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o
1.0 Executive Summary

TheHighLevelWaste(HLW)SaltDispositionSystemsEngineeringTeam
(henceforth refereed to as Team) was formed on March 13,1998, under the
sponsorship of the WSRC High Level Waste Vice President and General Manager.
The Teamis charteredto identifi options, evaluate alternatives and recommend a
selected alternative(s) for processing HLW salt to a permitted waste form. This
requirement arises because the existing In Tank Precipitation (ITP) process, as

currently mtilgure~ cannotsimultaneouslymeetthe HLWproductionand
Authorization Basis safety requirements. DOE-SR concurs with this approach.

u

For the past two years, chemistry studies aimed at developing an understanding of
the reaction mechanisms and kinetics associated with the ITP process have been
underway. These studies are intended to lead to closure of DNFSB
Recommendation 96-1 and the results will be input to the process for evaluating
alternatives.

The Team is comprised of appropriately qualified experts from WSRC and its
partners, with outside consultant support horn academia National Laboratories and
the DOE complex. Team membership is identified in the HLW Salt Disposition
Systems Engineering Team Charter. The overall methodology for achieving the
Team’s mission is described in the Systems Engineering Management Plan.

Multiple approaches were used to identi~ alternative processes to meet the
production and safety requirements for salt disposition. Formal brainstorming
sessions with a range of stakeholders were supplemented by historical reviews and

literaturesurveys.In additioq a BriefingPackagefor solicitingsitewide
experience was distributed to SRS Operations and Engineering. DOE complex and
other chemical processing experience, e.g. Corps of Engineers, ORNL, BNFL,
were accessed for ideas through knowledgeable individuals on the site. All ideas
were captured on a “Pro Forma” sheet included in the briefing package.

The resulting list of approximately 130 alternatives was evaluated against a set of
minimum screening criteria which included scientific maturity, engineering
maturity, implementation f~ibility, dety, licensable and feasibility of permitting
the final waste form. Alternatives were either accepted as writte~ modified by
combination or additio~ or dropped. Ranking was performed within technology
categories in order to focus on the alternatives with the highest potential for
success. The result of the exercise was an “initial list” of eighteen alternatives
selected for fhrther evaluation, which were grouped in categories including:
Crystallization, Electrochemical Separatio~ Ion Exchange, Precipitation, Solvent
Extraction and Vitrification.
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The main focus of the Team’swork in PhaseII willbe on the applicationof,
screeningcriteriaforperformanceof a preliminarytechnicaland programmaticrisk

assessmentof the eighteenalternativesto establisha short list for detailed
evaluation. New ideas or alternatives till continue to be identified over the coming
weeks. The same structured systems engineering approach will be applied to any
new or modified alternatives throughout the study until a final alternative(s) is

.recommended.

This report meets the major milestone Phase I Deliverable specified in the team
charter.
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2.0 Purpose

Thepurposeof this reportk to summarizethe processusedby the Teamto ~
systematicaHy develop alternative methods or technologies for final disposition of
HLW salt. Additionally, this report summarizes the process utilized to reduce the.
total list of identified alternatives to an “initial list” for tier evaluation.

The results of the process utilized are captured in the Position Patxx on the
Evaluation Leading to the “Initial List” of Alternatives (ref. 1). The initial list of
alternatives are described in Section 7.3 of this repmt

This report constitutes completion of the team charter major milestone Phase I
Deliverable. (Milestone Date 4/17/98)

I

. .
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3.0 Introduction
.

The High-Level Waste System is a set of seven different interconnected processes
(Figure 1) operated by the High Level Waste and Solid Waste Divisions. These
processes function as one large treatment plant that receives, stores, and treats high-

level wastes at SRS and convtzts these wastes into forms suitablefor finaldisposal.
The threemajorpermitteddisposalformsareborosilicateglass,plannedfor
disposalat a Federalrepository;saltstonegrougdisposedin vaultson the SRSsite;
andtreatedwatereffluen~releasedto the environment.

These processes currently include:

1) High-LevelWasteStorageand Evaporation(F andH AreaTank Farms)
~)---- . ----- .- .- . . . . . . .

3)
4)
5)

6)
7)

Salt Processing (In-Tank Precipitation and Late Wash Facilities)

Sludge Processing (Extended Sludge Processing Facility)

Vitrification (Defense Waste Processing Facility)
Wastewater Treatment (Effluent Treatment Facility)

Solidification (Saltstone Facility)
Organic Destruction (Consolidated Incineration Facility)

F and H Tank Farm, Extended Sludge Processing, Defense Waste Processing
Facility, Effluent Treatment Facility, SaltStone Facility and the Consolidated
Incineration Facility are all operational. In Tank Precipitation Facility operations
are lirnhed to safe storage and transfer of materials. The Late Wash Facility has
been tested and is in a dry lay-up status. The In-Tank Precipitation Facility (ITP)
initiated radioactive operation in Tank 48H in September of 1995. During pump
operation in December of 1995, benzene evolved from Tank 48H at higher rates
than expecte~ though the operational safety limit was never approached. The
benzene was,generated as a byproduct of the process flom the catalytic
decomposition of sodium tetraphenylborate (NaTPB).

In August 1996, the Defense Nuclear Facility Safety Board (DNFSB) issued
Recommendation 96-1. The D~SB recommended that operating and testing in

the ITP Facility not proceed without an improved understanding of the mechanisms
of benzene generatiorq retentio~ and release. In response to Recommendation 96-1
efforts to expl@ through chemistry research benzene generatio~ retention and
release were conducted fkom August 1996 through March 1998. “

These studies indicated that production goals and safety requirements for
processing of HLW could not be accomplished in the ITP Facility as configured.
This resulted in a WSRC recommendation to the Department of Energy in January
1998 to conduct a systems evaluation of salt disposition options and to recommend
the preferred alternative. The salt will remain in storage until an alternative salt pre-
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treatmentprocessis identifiedand implemented.Alternativeprocesseswill be
evaluatedthroughout 1998.

In March 1998, a team was selected to perform a structured systems

engineering analysis of options for salt disposition, Guidance for the Team is

documented in the charter (ref. 1). The task of salt disposition evaluation is
broad based in technical scope and is not limited to any single process.
Precipitation methdds, ion exchange processes, other chemical or mechanical
separation techniques, direct vitrification options, or combinations of these
options are being considered.

Although the process selected will be”specifically for HLW salt disposition,
the team must address the system impact for all HLW facilities. Additionally,
the selected alternative must interface tiely and efficiently with the
remainder of processing facilities outside of HLW. Timeliness of the
selection of alternatives is key to support tank farm Space/water inventory
management aud the Federal”Facility Agreement (FFA) for tank closure.

3.1 HLW Svstem. Mission

The ‘mission of the HLW System is to receive and store SRS high-level wastes
in a safe and environmentally sound manner and to convert these wastes into
forms suitable for final disposal. The planned forms are: 1) borosilicate glass
to be sent to a Federal repository, 2) @stone to be disposed of on site, and 3)
treated wastewater to be released to the environment. Also, the storage tanks
and facilities used to process the high-level waste must be left in a state such
that they can be decommissioned and closed in a cost-effective manner and in
accordance with appropriate regulations and regulatory agreements.

TheFFArequiresremovalof the wastenom the high-levelwastetanksto
. .

resolve several sz&etyand regulatory concerns. Tanks have leaked observable
quantities of waste from primary to secondary containment. Other tanks have
lmown penetrations above the liquid level, although no waste has been
observed to leak through these penetrations. The “old style” tanks do not
meet EPA secondary containment standards for storage of hazardous waste,
(effective January 12, 1987).

The FFA for SRS addresses the DOE committed schedule for removing the
wastes from the tanks.

All high-level wastes in storage at SRS are Land Disposal Restricted (LDR)
wastes, which are prohibited from peqnanent storage. Since the planned
processing of these wastes will require considerable time and therefore

. I
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continuedstorageof the waste,DOEhas enteredinto a complianceagreement .
withthe EPA and SCDHEC. This compliance agreement is implemented
through the Site Treatment Plan (STP) which requires processing of all the
high-level waste at SRS according to a schedule negotiated between the
parties

The problem confronting the HLW overall mission is that the currently
configured in-tank precipitation process cannot simultaneously meet the HLW
flowsheet production goals and the safety requirements. The WSRC
recommended that alternative concepts and technologies be evaluated. The
HLW Salt Disposition Systems Engineering Team was formed and chartered
to perform this task. The Mission Need defined for the Team is:

“The SRS HLW salt needs to be immobilized for final disposition in support -
of environmental protection safety, and current and planned missions”.

3.2 HLW Svstem Overview

Figure 1 schematically illustrates the routine flow of wastes through the HLW
System. The various processes within the system and external processes are
show in rectangles. The numbered streams identified in italics are the
interface &eams between the various processes. The discussion below
represents the HLW system conilgumtion as of January 1998.

Incoming high-level wastes are received into HLW Storage and Evaporation
(1?and H Tank Farms) (Stream 1). The fimction of HLW Storage and
Evaporation is to tiely concentrate and store these wastes until downstream
processes are available for further processing. The decontaminated liquid
from the evaporators are sent to Wastewater Treatment (ETF) (Stream 13).

The insoluble sludges that settle to the bottom of waste receipt tanks in HLW
Storage and Evaporation are slurried using hydraulic shying techniques and
sent to Extended Sludge Processing (ESP) (Stream 2). In ESP, sludges high
in alurninuni are processed to remove some of the insoluble aluminum
compounds. All sludges, including those that have been processed to remove
aluminum, are washed with water to reduce their soluble salt content. The

spent washwater from this process is sent back to the HLW Storage and

Evaporation (Stream 3). The washed sludge is sent to Vitrification (DWPF)
for feed pretreatment and vitrification (Stream 4).

Saltcake is redissolved using hydraulic skrying techniques similar to sludge
slurrying. As currently designe~ the salt solutions from this operatio~ and
other salt solutions Ilom HLW Storage and Evaporatio~ were intended for
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feed to Salt Processing (ITP) (Stream 5). In ITP, the salt solution would be ~
processed to remove radionuclides, which are concentrated into an organic
precipitate. The decontaminated filtrate would then be sent to Tank 50. A
concentrated organic precipitate, containing most of the radionuclides, is
produced by the process. This precipitate is washed with water to remove
soluble salts. However, some soluble corrosion inhibitors which interfere
with DWPF processing must be left in the precipitate after washing because
the precipitate is stored in carbon steel tanks, which are susceptible to
comosive attack by uninhibited precipitate wastes.

The precipitate is transferred to Late Wash for I%rtherwashing in stainless

steel tanks to reduce the level of soluble corrosion inhibitors to acceptable

levels for the DWPFprocess(Stream7), Thewashwaterborn thisprocessk
returnedto ITPto be reusedin the ITPprocess(Stream8).

The washedprecipitateborn Late Wash is then sent to the DWPF vitrification

building (221-S). In the vitrification building, the precipitate is catalytically
decomposed and separated into two streams a mildly contaminated organic
stream and an aqueous stream containing virtually all of the radionuclides.
The rniklly contaminated organics are stored at DWPF and eventually
tr+fmed to Organic Destruction (CIT) (Stream 11). The aqueous stream is
combined with the washed sludge from ESP, which has undergone fbrther
processing and the mixture vitrified.

The washed sludge fiom”ESP (Stream 4) is chemically adjusted in the DWPF
to prepare the sludge for feed to the glass melter. As part of this process,
mercury is stripped OUGpurified and sent to mercury receivers (Stream 12).
The aqueous product from organic decomposition is added to the chemically
adjusted sludge. The mixture is then combined with glass fiit and sent to the

glass melter. The glass melter drives off the water and melts the wastes into a
borosilicate glass ma- which is poured into a canister. The canistered glass
waste form is sent on to site interim storage, and will eventually be disposed
of in a Federal repository (Stream 9).

The water vapor driven off from the melter along with other aqueous streams
generated throughout the DWPF vitrification building are recycled to HLW

Storage and Evaporation for processing (Stream 10).

Overheads horn the HLW Storage and Evaporation evaporators are combined
with overheads fkom evaporators in the F and H Area Separations processes
and other low-level streams from various waste generators. This mixture of
low-level wastes is sent to the ETF (Stream 13). .
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In the ETF, these low-level wastes are decontaminated by a series of cleaning ‘
processes. The decontaminated water effluent is sent to the H Area outfall
and eventually flows to local creeks and the Savannah River (Stream 14).
The contaminantts removed from the water are concentrated and sent to Tank
50 (stream 15).

InTank50the concentrate$+omthe ETF is combinedwiththe
decontaminatedfiltratefromthe lTP and sent to SaltStone(Stream6). In the
SaltstoneFacilitythe liquidwasteis combinedwithcementformersand
pumped as a wet grout to Laud.fill, a vault (Stream 16). In the vaul~ the

cement formershydrateandcure, forminga saltstonemonolith. The
Saltstone Facility vaults wilI eventually ~ closed as a landfill.

HLW System Major Interfaces
Wask
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Figure 1. HLW System Major Interfaces
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4.0 SvstemsEnpineerinp Team

The WSRCrecommendationto DOEfor the evaluationof alternativetechnologies
ador conceptsto the currentlycmiigured ITPprocessresultedin the formationof
the SRSHighLevelWasteSaltDispositionSystemsEngineeringTeam. DOE-SR
concurswiththis approach(ref. 2). The Charterandmembershipof the Teamare

discussedbelow.

4.1 TeamCharter

The Teamwascharteredon March 13,1998 (ref. 3). The Charterdiscusses
the Team’sobjective,the requiredteammembershipattributes,the
requirementto followthe SystemsEngineeringapproac~ andthe major
deliverablesandmilestonesexpectedof the Team.

4;2 TeamMembership

The members of the Te~ their role on the Team and company atliliation are
shown below.

..

Team Member

Steve Piccolo
Gary Abell

Jeff Barnes,.
John Carlson
(Ed Murphy-Alternate)
Dr. Ed Cussler

Peter Hudson
Dr. Lucien Papouchado
“KenRueter
Dr. Jack Watson

Gene Kosiancic

~

Team Leader
Systems Engineering

Operations

Safety & Regulatory Eng.

Chemical
Engineering/Academia
Waste Processing
Science/Site Research
Process Engineering
Science/National Lab
Reseiirch
Process Engineering
consultant

*WSRC: Westinghouse Savannah River Company

Company
Affiliation*

WSRC
WSRC

WSRC
WSMS

Univ. of Minnesota

BNFL
WSRC
WSRC
ORNL

Independent
Contractor

*WSMS: Westin-@ouse Safety Management Solutions, Inc.
*BNFL: BNFL Savannah River Corporation
*ORNL: Oak Ridge National Laboratory.
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Additionalinformation,includingbiographiesof teammembers,is provided
in CandidateSelectionfor the HLWSaltDispositionSystemsEngineering
Team(ref. 4).

. .
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5.0 Systems En~ineerin~ Process Overview

The HLW Salt Disposition Team developed a Systems Engineering Management

Plan(SEMP)(ref. 5), The SEMPoutlinesthe stepsand sequencesof a systematic
engineering process utilized by the Team in identifying and selecting the
alternatives on the “initial list?’. In essence, the Systems Engineering (SE) approach
mandates that the correct problem is defl.n~ a mission is created to solve the
probleu and a definition of what the solution must do (fimctions) and how well it
must do it (requirements) be addressed (ref. 6) before selecting solutions.

Use of the SE approach to identi~ a preferred alternative to the currently
con@ured ITP process, is required by the HLW Salt Disposition Systems
Engineering Te&n Charter.

The SE approach is a top down process and is recognized as a viable technical
management approach to define and control the development of complex technieal
progrardsystems with many uncertainties, interfaces, and elements. The main
goal of the SE approach is to deliver an end product that meets co% schedule, and
technical requirements while mkidzing the environmental, safety, and health
risks. The use”of this approach will enable the HLW Salt Disposition Systems
Engineering Team to meet its intended goal. The major process steps are discussed

below and are illustrated in Figure 2.

. Deftition and Development

Definition and development represents the logical sequence of activities and
decisions designed to transform facility operational needs and customer
requirements into a preferred system concep~ desi~ and its related
performance parameters to meet the Mission Need. Definition and
development steps include:

● “Mission Definition and Analysis
. Functions and Requirements
● Alternative Designs, Evaluation and Seleetion
. Verification and Validation .

. Technical Program Planning and Control .

Technical program planning and control encompasses management activities to
effectivelyplanand controlthe activitiesto meetprogramtechnical
requirements.Thesestepsinclude:

. Technical Integration

. I
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● Interface Control
● Risk Management (technical, programmatic, Iife cycle cost)
● Conjuration Management

. Deliverables and Schedules

● Engineeringand ProgrammaticSpecialtyIntegration

TMs integration is the timely and appropriate application of engineering efforts

and specialtydisciplinessuchas chemkd processing,reliability,
maintainability,life cycleco% humanfactors,safeguardsand security,
environmental, authorization basis/~ety, heal~ etc. This type of integration .

ensuresthat all aspectsof the projectare reviewedfromthe specializedareas
important to project formulation irnplementatiom and operation.

Iterations of each aspect.of the SE process will occur as the Team develops flow
sheet detail for the alternatives and performs risk analysis.
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SystemsEngineeringProcessSteps

Atturutivc Solm”ms
Evaluation&Sdd”on

*
?~ UfeCjdt

FuSiU4hClmdSyaca

rnjeclwecycle

Exadios

?Icp” -
?Iutnii

Ncd

.

CD= Critical Decision (DOE)
D&D = Decontamination& Decommission

Figure 2. Relationship of the Systems Engineering Process
and Project Life Cycle
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6.0 Initial Design In~ut

The HLW Salt Disposition Team developed the necessary and sufficient Level 1,2,
and 3 fimctions and requirements that any potential alternative would have to meet.
These fictions and requirements were based on a Problem Statement and Mission
Need. IrI additio~ the Team identified the external interfaces with which the
alternative solutions would interface. Finally, the Team developed a “Functional
ModeI” and a “Universal Model” which envelop all generic scenarios for
alternatives.

These models were used to initiate thought on alternatives to the in-tank
precipitation process while still ensuring consideration of the Team Mission
Statement and overall HLW system interfaces.

HLWSALT DISPOSITIONSYSTEMENGINEERINGTEAM MODEL

FUNCTIONALMODEL
PROTECTFUNCTION

I
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-

A
.

