveillance of the Clive facility are maintained

surety bonds in favor of the Director of the DWMRC. Furthermore, the state of Utah has established a
Perpetual Care Fund with a target initial minimuatelnce of $10@nillion at the conclusion of the pest
closure monitoring period (i.e., yed®1 after site closure). The Perpetual Care Fund is funded by an
existing cash balance and earnings accrued to this balance. In addition to the estimated costs for
decommissioning the Clive facility, the financial surety also covers estimated costs-t#rimng
surveillance of the site. This includes sampling of groundwater monitoring wells, site inspections and
repairs, and other miscellaneous costs.
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G.2.3 WasteControl Specialist, LLC Waste Disposal Facility (Andrews, Texap

This section presents a summary of the site conditions, disposal facility design, applicable regulations,
waste acceptance criteria, and analyses performed in support of the d&p@84CS, 2011for the

WCS disposal facility neakndrews Texas This information was collected from multiple sources and
presented without further interpretationregvaluation.

G.2.3.1 Background/General Description

WCS is a treatment, storage and disposal comgdaaling in radioactive, hazardous, and mixed wastes.
Their primary facilities are located on 1,38&es (54Mectares) of land that is 3&iles (56km) west of
Andrews, Texas andrhiles (8km) east of Eunice, New Mexico.

WCS treatment capabilities incla dewatering, stabilization and repackaging. Their transportation
capabilities include ownership of three Ty®ahipping casks and two Typeshipping containers. WCS
has three separate disposal facilities for radioactive wastes, includiadg(ility for disposal of

commercial radioactive wastes from the Texas dl@wvel Radioactive Waste Disposal Compact, and
radioactive wastes imported from 8ther states into the Texas Compact.a®cility for disposal of

11e(2) byproduct material, and (3) thederal Waste Disposal Facility (FWFJhe AEA, asrevised in

1978 and in 2005, defines byproduct material in Sedti@(2) as the tailings or wastes produced by the
extraction or concentration afaniumor thorium from any ore processed primarily for its source material
content {.e., 11e.(2) byproduct material is
uranium or thorium mill tailings).

FigureG-9is an aerial view of the disposal P y
facilities for radioactive wastes at WCS. The e | Federal Waste
remainder of this subsectidocuses e O ool

-

exclusively on the FWF, which was designe
licensed, and constructed for federal waste W N

disposal, including all wastes from DOE. - : B S S compact
TN N 2 _Disposal Facility

WCSis equipped to receive wastes by truck
and by rail For rail, a receiving building
straddles the railhead, andVCSowned
locomotive bring wastes onsite from nearby g
Eunice, New Mexico.

_ _ Figure G-9. Waste Control SpecialistdVaste
G.2.3.2 Physical Setting Disposal Facility

Theinformation in this section vgextracted fronthe following sources:

A Chapter2 of the WCS Consolidad Interim Storage Facility System Safety Analysis Report
(NRC, 2018)

A WCS websitdwcstexas.com).

The area surrounding the WCS facilities is sparpefulated and (on average) receives less tham. 16
(400mm) of rainfall per yearBased on aextensive site investigation program, including over &@0s
and core samples, the geology and hydrology of the WCS site is well understood.

The WCS facilities are |l ocated over aThgéwiddogi c f e
red ridgecomprisesTriassicage sediments of the Dockum Groufhe Dockum Group consists of a

series of fluvial and lacustrine mudstones, siltstones, sandstones, and silty dolomite deposits that are over
1,000ft thick beneath the WCS sit@ he buried red rige (i.e., the Dockum Group) is encountered at

depths ranging from about 8 to B®eneath the WCS facilities.
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In the subsurface, the Ogallala, Antlasn d Gat uRa geol ogic formations oc
buried red ridge These three formiins were deposited in different geologic time periods but occupying

nearly the same stratigraphic positiorhe Antlers Formation is the oldest and was deposited in earliest
Cretaceous time, whereas the Ogallala Formation is Tertiary in age with depositurring between