CURRENT
STATE

7“\
END

STATE
I -.--. .............................................................. / \

UNIVERSALMODW I I
EXISTING
FACILITY

~
b

HLW

-s TAHK
8T~l’lU4 h
CurmR1.acdm v

+ r I I 1
1 ? 4! -t MOCC88} 1- 1

EU?WAL
-1

The information, discussed above, is considered design input and resides in the
“Preconceptil – Phase I Initial Design Input” document (ref. 7).
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7.0 Alternatives

TheTeam’s“initiallist”of selectedalternativesis summarizedin Section7.3. The
list contains 18 alternatives for HLW salt disposition. The rigorous and systematic

approach used to identi~ and evaluate approximately 130 suggestions, ideas, and

concepts submitted to the Team for consideration is defined in Position Paper on

the Evaluation Leading to the “Initial List” of Alternatives (ref. 1).

The structuredSEapproachallowsnewor modifiedalternativesto be considered,
Processesused for AlternativeIdent@ation (section7.1)and subsequent
Evaluationand Selection(section7.2)willbe appliedto newor modified
alternatives.

7.1 AlternativeIdentificationProcess

Earlj in the Preconceptualphase,the Teamestablishedthe methodologyfor
searching out possible alternatives. The Position Paper on Identii%ing

Alternatives to the In-Tank Precipitation Process (re~ 8) describes the
methods utilized to gather Mormation. Identification of Alternatives Briefing
=e (ref. 9) W= developed ~d difibuted to collect engineetig and
operations input across the SRS. Formal brainstorming sessions were held
with important stakeholders and customer representatives. Independent
subject matter experts were consulted horn National Laboratories, academia
and the chemical industry for alternative identification. Literature searches
were tasked to National Laboratories as a cross check to the Team experience
and expertise. .

7.2 Evaluation Process and Selection Criteria

me process selected for evaluation and selection of alternatives (ref. 5)
needed to encompass wide ranges”of technical options and combinations of
ideas. To ensure SE principles for structured analysis were applied three
levels of decisions were ptiormed.

Alternatives were organized by technology category. Broad screening
criteri~ technical maturity and likelihood of successfid deploymen~ w~e
applied to the technology categories. The next step screened individual
alternatives within each technology category against more detailed criteria.
The third step ranked the alternatives or combination of alternatives.
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The technology categories are as follows:

C@aWzation (CR)- Separation of the cesium from non-radioactive Salk by
fractional crystallization

E1ectrochemica.1(EC)- Electrochemicalprocesses which achieve
separation/destruction of different ioniccomponents in the system

Elutable Ion Exchange @X)- Separation of cesium from HLW sa.lt.by
regenerable ion exchange

Non-elutable Ion Exchange (NX)- Separation of cesiurnfrom HLWsalt
by non-regenerable ion exchange

Geological (GL)- Alternatives more dependent on geologythan
processing

Inorganic Precipitation (PI) - Separation of the desired substance by
addition of an inorganic precipitant

Organic Recipitatio@lodify lTP (POM)- Separation of cesium by addition
of an organic precipitant with extensiveuse of the existingITP Facility

Organic Precipitation/New Process (POW - Separation of cesium
using a faciIitysubstantially different from the existing lTP Facility

Solvent Extraction (SE)- The use of a solvent for separating cesium based
on either an alkaline or aadic feed stream

Vitrification (VT)- Disposition of the salt by vitrifying it either in DWPF
or using new equipment or facilities

Miscellaneous (ML)- Approaches not covered by the other categories

All technology categories survived the screening process. Individual
alternatives were either accepted for fiuther consideratio~ combined in whole
or part with other ideas for fbrther consideratio~ or dropped.

The Team screened approximately 130 alternatives and established an initial
list of 18 for fhrther evaluation. The list of 18 alternatives represents
portions, combinations, modifications or hybrids of the original Pro-Formas,
of which 26 were completely dropped.

7.3 Selected Alternatives

The alternatives selected for fhrther evaluation are described in more detail in
the Position PaDer on the Evaluation Leading to the “tiltial List” of
Alternatives (ref. 1). Listed below is a brief description of each alternative.
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Fractional Crystallization - DWPF VWfication

The conceptual process would selectively remove sodium salts from acidified
salt solution as sodium nitrate crystals leaving behind a liquid containing most
of the cesium for vitrification at DWPF. The decontaminated crystals would
be dissolv~ neutralized aud made into a Class A waste (grout) at the
SaltStone Facility

Electrochemical Se~aration and Destruction - DWPF Vitrification

The conceptual process would utilize an electrochemical cell through which
filtered supernate would be transferred to an electrochemical cell to convert
nitrates and nitrites to hydroxides. The resuhant liquid would be pumped
through an electro-chemical membrane to produce two streams. The first
stream is a small volume of alkaline solution enriched in cesium for feed to
DWPF, the second is a large volume of caustic solution for recycle to the tank
fm and/or saltstone disposal.

E1utable Ion Exchan~e - DWPF Vitrification

The conceptual process uses an elutable ion exchange resin (e.g. crown ether)
to remove cesium and a second elutable resin for strontium, plutonium and
uranium removal. The radionuclides would be eluted with nitric acid and
vitrified at DWPF. The decontaminated salt Solution would be made into a
Class A waste (grout) at the Saltstone Facility.

Potassium Removal followed by TPB Preci~itation

The conceptual pr~ess would use a potassium specific resin to remove most
(-90%) of the potassium from salt solution prior to precipitation with sodium
tetraphenyl borate (TPB). This would dramatically reduce the use of TPB and
resulting benzene production. The cesium precipitate would be vitrified in
DWPF, together with the monosodium titanate used for removal of the
strontium, plutoni~ and uranium. The potassium and decontaminated salt
solution would be made into a Class A waste (grout) at the Saltstone Facility.
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Acid Side Ion Exchanpe - DWPF Vitrification

The conceptual prckess would employ one of several effective cesiurn
removal resins in an acidic flowsheet such as ammonium molybdophosphate
on polyacrylonitrile resin. If elutable, the eluate containing cesium would be
fed to DWPF. If non-elutable, the loaded resin would be vitrified at DWPF.

The decontamination salt solution would k made into Class A waste (grout)

at the Saltstone Facility.

CrvstaUine Siiicotitanate (CS’17Ion Exchan~e - DWPF Vitrification

The conceptual process would employ CST resin for cesiurn removal coupled
with monosodium titanate (MST) addition for stronti~ plutonium and -
uranium removal.. The loaded CST resin and MST would be vitrified at
DWPF. The decontaminated salt solution would be made into Class A waste
(grout) at the Saltstone Facility.

Crystalline Siiicotitanate (CST) Ion Exchange-New Facility
Vitrification

The conceptual process would employ CST resin for cesium removal coupled
with monosodium titanate (MST) addition for stronti~ plutonium and
uranium removal. The loaded CST resin and MST would be vitrified at a
new dedicated vitrification facility. The decontaminated salt solution would
be made into Class A waste (grout) at the SaltStone Facility.

Zeolite Ion Exchanve - DWPF Vitrification

“me conceptual process would utilize zeolite resin to remove cesium and a
second zeolite resin to remove strontium, plutonium, and uranium. The
loaded resins would be vitrified at DWPF. The decontaminated salt solution
would be made into Class A waste (grout) at the Saltstone Facility.

Crystalline Silicotitanate (CS’17Ion Exchan~e - Ceramic Waste Form

The conceptual process would employ CST resin for cesium removal coupled
with monosodium titanate (MST) addition for stronti~ plutonium and
uranium removal. The loaded CST resin would be converted to a ceramic
waste form. The ceramic would be stored on site until the cesium activity
was negligible (-300 years).
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Reduced Temperature ITP

The conceptual process is a variation on the current In-Tank Precipitation
(ITP) flowsheet. The flowsheet process would be the same but modifications
would be required to maintain TPB slurry and filtrate temperatures below
25°C. This would increase precipitate stability and reduce benzene
generation.

Catalyst Removal ITP

The conceptual process is a variation on the current ITP flowsheet. This
process requires an additional process step to remove both solid catalyst
(entrained sludge) and soluble catalyst (metal ions in the salt solution). This
would increase precipitate stabiIity and reduce benzene generation.

ITP with Enhanced Safety Features

The conceptual process is similar to the current ITP flowsheet. The
modifications would compensate for Authorization Basis safety issues with
Engineered Safety Features.

Small Tank TPB Precipitation

The conceptual process would be a series of Continuous Stirred Tank to
conduct a TPB precipit&ion. This is followed by a chilled concentrate tank
for storage of the precipitate. This reduces cycle time and total inventory,
thereby reducing the hazardous material source term. The downstream process
would be similar to the current ITP flowsheet.

Caustic Side Solvent Extraction - DWPF Vitrification

The conceptual process would encompass multiple extractio~ scrub and strip
stages with a diluent and an extractant such as a crown ether for cesium
removal. The cesium would then be stripped from the solvent with dilute acid
and vitrified at DWPF. The decontaminated salt solution would be made into

a Class A waste (grout) at the Saltstone Facility.
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8.0 Conclusions

The structured Systems Engineering approach utilized by the team successfi.dly
captured and evaluated a wide range of alternatives for SRS HLW salt disposition.
The evaluation considered the best solution options of approximately 130

alternatives and resulted in 18 alternatives for tier evalw$ion.

The continuing evaluation (Te&n Charter Phase II) has been initiated. Phase II is
focused primarily on continuing the risk assessment process and
developmentiapplication of weighted evaluation criteria necessary to establish a
short list. Risk evaluation in Phase II is searching for critical technology issues that
could cause failure to implement a given technology. The evaluation criteria to be
used in the process of establishing the short list encompass the following

●

●

●

●

●

Technology risk will assess the unknowns with new technology or new
applications of existing technology.
Interface risk will assess ‘hnpacton current HLW and Solid Waste operations.
Safety risk will assess nuclear safety, process hazards and accident conditions as
well as permit and license requirements.
Design risk will assess primarily three topical areas:

current completeness of identified functions and requirements
identification of complex operation conditions
identification and adjustment of design assumptions

Cost/schedule risk will assess the potential risk for implementation (science to
engineering) of each alternative focusing on inhstructure, material, operational
interfaces and complex construction f~ibility.

.
The Team will continue with the scheduled evaluations as defined in the team
charter.



.

SECTION 9.0

REFERENCES



HighLevel WasteSalt Imposition JKYRC-RP-98-00162

SystemsEngkeering Team Page 26 of 28
HLW Salt Disposition Alternatives Identtjication
Preconceptual Phase I Summary Repoti

9.0 References

1.

2.

3.

4.

5.

6.

7.

8.

9.

The following references were listed in Sections 1.0 to 8.0 of this report.

High Level Waste Salt Disposition Systems Engineering Team Position Paper on the
Evaluation Leading to the “Initial List” of Alternatives

Greg Rudy to James M. Owendoff letter dated March 16, 1998

Charter for the SRS High Level Waste Salt Disposition Systems Engineering Team

CandidateSelectionsfor the HLWSaltDispositionSystemsEngineeringTeam

WSRC-RP-98-O0163, Systems Engineering Management Plan for Development of
Alternatives to Process and Dispose of High Level Waste Salt (U)

High Level Waste Salt Disposition Intefiace Requirements, Revision C

Preconceptual-Phase I Initial Design Input

High Level Waste Salt Disposition Systems Engineering Team Position Paper on
Identifying Alternatives to the In-Tank Precipitation Process

Identification of Alternatives Briefing Package



,

-.

SECTION 10.0

LIST OF ABBREVIATIONS



High Level Waste Salt Disposition WSRC-RP-98-00162

Systems Engineering Team Page 27 of28 “

HLWSah Disposition Alternatives Ident@cation “
Preconceptual Phase I Summary Report

10.0 Liit of Abbreviations

The following abbreviations are used through the report and are listed for

clarification.

1.

2.

3.

4.

5.

6.

7.

8.

9.

CD - Critical Decision

CIF - Consolidated Incineration Facility

Cs - Cesium

D&D - Decontamination and Decommission

DNFSB - Defense Nuclear Facility Safety Board

DOE - Department of Energy

DOE-SR - Department of Energy - Savannah River

DWPF - Defense Waste Processing Facility
..

e.g. - that is

10. EPA - Environmental Protection Agency
. .

11. ESP - Extended Sludge Processing

12. ETF - Effluent Treatment Facility

13. FFA - Federal Facility Agreement

14. HLW - High Level Waste

15. ITP - In-Tank Precipitation

16. MST - Monosodium Titanate

17. N/A - Not Applicable

18. NaTPB - Sodhun Tetraphenylborate

19. ORNL - Oak Ridge National Laborato~
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20. SCDHEC - South Carolina Department of Health and Environmental Control -

21. SE - SystemsEngineering

22. SEMP - Systems Engineering Management Plan

23. SRS - Savannah River Site . .

24. TBD -To Be Determined

25. WSMS - Westinghouse SafietyManagement Solutions, Inc.

26. WSRC - Westinghouse Savannah RiverCompany
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PURPOSE

The SRSHighLevelWasteSalt DispositionSystemsEngineeringTeam(“Team”) waschartered-
(Ref. 1)to systematicallydevelopand recommendan alternativemethodand/ortechnologyfor
dispositionof HighLevelWasteSalt by the end of FY1998, The Team Charter prescribes a number

of major milestones to be met in accomplishing the task One of these major milestones is a report

summarizing the activities leading to an initial list of alternatives and screening criteria for the short

list. Tb.isPosition Paper provides additional detail pertaining to the evaluation methods and criteria

used to create the “initial li~” the alternatives considered in the process and the disposition of the
considered alternativesin supportof the requiredreport.

BACKGROUND

The DOEcomplexin the U.S.,andotherorganizationsworldwide,havebeen developingand
implementinghigh levelwasteimmobilizationand disposalmethodsfor the past several
decades.

In Europe, as well as in other foreign countries, waste has been predorninan tly stored in a

concentrated acid foxm in stainless steel tardcs. Immobilization processes have then relied on
direct vitrification of that waste stream. In the U.S. (SRS, Hdor& West Valley, Oak Ridge) the
waste was neutralized with strong caustic and stored in carbon steel tanks. This separates the
waste into an insoluble sludge fiction (about 10%) of hydrated metal oxides containing most of
the radionuclides (stronti~ plutord~ uranium and others). The remaining salt solution is
primarily sodium nitrate, hydroxide and nitrite with cesium-137 as the predominant radionuclide.
This is stored as a concentrated solution or saltcake.

At SRS, an organic precipitating agent (sodium tetraphenyl borate) was selected as the preferred
method of separating cesiurn and f=ding that to the DWPF for treatment mixing with the
radioactive sludge, and feeding to the melter. The decantarninated salt (which.is the bulk of the
waste) can then be fd to a lower cost grouting facility for onsite disposal. The precipitation
process was developed anddemonstrated on a full scale radioactive tank in the mid 1980’s.
However, recent large scale tests and an extensive R&D program have shown operating and
authorization basis drawbacks sufficient for SRS to re-evaluate the alternatives for salt treatment
processes to minimiz all the risks.
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PROCESS OVERVIEW

Two aspects of the Team Charter had to be accommodated in the final process - the
need to comprehensively consider J available alternatives and the goal of
recommending a preferred alternative(s) within a six to ~e month timeframe. The
process also had to preserve any fragments of non-viable alternatives with the ~tential
to be modified or combined to create anew alternative.

Figure 1 is a representation of the ~ection process for the initial list. The position
paper on data cokction (Ref. 4) describes the process which took advantage of the
considerable work already performed with regard to processes related to the
disposition of HLW Salt to select viable alternatives for further evaluation. The

selection methodology has explicit steps to require M consideration of potentially
favorable fragmenk of dropped alternatives (such as choices among possible reagents
and/or engineering implementations).

MINIMUMACCEPTANCECRITERJA

STEP 1

I
STEP 2 A I

T -- ‘—AlwnES/
STEP 3

Y
+

I I
—————4 -=,” l——————

I J
Figure 1. Alternative Oown Select Process

for the Phase 1Preconceptual Initial Ust

41s-98
I%& 3ofsj
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The fti step groupsproposedalt~atives into categories based on technology, which are then
screened for basic viability (in this case all of the categories passed). All the alternatives
embodied within the categories are then reviewed individually at the second step. This step
screens the indhidual alternatives against criteria representing the Level 1 Mission Requirements
from the “Preconceptual - Phase I, Initial Design Input” document (Ref. 2). The most favomble
alternatives from each category, as ranked in step three, are then carried forward to the initial list.

This same process will be used to screen subsequent alternatives arising from parallel Team
efforts, such as literature searches and inqties among the”proksional and commercial
communities, as input from those sources becomes available. Alternatives arising from these
and other sources will be screened until the Team makes its recommendation of a preferred
alternative(s). Perio&c reviews are req- as an integral part of the process to determine if
previously discarded alternatives should be reconsidered on the basis of new information.

The need to fbrther develop promising concepts on a timely basis is met by the early screening of
cumently known alternatives. The need to cxmsider new alternatives developed from ongoing
work is met by providing fidl consideration and screening to them.

The entire selection process leading to the preferred alternative(s) is described more fidly in the
Systems Engineering Management Plan (Ref. 3).

●

4-1s-98
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GENERATION AND ORGANIZATION OF ALTERNATIWS

As described in References 3 and 4 ,the input for the selection of the initial list was generated
horn a number of sources, including SRS employee inpu~ historical revie% formal
brainstorming and early, inforI@ results from independent subject matter experts. This input
was documented on “Pro Forma” sheets. These sheets were used to assure an adequate
description of the proposed method or technology, to support screening, and to capture the
originators’ views on strengths and weaknesses of the proposal. These alternatives were then
grouped by the Team into the following categories

●

●

●

●

●

●

●

●

●

●

●

Crystallization (CR) – Separation of cesium from non-radioactive salts by
fictional crystallization

Electrochemical (EC) - E1ectiochemical processes which achieve
separatiorddestruction of different ionic components in the system

Elutable Ion Exchange (EX - Separation of cesiurn from HLW salt by regenerable
ion exchange “

Non-elutable Ion Exchange (NC)- Separation of cesiurn from HLW salt by non-
regenerable ion exchange

Geological (GL) – Alternatives more dependent on geology than processing

Inorganic Precipitation (PI) - Separation of cesium by addition of an inorganic
precipitant

Organic Precipitation/Modi& ITP (POM) - Separation of cesium by addition of
an organic precipitant with extensive use of the existing ITP facility

Organic Precipitation/New Process (PON) - Separation of the cesiurn using a
facility substantially different horn the existing ITP facility

SolventExtraction(SE)- The use of a solventfor separatingcesium”basedon
either an alkaline or acidic feed stream

Vitrification (VT) - Disposition of the salt by vitri&ing it either in DWPF or
using new equipment or facilities

Miscellaneous (ML) - Approaches not covered by the other categories

4-1s-9s
Pagcsof53



The ProFormasheetsweresequentiallynumberedwithineachcategory. AdditiomlPro Forma
sheets were later created by the Team based on this input and Team discussions. These
additional Pro Forma sheets were also grouped into the categories. All of the Pro Forma sheets -
generated during the creation of the initial list are indexed in Table 1 and presented in -
Attachment 1.

SCREENING OF CATEGORIES (STEP 1)

Per Figure1,the f~ stepof the screeningprocesswasto assurethat the categorieswereviable
for continued consideration. The “Preconceptual - Phase ~ Initial Design Input” document
(Ref. 2) forms the basis”for all screenings since it is a compilation of the “necessary and ~
sufficient” requirements for the preferred alternative. However, in the case of category
screening, it was necessary to simpli~ the evaluation criteria due to the lack of specificity
inherent in a technology category and a requirement that the smeening be sufficiently
conservative so alternatives were not discarded if there was any potential that they could
ultimately emerge as the preferred alternative. These considerations resulted in the Team
choosing to apply two evaluation criteria and two rules for this screening

Evaluation Criteria

1.

2.

Technical Maturity - Does this category reflect concepts which have never been tested or, at
the other extreme, are they fidly provexxin nuclear applications?

Reasonable Chance of Deployment-Given tie technical maturity and degree of complexity
of the technology, does it have a reasomble chance of deployment on the timescale needed
by this project?

Rules: “

1. In the event that there was insufilcient expertise available to the Team to determine in this
screening that a category clearly failed to meet one or both of the criteria the category passed
this screening and went onto the next level of review (i.e., insufllcient.knowledge to reject
the category results in acceptance).

2. If any alternative in the category m~ts the two criteri~ the category is accepted.

Notethat costwasnot explicitlyusedas a criterionfor categorysmeeningdue to the lackof
implementationdetailfor the individualalternativesto supportan evaluationagainstsucha
criterion.

Any categories screened out at this level would have the causative ftilure documented and the
alternatives in the category would be dropped from tier consideration.

Ajier Team consideration and discussion, all of the categories were found to meet the criteria
and all of the alternatives were taken to the individual screening step.

4-1s-9s
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SCREENING OF ALTERNATIVES (STEP 2)

The nextstepof screeningutilizedthe followingevaluationcriteriarepresentingthe Level 1 “
MissionRequirementsfromReferenee2. Level 1MissionRequirements&eidentifiedin
parentheses”( )“ with more explicit lower tier requirements identified in square brackets” [ ]“.

1.

2.

3.

4.

5.

Safety
(a) Is the Process/Facility Licensable ? (R-l-1)

. (b) Are the Emissions and Ultimate Waste Forms Perrnittable”?
(R-I-2 & R-l-3) ~

(c) Does the Process Have Inherent Hazwds ? (R-l-1)

Schedule
(a) Type ~ ~ &IV tanb will be ready for closure by 9/30/2020. (R-l-5)

(b) Type III and IIIA tanks will be ready for closure by 9/30/2028. (R-l-5)

cost

(a) Full deployment must be implementable for< $? MM. (R-l-9)*

Scienee

(a) DNFSB Recommendation 96-1 ksues must be resolvable for the proposed
alternative. (R-1-1O)

(b) Does the proposal have sufficient scientific maturity ?
(R-I-3, R-l-4, R-l-6 & R-l-9) ~-L4-4]

Process
a) Are External Interfaces Maintained ? (R-l-3, R-l-4& R-l-6) [R-1.4-5]

a. 1) Receive existing waste streams
a.2) Store existing waste streams
a3) Effluent compatible with appli~ble facilities

b) Are Constructability and Maintainability Requirements Met ?
(R-l-7 & R-1-8)~-l.4-2]

(c) Are Existing Attainment Ibtes Met? (R-l-5) “
(d) ‘Does the proposal have sufficient En@neering Maturity? (R-l-8) [R-1.4-3]

●The Team recognized that cost was a necessarycomponentof the cvaluatio~ although a specific cost criterion would be
diff:cult to establish. However, it was ultimately unnecessaryto establish a specificdolim critcrjon as my alte~tive tilch had
the potential to fail a conservativecost criterion tripped some other criterion. .

4-15-98
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Prior to reviewing each proposed alternative against these criteria the alternatives were reviewed
for similarities. In a number of cases the same concept was proposed by more than one person “
with variations in the wording of the description. In other cases alternatives were proposed
which were specific cases of another more general alternative. ‘I%- alternatives were grouped
under a” flagship” alternative representing the group for consideration. In the event that a
flagship alternative was not accepted for fixrther consideratio~ the included alternatives were
checked to determine if one or more would be acceptable.

Afler review against the criteria above, each alternative received one of four dispositions:

● Accept (Carried onto the next level of review)
● Reject (The failure to meeta specific criterion was document~ the

alternative was not camied forward fbr tier review)
● Included (Considered redundant to or a subset of the flagship alternative

and dispositioned with it)
● Hybrid (The “stand-alone” alternative failed to meet one or more criteri~

was documented for the failure and not tied OQbut some sspect(s) of
the alternative appeared to have merit when used in combination with
other alternatives and/or hybrids and would be fhrther considered in that “
context)

..

Table 2 is a list of the altemativ= which were accepted for ranking. Alternatives listed in the
“Cements” col~ k ~uare brackets” [ ]“ are Pro Forma identifiers included within the

accepted alternative. Table 3 k a list of alternatives which failed one or more cn”ten”aand were
not camiedfonvard. A brief statement of a criterion(a) which was not met is given in the
“Disposition” column. Table 4 is a list of altemativ~ which, while not accepted as stand -
alone alternatives, contain a~”butes for hybrt”d consideration. The” Disposition” cohunn
briefly addresses criteria not met and the “Comment” states the concept hybridized.

,

4-ls4a
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FURTHER SCREENING OF ALTERNATIVES AND RANKING(STEP3)

Additional alternatives generated by the T@m based on hybrids or other id= arising tim the
previous screening step were fidly discussed and screened using the same process as applied to
the origiml alternatives. Some new alternatives developed from hybrids and insights gained
from the screening process were accepted as a result of this discussion and screening. They were

documented through the generation of Pro Forma sheets and are included in Attachment 1 and
Table 1. Note that an “H” appended to the Ro Forma identifier (“MLH” rather than “ML”)
indicates a hybrid alternative and a”. 1“ appended to a Pro Forma identifier (“EX8.1” rather
than “EX8”) indicates a modification to an original alternative generated from ideas arising
during the screening.

All of the “Accepted” alternatives were ranked within their categories with regard to their
robustness, technical maturity, and potential for implementation. The alternatives evaluated as
having significantly more advantages were carried forward to the initial list. Each alternative
was compared only to alternatives within its category and not to alternatives in other categories.

Table5 is a listingof the outcomeof the rankingprocw. For alternativesincludedin the initial
li~ the rankingwithinthe categoryis given. For alternativesnot selectedfor tier
considerationa rankingandbrief commentis given.

INITIAL LIST

It is important to note that the initial list generated by the process described in this report is not
“frozen” at the eighteen alternatives. As tiormation from literature searches, professional and
commercial inquiries and other submitted Pro-Formas becomes available, potential new
alternatives will be screened by the process a@idy de~bixl for addition to the list. Both the
initial list and short list may be added to at any time up to completion of the final Team .
deliverable of the recommendation of the Prefmed alternative(s).

..

The following alternatives were accepted onto the “Initial Li&

4-1s-9s
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Fractional Crystallization - DWPF Vitrification

The proposed process wouldsdectiiely remove sodium and potassium salts fromtie dissolved
saft/ supematefeed by utiliingthe soltjbjlitydifferenceofthedflerentsattsin the neutralized
waste stream. The cesiumremains in the mother liquorand can be transferred to the DWPF.

Prior to the uystalliition step, the salt solutionfeed is titteredto remove the sludge solids.llw
filtrateis aadtied withnitricadd toxmnvertOH-,C03=, and NOZ-to N03-.The addiii solutionis
next fed to a continuous uystalliier unitwupted to a filtering/ separatii device to separate the
crystals fromthe mother liquor. The soluble radionudides day in the mother liquor,except for the
frad”on that remains oookded within the crystals or adheres to the surfaoes. The mother liquor is

sent directly to DWPF after pH adjustmen~ifnecessary.The crystalsare decontaminatedby
washingandare thendissolvedandsentto Saltstone to produce a Class A waste.

Variations:

1) Batch cfyXalliier
2) Eliminate potassium separation

Merits:

1) No reagents added
2) Routine industrialnonradioactive operation

.

L-TA rum

mal



Electrochemical Se~aration and Destruction - DWPF vi~”fication

Intheproposedprocessconcentratedsupernateanddissdvedsaltcakesolutionaretreatedwith MST to reduce the .
concentrationofsolublealphaactivityandthenfilteredto removeentrainedsludgesoIids.Thefilrmteis then
proeewxlinan ektrochemieal edl to convert nitrates and nitrites to hydroxides. Nitrogeu nitrous oxide and
ammonia are generated@ WOlvedas gases. The liquid exiting the electrolytic cell is next processd in a
mukistaged ektrochemical membmne unit to produce a small volume of alkaline solutionenrichedincesiumanda
largevolumeof caustic solution Itmaybe f~ible to sepamte potassium in the form of potassium hydroxide from
eesium in a separateelectroehemiczdcell. At leasta portionof theNaOHcanbereqcled to thetalc &rrn lle
remainingcausticstreamwouldbegroutedin theSaltStonefieility.TheCsariehed streamis wapxated tomduee
thevolume,overheadsareprocessedthroughETF and the bottoms are combked with sludge for vitrikation in the
DWFF.

The proposed process would include these steps: (1) combine mneentrated supemate ami dissolvd salt cake
solution and tmnsfer the salt solution to a tank for treatrnertlwith MST to remove soluble alphzg(2) filter to remove
entrainedsludge solids and =, (3) ektrolyse fikered salt solution in an ekctroehemical unit to convert ninate
and nitrite salts to Gm.st@(4) process caustic solution in an multistage ektromembrane unit to produce a small
volume of solution enriehed in (2s,a stream containing potassium hydroxide and a large volume of sodium
hydroxide solution depleted in&, (5) recycle partor all of the sodium hydroxide to the tanktit (6) Mix the
remaining decontaminatedsodiumhydroxidesolutionwiththepotassiumhydroxidesolutionandtier to the
Saltstonefkility to makea ClassAwastegrout (7)EvapmateC&richcausticsolutionto reducevoltune(overheads
toEITJ (8)transferevaporatorbottomsforvitrificationinDWPF.

variations:
1)
2)
‘3)

Merits:

;;

Consider Nafionm membraneas “wellas ceramic membmncs
Eliminate potassium separation
Consider eleaodialysis for separationof the alkali materials

..

Beneficial re-use of caustic
Redueed volume of glass

ReeyeiedNaOH

D=olved Salt
Cake and

H2

N2, NOX, NH3, H2

t
HLW Salt Treat and Ftir to + Multistage

RemoveAlpha Electroc+em”ti - ECMembrane
HLW andSludge Nitrate/Nitrite to Separate

Sludge Destmetion Cs, K Na

Evaporate to

DWPF
Concentrate

4 Cs

Condensate
to ETF

-1 KOH, NaOH and
CS-137 OtherSatts

Saltstone

[

6 Grout 4-15-9a
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Elutable Ion Exchange – DWPF Vitrification

The proposedprocess would use tvvoregenerable resins to remove Cs and Sr, Pu, U. The
radionudides would be ekrted with 0.5 M nitrioaad. If neczssa ry, the dilute aad could be
concentratedby evaporation. It would then be added to sludge in the DWPF. After treatme~, to
remove Hg, the decontaminated satt solutionwould go to Sattstone Faaliiy to be made into a
Class A grout.

The prooesswould include these steps Filtrationto’remove studge solidsfrom the salt solution
and prevent pluggingof IX columns. The solidswould be transferred to DWPF with the sludge
stream. Then treatment in a cmvn-ether-based IX column(s)fdlwed bytreatmentwithan
actinideresin to remove the Sr, Pu, U. The radionuciideswould be eluted from both resins using
a 0.5 M n“tic aad solution. If necessary, an evaporator would be used to concentrate the eluate
before transfer to the DWPF. Eventually the resin performance w“IIdegrade such that it must be
replaced. The concentrated eluate would be transferred to the DWPF. Depending on the quantity
of n-tic add in the eluate, some further ohemical adjustments maybe requiredfor metter redox
balance. The decontaminated At sofutionwould be transferred to Hg removal (G173) and then
to the Saltstone Fadliiyto prduce a CtassA waste.

Variations

1)

2)
2)
3)

Merits:

1)
2)
3)

MST addtion in feed blending could be substituted for the Aotinideresin column(s)
Resordnd formaldehyde resin in p!aoe of crowwther
Simulated moving bed in plaoe of fued column
Flat bed in place of fwed coiumn

Nitricadd eluate compatible with DWPF flwsheet
Reduced volume of glass based on potassium going to Sattstone
EliminatesDWPF Salt Cell operation
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Potassium Removal followed by TPB Precipitation

The proposedprocess would use a potassium-speciticresin to remove most (-90%) of the “
potassiumfrun salt sdti”on priorto precip”titionwith TPB anion. This vmuld drasticallyreduce
the quantityof TPB used and delivered to the DVVPF. Pre@itation would occur in Tank 48 with
mncentration and washing as necessary. Decontaminated salt sdti”on wuld be produced as in
the cment flcmheet and combined w“ththe acidic etuate from the potassium removat resin.

The processwould hwtude these steps Filtration to remwe s!udge solidsfrom the salt solution
and prevent pluggingof the IX column. The solidswould be transfemedto CXIVPFwith the sludge
stream. Then treatment in an IX column to remove most of the potassium. The potassium would
be e!uted with nitric aad. Prm”pitationof the remaining potassium and Cs (and sdubte Hg) with
TPB anion in.Tank 48. Add.MST to Tank 48 to remove Sr, Pu, U. Concentration of the slurry
produang decontaminated satt solution.The decontaminated salt solutionwwtd be atmbined
w“ththe potassiumIX eluate, made caustio, and sent to Sattstone and disposed as Class A
waste. Wash the pr=”pitate as required to remove the required atkafi and transfer to the DWPF.

Variations

1)

2)
3)

Merits:

1)

2)

Send TPB directly to metter rather than Saft Cell
Simutatedmoving t3edin piace off~ed column
Flat bed in place of fued column

Approximately 10 fdd reductionin organic inventory and benzene generation
Reduced volume of glass based on potassium going to the SaltStone Faality
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Acid-side Ion Exchange – DWPF Vitrification

Ilere are several highly effective (2s ion exchange resins which can opemte only in the aadic range to
performproperly.Ilte proposed.process wouldacidi& the salt solution swan so thatan ammonium
molybdophosphate on polyacrylon.itrilcresin can be used. ‘Ik eluatc or the loaded resin in the case non-
elutablc resin would be vitrifkd at UKDWFF. TIIcsalt solution would go to the Saktone Facility to be
made into a Class A grou~ after treatmentto remove Hg.

The process would include these steps Monosodium titanate ~ ackiitionto remove Sr, PILU.
Filtrationto remove sludge and MST solids fmm the salt solution and pxevent plugging of the IX columns.
Acidification with nitric acid. This step would requireNOXabatementkrubbing, The pHwouldbe low
enoughthatAlwouldnotprecipitate.Treatmentinan IXcolumn(s)usingoneoftheacid-rangeresins.The
decontaminatedsaltsolutionwouldbeneutmlizedandgoto the SaltstoneFacilitytobe madeintoa Class
A groutafter treatmentto remove Hg.

variation

1) PartiaIy”dest.roynitrates electrochemically in place of caustic addition

Merit

1) For elutable ~ reduced volume of glass based on potassium going to the Sahstone FaciIity
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Cmstalline Silicotitanate (CST) Ion Exchange – DWPF Vitrification

The proposedproecss would employ the erystdine siiieotitanate (CSf’) resin to remove Cs from the salt solutiom ‘
There may also be some level of decontamination of Sr, IW and U fmm the salt solutiom IfSr, Pu and Uarenot
adequatelyremovedjmondutn titmtc (MST)couldbeaddedtosorbtheseradionuclides.Sincethe
radionuclidescannotbeelutedfromtheCSTrealmtheloadedresinwouldbetransferredtotheDWPFtobe
mmbinedwithsludgeandfrittoproduceborosilkategtass.lle decontandmtedsaltsolutionwouldgoto the
SaltstoneFacilitytobemadeintoa ClassAgroutaftertreatmentto removeHg.

The pmeesswould include these steps MST addition to remove Sr, I@ U. Ftion to remove sludge ~ MST
solids from the salt solution and prevent plugging of ion exchange (IX) columns. Ile solids would h transferredto
DWPF via the sludge stream ‘Ikeatmentin a CST IX eolurnn(s) with the Cs loaded CST (including Sr, ~ U)
slurriedto the DWPF. The decontaminated salt solution wmdd be transfemd to Hg removal (G173) and then to the
SaltStoneFacility to produce a Class A waste.

variations:

1) A series of “batch &stir” CST removal steps (tanks) could be employed instead of the CST IX mlttmn(s).
2) The CST resin could be combined with the sludge stream instead of being fd in a separatestream

Merits

1) Non-hazardousinorganic reagent
2) High efficiency Cs removal
3) Direct inmtpotation of CST into glass mkdmhzs wste volume relative to Zeolite
4) EliminatesDWFF salt cell o~tation
5) Redueedvolume of glass based on potassium going to saltstone.
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Ctvstalline Silicotitanate (CST) Ion Exchange – New Faciiitv Vitrification ‘

The proposedprocesswould employ the aystalline siiimtitanate (~ resin to remove Cs fromthesaltsolution
‘I’heremay also be somelevel of decontamination of Sr, ~ ad U from the salt solution. IfSr, FuandUarenot
adequately remov~ monosodium titanate (MST) add be added to sorb these radionuclides. The Cs loaded resin
would be vitrifkd into a ve~ highly loaded CST/borosili@e glass (up to 60 wt% CSTJin a sepamte fkility thus
achieving a very large volume reduction This glass would be stored on+ite until the Caactivity becomes negligible
(-300 years). The decontaminated salt solution would go to the Saltstone Facility to be made into a Class A grout
after treatm~t to remove Hg.

. .

The prcmss would include these steps: MST addition to remove Sr, ~ U. Fdtradonto remove sludge and MST
solids from the salt solution and prevent plugging of the IX wlumns. Ike solids would go to the DWFF via the
sludge stream.Treatmentin a CST IX column(s). The Cs loaded CST would be mixed with fritand fd to a new
dedicated vitrifkation facility. The glass productwould be stored in a shielded vault which could ultimately be
closed when the Cs activity decayed autlkiently. The melter would requirean off@s treatmentsystem. The offjgas “

condensatecouldbeincludedwiththeDWFFrecycleor godirectlyto theTankFarmaftercausticaddition.‘l’he
decontaminatedsaltsolutionwouldbetierred toHgremoval(GT73)audthento theSaltStoneFacilityto .
producea CtassA gnmt.

variations:

1) A series of “batch& stir” CST removal steps (tanks) could be employed instead of the CST IX”column(s).
2) The Cs loaded glass could be stored in DWFFtype “camstemin theGWSB.