2 and émillion years ago The Antlers formation forms a veneer over the crest of the buried red ridge,

with the Ogallala Iying to the northeast and Gatu

G.2.3.3 Disposal Facility Design

Wastes are empdad 25 to 126 (~8 to 37m) below the land surface in the FWF disposal cell that
includes a 7t (2 m) thick multibarrier liner When constructed, the multarrier cap over the cell will
be a minimum of 2% (~8 m) thick and will be completed-grace. Higheractivity ClassB and C LLW
and MLLW are disposedf in modular concrete canisters (MCC) inside the disposal tat MCCs are
6-in. (150mm) thick, steeteinforced concrete container§he natural barriers (e.g., no drinking water
aquifer anl thick red clay beds) and the engineered barriers (engthRk multi-barrier liner and MCCs)
work together to give WCS one of the most robust rindtrier designs of any Agreement Stidensed
LLW disposal facility in the United StategigureG-10 shows the WCS landfill design.

&8

7 an ( Legend 1\

/ Undisturbed Ground i

N  Clay Liner (10° cm/s H.C))

BN Clay Liner (107 cm/s H.C.)

Protective Soil/Sand

SR  Geosynthetic Liner

E=——===3 Concrete Liner

[IIITITITT)  Low Level Waste

ERSSSSSSEE  Leveling Fill

Biointrusion Layer

E==————1 Drainage Layer

NN  Evapotranspiration Layer
SRNL_FFRDC_142_12

Source ML17065A225 2 ONRC Site Yiisit, February 2014, pr esent ati on to the U.S. Nucl ear
WasteControl Specialists, LLC, Andrews, Texas

Figure G-10. Waste Control Specialists Landfill Design

WCSuses two standard types of MCC: ¢Y)indrical: 1.8 m (6 ft) and (2) rectangula.9 mlong x

2.3m widex 2.8 m high @ft-6in. long x 7 ft-8 in. wide x 9 ft-2 in. high) (internal) Typically, ClasB
and C LLW, insidea U.S.Department of TransportatioDQT) shipping containelis placed in an MCC
any void space is grouted, and the concrete lid is placed oftaaste that is disposexd in an MCC is
categorized by WCS ascantainerized wasteln contrastpulk wastesnay be shipped in reusable DOT
shipping containers, the wastes are not disdof in the DOT shipping container, and the waste is not
placed in aMCC. Bulk waste is acceptable for disposal in the FWHEefwastas ClassA and has a
dose rate of <10fhrem at 3&cm (~1ft). Bulk waste is sometimes disposadn an MCC(e.qg, if the
dose rate of the bulk waste is >19Pem at 3@&m [~11t]).
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FigureG-11 shows the wastes being loaded
into rectangular MCCs inside a disposal cell = =
with components of the mulbarrier liner
visible in the backgroundNote the scale of
the disposal cell.

Grout waste forms generatby a vendor are
assumed to be placed8m m? (11yd®) soft-
side containerand shipped to Clive using
gondola railcars. The details are discussed .
Volumell, AppendixH, SectionH.7. Grout ’y | e
that is Clas#\ waste can be disposed of in thi & :

soft-side containers in the bulk waste area of

the disposatell. Grout that is ClasB or C i . L
will be disposed of in an MCCWith a Figure G-11. WastesBeing L oaded intoModular

capacity of 8.4n each (1), two softside Concrete Canistersat the Waste Control Specialists

containers will fit in a standard rectangular Disposal Cell

MCC (allowing 2in. extra on all four sides andi2 extra on top) If the grout wastéorm is generated at
WCS via treatment of radioactive LAW liquids received from Hanford, WCS will then decide on the
applicable disposal options.