Merits:

1)
2)
3)
4)

~

.

Non-hazardousinorganic reagent
High efficiency Cs removal
Minimal impact on currentDWPF process and waste form
Reduced volume of glass based on potassium going to the SaltStoneFacility
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Zeolite Ion Exchange - DWPFVitrification

Theproposedprocess would uscazcoliteresintomove Sr,M u andasccund=Iilc=in torctttovcCS
from the salt s@Ition. The radiottttclidcswould be transfcrral totheDWPFonthezolitcresinwhenthey
woutd be combined with sludge and frit to produce borosi[icate gIass. ?k decontaminated salt solution
would go to the SaltStoneFacility to be msde into a Class A gruutafkr treatmenttoremove Hg.

lb process would inciude these steps: Filtration to remote sludge solids from the Saltsolutionandprevent
plugging of IX columns. The soIids would be tmsfcmd to the DWFF via the sludge stream. For mlite
!esins to perform properiy, the pH must be< 12. The next step is acid ddition to lower the pH followed by
titration to remove precipitated Al and then by caustic addition to prevent post-pnxipitaticinof Al.The
filteredAlis redissolvedincausticandadded ba& into the salt solution stream after the zolite columns.
Nc@ the pH adjusted salt solution is treated in a -I@ e.g. TIE-% IX column(s) to remove Sr, MUand
then ina zeolitq e.g. IE-% column(s)to remove Cs. The zolites areskied to the DWFF to be
incorporatedinto the glass. Additional waste glass will be produced in the DWFF compared to the cumnt
flowsheet. The decontaminated sah solution would be transferredto Hg removal (G173) and then to the
Saltstonc Facility to produce a Class A grout.

Variations

1)
2)

3)

MST addition to fd bknding could be usA instead ofa zcolitc cohurmto remove Sr, I@ U.
A “batch& stY option could be cmploy~ this would requireeither several stages to achieve
adequatedccantamination or rc-permitting of Saltstonc to Class B or C x
Add zcolite directly to salt sohrlion in a blend tank and separate sotids.

Mcriw ‘“ ~

1) Non-hazardousinorganic reagent
2) Full scale radioactive opemtion demonstrated at West Valley
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Crvstalline Silicotitanate (CST) Ion Exchange- CeramicWasteForm

The proposedprocesswould employ the crystalline siiicotitanate (CST) resin to remove Cs flom the saltsolution ‘
There may also be some level of decontaminadonof Sr, fi and Ufromthesalt soh3tiomIf Sr, Puand Uarcnot
adequately remov~ monosodium titanate (MST) could be added to sorb these mdionuclides. Filtered sludge and
MST are sent to DWPF for vitrifkatioxLThe Ca loaded resin would be inunoWii into a durabl~ temperature
tolerantcemmic waste form. llds ceramic would be stonxi on-site until the Cs activity becomes negligible (-3oo
years). Removal of decay heat would be a key requirementduring the early years of storage. The decontaminated
salt solution would go to the Saltstone Facil@ to be made into a Class A groutafter tmament to remove fig.

variation.%

1) A series of “batch and stir” CST removal steps (tanks) could be employed instead of the CST IX column(s).
2) Otheralternarks for resin stotage are possible, e.g..make the ceramic in DWPF type canisters and store in

GWSB until readyfor dkposal in a Federal repository.

Merits:

1)
2)
3)
4)

Non-hazardousinorganicreagent
Higheflkiency(k removal
Minimal impact occurrent DWPFprocess andwastefom
Potentially simpler and cheaper immobikation technology compared to vitiation
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Reduced Temperature ITP

The reduced tem&xature ITP option is a variationof the current ITP flowsheet. The plant configuration
would remain the same exoept for the additionof coolingoapabifities. The temperature of the TPBsluny
and fittratewould be maintained below 25° C by use of chillersuntiltransport to the DWPF salt cd or the
Sattstona Faafii, respectively. Reducing the temperature of the ITP process reduces the benzene
generation rate to approximatelythe rate for radiolyticdecompositionof TPB. Temperature controlwould
need to be added to the followingexisting equipment and systems: Tank 48, Tank 49, Filtrate Hold Tanks
in ITP, Tank 50, The Salt Solution HoldTank in the Saltstonefacilii, and the Me Wash P~”pitate Tank,
Late Wash HotdTank, and Low Point Pump Pit.PrecipitateTank.

Variation:
1) None

Merits
1) Minimal fa”fii modifications
2) Minimal impact on tirrent DWPF process and vvasteform
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Catalvst Removal ITP

The oatalyst removal ITP option W-II require an additional process step to the ourrentITP fiomheet for -
removalof both solid oatalyst (entrained sludge) and soluble catalyst (metal ions in solution). A unit
operationfor titteringthe sludge from the salt feed and a column for contactingthe filtered salt solution
with ferrous sulfideto remove any sotublecatalyst MMbe used to prepare the salt solutionfor storage
~“or to processingin ITP. The removal of the oatalyst from the ITP feed should reduce the benzene
generation rate in the ITP process to approximatelythe radiolyticdecompositionrate of TPB. The
processingsteps subsequent to this treatment w“IIbe the same as the ~“sting ITP configuration.

Variations:

1) Use a flocculentto capture the catalyst partides
2) Use a flow through electrochemicalcell to separate the catalyst

Merit

1) Minimal impact on cwent DWPF processand waste form
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ITP with Enhanced Safety Features

The cawptual process is similar to the current ITP process. The modifications would compensate for
Authorization Basis safety issues with Enginccrcd Safety Features

Forexample, incrcascd wntilation would increase the benzene generation rates that could bc accepted during ITP
and subsequent processing., Thii option would require upgrades to the safety systems ancVorstmtegics fm the
following systems and cquipmcnfi Tank 48, Tank 49, Tank 50, lTP Filter Cell leak detection and vcntilatiom ITP
FiltrateHold T- Salt Solution Hold Tank in Saltstone, Late Wash Filter Cdl Icak detection and vcn$lationi Late
Wash Process Vessel Vent System, and the Late Wash Precipitate TanIGLate Wash Hold Tank and Low Point
Pump Pit precipitate Tank. Late Wash Hold Tank and Low Point Pump Pit Precipitate Tank chillers would have to
be added to reduce benzene etilons.

Variations:
1) Canbe combined with rcduccd tcmpcraturc and/or cataIyst removal ITP
2) Air dilution while operating at positive pressure

Merit
1) Minimal impact on currentDWPF process and waste form
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SmallTankTPBPreci~itation

This option replaces batch prtzipitation in Tank 48 with continuous precipitation This continuous precipitation unit “
opmtion could be a seriesofGmdmtousShredTankReactors(CSTRs).A_CSS S@ mnmn~tc @
maintainedat lessthan25°Cwmddfollowtheprecipitationprocess.Existingfilterscouldbeusedforthis
concentrationoperation Awashingfacilitywouldwashtheslunyto meetDWPFnitite requirements.lhe _
LateWashFacilityor a newM@#tank cotddbeusedforthewashingoperation.Aiiltratestoragefacili~would
be requiredbetweenthecontinuousprecipitationfwitityandtheSaltStoneFacility.

variations;
. .

1)
2)
3)
4)

A catalyst removal head end process czxddbe added to this option
Continuousprecipitation could be petformed in vortex mixers “
Continuousprecipitation could be performed in a single CSIR
LOWrateinjectionof TPB to effecta 5X separationof ccsiumfrompotassium

Merits

1)
2)
3) “

Reduced inventory of flammable rnatktial
%duced Wcle time, improved mixipg and cooling reducesbenzene gezteration
Elimimtes the need fora second washat Late Wash
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The basic prinaple of solvent extraction (liquid-liquid extraction) is to use a sparingly soluble diluent
material that carries an extractant that w“IImmplex with cesium ions in the cau~”c sofution. The
separated cesiumcan then be stripped back into an aqueous Phase readYfor~n~er totie ‘WF” The .
solvent is mntacted in a countercurrentfashion w“ththe caustic waste ~ti”on (in the fiction Stages).
Following cesium extraction, the solvent is scrubbed with dilute caustic to remove Other satts from the
solvent stream (in the Scrub Stages). The solvent is then mntacted ina countercurrent flowwitha dilute
add stream to transfe~cesium to the ~“d stream (in the Strip Stages). The solvent W-IIthen need to be
scwbbed or purged to remove degradation products prior to reoyding to the front of the prwess. The
other two resultantstreamsare a raffinatestream depleted of cesium and a strip effluent containing the
separated cesium ions.

The proposed process has the followingcharacteristics:a) the feed solutionwit!be clarified prior to
solvent extraction, probablythrough a filtrationprocessthat returnsthe sotid phase to the Tank Farm, b) 8
extractionstages, 2 scrub stages and 10 strip stages using an appropriate diluent (e.g., Isopar) and
extractant (e.g., a crownether), c) this processwill likely pm-de only a 3 fold increase in cesium ion
concentration. Additionalconcentration of effluent could be achieved thruugh evaporation or through the
use of additionatstripstages, d) the raffmate stream will likely contain at least trace concentrations of
both the organic solvent and its degradation products, these organics may require removal to meet
Saltstone feed requirements, e) an addtional Hg removal stage would be requiredfor some tank wastes,
f) if an evaporator is employed to concentrate the stripeffluent, the overheads may require organic
removal priorto transferto ETF, g) the solvent extraction process may not remove actinides, in which
case the additionof monosodiumtitanate to the waste priorto filtrationcould be employed, h) this
processwould likelyuse centrifugal contractorsto provide each extrati”on stage.

Variation:

1)

Merits:

1)
2)
3)
4)

TRU ion exchange resin in place of MST

Aadic cesium waste stream is mmpatible with DWPF
Reducedvolumeof glass based on potassiumgoing to Saftstone
Potentialuse of existingsolvent extractioncanyons
Solvent extractionis w“delyused commerciallyin high radiation environmentsthroughoutthe
wortd

r-o*M
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Acid Side Solvent Extraction

The basic principleof solvent extraction (liquid-liquidextraction) is to use a sparinglysoluble diluent
material that carriesan extractant that will complexw“thoesium ions in an add solution. The separated
cesium can then be strippedback into aqueous phase ready fortransferto the DWPF.- The solvent is
contacted in a countemurrentfashion with the aadic waste solution (in the ExtractionStages). Following
cesium extraction,the solvent is scrubbed with dilute caustic to remove other salts fmm the solvent
stream (in the Scrub Stages). The solvent is then contacted in a countercurrentflow with a concentrated
acid stream to transfer the cesium to the add stream (In the Strip Stages). The solvent will then need to .
be scrubbedor purgedto remove degradation productspnorto recyclingto the front of the process. The
other two resultantstreams are a raffinate stream depteted of cesium and a strip effluent containingthe
separated cesium ions.

The proposedprocesshasthe followingcharacteristics:a) thefeed.solutionwillbeclaritkdpriorto
solvent extraction,probablythrough a filtration processthat returnsthe solid phaseto the Tank Farm, b)
acidification of the waste will result in significant NOX production, c) 3 extraction stages, 1 scrub stage
and 3 strip stages usingan appropriate diluent (e.g., Ntimbenzene) and extractant (e.g., cobalt
dicarbolide),d) the raffinatestream w“IIlikely contain at least trace concentrationsof boththe organic
solvent and its degradation products,these organics may require removal to meet SaltStonefeed ‘
requirements,e) an additionalHg removal stage would be required for some tank wastes, f) the use of
large quantitiesof acid to stripthe diluent may result in a redox imbalance in the melter requiring
additionalchemicals,g) the solvent extraction processmay not remove aciinides, in which case the
addition of monosodiumtiianate to the waste priorto filtrationcould be employed.

..

Variations:

1)
2)

Merits:

1)
2)
3)

Calixorene crown ether is an alternative extmctant
Replace MST with phosphineoxide extractant

Full scale radioactive operations in Russia (cobalt dicwbolide)
Reduced volume of glass based on potassiumgoing to Sattstone
Potential use of existingsolvent extractioncanyons

&dl 4-1s-98
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Direct Vitrification

The proposedprocessw“IIvitrifythe entire inventoryof salt waste, after pretreatment to remove U, Pu,
and Sr. The essential ideas are(1) the final waste form can be stored on-site (2) the waste form does not
need to be as durabte as the canistered waste form going to the Federal reposittxy. A new glass
formulationwuld be developed to increaseloadingat the required leach rqte. The glassvauld be
innocuousin about 300 years, so the storage method and vvasteform vmuld be designed to limitthe
leaching of the glassfor the above period. Removal of decay heat would be a“key requirement in the
earty years of storage.

The saltsolution is received into a HLW tank and treated with monosodium titanate to remove soluble
uranium, phttonium and strontium. The solids from this step plus ~“dual sludge solidsare periodically
transferredto the sludge feed str%m for DWPF. The satt solutionis filtered and the filtratefed to the
cesium vitrifkation fm”iity. The salt solution is blended &th glass forming ohemioalsand fed to a gla=
metter. The glass melt is cast into a container whioh is sealed and transferred to an cwsite locationfor .
final disposition.

Variation:
1) None

Merits
1) Minimal changes to DWPF sludge flowskt

2) No hazardous reagents addad
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Su~emate Se~aration - DWPF Vitrification

In the proposed process, the concentratedsupernatantliquid (free and interstithdIiquorin saltcake) would be
separatedand transferreddhrztly to the DWPF and viuifhxl with sludge waste. Sludge actinides do not need to be
removed from the concentratedhpemate. lhe salt cake will be dissolved and tmnsferredto the Saltstone Facility
for vault disposd. The vauhs presently used in the Saltstone Facility meet cmmmtregulations for NRC Class C
dispoml, although the cunent permitrestrictsthe average Ci content in a disposd unit (cell) to be within NRC Ciass
A limits for disposed saltstone. Treatmentof salt solution from salt cake is rquired to remove entrainedsludge and
Hg so that soluble alpha activity is no greaterthan 100 nCi/g ad Hg concentrationis less than 260 mg/1in the final
waste. Substantialshieldingmustbeaddedto the SaltStonefimilities.

Unit operations for the proposed pmess would include the following steps: (1) separateand tmnsfer concentrated
supernatantfrom salt tan@ which would amtain at least 90’?/o of G-137 in inventoxy, into a single tank for fd to
DWP~ (2) dissolve residual salt cake and tmnsfer the salt solution to a tanls (3) treatdissolved saltcake solution
with MST to reduce Sr, I% and U, (4) filter to removeinsolublesolidq (5)transfersaltsolutionfromfiltrate
storagetanktoHg~moval(GT73k(6)txansfersaltsolutiontogroutproductionunitina shieldedticility.

variation

1) Build anew shielded groutproduction fiwility

Merits:

1) Simplicity - no sepamtion process
2) No hazardousmaterialsadded

. .

I I
I l--
I MST

I f- QT 73lx
I

I

.
4-15-9a

hge 26 of S3



.

Direct Disnosal as Grout

in theproposedpmess, G-137 isnot separatedilom the saltwasteor Conccnmteds~~tc. MI Mlublc wasteis
sentto theSaltstonefacility. TIM saltstoncwasteformgeneratedtim dissolved=ltde Ml@ion m~ meetNRC
ClassC LLW”d~sal requirements for near-surface disposal. The vaults presently used in the Saltstone facility
meet currentregulations for NRC Class C disposal, althoughthecurrentpermitrestrictsthe avemgeCi contentin a
disposdunit(cell) to be within NRC Class A limits for dkposcd saltstonc. Treatment of salt solution is required to
remove entrained sludge and Hg so that soluble alpha activity is no greater than 100 nCtig and Hg concentration is
less than 260 mg/1 in the final waste form. At the projected maximum concentration of Cs-137, a new grout
production facility within anew shielded cell containing grout production equipment modified to enable remote
maintenancecapabilitywouldneedtobeconstructed

The proposed process would include these stcpx (1) combine concentrated supernate and dissolved salt cake
solution and transferthe salt solution to a tank for treatment to remove soluble alpluG(2) treat salt solution with
MST to reduce SCPWand U, (3) filter to remove entrained sludge solids and MSZ (4) transf= filtered salt solution
to the new grout production facility.

Variation

1) Use a temperature-tolerantceramic waste form in place of grout

Merits

1) Simplicity - no separation process
2) No hazardous materials added
3) Reduced volume of glass

.. .

w
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Table 1 – Inclusive Summary of Pro-Formas

Alternative #/Title
GL1- Bedrock storage

GL2 - Nevada disposition of waste materials

GL3 - Geochemical injection followed by in situ
vitrification

SE1 - Hollow fiber extraction

SE2 - Removal of Cs from acidic wastes via solvent
extraction

SE3 - Cs solvent extraction, caustic side process

‘“SE4- Removal of Cs tlom acidic wastes by solvent
extraction

SE5 - Cs removal by solvent extraction

SE6 - Removal of Cs from acidic wastes via solvent
extraction

CR1 - Crystallize sodium nitrate, then send liquid to DWPF

Disposition
Reject-;afety 1b, Does not meet final disposal formfor the
salt.
Reject-Schedule 2b, change in Federal law

Reject-Safety 1a, International treatyfor bomb testing

Reject-Safety 1c, gene~ation of explosive hazards

Reject-Safety 1b, No final disposal form
Reject-Schedule 2b, Small scale application currently in us
Reject-Process 5d, Immature for specific application on
HLW tanks

Disposition iacluded under SE4

ACCEPT “

ACCEPT

Disposition included under SE4

Disposition included under SE4

Disposition included under CR2 & CR5

Comments -... .

:..

I?.
p
.,
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~Alte,,,a ve #/Title
@

Disposition—-- --..----
CR2 - Salt washing/tractionalcrystallization

. . .. . ... . ..-
ACCEI%

CR3 - Salt separationby fkctiomd crystallization ACCEPT with positive attributes (total waste
generation)

CR4 - Salt separationby fractional crystallization Dispositionincludedunder CR3

CR5 - Selective tractional crystallization of salts ACCEPT

EC1- Electrochemicaldeaiructionof nitratesand nitrites ACCEPT
combinedwith sodium hydroxiderecycle

EC2 - Cs separationby a multi-staged electrochemical Disposition includedunderEC4
membraneprocess

EC3- Eiectrtilalysis Disposition includedunderEC4

EC4 - Electro-chemical separationof salts ACCEPT with positive attributes(total waste
reduction)

EC5- Electrolytic separationof Na liom everything else Disposition includedunderEC4.

VTl - Vitri@salt in situ Reject-Safety lc, Volatile off-gases, no containment
Reject-Safety lb, Does not meet final disposal form for the
Salt.
Reject-Process 5d, In tank melter operation, electrode
concept

,!
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Altermnve #flitle Tlismmitinn Comments. ----.--—-- .- ...- -—- —-- = 7-------

VT2 - Vitrification of salt waste
—--- —-------

ACCEPT

VT3 - Direct feed to DWPF Reject-Schedule 2b, Large volume increase in DWPF waste
form

VT4 - Feed the whole dewatercd wastes into melter Reject-Schedule 2b, Large volume increase in DWPF waste
form

VT5 - Wash and direct feed to DWPF Reject-Schedule 2b, Large volume increase in DWPF waste
form

VT6 -No prc-treatment: direct vitrification of all liquid Reject-Schedule 2b, Large volume increase in DWPF waste
waste! form

ML1 - Dewater salt tanks and build additional tanks Reject-Safety lb, Does not meet final disposal form for the
salt.

ML2 - Calcine salt and store calcine Reject-Safety 1b, Does not meet final disposal form for the Hybrid rejected basedoncalcinenot
salt. vitible for high Na solutions.

ML3 - Cs encapsulation in solid foam Reject-Safety lb, Does not meet final disposal form for the
salt..
Reject-Schedule 2a, No volume reduction.
Reject-Schedule 2b, No volume reduction

ML4 - Class C Sahstone Reject-Science 4b, Needs to be combhed with separation Hybrid disposition included under ML7. 1
process

ML5 - Cs accumulating bacteria on a fiber matrix Reject-Science 4b, Theoretical application only, lack of
radioehemicai application.
Reject-Process 5L Inadequate eng basis.

,,
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Alternative #/Title ~
ML6- KB1centrifugalbioreactortechnology(CBR)

ML7 - Groutdisposalof saltsolutioncontainingCs 137in
SaltStone

ML7.1- Disposal of salt solution containing Cs 137.

ML8 - Interstitialfluid displacem~t for preferential
recovery OfCs from saltcake

ML9 - Salt dehydrationand encapsulation.

ML9.1- Salt dehydration and encapsulation with TRU
going to WIPP

ML1O-In situ grouting of salt within the HLW tanks

ML11 - Bio-denitnfication in large tanks

ML12 - Direct processing of interstitial liquid from
crystallized salt solutions

ML13 - Groutthe salt solution in a purpose built facility
without wonying about separating the C5-137, etc.

Disposition
Reject-ScienceAb,neoretical applicationonly and no
micro-organisms identified for Cs,
Reject-Safety lb, Does not meet final disposal form.

Reject-Safety lb, Does not meet final disposal form.

ACCEPT

Reject-Safety lb, Does hot meet final disposal form.
Reject-Science 4b, Inadequate basis. -
Reject-Process 5d, Inadequate eng basis.

Reject-Safety 1b, Does not meet final disposal form.

Reject-Schedule 2b, Need for additional tanks to support
current missions
Reject-process Sal, Space availability

Reject-Science 4b, Availability of biological apsnt
Reject-process 5d, Engineeringmaturi~-forh-&cess scale
& material

ACCEPT

Comments

Hybrid to addresswaste form, -
rentunber as ML7. 1

including requirementsto meet Class C
Cs loading if saltstone is used

Hybrid to add TRU to WIPP,
renumber asML901

Need to check volume reduction /increas(
from grouting.Hybriddisposition
included underML7. 1

Hybrid rejected based on no benefit from
this denitrification approach even
considered with other technology

No restriction from DF requirement

.
415.9s
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Altemauve #/Title lX!mncitinn f!nmmfmt~----------- .- ...- -—- - -.~v”...”..

MLH1- SodiumTitinate for Pu & Sr, salt and liquor
. . ... .. . ..-

ACCEPT Need to assess Hybridcombination of
separation,some form of salt disposition and liquorto
DWPF

Ah’s ML1, ML8, ML9, ML] 1, ML12.

PI 1- Inorganicprecipitating agent for Cs Reject-Science 4b, lab scale proof-of-concept starting Hybrid rejected based on having no agent
identified.

P12- Cobalt dicarborane(a quasi-inorganic precipitate) Reject-Safety 1c, Hydrogen evolution from radiolytic & Hybridrejected based on evaluation wrt
temperaturedecomposition combining with solvent extraction
Reject-Science 4b, lab scale testing complete, no tier considered not viable based on chemical
work performed instability

,
P13- Strontiumprecipitation throughisotopic dilution Reject-Safety lb, Does not address final waste form Hybrid rejected based on Na Titinate

being the preferredremoval agent

P14- Precipitationof Cs ahuninosilicate from dissolved salt Reject-Science 4b, maturityanduncertain kinetics
solution

EX1 -1976 Flowsheet - elutablc ion exchage Reject-Schedule 2b, Constructionof a large Hybrid rejected based on phenol
canyon facility would result in DWPF rate to exceed peak sulphonic bekg an older resin and current
capacity, assumption made thatnew facility would start resins deemed better options (eg superli&
feeding DWPF in 10 years RF).

EX2 - Regenerable ion exchange Disposition included underEX12 .

EX3 - HLW salt disposition via NI’@&S canyons using ion Disposition included underEX12
exchange process

EX4 - Continuousion exchr&gcvia a simulated moving Reject-Safety 1b, Does not meet final Hybrid disposition included under EX12
bed permittable waste form, ti incomplete process

EX5 - Ion exchange in a membrane Reject-Safety lb, Does not meet final Hybrid disposition included under EX12
permittable waste form, an incomplete process Rcject-
Process5L inadequateeng, maturity for process scale and
material

,,
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Alternative #/Title l_)isnnsitifm i7nmmtmtS—.- --------

EX6 - SodiumTitanate with clutable I/X resin
------------

Dispos;ion included under EX12

EX7 - Electrically switched l/X Disposition included under EX1O “

EX8 - Potassium removal followed by TPB precipitation . Disposition included under EX8. 1 Moditjf for potassium disposition –
renumlxr as EX8. 1

EX8. I - Potassium to saltstone, followed by TPB ACCEPT Use ion exchange for K removal
precipitation

EX9 - Cseluatc immobilization using CST Reject-Safety lb, Not permittable as vmittcn Hybrid rejected based on consideration of
WIPP not viable

EXIO - Electrically switched ion-exchange ACCEPT

EX11 - Electrochemical ion-exchange Reject-Safety lb, no permittablc final Hybrid rejected based on acid ciuatlon
disposal form. preferredand developmental only concept

EX12 - Actinide and Cs separationsusing rcgenerable ACCEPT positive attributes - nitric acid /
superlig andIX materials . SRAT process enhancement/ reduced

eluate volume
EX13 - Electrically switched ion exchange Disposition included under EX1O

EX14 - Alternate the pH so you can use other IX materials Disposition included under NXI 1

:?
,1

“
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Altm ,mtive #/Title nicnncitinn (7nmmcmtc. ---------- - - ... - --- -.”y””...”..

EX15 - Elutable IX
. . .. . . . . ..-

Disposition included underEX12

NX 1- In-tanksorption Disposition included underNX9

NX2 - Non-regenerable ion exchange Disposition included underNX13 .

NX3 - CST Disposition included underNX13

NX4 - CST, with CST as permanentstorage medium Disposition included ~der NX7

NX5 - Cesium removal by countercurrent processing with ACCEPT
CST

NX6 - Crowns Disposition included underEX12

NX7 - CST Ion exchange: storage of loaded CST Disposition included underNX18, 1.

NX8 - CST Batch mixing: vitrificationor storage of loaded Disposition included underNX18. 1 and NX13
CST

NX9 - Zcdlite ion exchange: vitrification ACCEPT

,,

.
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Alternative #/Title Disnnsitiml Comments—..
NX 10- CST ion exchange: vitrification

=--------

Disposition included under NX13 and NX14

NX 11- Acid side ion exchange ACCEPT

NX12 - Magnetic separation using Cs specific media Reject-Process 5d, poor commercial experience with Exxon

NX 13- CST ion exchange: coupled flowshect ACCEPT

NX 14- CST ion exchange: parallel flowsheet ACCEPT

NX 15- Replace one or both filters with ion-exchange resin Disposition included under NX13
beds

NX16 - Ion exchange on glass matrix ACCEPT

NX17 - In-riserion exchange direct disposal process option Disposition included under NX”18.1

NX 18- Cs removal with CST and storage in stainless steel Reject-Safety lb, no permittable final waste Hybrid to address waste form and
form. renumber as NXI 8.1

NXI 8.1- CST for Cs removal and temperaturetolerant ACCEPT
waste form

t,
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Alternative #/Title nicnncitinm Comments. .------—. ---- ------ -.”y”oa..”.a
NX19 - In-tankseparation with CST using the Magnetically Reject-Process 5d, poor commercial experience with Exxon

. . .. . . . . ..-

Assisted Chemical Separation (MACS) process

NX20 - Magneticseparation usingCs specific media Reject-Process 5d, poor commercial experience

NX21 - Actinide and Cs separationusing Sodium Titranate Disposition included underEX6
(NaTo) and SuperLig 644

NX22 - Magnetic Particles Remove metals and Reject-Process 5d, poor commercial experience
Radionuclides

POM1- SuperchargeLate Wash Disposition included underPON8

POM2 - Flocculate the feed to lTP Disposition included underPOM22

POM3 - Modify vapor space explosion control to eliminate Disposition included underPOM23 .
benzene-producingmetal catalysts

POM4 - Vaporspace mixing/benzene emission reduction Disposition included underPOM23

POM5 - Stop precipitate degradationby killing Pdcatalyst ACCEPT

POM6 - Selective precipitatkm of Cs via TPB Reject-Safety la, Not licensable as stand Hybrid rejected based on selective
alone facility, [comment - does not achieve sufficient TPB precipitation of Cs deemed an operations
reduction] consideration underPON8

,,
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Altemauve #/Title . Disposition Comments’
POM7 - Optimize lTP process, pre-filtered solution, low I Disposition included lmderPOM21 &d POM22 I I
TPB excess, reduced temperature,short cycle I I I
POM8 - TPB Tank 48 safety rc-enforcement Disposition included under POM23

I I

POM9 - Catalystremoval - temperaturecontrolled TPB I Disposition included underPOM21 and POM22 I
processing

POM 10- Catalyst removal - temperaturecontrolled, Disposition included underPOM5 and POM22
inhibitor addedTPB processing

POM 11- ITPsmall batch rapidprocessing to DWPF with Disposition included underPON8
auxiliary tankcooling and improvedprocess monitoring

POM 12- Air injection based benzene deflagration Disposition included underPOM23
prevention system for ITP

POM 13- Separation of Cs tlom Cesium Tetraphenylborate Reject-Safety lb, no pennittable final waste form
Reject-Process 5A.3, etlluent incompatible with DWPF

POM 14- Use Late Wash Facility to replace ITP Disposition included underPON8

POM 15- Use Late Wash Facility to replace ITP Disposition included underPON8

POM 16- Secondary confinement Reject-Safety la, incomplete development of Hybrid disposition under POM23
confinement vs containment attributes (containment as an engineered safety

featurel

4-1s9s
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Alternative #/Title
POM17- Buy additional benzene permittingunits to releas(
to atmosphere

POM18- Burning of benzene in place of propaneat CIF

POM19- Low temperatureITP

POM20 - ITP with safety grade air-based ventilation,
auxiliary cooling and backup nitrogen

POM21 - Reduced temperature ITP

POM22 - Remove catalyst .

POM23 - Application of additional engineered safety
features to existing lTP process

POM24– Change safety basis for ITP to riskbased criteria

POM25 – Electrochemical separation of palladium (Pal)

POM26 – Complex PL Cu, etc. (aqd keep Pd in solution
complex – a combined write-up)

Disposition Comments
Reject-Safety1a,doesnotsolveproblemof
convertingsalt intoanimmobilizationwasteform

Reject-Safetyla, does not solve problem of
converting salt into an immobilization waste form

Disposition included underPOM21

Disposition included under POM21 and POM23

ACCEPT

ACCEPT

ACCEPT (comment - couple with other POM
options)

Reject-Safety la, Option not licensable as is HYBRID - full PRA SCOjC piUS
Deterministic

Disposition included under POM22

Disposition included under POM5 Note: POM26 considered a better
baseline

r

k
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Altemntive #/Title niennewnn QnmmPnta- . . . . . ... .. . - ,.. - .H - -..ly”aa&’”&a

PON1 - “Modified” lTP (smaller, inerted equipment)
-“.. -..”..-

Disposition included under PON8

PON2 - In-1ineTPB precipitation with in-line homogenized Reject-Science 4b, demonstrated only on a
benzene/KTPBseparation test tube scale at present

Reject-Process5d, unproven separation method

PON3 - Small tank T-48 “ Deposition included under PON8

PON4 - The universal tankdesign for HLW cleaning and Reject-Safety lc, uncontrolled explosions
benzene burning Reject-Schedule 2b, cannot meet 2020 date Reject-Process

5L no assurance of complete combustion

PON5 - Small precipitation facility Disposition included underPON8

PON6 - Small tank ITP with power fluidic devices for feed Disposition included underPON8
tank blending, salt solution transferand sampling, reagent-

.’

salt solution mixing, precipitateaging and benzene
stripping

PON7 - Properlyconfigured TPB process (continuous Disposition included underPON8
precipitation/batchwashing)

PON8 - Small batch TPB precipitation process with ACCEPT
multiple process vessels

PON9 - Use of tri-xylyl monohydroxyborates to precipitate Reject-Science 4b, maturityof process is limited to
Cs preliminarypatent work

PON10- Coupled rapid (or prefiltered) TPB precipitation, Reject-Process 5b, poor demonstrated maintainability in Hybrid rejected based on concept does
subsequentincineration andvitrification of resultantash commercial applications and difficult to operate not address ITP problem, results in

Reject-Safety lc, safety issue exacerbated by lack of replacement of SPC at DWPF only
technical maturity

,,

.
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Alternative #/Title Disposition Comments
PON11 - Cesium (alkaline soluble) complexation and

—
Dispos~on included underEX12

ultrafiltration

PON 12- Alternate precipitatingagents for cesiurnremoval Reject-Science 4b, maturityand no known components

PON 13- Completing agent and ultrafiltration Disposition included underEX12

PON 14- Combine precipitationand solids removal in one Disposition included underPON8
unit

PON 15- Small batch TPB Precipitation Process with Disposition included under PON8
multiple Process Vessels

PONI 6- Hinsley multi-stage, fluidized-be~ counter- Reject-Safety 1b, does not meet final permittablc waste Hybrid engineering features.
current solid-liquid contactor forcontinuous removal of Cs form- an incomplete process .
from turbidsalt solution using an ion exchanger and also
using PowerFluidic devices.

,...
+’q...,-. .
:3-,~:
.. ‘..
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Table 2 – Summary of Alternatives Accepted for Ranking

Alternative #/Title
SE3- Cssolventextraction,causticside process

SE4- RemovalofCs fromacidicwastes by solvent
extraction

CR2- Saltwashing/tractionalcrystallization

CR3- Saltseparationby fictional crystallization

CR5 - Selective fictional c~stallizstion of salts

EC1 - Electrochemical destructionof nitrates and nitrites
combined with sodium hydroxide recycle ‘

EC4 - Electro-chemical separationof salts

VT2 - Vitrificationof salt waste

ML7. 1- Groutdisposal of salt solution containing Cs 137.

ML9. 1- Salt dehydration and encapsulation with TRU
going to WIPP

Disposition
ACCEPT

ACCEPT

ACCEPT

●

ACCEPT

ACCEPT

ACCEPT

ACCEPT

ACCEPT

COmments

[ SE2, SE5, SE6]

[CR1]

With positive attributes (total waste
generation) [CR4]

[ CR1]

with positive attributes(total waste
reduction) [EC2, EC3, EC5]

with positive attributes
[ML4,ML7, MLIC)]

[ML9J

1,
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Alten,auve #/Title Dis~osition Comments
ML 12- Direct processing of interstitial liquid from ACCE~ No restriction from DF requirement
Crystallized salt solutions

ML 13- Groutthe salt solution to a purpose built facility ACCEPT
without worryingabout separatingthe Cs- 137, etc.

MLH 1- SodiumTitinate for Pu & Sr salt and Iiquor ACCEPT Need to assess Hybrid combination of
separation, some form of salt disposition and liquor to Alt’s ML1,ML8,ML9,ML11, ML12.
DWPF

EX8. 1- Potassium to saltstonc, followed by TPB “ ACCEPT Use ion exchange for K removal
precipitation [EX8]

EX 10- Electrically switched ion-exchange ACCEPT [EX13]

EXI 2- Actinide and Cs separationsusing regenerablc ACCEPT positive attributes - nitric acid /
supcrlig and 1X materials SWT process enhancement/ reduced

eluate volume [EX2, EX3, EX5, EX6,
EX15,PON11, PON13, NX6]

NX5 - Cesium removal by counter current processing with ACCEPT
CST

NX9 - Zeolitc ion exchange: vitrification ACCEPT ~xl]

NX 11- Acid side ion exchange ACCEPT [EX14]

NX13 - CST ion exchange: coupled flowsheet ACCEPT ~X2, NX3, NX8, NX1O, NX15]

,’
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Altei ,mtive #/Title . Disposition Comments
NX14- CST ion exchange: psrallel flowsheet ACCEPT ~xlo]

NX16 - Ion exchange on glass matrix ACCEPT

NX18. 1 – Eitherstore or immobilize in a temperature ACCEPT ~X7, NX8, NX17, NX18]
tolerantwaste formeg ceramic,

POM5- Stop precipitatedegradation by killing Pd catalyst ACCEPT [POM1O,POM26]
,!