G.2.3.4 Key Regulatory Requirements

Texas is a NRC Agreement Staged the Texas Commission on Environmental QUANIGEQ)is

responsible for licensing and inspecting the WCS radioactive and mixed waste disposal fdailities
August2004, WCS submitted an application for a radioactive materials license to build and operate their
first LLW disposal facility For licersing the FWFTCEQused their state regulations that are equivalent
tothe 10 CFR61 licensing requirementdfter a detailed multiyear licensing process, in 2Q0BCEQ

issued a Radioactive Materials License to WCS to dispose of (IEQ, 2009).

TCEQapproved major construction in 2011, and in 2012 the first radioactive wastes were received for
disposal The FWF is licensed to accept ClagsB and C LLW and Clas4, B and C MLLWfor

disposal Before disposal, all waste must meet LDR requireme6 DFR 268 (or state equivalent

LDR requirements).

The FWF is licensed for up to 26,000,d60(~736,000m% and 5,600,000 total curies of wastdhe
FWEF is designed to be built in phases Only the first of thel1 phases has beenropleted as show in
FigureG-9. The Clas® and C waste will takebout 186 of the maximum allowable containerized
volume. The space not taken by the CBssd C waste can be uded ClassA waste. Disposing of all
waste at WCS will take from826 to 52% of the available disposal volunaad will be 3% to 16% of the
total activity limit (Volumell, AppendixH, SectionH.6.2).

The term of the current license is through September 2024, with provisionyeal@enewals thereafter
The state of Texas takes ownership of LLW dispagéd the Compact Disposal Facilitgnd DOE has
signed aragreement to take ownership of the FWF after its closir@ostclosure, DOE will be
responsible for thevaste forms disposed af the WCSlisposal facility

In addition to the license issued by T@EQ WCS maintains other permits and licensdsich arelisted
on their website (WCS, 2022)

G.2.3.5 Waste Acceptance Criteria

Thewaste acceptance critefiar the FWF are included as an amendment ta@EQlicense for the
FWEF, and these criteria are detailedia WCSFederal Waste Disposal Facility (FWF) Generator
HandbookWCS, 2015)
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Thewaste acceptance critefiar the FWF inclue limits on free liquids (<1% of the volume of
containerized wastejnaximum void space limits, transportation requiremend prohibited waste
types Prohibited wastes include higével radioactive waste, waste capable of generating toxic gases
(excluding radioactive gasesindwaste readily capable of detonation berplosive decomposition or
reaction at normal pressures and temperatures or of explosive reaction with water.

Some of the general packagiregiuirementsare:

A Each containecanonly contain one approved profiled (characterized) waste stream
A Packages should weigh 10,0004,545kg) or less, unless special arrangements have been made
A All containers transported on public roads to WCS are required to meet the applicable DOT

regulations

A Except for bulk wastes and large components, waste packaggt fit in @ MCC.

The wastes disposedf at WCS must comply with the LDRs detailed in@BR 268.

The radiologicalvaste acceptance critefiar the FWFareb a s e d

on

t he NRCSOH,s

cl

which divides LLW into classes for dispo$alith ClassA LLW being the least hazardous and greater
thanClassC (GTCC) LLW being the most hazardouehe NRC describes these classes in
10CFR61.55 WiisteClassification d’he FWF is licensed for disposal of Cla#ssClassB, and
ClassC (asdefined in 30TAC 336.362 Appendix E. Classification and Characteristics of Ldwvel
Radioactive Wast® LLW and MLLW and bulk Clas# LLW and MLLW in reusable packages with

dose rates <10@rem/hr at 3@m (~1in.).

WCSprovides two tablefor classifing wastes as Clags B or C for disposal; GTCC wastes are
currently prohibited The two tables from thEWF Generators HandbodWCS, 2015areincluded as
TableG-8 for long-lived nuclides and ableG-9 for shortlived nuclides.Volumell, AppendixH,
SectionH.6 provides details on how the waste class determination was performed for the Hanford LAW

Table G-8. Table | ClassA and C Wastei Long-Lived Isotopes

Radlonucllde Class A Limit Class B Limit Class C Limit

Ci/m3 Ci/m3 Ci/m3
¥Cin actlvated metals 8 Ci/m3 @ Ci/m3 80 Ci/m3
5Ni in activatedmetals 22 Ci/m3 a Ci/m3 220 Ci/m3
%Nb in activated metals 0.02 Ci/m3 @ Ci/m3 0.2 Ci/m3

“Tc 0.3 Ci/m3 a Ci/m3 3 Ci/m3

129 0.008 Ci/m?3 a Ci/m?3 0.08 Ci/m?3

Alpha-emitting transuranic radionuclide 10 nCilg a nCi/g 100 nCi/g
with half-lives greater than $ears

241py 350 nCilg @ nCilg 3,500 nCi/g

22Cm 2,000 nCilg a nCilg 20,000 nCilg

2R 10 nCi/g @ nCi/g 100 nCi/g

Source: Tabléof WCS 2015,Federal Waste Disposal Facility (FWF) Generator Handhd®é&v.4, Waste Control

Specialists, LLC, Andrews, Texas.

a2There are no limits established for these radionuclides in Blassstes.

b This isotope is not listed in the classification tables in 10 CFR 61 but is required by the state of Texas to be inclt

classification deermination.
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Table G-9. Table Il Class A, B and C Wastei Short-Lived Isotopes

Radionuclide Class A Limit Class B Limit Class C Limit

Total radionuclides with 700 Ci/m? Ci/m? Ci/m3
half-lives less tha® yeais

H 40 Ci/m® @ Ci/m® 2 Ci/m3

50Co 700 Ci/m? a Ci/m? a Ci/m?

63N 3.5 Ci/m? 70 Ci/m? 700 Ci/m3

53Ni in activated metals 35 Ci/m? 700 Ci/m? 7,000 Ci/m3

905y 0.04 Ci/m? 150 Ci/m?® 7,000 Ci/m?

187Cs 1 Ci/m? 44 Ci/m? 4,600 Ci/m?

Source: Tablél of WCS, 2015,Federal Waste Disposal Facility (FWF) Generator Handhd®é&v.4, Waste Control
Specialists, LLC, Andrews, Texas.

aThere are no limits established for these radionuclides in Blas< wastes. Practical considerations such as the e
of external radiation and internal heat generation on transportation, handling, and disposal will limit the concentratioes
wastes. These wastes shall be CRssless the concentrations of other radionuclides in Tladktermine the waste to be
ClassC independent of these radionuclides.

Tablel and Tabldl (reproduced a3 ableG-8 andTableG-9) are used to classify wastes as ClasB, C
for disposal Some points on the use of tabdlesinclude

A Each limit is the full limit For example, if“C is the only nuclide in the waste and the
concentration is &i/m?, the waste would be classified as Cl@ssny otheiTableG-8 nuclide,
or any additional amount &fC wouldrequirethe waste to belassified asGTCC.

A If there are multiple londjved nuclides TableG-8 nuclides), the fractional contribution of each
nuclide must be calculated and the sum of those fractional contributions must be less than 1 for a
given class of wasteThe use of the sum of fractions to determine waste classification is
explained in 0 CFR61.55(a)(7)

A If a waste contains lonlived (TableG-8) nuclides AND shorived (TableG-9) nuclides the
waste formwill be classifed based on the classification of the leihged (TableG-8) nuclides,
unless a higher classification is derived from the slivet (TableG-9) nuclides.