{POM26 deemed a better baseline write-
up}

POM21 - Reduced temperatureITP ACCEPT [POM7, POM9, POM19, POM20J

POM22 - Remove catalyst ACCEPT [POM2, POM7, POM9, POM1O,
POM25]

POM23 - Application of additionalengineered safety ACCEPT (comment - couple with other POM
featuresto existing lTP process options) [POM3, POM4, POM8,

POM12, POM16, POM20]
PON8- Small batch TPB precipitation process with ACCEPT [POMI,POM6, POMI 1, POM14,
multiple process vessels POM15, PON1, PON3, PON5, PON6,

PON7 PON14. ~N151
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Table 3 – Summary of Alternatives Not s~lect~ ,

Alternative #/Title 13iwmsitinn Comments-------- —-.. . ... --—- —.- --------
GL 1- Bedrock storage

_ --- —--—--—
Reject-\afcty 1b, Does not meet final disposal form for the
salt.
Reject-Schedule 2b, change in Federal law

GL2 - Nevada disposition of waste materials Reject-Safety 1a, Internationaltreaty for bomb testing

GL3 - Geochemical injection followed by in situ Reject-Safety 1c, generation of explosive hazards
vitrification

SE 1- Hollow fiberextraction Reject-Safety lb, No final disposal form
Reject-Schedule 2b, Small scale application currently in use
Reject-Process 5d, Immature for specific application on
HLW tanks

VT] - Vitrify salt in situ Reject-Safety 1c, Volatile off-gases, no containment
Reject-Safety lb, Does not meet final disposal form for the
salt
Reject$mcess 5A In tank melter operation, electrode
concept

VT3 - Direct feed to DWPF Reject-Schedule 2b, Large volume increase in DWPF waste
form “

VT4 - Feed the whole dewatered wastes into melter Reject-Schedule 2b, Large volume increase in DWPF waste
form

VT5 - Wash and direct feed to DWPF Reject-Schedule 2b, Large volume increase in DWPF waste.
form

VT6 -No pre-treatment: direct vitrification of all liquid Reject-Schedule 2b, Large volume increase in DWPF waste
waste form

ML 1- Dewater salt tanks and build additional tanks . Reject-Safety lb, Does not meet final disposal form for the
salt.

,,
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Altel,,~tive #lTitle
ML3 - Cs encapsulation in solid foam

ML5 - Csaccumulatingbacteriaon a fiber matrix

ML6 - KENcentrifugal biorcactortechnology (CBR)

ML8 - interstitialfluid displacementfor preferential
recovery of Cs from saltcake

P14 - Precipitationof Cs ahuninosilicate from dissolvedsal
solution

NX12 - Magnetic separation usingCs specific media

NX19 - In-tankseparation with CST using the Magnetically
Assisted Chemical Separation (MACS) process

NX20 - Magnetic separation using Cs specific media

NX22 - Magnetic Particles Remove metals and
Radionuclidcs

POM 13- Separation of Cs iiom Cesiuni Tctraphenylborat

D@osition
Reject-Safety 1b, Does not meet final disposal form for the
salt..
Reject-Schedule 2a, No volume reduction.
Reject-Schedule 2b, No volume reduction

Reject-Science 4b, Theoretical application only, lack of
radiochcmical application.
Reject-Process 5d, Inadequate eng basis.

Reject-Science 4b, Theoretical application only and no
micro-organisms identified for Cs.
Reject-Safety lb, Same as ML-1.

Reject-Safety lb, Same as ML-1.
Reject-Science 4b, Inadequatebasis.
Reject-Process 5d, Inadequate eng basis.

Reject-Science 4b, maturity and uncertain kinetics’

Reject-Process 5d, poor commercial experience with Exxo]

Reject-Process 5d, Poor commercial experience with EXXOI

Reject-Process 5d, poorcommercialexperience

Reject-process5d, poor commercial experience

Reject-Safety lb, no permittable final waste form
Reject-Process 5A.3, efiluent incompatible with DWPF

Comments

4-15-98
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Alternative #/Title Tlisnncitbn f!nmmtmtc. --.----—-. . . ... -.—- - . ..=-” . . . . . .

POM17- Buy additional benzene permitting units to release Reject-Safety la, does not solve problem of
. . ... .. . ..-

to atmosphere converting salt into an immobilization waste form

POM18 - Burningof benzene in place of propane at CIF Reject-Safety Ia, does not solve problem of
converting salt into an immobilization waste form

PON2 - [n-line TPB precipitation with in-line homogenized Reject-Science 4b, demonstratedonly on a
benzene/KTPB separation test tube scale at present

Reject-Process 5d, unproven separation method

PON4 - The universal tankdesign for HLW cleaning and Reject-Safety lc, uncontrolled explosions
benzene burning Reject-Schedule 2b, cannot meet 2020 date Reject-Process

5d, no assurance of complete combustion
.

PON9 - Use of tri-xylyl monohydroxyborates to precipitate Reject-Science 4b, maturityof prm!ess is limited to
Cs preliminarypatent work

PON12- Alternateprecipitating agents for cesium removal Reject-Science 4b, maturity andnoknown components

.

!!
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Table 4 – Alternatives for Hybrid Consideration

Alternative #/Title Disposition Comments
ML2- Calcincsaltandstorecalcine Reject-Safety1b, Doesnotmeetfinaldisposalformfor the Hybrid rejectedbasedoncalcinenot

salt. viable forhighNasolutions.

ML4 - Class C Saltsione Reject-Science 4b, Needs to be combined with separation Hybrid disposition included under ML7. 1
process

ML7 - Disposal of salt solution containing Cs 137 in Reject-Safety 1b, Does not meet final disposal form Hybrid to addresswaste form,
Saltstone renumber as ML7. 1

ML9 - Salt dehydrationandencapsulation. Reject-Safety 1b, Does not meet final disposal form. Hybrid to add TRU to WIPP,
renumber as ML9.1

MLIO-In situ grouting of salt within the HLW tanks Reject-Schedule 2b, Need for additional tanks to support Need to check volume reduction /increase
current missions from grouting. Hybriddisposition
Reject-Process Sal, Space availability included under ML7.1

MLI1- Bio-denitritication in large tanks Reject-Science 4b, Availability of biological agent Hybrid rejected based on no benefit from
Reject-process 5d, Engineering maturity for Process scale this denitritication approach even
& material considered with other technology

PI1- Inorganic precipitatingagent for Cs Reject-Science 4b, lab scale proof-of+oncept starting Hybrid rejected basedonhavingno agent
identified.

P12- Cobalt dicarborane(a quasi-inorganic precipitate) Reject-Safety lc, Hy&ogen evolution from radiolytic & “Hybrid rejected based on evaluation wrt
temperature decomposition combining with solvent extraction
Reject-Science 4b, lab scale testing complete, no tiuther considered not viable based on chemical
work petiormed instability

P13 - Strontium precipitationthrough isotopic dilution Reject-Safety 1b, Does not address final waste form Hybrid rejected based on Na Tttmate
being the preferredremoval agent

EX 1-1976 Flowsheet - elutable ion exchage . Reject-Schedule 2b, Construction of a large Hybrid rejected based on phenol
canyon facility wouldresultin DWPF rate to exceed peak sulphonic being an older resin and curren
capacity, assumption made that new facility would start resins deemed betteroptions (eg superli~
feeding DWPF in 10 years RF).

I 1

,,
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Ahe...dtlVe #~itle Dkmosition Comments
EX4 - Continuous ion exchange via a simulated moving Reject-~afety lb, Does not meet final Hybrid disposition included under EXI 2
bed permittable waste form, an incomplete process

NX18 - Cs removal with CST and storage in stainless steel .Reject-Safety lb, no permittable final waste Hybrid to addressaddress waste form and
tank form. renumber asNX18. 1

POM6 - Selective precipitation of Cs via TPB Reject-Safety la, Not licensable as stand. Hybrid rejected based on selective
alone facility, [comment - does not achieve sufficient TPB precipitation of Cs deemed an operations
reduction] consideration under PON8

POM 16- Seconchuy confinement Reject-Safety 1a, incomplete development of Hybrid disposition under POM23
confinement vs containment attributes (containment as an engineered safety

feature)
POM24 - Change safety basis for lTP to risk based c~teria. Reject-Safety la, Option not licensable as is HYBRID - full PRA SCOW phlS

Deterministic

P(JN 10- Coupled rapid (or pretiltered) TPB precipitation, Reject-Process 5b, poor demonstrated maintainability in Hybrid rejected based on concept does
subsequent incineration and vitrification of resultant ash commercial applications and difficult to operate not address ITP problem, results in

Reject-Safety lc, safety issue exacerbated by lack of replacement of SPC at DWPF only
technical maturity

PON 16- Hinsley multi-stage, fluidizcd-be~ counter- “ Reject-Safety lb, does not meet final permittable waste Hybrid engineering features
current solid-liquid contactor for continuous removal of Cs form - an incomplete process
from turbidsalt solution using an ion exchanger and also
using Power Fluidic devices.1

.-.. ‘
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Table 5 -Ranking Within categories of Actepted Alternatives

Alternative #/Title Rank Cnmmen~.——.
SE3 - Cs solvent extraction, caustic side process

-“...... ! _
1 Currentcharacterof waste

[CarryForwardas “Caustic Side
Solvent Extraction- DWPF
Vitrificationw]

SE4- Re.movai of Cs from acidic wastes by soivent 2 [CarryForwardas ‘Acid Side Soivent
extraction Extraction.DWPFVitriilcntionm]

CR5 - Selective iiactionai crystallization of ssits i Benefits of continuous process
[Carry Forward as ‘.Fractional
Crystaiiization - DWPF Vitrifications-]

CR2 - Salt washing/tYactionaicrystallization 2 Batch oriented

CR3 - Salt separation by fiactionai cryataliization 3 Extra unit of electrochemical

EC4 - Eicctro-chemicai separationof saits i Two ceii option, reduced K ioad in
DWPF- [Carry Forward ●s
“ElectrochemicalSeparation ● nd
Destruction- DWPF Vitrilicadonw]

EC1- Eiectroehemical destructionof nitrates and nitrites 2 NA ceii oniy
combined with sodium hydroxiderecycie

VT2 - Vitrificationof saitwaste 1 [CarryForward as ‘Direct
Vitrificationw]

MLHi - Titinate for Pu & Sr sait and iiquor separation, i“ Ensures handiing of TRU & non-TRU
some formof salt disposition andiiquor to DWPF inciudes DF >or to 1 [Carry Forward

as ‘Supernate Separation- DWPF
Vitriflcationw]

ML7.i - Grout disposai of salt soiution containing Cs 137 2“ [CarryForward M ‘Direct Disposal as
Groutw]

,,
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Ahemative #/I’itle
ML12- Directprocessingof interstitialliquidfim
Crystallized salt solutions

ML]3- Grout the salt solution to a purpose built facility
withoutworrying aboutseparating the Cs-137, etc.

ML9,1- Salt dehydrationand encapsulation with TRU to
go to WIPP

EX12- Actinide and Cs separations using regenerable
supedig and IX materials

EX8.I- Potassiumto saltstone, followed by TPB
precipitation

EXI0- Electrically switched ion-exchange

NX13 - CST ion exchange: coupled flowsheet \

NX14 - CST ion exchange:parallel flowshcct

NX9 - Zcolite ion exchange: vitrification

NX18, 1- CST forCsremoval and temperaturetolerant
waste form,

comments
3 increased tank top operations, available

equipment and efficiency for tank size

4 I Gption addressed as part of ML7.1

I I
I

5 Large demand on WIPP;new shipping
containers ,1

1 Evaluate column, simulated moving bed
& packed bc~ depth & versatile, multiple
exchangersworking.[Carry Forward as

“ElutableIon Exchange- DWPF
Vitrificationw]

2 [Carry Forward as “Potassium
Removal followedby TPB
PrecipltationW]

3 Limited maturityon media

1. I [Carry Forward as “Crystalline
Sllicotitanate (CST) Ion Exchawze-
DWPF Vltrificatiokn] -

2 [Carry Forward as “Crystalline
Silicofitanate (CST) Ion-Exchange - “
New Facitlty V1trlficationw]

3“ West Valley Flowshcet
[Carry Forward as “Zeollte Ion

I Exchange- DWPF Vltrlficationw]
4 ] No WIPP (no TRU) I

[Carry Forward as “Crystalline
Sllicotltanate (CST) Ion Exchange-
Cer9m1cWaste Formml

4- I$-9s
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Altermmve #/Title Comments
NX11 - Acid side ion exchange 5 [Carry Forward as “Acid Side Ion

Exchange- DWPF Vitriflcationw]

NX5 - Cesiumremovalby countercurrentprocessingwith 6 No benefitsover column
CST

J
NX16 - Ion exchange on glass matrix . 7 High pH environment issue

POM21 - Reduced temperature ITP 1 Minimal modifications
*,

[CarryFonvard SS“Reduced
Temperature ITP”]

POM22- Remove catalyst 2. [Carry Forward ●s “Catalyst Removal
ITPW]

POM23 - Application of additional engineered safety 3 [Carry Forward as “ITP with
featuresto existing ITPprocess EnhancedSafetyFeaturea”]

POM5- Stop precipitate degradation by killing Pd catalyst 4 Down Stream negative effects

PON8 - Small batchTPB precipitation process with

I
1

I
[Carry Forward as ‘Small Tank TPB

multiple process vessels “ Preclpitatlonn]

4-15-98
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ATTACHMENT 1- ORIGINAL PRO-FORMAS

Inputfor the initiallist selectionprocesswasgatheredhorn a numberof sources
including bminstorrning sessions and solicitation from personnel inside and independent

of SRS and the DOE Complex. The input was documented on the attached Pro-Forma
sheets.

In reviewing the sheets, it should be noted thati

(a) originatorswereenmuragedto document even marginal or extreme ideas (which
might trigger more practical mncepts); and

(b) the Team did not edit the attached Pro-Formas, preferring instead to present the
raw idormatio~ as reeeived

..
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HLW SALT DISPOSITION PROCESS ALTERNATIVES

Alternative #: G ~ ~ Sponsor: Date:March 18.1998

Originator Ted Bonnou~h “ Phone #:, 8-0450

Title: Nevada Disposition of Waste Materials

Description: Transc)ort SRS waste to the Nevada “BOmb” Test Site, Put the waste materials into the old bomb cavities

and ingnite with a smaIi nuclear device.

/lireadv Avaiiatje:
Transport cannister devices
Hi~hwav or Train tirriers .

Bomb cavities (Vitrified basa it chambers URto a 1 miie deep. & 300 ft and over in diameter
Excessnuciear devices

There is no new inmact on the environment “

This use of the bomb charnb ers was considered bv DOEas a viabie arwoach mior to the decisions on nuclear

proIiferation. There area cmmie of pre-1980 ERDA/DOE studies/re~o rts on this, (titles unknown).

Technical Maturity: This is a vew technicaliv mature, There is no reCUJ]rt?t’llent for technical deveioDment, The momsa[
consists of usina existina armro ed methods,“ecwiDment and comporients. e same methods that were used to mo e 3v
Mile Isiand materiais to DOE IN~L can be used as examoie.

.

b

Page 6 of 8 .
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Safety Issues: Usina the transport of 3 Mile Island materials to INEL as an example there are no known new safety issues.

Advantages: NearTerm solution, Useof available resources, No resources reauired for development of new facilitv or
process. End results do not reauire anv Iarqe amount of resources for followuc). While this armears close to the wild side.
the simdickv and overall cost savinqs make k a serious consideration. Meets all of the Mission Function and
fleauirements with minimum resource costs. Even in the event no nuclear device were used, the chambers are more
secure over a Iomaeroeriod than the available tanks or future tanks, (10000 Yrs).

With the number of chambers available all waste from all DOEIDOD sites could be mJt into the chambers for manv vears
ljefore settinq off one nuclear device. This would accelerate the closing of existinci storaae tanks and sites.

Disadvantages: ~erious sellinq to overcome political considerations would have to be made.

.
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HLW SALT DISPOSITION PROCESS ALTERNATIVES

Alternative #: GL I

--

Advantages: &J b5,&aL ink’.
*I nil &! d & \uLi7r& CA5 ,

\

Pi-Disadvantages: & I;S ,

HLWALTFM:PUURCV1
3/11/98
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HLWSALTDISPOSITIONPROCESSALTERNATIVE

Sponsor:

Title: A&
v

Alternative #: 5’ fZ I

;

I

HLWALTFMPIW@ I
3/11/98
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Process Diagram (Optional)
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Alternative #: ~z ~
. .

Sponson

Title Removal of Cesium from Aadic wastes via Solvent Extraction

-.

Description Acidic wastes exist at Idaho hTationaIEntineerirw Laboratory (IFJ13Q

containing ap rxeciabIe cesiurn and actinides. Researchers at INEL, Arsronne NationaI

Laboratory and Khoplii Radium Institute lead the effort to develop solvent

extraction processes for treatment of these wastes. Technology development

simufh. “cantlv la zs that for alkaline wastes. Extraction studies exist for chlorinated

cobalt dicarboIlide, for the crown ether Used in the SREX Process, and for newly

developed crown ethers. Testin~ to date demonstrated cesium removaI efficiencies

that now begin to ar.wroach that for the In-Tank Precipitation Process., satisfvin~ the

NRC Class A Low Level Waste Criteria of 1 Ci/m3. Usage at Savannah River Site

(SRS) for all pro~am wastes would prove impractical. However, deplovm ent of the

technoIow at the demonstration scale couId reduce the influx of waste for storare

providing a stop~ ap measure to aIlow Iorwer implementation time for the ultimate

cesium removal technolow at the site.

Reference: Feasibility testing successfully completed on radioactive wastes ah

three separate facilities. FaciIitv desire and material flow sheet development lacking

for current application.

Technical Maturity Readv for pilot scale testing.

Advantages: Impractical for application at SRS for other than a stop~ap measure

to prevent influx of additional waste.

Disadvantages: Incompatible with existirw wastes and equipment at SRS. Costly

specialtv chemical as extractant. Commercial manufacture and distribution not

established at Iarpe scale.

.



.

Safe(y Issues solvents selected could pose safetv concerns. Recent development

makes non aromatic soIvents possible .
,.

Key Initial Tests: None recommended. Obseme ongoing work

.

.

Recess Diagrani (Optional, see reverse side)
.-

.
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sponsoG

.
TMe: Cs.Solvent Extraction; caustic.side urocess

. .

Description (a) JWter supemate: (b) remove Sr. TRU, Cs bv solvent extraction: (c]

vitrii% Sr. TRU, Cs in DWPF. “

Reierencc Lab-scale testirw at ORNL.

Technical Maturity Limited to small+cale tests. Removal and striuuing of cs from

the extractant uhase reauires research to optimize.

Advantages: Uses existin~ canvon facilities: Familiar Lhzuid-Liuuid processing

operation.

Disadvantages:” Unuroven technolom for cesium removal: Expensive extracta%~

French uatents on extractanh alcohol modifiem needed.

SafetyIssues:Extractant decomposition woduct imuacts: Diluent flammabilit~

Key Initial Tests: Distribution coefficient measurements with SRS simulant and

$uPemate: extractant stabilitv; small-scale centrifu~aI contactor test

.