G.2.3.6 Hydrogeology

The WCSfacility is sitedon the 60€&ft-thick nearly impermeable rdaed clay formation of the Dockum
Group. The upper portion of the Dockum Group is unsaturafétk first from the surface laterally
continuous, and continuously saturated, transmissive zone is encountered at tbé2ipih This
zone is compsessandstone/siltstone and is 10 tofBthick. This unit is referred to as the 2285 one
and has a very low permeabilitiyeasurements of the horizontal hydraulic conductivity of thef225
zone range between80m/s to 16 cm/s with one value in the 10range The average was 3.59

108 cm/s (WCS 2007, Appendix.6.1) Water is estimatetb havebeen present in the 2:6zone since
the Pleistocene and has not led to saturated conditions in the deposits al2@&tthene.

Due to low hydraulic conductivity, the 226zone does not yield sufficient volume to support an
individual. The TDS of samples from the 2#5zone ranges from 3,800 to 4,78@/L, which means
that the water is not potabl&@he water thais above 1,20@ng/L is generally considered to be
unacceptable for human consumpti&PA has established National Secondary Drinking Water
Regulations that set the SMCL for TDS at 50¢/L.

Groundwater in the Dockum Group deposits is generally of paditguii Wat er qual ity range
fresh in the outcrop areas to brine in the confined parts of the agiigédso tends to deteriorate with
depth, and TDS concentrations can exceed2@®3., 000 mc
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There ae three distinct formations in the same stratigraphic position immediately above the Cooper
Canyon Formation: (1) the Ogallala Formation northeast of the buried ridge, (2) the Gatuna formation
southwest of the buried ridge, and (3) the Cretaceous ARibensation over the crest of the buried ridge.
Elsewhere in the vicinity of the WCS site are Cretaceous shales and limestone (the Comanche Peak/Fort
Terrett Formation) overlying the Antlers. These formations are present in this configuration because the
buried ridge was a surface drainage divide throughout the late Cenozoic (Hawley, 1993), with Tertiary to
Quaternary fluvial material (fluvial sediments of the Ogallala and Gatuna) deposited on either side of the
ridge, and the Cretaceous Antlers Formatikely acting as an erosion resistant cap over the crest of the
ridge (WCS, 2007). These three formations are combined into a single hydrostratigraphic unit referred to
as the OAG (Ogallala, Antlers, and Gatuna) unit. These formations are in lategllitycontinuity

from a hydrogeologic perspective; however, they are largely unsaturated in the vicinity of the WCS waste
facilities.

TableG-10 provides the hydraulic conductivities of Table G-10. Hydraulic Conductivities of the

the major hydrostratigraphic units (WCE07, Major Hydrostratigraphic Units
Appendix2.6.1) An estimated veital velocity Hydraulic
beneath WCS is up to 0.02 mm/yr for the current
climate conditions and from 0.01 to 0.3 mm/yr for  cooper Canyon Claystone 4.03x 10°
the future climate conditions. Upper Dockum

The Ogallala aquifer, which consists of the Ogalla-- 225Foot Zone 3.59x 102
Formation, is the primary freshwater aquifer withir 125Foot (Dry) 5.25x10
the regonal study area and serves as the principa OAG (Dry) 1.0x10°
sourceof groundwater in the Southern High Plains Surface Soil 1.76x 10°
(Cronin 1969; TWDB 2011) However, the Caprock 1.06% 10°
Ogallala Formation is not present beneath the W( Clay Cover 4.0x 10°
licensed facility (TWDB2011) OAG = Ogallala, Antlers, and Gatuna

The nearest deposits of the Ogallatamation occur northeast of the buried ridge near the northeastern
corner of the facility, approximatelymile northeast of the disposal facilities and represent the southern
feather edge of the Ogallala Formatiorhe Ogallala Formation that is nordse of the facility is not
indicative of a productive Ogallala aquifer at that locati®he limits of the Ogallala Aquifer have been
established as being approximatelymiles north of the facility.

G.2.3.7 Disposal Performance Evaluation

ThedisposalPA (WCS, 2011) examinesite features such as geology, surface water and groundwater,
potential future weathexhanges, residential antrusionscenarios, and possible future uses of the.land
The WCS PA meets allexas requirementduring the performangeeriod thagoes far beyond the
federally recommended compliance period ®f0000years after site closure.

Source Term

When considering transport in the poreuedium water phase, the radionuclides are assumed to be
uniformly distributed andvailable for leaching by a conservative partition coefficieg) é@&change
leaching model This leaching model conservatlyeassumeshatall the radionuclides ar@vailable for
contact with water and migratiomNo credit is taken for waste containerencrete canistersy improved
waste forms such as activated metalsolidified or encapsulated wasteBhe entireradionuclide
inventory is immediately available for release and transport (V20&, Appendi»8.0-6).
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Although gaseous waste is nosibsed of at WCS, to be highly conservative the gaseous source term is
estimated by assuming the entire inventories of radionuclides stidh!48, #Kr, and'?% areavailable

for immediate release in the gaseous phd$és assumption is highly unréstic but provides anpper

bound dose for compliance purpas@e radon source term is dependent on ingrowth fror’*tRa
inventory.

Irradiated metals are assumed to not immediately give up their radionuclide content to the surrounding
materials Rather, as these disposed contaminated metals slowly degrade, they release radionuclides as
themetal is lost This process is modeled as a first order decay process, where a given fraction of the
remainingmetal is lost to degradation in any given yeghis activated metal corrosion rate has been
estimated to b&0d° yr'l. The release rate from activated metal is based on measurements of carbon steel
andstainlesssteelcorrosion ratesANL-DSDMD-00001,Aqueous Corrosion Rates for Waste Package
Materials). This value has been given some uncertainty by assigning it a rdistnddution with a

standard deviation of 10yr'?.

The chosen fractional release rate is consistentthdtbe used in multiple DOBAsat Idaho National
Laboratory

A DOE/ID-10978,Peformance Assessment for the Idaho CERCLA Disposal Facility

A DOE/ID-11421Performance Assessment for the Reritztadled Low Level Waste Disposal
Facility

A DOE/NEID-11243,Performance Assessment for the RWMC Active LLW Disposal Facility

Surface Water Pahway

The surface water pathway was determined to be irrelevant for contaminant réleassbination of
several factors act to reduce the amount of surface water in the vicinity of the WCS disposal site, which
includes all disposal units and a buffer @oifhe site is in a semdrid region where the loss of water by
evapotranspiration exceeds precipitation received, there are no perennial streams on or near the site
Surfacesoils are permeable, and the topography promotes good drainage of thedeazlity

Additionally, the facility closure will enhance its logrm stability The ground surface at the disposal
site will be contoured to approximate the original stable ground surfdeecontours will divert surface
water from the disposainits, promote runoff, and help prevent water and wind erogamatural
vegetative cover will be established that will help stabilize and maintain the soil surface and minimize
erosion The water diversion features and the vegetated cover also semmirtoze water infiltration

into the disposal units, which further promotes site stability (\\WAD%1)

Air Pathway

The air pathway for the WCS Site Model is largely driven by gas emanation through the finished cover
where doses from gaseous radionucliddsased through the finished earthen cover are calculated
(WCS, 2007, Section8, Appendix8.0-6). As suggested by NUREG573 A Performance Assessment
Methodology for Lowevel Radioactive Waste Disposal Facilifiggium, *C, 8Kr, 129, and radorare
considered The longlived 1* is considered in the gas emanation pathway as it is does nottudoes
diffusing through the thick coverAs such, the air pathway is the main risk driver for longer litaghly
mobile radionuclides such &3l or 1“C. Given that”®Tc is a very weak gamma emitter, it will have an
insignificant effect on the external gamihase resulting from the inadvertent intruder scenario
(WCS 2011) HYDRUS analysis of the site has shothat there will beessentially no infiltration
though the cover (WCG2011) Transport in the water phasedeminated by diffusion where lofiyed,
mobile radionuclidesg(g.,°°Tc) will diffuse upward affecting pathways that are sensitive to surface
uptake factors Therefore,**Tc will primarily contributeto produce and soil ingestion pathways.
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Groundwater Pathway

Althoughthere are npotablewater sources in the araaar the WCS facilitgndvery low vertical

velocity beneath the WCS sithe groundwater pathway vgaanalyzed in detail and potential impacts
were guantified.The conclusiorf these analyses was that there is no realistic groundwater pathway at
WCS (WCS2011).