Process Diagram (See reverse side):
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HLW SALT DISPOSITION PROCESS ALTERNATIVES

Alternative#f: sg G spoaso~ Date: 3ZJ913

Originator: Maior l%omwm Phone: 5-2507

Title: Removal of Ccsium from Acidic Wastes bv Solvent Extraction

Description: Salt solutionwould be dissolved in water and tmnsfemed to stainless steel tanks where
the solution would be acidified to >1 M with HNO+ The scdutions would then be treated bv a solvent
extraction mocess or series of processes to remove actinides, Cs. and Sr from the salt solution. The
decontaminated solution would then be evamfited too recover as much nitric acid as possible before
neutmlization and sendinp for dispa sal as Saltstone. Altemativelv. the acid strimed solution could
beeva~oratedto d~ess andsentto Sal&toneor vitrifiedin a newvitrificationfacililvforlowlevel
waste. The radionuclideswould be strimed from the extractant(s)and sent to DWPF for
vitrification. The solvent extinction could be done in F canvon with replacement of some of the tanks
and equipment. A new shielded buildin~ could also be built to contain the solvent extraction
eauipment and required stainless steel tanks.

Technical Maturity: Acidic wastes exist at Idaho National Enzineerhw and Environmental
Laboratory ONE EL) and in Russia. Great Britain. and France. INEEL wastes contain CT, Sr and
actinides which must be removed from the solution. Researchers at INEEL. Arrzonne National
Laboratory (ANL), Oak Rid~e National Laboratory (ORNL) and the Khoulin Radium Institute in
Russia have been workhw on various solvent extraction tmocesses to remove these radionuclides.
The Russians have used cobalt dicarbollide in nitrobenzene solvent alon~ with PEG in full scale
facilities to remove Cs and Sr from their wastes. Working with INEEL.the Russians have developed
a safer solvent that ‘has been successfully tested in laboratory scale centtiftmal contractors with
IJJEEL acid wastes. The Russians have also demonstrated a solvent extinction process with
phomhhe oxide extractant which extracts actinides form the solutions. ANL wearchers have
developed crown ether extractant to remove Sr and the TRUEX wwccss to remove actinides from
INEEL acid wastes. These Processes have also been successfully tested w“th INEEL acid wastes in
laboratom scale centrifutzal contractors. ORNL is developing a urocess for extraction of Cs from
INEEL acid waste. Work has been small Iaboratorv scale with simulant solutions. MA of tie
processes which could be used are readv for pilot scale demonstration.

Safety issues: .Safetv issues would be involved with the solvents used during extinction. Howeveri
thebasesolventusedfor severalof the Drocesw is TBPin kerosenet%mediluentssimilarto thoise ●

presentlvaccentedfor use at SRS. The Russianshave reulacedthe hi~hlvtoxicand flammable
nitrobenzene diluent with one that is not aromatic and has a hkh flash POint so that it would. be
classified as combustible rather than flammable

Advantages: Solvent extraction processes can be en@wered to obtain the desired decontamination
factor to Vield a low level waste solution conbininp <1 Ci/m3. Solvent e~mction proc~ are in

commonuse thrmwhouttheworldforPurificationof radioactive materials so desire and operation
would be easv to implement.Decontaminationfrom Na will be verv high so that little Na will be sent
to DWPF with the radionuclides.

Disadvantages: Acidification of the salt solution will result in increased low level waste volume and
increased use of NaOH. The increases could be reduced bv usinp electrochemical recvcle of NaOH in
the waste. The NaOH could be removed prior to solvent extraction which would reduce the amount
of acid reauired as well. The extmctants used for Cs are expensive spec ialtv chemicals for which
there are few commercial sources. Cobalt dicarbollide is onlv avai]ab]e from Russia. The calixarene
extractant is not commercially available veL but mav be within the next 1.2 wars.
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HLW SALT DISPOSITION PROCESS ALTERNATIVES

. .

Altemative#:$ ~ ~’ Sponsoc J. P. Morin Date: 3/1798

Origination Bruce Mover. ORNL Phone #: (423) 574-6718

Title: Cesium Removal By Solvent Extraction

Description:
This process uses calixorene”crown eithers in a tnbutlyphosphate” (TBP)-modified
aliphatic kerosene diluent to extract cesium and strontium from alkaline salt solutions.
Loading and stripping of the extractant takes place in a compact multistage centrifugal
contactor. The decontamination factor depends on the crown ether and the number of
contactor stages. Based on batch distribution coefficients, a 100 liter/rein 20 stage
contactor (8 stages of extraction, 2 stages of scrubbing, and 10 stages of stripping) is
calculated to produce a 137CSDF of about 10,000. Croti ethers have been shown to
be stable when exposed to high radiation> 1 month. All of the crown ether is
recovered and recycled in the process. Some makeup of the diliuent is expected.
Cesium can be stripped by water or by weak 0.01 M nitric acid.

Technical Maturity:”- .
Multistage centrifugal contactor solvent extraction processes have been inwse in
nuclear separations for decades. The use of crown ethers as the extraction agent for
Cs is still at the bench scale. Woti is currently being funded by the ESP cross cut
focus area for application at Hanford and Idaho, but this work could be quickly focused
on a SRS feed.

Safety” Iisues:
Liquid phase handling of kerosene-bearing fluids. 4

Advantages: “
The principle advantage of a solvent extraction process over an elutable ion exchange
process is the operating cost. On a comparable basis, capital costs of solvent
extraction are about 65% higher than elutable ion exchange but the operating costs are
1/3 of the operating cost for ion exchange. Another major advantage is that the loaded
extractant can be stripped with water with ve~ Mtle added salt going to Wification.

Disadvantages:
This process employs organic materials in contact with radiation. Extraction and
removalof decompositionproductshas not been shown. Many of the crown ethers are
proprietaryand will require licensing.



,’
sponsor

Tithx Removal of Cesium from Acidic Wastes via Solvent Extraction

.

Description Acidic wastes exist at Idaho National Engineerkw Laboratory (INEL)

containirw aupreciable cesium and actinides. Researchers at INEL, Ar~ome National

Laboratom and KhoP1in Radium Institute lead the effort to develop solvent

extraction Processes for treatment of these wastes. Technolom development

significantlv lam that for alkaline wastes. Extraction studies exist for chlorinated

cobalt dicarbollide, for the crown ether used in the SREX Process, and for newlv

develoued crown ethers. Testimz to date demonstrated cesium removal efficiencies

that now be~in to ap rmoach that for the In-Tank Precipitation urocess., satisfinv the

NRC Class A Low Level Waste Criteria of 1 Ci/m3. Usage at Savannah River Site

@RS) for all mogram wastes would prove immactical. However, deplovrn ent of the”

technolo~ at the demonstration scale could reduce the influx of waste for storage

providing a stop~ ap measure to allow longer implementation time for the ultimate. .

cesium removal technology at the site. “

Reference: Feasibili tv testirm successfully completed on radioactive wastes at

three separate facilities. Faciliti design and materiaI flow sheet development lackin+g

for current armlication.

Technical Maturity Readv for uilot scale testinz.

Advantages: Impractical for application at SRS for other than a stopgap measure

to prevent influx of additional waste.

Disadvantages: Incompatible with existing wastes and equipment at SRS. CostlV

specialtv chemical as extractant Commercial manufacture” and distribution not

established at large scale.



I

SafetyIssues SolventsselectedcouldposesafeW concerns.Recentdevelomrient

makesnonaromaticsolventspossible.
I

KeyInitialTests: Nonerecommended. Observe ongoing work.

ProcessDiagram(Optional,seereverseside)
.
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HLW SALTDISPOSITIONPROCESSALTERNATIVES

AItemative #: C& I sponso~ Date 25 March 1998

Originator Paul D. d%ntrernont Phone #: 208-8727

“ Title: Crystallize Sodium Nitrate (and perhaps other bulk salts), then send liquid to
DWPF

Description Perfiorm fkctional crystallization on HLW salt solution. Send the
crystallized salt to Saltstonc (after redissolving it). The liquor left behind is sent
to DWPF.

Most of the volume of HLW Sakcake is achially non-radioactive salts, such as
sodium nitrate and nitrite. Because of their high concentration rdativc to the
contaminants-specifically cesiinn, strontiu.rq and plutonium-these salts would
be the first to precipitate when the waste is fictionally crystallized. The key to
the success of this mncept is to properly select the amount of crystallization that
would be done. My proposal is to continue the crystallization to the point were
most of the bulk salts have been c~stallized but before the contaminants of
concern have precipitated significantly.

Technical Maturity: Fractional crystziliization is a well-known technology. A flowsheet
forthisprocesscodd be developedtodaywithlittletechnicalrisk.

SafetyIssues: Nonebeyondthenormalsafetyissuesof handlinghigh-levelwaste.

Advantages: Known technology: few safety issues.

Disadvantages: Would probably send more cesium to SaltStone than the currently
flowsheeted ITP process. Also would probably send more alkali to DWPF. Thus,
there would be modifications required at both places to accommodate this
flowsheet.

I
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HLW SALT DISPOSITION PROCESS ALTERNATIVES
~

Alternative #: C L ~ Sponsor: Hank Elder IMc3J25D8

Originator: Hank Elder (NeiI Davis helmxl} Phone #:803 208-6049

Title: “Salt Wmhin~ / Fractional CmstalIizationw

Description: (1) Saturated Supemate is decanted or salt is dissolved. as
necessan, and transferred to Tvu“eM Tank. (2) NaTii05H is added to sorb Pu and
Sr. (3) Solution is faltered and cJarified salt solution is tran~erred to ‘Salt Washing
Sta?efi. (4) Soiution is concentrated, cookd (5) liquor w/CS is transferred t%vdto aCs
Concentration Stagcn (6) Salt cwstals are rinsed with condensate and rinse is
transferred to ‘Cs ConC StaPe”. (7) Washed salt is dissolved in condensate and
made”into sakstone. (8) Concentrated solution is evaporated. cooled and
concentrated Cs (+ subsequent rinse) is transferred fwd to another smaller
evaporator. (9) Steu 8 re~eated in small eva~orator. Concentr~te and rinses fivd to
DWPF CPC - SRAT and redissolvedsalt back SEE AITACHED DISCUSSION

Technical Mnturity: Unit ODSare vew mature. Flowsheet needs verification with
real salt (phase eauiiibria, ~ tal sb% ete) and testinp with simulants to develop
desire data. Should not be built without entiueenng scale testing at l/IOtbor so

Safety Issues Normal remote ~rocessin~ issues. Final stream to DWPF
chemical cei[ is blazing hot (> 500 C&d). C)uantitv is small, few hundred gallons

Advantages: DWPF flowsheet does not change= still frit plus sludge. chemisq
vew little different - somewhnt higher sdlcali. NO ORGANICS. NO VENT
PLUGGAGE. SRS has considerable experience with evaDoratinp concentrated salt
solutions. Mipht tit in LW + SPC. LMe or no additional water added to HLW
svstem

Rcasonabie chance that two salt tanks in F-Area tanks could be washed in nlace and
onlv the supernnte and rinses nrocessed by this method. 2 mil[ion gallons s~ace
recovered auicldv. This salt would POdirectlv to Sdtstone lNeil’s ideal .

Disadvantages: Large remote equi~ment Large utilitv cost from multiple
evrnuorationand chillinp stens.

Attachments: Processing steps list. Hand drawn simpleflowsheet(needs work).
EM.AIL w/ its dtachrncnt (1/30/98) discussing initial ideas. The email attachment .
was edited to make it less whimsical.

In... L --v



Fed Claifkation / SolidsRemoval S~ge

1. Fill ClarificationTank ~ III WasteTank) with Supernmeand Dissolved Salt (@ saktrmion or
nearly so).

2. AddNaTi205H w sorbsolubleSrandPu. Allow thisandtile sludgeto seule.
3. Fib and send 10“Salt Washing” stage directly (or better, store filtmte in ~ III feed @

Sail Washing Stage

1.
2.

3.

4.

5.
6.
7.

FeedEvaporamr/ Gywdlizer at -10 gpm. Comxm.rau- 4:1.
Sum cleancondemate(maybeusea bubblecap tray column orpackedbcd w/ rcflux) in large ba[htub
tank This couldbe I&hl.lyshielded w/proper ecmlrols. May& have a small rcflux drum i~.de cell
and overflow 10biithlub or other Mnkagc oukiidc. -
Cool and CwstttNi7zsak. while agigtatiug,
Transkr conantme to Ccsium Concentrationstage.
Rinse with clean condensate (5-10% of slushy sdl volume). lhnslbr rinse to G Conccnlrat.ionstage.
Repeat 8 as necessary,
Dissolvo slushy salt SIW wirh clean condeasam and mosfe.r m saltsr.one.

CesiumConcentrationStage

1.
2.

3.

4.
5.
G.
7.

Feed first small evaporator(@jabout 3 gpm) and concenuate 4:1.
Cool,ctysmllize,and moveconcemrae 10 nex evapormor. Rinse wirh condensmefrom this stage
and moveto llc%tcvaportamf(Alsopm OftlleCs concenlralioJl stage).
Ilssolvc slushysailwithcoudcnsacand tier ~ %h WashiugS~c wapotir.
Feedstxond evapmakrat about I gpm. bnccnwa~ 4:1,
Send concentratem DWPF CPC.
Rinse and send rinse solution to DWPF CPC. Use condensate,
DissolveShShysah and uansfkr back101“ Cs ~llCCIl@Oll evapmamr. use coqknsau.
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Author: Herbert Elder at SRCCHO1
Date: 1/30/98 -11:26 AM

~“ /po/f% -

Priority: I?oml
TO: Jerome Morin at. SRCCA05 t Kosephf Ortaldo at SRCCH1l, Joe Carter at SRCCH16,

Roy Jacobs at SRCCC08 , Richard Edwards at SRCCH03~ Neil Davis at SRCCA13
subject: Fractional Crysti.llazation

please aee attached Word Version 7 document.

Though my write up appears (on second raading) to be Whimieical, this
i6 a serious proposal. Help me identify ~eally fatal flaw and it
will be given a rest.

Though I called it fractional crytallizationt it ie
Mka r~fining sugar (at least the very old way), in
impurity (cesium) ifi never a solid. T neglected to
the stream to DWPFis blazing hot(order of 1000 Ci

get the other alkali low enoug~and it would either

really more
that the
point out that
gallon to
be diluzed for

some safety reason (I hops that is not neceswiry) or DWPFhandles
hun~ not thousands.

Hank

.

.



Thanks to [Neil Davis] for the lead.

The purposes of any salt flowsheet is to get the radionuclides somewhere
(mainly Cs) safe and the clean salt out of HLW system. That’s it. Everything
else is just a confusion.

There is a common separation process used in the chemical industry, which

mightbe the way out of town for disposing of our salt waste. This process
simple - it is ‘Fractional Crystallization” and it might work.

In evaluating this, I am sure that the d“timlties wiii be apparent. But remember
where we are starting from. [expletives deleted].

This process uses oniy technology we have used before. No new chemicals are
proposed. in principai, none other than water maybe needed. i suspect that the .
most eflicient version of this will use something like zeoiite [deietion] or -CST
[dele~on] to polish@e stream going to Saitstone. ~~. ~ L & ~g ~~~,

b.~ i&RJ
I have gotten far enough to see that it might work, though 1was a little
disappointed in regard to how big things have to be to make space at a
reasonable rate. Had hoped for 100 gailonstages or such like. Another
disadvantage is that these crystallizers are energy hogs and have to some
degree been repiaced in industry by things like precipitation[deletion].

Here is way to implement this:

[deletion]InitiaiSteps

1.

2.

3.

4.

Intentionally. react as much TPB in tank 48 as possible and evolve the
benzene. The safety basis for this would be that it is a one shot, Do it under
N2 in a mntrolied fashion. 1argue that this is tested (fuii scaie) technology.
Fiush this fonvard. Perhaps, prior to this you have add the materiai in tank

49 to 48 to start it down the path to glass.
VItrii the tank 48 / tank 49 blend DIRECTLY. Feed it to the SME. Meit it.

Be gone foui TPB. OUT OUT! This, many moons ago was the path.for K/CS
TPB. However, the glass’ capacity for this was oniy about 10% of the that
produced and there were metai crystals present. But this wouid have much
of the organic removed. We know that the a teacup full would not m“essany
safety or quaiity thing up. Could we prove that a few hundred gallons
unprocessed residuai scuz wouid be OK? If not, run the SPC is some iimp
along fashion. Anyhow, this could be vittied in the 1000 or so semi-sludge
oniy cans to go.
Ciean Tank 48 out, sending rinses to DWPF. Process residue as above. It

is nOt easy, but neither is anything eise proposed so far, Hard but straight
fonvard maybe a vitiue. .

,



.

.

[deletion] Washing / Crystallization

This is a counter-current batch process. Overheads should be used for re-
dissolution in either the same stage or the one just forward (dirtier).

1.

2.

3.

4.

5.

Bring salt solution to Tank 48. Add sodium titanate and filter. This removes
soluble Sr, Pu and sludge solids. A filter aid may be needed. At first, it
would be good to use supemate from de-watered salt tanks. This gets. the
Cs moving the right way.
Send the filtered salt solution to an evaporator currently free of sludge - Say

the RHLWE. Now, new equipment would allow more optimum design but a
bird nearly in hand ... .

Reducethe liquid volumeaboutfourfold,-send concentrated supemate
forward, rinse (with overheads?) concentrate and send concentrate forward.
Dissolve salt left (W-th overheads?) and send dissolved (and somewhat
cleaner salt) to NEW agitated canyon like evaporator.
Concentrate the salt here and move the concentrated supernate (Cs rich

phase) back to the RHLWE. Rinse, concentrate, supemate to RHLWE and
dissolve salt. Send to tank 50, send to Saltstone, polish as .ne~ssary with
zeolite (maybe to caustic?) or other agent (CST). John Fowler told me that
Zeolite works in concentrated caustic, if you pre-treat to swell it. At least that
is what I thought he said.
Concentrated supemate from step 3 goes to new small evaporator.

Concentrate, crystallize, move supemate forward, re-dissoived salt back.
Use enough stages to get Cs con.kentration relative to the other alkali high
enough so that it can be vitrified without adding too much to waste volume.

My first scoping talcs say it should work. Economics and feasibility are
uncertain. Much flowsheet thinking needed. Mabye a totally new faciiity.would
be cheapest. Etc.

BUT, it is based entirely on stuff we know how to do. And the safety basis would
be simpler than most processes.



~w SALT DISPOS~Ohl PROCESS ALTERNATIVES ‘

Alternative & CA% sponsoE

Title Salt Separation by Fractional CrystaUization .
.“

Description High-level waste supernatant Iiquid is acidified and then processed

through a series of fractional crystallization stages to separated the bulk of the

sodium salts (prirndy sodium nitrate) from the radioactive wasta Two product

streams are prociucedi a concentrated supernatant liquid containing all of &e

radioactive components (e.g., CS-137, Sr-90, tranuranics) and a non-radioactive

sodium salt produch After saIt removal, the more concentrated radioactive waste

stream is sent directly to the DWJ?F for vitrification or treated to”further concentrate

the radioactive components. The sodium s@t product stream is dissolved in. water

treated in an electrochemical salt splitting reactor to recover clean sodium hydroxide

and nitric acid. .. The nitric acid is recycled to acidify waste for fractional

crystallization. Sodium hydroxide is recycled onsite as a corrosion inhibitor and for

leaching aluminum from sludge wastes.
. .