The hydrogeologic conceptual model for the PA focused on downward movement of infiftraion
precipitation through the cover system, the waste, and the lower compacted digyhedehsity
polyethylendiners, into the undisturbed Cooper Canyon Formation (\WWO$1) The conceptual
hydrogeologic crossection is shown ifkigureG-12.

A
Ground Surface {
Recent Sands} A’
Cover System --RCRA Landfill
i \
125-Foot Zone
Dockum Group
180-Folffzone
» 250-Foot Zone
Trujilio and
Santa Rosa Not to Scale

Source: Reproduced froRigure EA4 in TCEQ(2008. Note: The 225oot zone is called 25fbot zone in the source figure
and 225foot zone elsewhere.

Figure G-12. WasteControl SpecialistsConceptual Hydrogeologic CrossSection

The largescale regional OA@roundwater system was modeled using MODFLLSWRFACT (WCS,
2011) and the HYDRU®odel was used to evaluate infiltration rat&seresults of the HYDRUS
modeling indicatedlownward fluxes for current climate conditions range from approximately O to
0.02mm/yr and fromD.01to 0.3mm/yr for futureclimate conditions (WCS011) These values are
much less than therim/yr flux usedm the license application.

1 MODFLOW-SURFACT is a registered trademark of HydroGeoLogic, Inc., Reston, Virginia.
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For the dose calculationis was assumed that radionuclideach from the waste, transport through the
red clay to the 228 zone, and that groundwatemgthdrawn from a well at the edge of the disposal
facility. Water is $ed for drinking and livestoakatering The water is assumed to be potable despite
the low yield and high dissolved solidBecause a well in the 2Z6zone would not yield sufficient
water tomeetgroundwater requirements for a household or for lagsin a yearthe balance is assumed
to be provided from an uncontaminated external source

In the updated PA from 2011 (WC&)11), the realistic groundwater pathway dose was deterriorizs
zera However, the original groundwater pathway basether225foot zone is retained in tHeA model
as a legacy scenario.

Key Exposure Pathwayg

The key exposure pathways and the corresponding dose limits and dose standards are provided in
TableG-11. Gaseous diffusion and corresponding inhalation dose waimenant exposure pathway.

Table G-11.  Key Exposure Pathways, Dose Limits and Dose Standards

Dose Limit
Receptor Key Exposure Pathways (mrem/year) Dose Standard

PostInstitutional Control Period
Intruder driller | A Diffusion; gas emanation through cover: gas inhala 500 DOE M 435.112
A Oil well drill cuttings in an open mud pit: external
irradiation
Intruder resident A Diffusion; gas emanation through cover: gas inhala 500 DOE M 435.11°
(indoor and outdoor)
A Ingestionproduce grown on contaminated surface s
A Oil well drill cuttings in an open mud pit: external
irradiation
Adjacent residen A Diffusion; gas emanation through cover: gas inhala 25 30 TAC 336.724

aDOE M 435.11, 2011, Radioactive Waste Management Man@hange?, U.S. Department of Energy,
WashingtonpD.C.
b3 0 TAC 3Rdectioreofithe Ganeral Population from Releases of Radioagtiigxas Administrative Codas

amended.

FigureG-13 shows the scenarios considered in the inadvertent intruder pathway. The dose limit for this
pathway is 50@nrem/yr.

Figure G-13. Scenarios Considered in thénadvertent Intruder Pathway
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