Reference: D. L. Hertin~ “Clean Salt Process Final Report: WHC-EP{-0915,

Westinghouse Hanford Company, Richland, WA, September, 1996.

Technical Maturity: Fractional crystallization is a mature industrial process.

Application of the technology to radioactive wastes is limited to bench-scale

demonstrations.

Advantages: Physical separation process does not introduce new chemicals into the

HLW system . Reduces low-level waste volume by recovery sodium hydroxide and

nitric acid chemicals.

Disadvantages: Requires new facility capable of handling acidic solutions. May

result in higher solids content in the cesium-137 fraction of HLW sent to the DWPF

(i.e., produce more glass).



Safety ISSues: Criticality safety maybe an issue depending on scale of equipxn=~

Key Mtial Tes& Conduct pilot-scale testing with eqtipm~t designed for remote

operatiom Determine if filtration stage is needed prior to tidiod aystdlization as

a result of soIids formation upon acidification of supematant I@tid. ...

Process Diagram

D. I

I

.

I

I



Alternative *

Title Salt Separation by Fractional Crystallization

Descriptioru High-1evel waste supernatant liquid is acidified and then processed

through a series of fractional crystallization stages to separated the bulk of the

sodium salts (primarily sodium nitrate) from the radioactive waste. Two product

streams are produced; a concentrated supematant liquid containing all of the -

radioactive components (e.g., CS-137, Sr-90, tranuranics) and a non-radioactive

sodiumsaltproduc~AftersaltremovaI,themoreconcentratedradioactivewaste
stream is sent directly to the DWPF for vitrification or treated to further concentrate

the radioactive components. The sodium salt product stream is dissolved in water

treated in an electrochemical salt splitting reactor to recover clean sodium hydroxide

and nitric acid. The nitric add is recycled to acidify waste for fractional

crystallization. Sodium hydroxide is recycled onsite as a corrosion inhibitor and for

leaching aluminum from sludge wastes.

Reference: D. L. Herting, &Iean Salt” Process Final Report,b WHC-EP{-0915,

Westinghouse Hiinford Company, Richland, WA, September, 1996.

Technical Maturity Fractional crystallization & a mature industrial process.

Application of the technology to radioactive wastes is limited to bench-scale

demonstrations.

Advantages: Physical separation process does not introduce new chemicals into the

HLW system. Reduces low-level waste volume by recovery sodhim hydroxide and
nitric acid chemicals.

Disadvantages: Requires new facility capable of handling acidic solutions. May

result in higher solids content in the cesium-137 fraction of HLW sent to the DWPF

(i.e., produce more glass).

Safety Issues: Criticality safety may bean issue depending on scale of equipment

Key InitiaI Tests: Conduct pilot-scale testing with equipment designed for remote

operation. Determine if filtration stage .is needed prior to fractional crystallization as



a result of solids formation upon acidification of supematant liquid.

ProcessDiagram

.,



HLW SALT DISPOS~ON PROCESS ALTERNATIVES

Alternative #: C Z ~- Sponsor: Ken Rueter Date: 3127198

Originator: Ken Rueter Phone #: 8-7430

Title: Selective Fractional Cn@xdlization of Salts

Description: Because of the solubiIitv difference of the different salts in the waste
stream. a continuous cwstaliizer unit alorw with. a filterindse~aration device would
be installed to selectively remove the NA & K salts.

Technical Maturity: Batch&ContinuousProcesse$IndustriallyA~plied.
&Plication in Radiochemical Processenvironment unproven

SafetyIssues: VolatizhwRadioactiveWast&Sif?nificantNumberof Radioactive
Material Transfers

Advantages: Minimal or No Chemical Additions Reauired, CrvstalIization Unit
Operations weIl understood commercially, Takes Advanta~e of Phvsical Prot)erties
of Material (Solubilitv h Utilizes Basic and Mature Unit Operations PnnciD1es.

Disadvantages: Series of Unit Operations and Processes Steps Reauired to Reach
End Product State Not WelI Understood within RadioactivdChemi&l Waste
Processing. CrvstalIizer Reauires Hipher Levels of Preventative Maintenance.
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Process Diagram”(Optional)
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HLW SALT DISPOSITION PROCESS ALTERNATIVES
. .

Alternative #: 6 Cf-

Originator: t~~ti

Date: 3,/13,/$’Y

uuQso/.f/l)Ad 140W?DS Phone# f- G3c7Y

Page 6 of 8
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N.B. Both the nitrate/sodium removal
step and the subsequent evaporator
are both MA/HA plants.
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Electrochemical Denigration

● Reduce ~03-/NO2- to nitrogen-containing gases that are
. subsequentlyseparated from bulk waste stream

● Net chemical conversion

NaN031NaN02 ~ NaOH

. I
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CM Na

+

do “N+H’
●ode Nm 7 cathode

O+H-

olI- NO+ 9
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Alternative # ~ C ~ sponsoE -“w ““

Title: Cesium Separation by a MultiStaged Electrochemical Membrane Process

Description This salt disposition process features a multistage electrochemical

separation process to produce two products, (1) a small volume alkahe solution. .
enriched in cesium and depleted in other metals and salts and (2) a large volume

alkaline salt solution depleted in cesiu&. The separation of cesium from the alkaline

waste solution is accomplished using an electrochemical reactor equipped with a .

Nafion””membrane. Upon polarization of the reactor, cations migrate across the

membrane into the product compartment Monoc.barged ions (i.e., alkali metis) are -

transported much more rapidly than multiply charged ions. Among alkali metals,

ces~um is transported faster thah sodium and potassium enabling the enrichment of

cesium relative to sodium and potassium in the product stream Because of the high

molar concentration of sodium and potassium relative to cesium, a multistage process

will be required to effect the separation and minimize volume of the cesium enriched

product stream. .
.

References:

A. Eisenberg and H. L. Yeager, editors, Perfiuorinated Ionomer Membranes, ACS

Symposium Series 180; American Chemical Society, Washington, DC, 1982

D. T. Hobbs, bRadioactive Demonstration of Caustic Recovery from Low-Level

Alkaline Waste by an Electrochemical Separation Process,6 WSRC-TR-97-00363, 4

April, 1998. “

Technical Maturity: Nafion- equipped electrochemical reactors are widely used in
large scale commercial plank for the production of chorine and caustic (chlor-alkali

industry). Technology has not be applied to the separation of cesium and sodium.

Advantages Process does not require the additon of process chemicals to effect
necessary separation. Process does not add any new chemicals to wastes disposed in
DWPF or Sal@tone. The cesium enriched product stream Would contain only trace

quantities of other metals.

Disadvantages: Application of technology has not been demonstrated in a high

I



.

~MemtX.

. ..
Pae2

.g I
radiation environment. . .

Safety Issues:

Key Initial Tests Determine service life of organic-membrane under high radiation

conditions. Determine number of stages needed to effect necessary enrichment.

Process Diagram:

I



HLW SALT DISPOSITIONPROCESSALTERNATIVES
. .

Altemative#: ~ C 3 Sponsoc J. P. Morin Date: 3/1 798

Originator J. P. Morin Phone #: 83214

Thle :Electrodialvsis

Description:
In electrodialysis, the concentration and/or composition of electrolytic solutions is
altered as a result of electromigration through membranes in contact with these
solutions. Electrodialysis units are stacks or stages of cells through which the feed and
diluate solution pass. These cells are separatedby ion-selectivemembranes which,
under electric potential, provide for selective migration of ions thereby depleting the
concentration of target ions in the feed and enriching the target ions in the effluent.
Present applications of electrodiaiysis technology has led to the ready availability of
mechanically sturdy, highly conductive cation- and anion-selective membranes. This
availability has opened new possibilities for the design of processes requiring this type
of separation.

Technical Maturity:
Electrodialysis is in wide commercial use for desalinization of sea water and in
medical, kidney dialysis. A number of membranes are available for a wide variety of
cations and anions. Thk author is not personally aware that selective membranes for
cesium exist, but David Hobbs has seen some cesium enrichment in the commercial
membranes he has been using for caustic recycle. Prior application in radiation
environment is probably very limited,

Safety Issues:
●

There may be a safety issue associated with electochemically-forrned hydrogen under
abnormal operation but is well within the experience of other users of this technology.

Advantages:
This alternative offers the possibility of an efficient, compact continuous process.
Cesium removal is achieved by electrochemical inorganic exchange reactions which
are controlled by application of low voltage. No phase changes occur. Apati from the
membranes, the unit operations are very basic.

Disadvantages:
ion-selective membranes are the most sensitive part of the unit. ”Their lifetime is
considerably shorter than the rest of the system, even for themost durable ones
available. Radiation may further reduce membrane lifetime. Membranes can foul and
are sensitive to deposition of scale, requiring replacement or chemical cleaning.

.



.. . . . . . . . ... . =. .... .-..-.,W..J-...J.L-J. . . . --.0- ----- ,. -. . ,-

HLW SALT DISPOSITION PROCESS ALTERNATI~S

Alternative #: <C + Sponsor: Ken Rueter Date: 3127198

Originator: Ken Rueter
Phone #: 8-7430

Title: E1ectrochemi~l Separation of Salts

Description: A Series of Electrochemi~l Cells would be installed to selectively
remove the NA & K in the form of NAOH & KOH.

TechnicalMaturi~: ContinuousProcessIndustnaIIvApD]ied.A~DIicationin
Radiochemicalmocess environmentonlvworked at the Dilotlevel

Safety Issues: Electrolytic Action on Radioactive Waste Hi~h Enerw PotentiaI
Environme ~ Caustic HandIin~ & Storzwe Hazards. Potential Generation of
Hvdro?en & NOX Gases.

Advantages: MinimaI or No Chemical Additions Required. Electrochemical
Operations well understood commercially, Takes Advantige of Phvsical Properties
of Material (Ionic), Near Product OuaIity Genemtion of NAOH & KOH

IXs?dvantig=:MavReauireMultipleCellBank to Addrtis K vice NA and reach
Required Production Rates, Not Well Understood within RadioactivdChemiml
Waste Processing. Electrochemical Cells Rauire Hi~her Levels of Preventative
Maintenance Hizh Ene w Costs t)er Unit of Product Generated.



Waste Storage
Location

Waste Pre-Processing

(Salt Cake Dissolution &
Fllteking)

ProcessDiagram (Optional)
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Alternative #:

J+wL MIX DISPOSITION PROCES AL~

EC j- SponsoK Jack Watson

Title: Electrol@c separation of Na from everythingdse
-.

Description: Sodiumpcnneableccr?mic membranesare availablethatcouldbeusedto remove
the bulk sodium fim the supematc. Unlike most organic cation pcrrncablc

membranes, these membranes pass sodium selectively over ccsium, and the
selectivity is believed to be relatively good. Sodium is the most abundant cation
in the supcrnatq so remowd of the sodium for sending to 10W-ICVC1grout would
rcducc the HLW gltiss produced to a quantity less than that produced from
vitrification of the supcrnatc. RcrnovaI of the sodium would* reduce the pH of
the remaining supcrnate. Possible advantages of Iower pH and the potential usc of
additional H materials is discussed in a separate form. At Hanfor~
considerations have even been considerations given to reuse of caustic produced
in this manner on site or off site. Thii could also bc combined with nitrate
dcstmction in electrolytic cells.

Technicat Maturity

Safety Issues

Advantages:

Lirnitcd testing has been done at PNNL and at SRTC with small mernbranc areas.
TMs idti hasn’t progressed beyond lab-scale msring..-

All such electrolytic cells can generate hydrogen ador oxygen at different
electrodes, and those elcctrodc chambers have to bc flushed with inert gas.

tiothcr Wy to remove the bulk salt”fiam supcrnate. Could produce a useful
caustic solution.

Disadvantages:
Not a mature &ChllOIO~. Electrode hfc could be short_ Solids form in the unit.as “
the pH of the bulk stream is lower@ solids could afficct membrane @iforrnance.

Process Dia~m (Optional)
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HLW SALT DISPOSITION PROCESS ALTERNATIVES

Alternative #: j/T I Sponsoc Date: 25 Mkrch 1998

Originator: Paul D. d’l?ntremont Phone #: 208-8727. .

Title: Vitrify Salt In Situ

Description PNNL has developed technology for vitx@bg waste sites In-Situ.
Electrodes are placed in the ground and curretkis established between them to put “
heat into the ground. This proposal k to developa similarprocessfor waste
tanks. Glassformerswouldbe addedto the~ electrodeswouldbe inserte& “
andthencurrentwouldbepassedthroughthewasteto makeglass. The tankitself
couldbeusedas oneof he electrodes. “

TechnicalMaturity: Highly Conceptual.

Safety issues: Waste may contain compcngds that would become unstable when heated
and dried. Also, process could destroy the tank wall and lead to large releases of
waste. -

Advantages: Waste is left in the tanks. No need to build new processing plants.

Disadvantages: Wotdd be difficult to accomplish with tanks with cooling coils.

10002
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HLW SALT DISPOS~ON PROCESS ALTERNATIVES

Alternative * V ~ 2 sponso~ Hank Elder Date: 3/26/98

OrigiuatoC ?????? Phone # 803-208-6049

Title: VhMication of Salt Waste -

UIOOJ
I

. .

Description:
(1) Pr&tr~t Srnltm“thNa13205H to remove soluble Pu and Sr and filter.

(2) ~ltnfi salt solution with feed chemicals (SK)2, B203, A1203) in a low
temDerture melter.

Glass loading would be about 25V0salt - Iimited by Na20 loadin~. DurabiIitv would
be much less than DWPF benchmark (EA) zlass. This is acccntable because cesium
only J4ass is innocuons after 300-600 wars. Canisters would he stored on site in
some inexpensive method. Concrete culvert in mmnd would do.

Technical Maturity: SRS can vitrify this material usin~ existing technolow.
There would be some work on formulation of glass.

Safety Issues: The institutional acceptmce of low durabiiitv @ass to be.stored on-site
is an issue. Pmccss would be comparable to slud~e oniv operation. Radionuclidc
loadin~ would be low (-l 000 Cdcan) and about 300 R/hr shine

4

Advantages: SRS cm use existin~ technolow to do this, Sxfetv Basis is CIISVto
c..tablish.

Disadvantages: While unit cost would be low, would take order of 130,000 (!!!!!~
DWPF size canisters 11.8Metric tons class in eachl to vitrify all the salt, Unless
there is away to remove much of the snlt from the stream. this is DOA. It mi~ht bc a
supplemental m-ocess if DWPI? vew mwilablc. ‘Licensin@ issues would consume
111.8 iifetimes of work Based on sconinp calculations. 1 would wad this nroposai up
into a little bnil and throw it rnwnv,
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EXPLANATORY NOTES FOR “ALTERNATIVES PRO-FORMA” I

Alternative #will be provided by Peter Hudsom

Sponsor could be originator, a suitable “champion” or a core team member.

Date - Date submitted. I

~ should capture the key unit operations of the proposed process.

Dcscrititionshould be a single paragmph technical description of the steps involved
in the proposed process, clearly ident~ing where usek made of existing HLW
processes/facilities.

Technical Maturity ~ one of the key criteria in ranking alternative processes. Defkm
the current development status of the process, e.g. theoretical idea; chemishy
proven in lab; fully commerciaiiied for non-nuclear applications; full nuclear
operation.

Safetv Issues - another key criterion. Recognizing that benzene generation became a
major safety issue on ITP, what signifkant safety issues would have to be taclded on
this process? e.g. hazardous chemicals, risk of ezplosion, h@ghtemp and prcmur~ .

Advanta~esand Disadvantams - apart from safety and technical maturity, what are
the other principal advantages and disadvantages of the proposed process, eg.
simplicity, cos~operability, usc of existing facilities.

Process Diam m K)ptionall - lf you can, sketch out the principal steps of the
process, showing interaction with existing facilities, on the back of the sheet.

Completed Forms should be returned to Peter Hudson, either by ~mail or hard
copyto70s-3c. * -X w% “q&5 26 Y’
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HLW SALT DISPOSITION PROCESS ALTERNATIVES,

Alternative #: VT 5- Sponsor:

Title: 4J4%L. d l$riid- F&/’& -&.lF

Safety Issues:

4

\
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,’

Alternative k V<G Sponsor &. pti~’

Title: No Pretreatment O~tioru Direct Vitrification of all Liuuid Waste.

Description SuzEested as boundin~cost oution.

.

Reference

Technical Maturity

Advantages: Reduction in Salstone Produced over life cvcle of mission.

Disadvantages Extended mission life. Extra dutv on DW_PF. Additional canisters<

additional number of melters and “vaults needed over Iife cvcle. Note: additional

technical issues arise likelv leading to retrofittin~of the existiruz off ~as and suD~ort..
svstems in the DWPF. (Russ EibIin~ intended to submit a fofi on this option

providirw the details. Uncertain if he did.]

Safety Issues

Key Initial Tests (1) Perform HLWS material balances to dete~ine additional
a

costs for ‘no action’ case.

Process Diagram (Optional, see reverse side) Not movided.
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HLW SALT DISPOSITIONPROCESS ALTERNATIVES
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Advantages: ‘
fA

4
4
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HLW SALT DISl?OSITIOIN PROCESS ALTERNATA7ES
4

A.ltemative* ~ L 4

Titk Class C SAstone

A#AA
I)escriptioxu Decontaminate salt feed to some level and send @urn !icKStreamto

saltstone for grouting. Rermirdrw stream ~th cesium is sent to DWPF via ~roass

reauirermmts dependent cm separation process.

Reference: H.ariford Grout mocess fnow shut down).

Advantag~ Minimal D.F. needed in Pretreatment

Disadvantagax Re~lators; DOIiticak philosonhv. Still need b~atment process

in addition to Political and environmental issues.

4
Safety Issues: Sakstone heating. Pretreatment shieldin~. Pretreatment

concerns (benzene?l.

Key Initial Tests _ eerimz talcs rweded. Solid stabilitv tests needed esp eciallv

related to T-48 and late wash.

Process Diagrqn (Optional, see reverse side):

1
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HLWSALTDISPOSITIONPROCESSALTERNATIVES

Alternative#: fl ~ ~“ Sponsor: Date: 3f25/98

Onginato~ Maior Thommon
.

Phone: 5-2507

Description: Two strains of bacteria have been identified which accumulate or
precipitate Cs to levels of 92 and 52 nw Cs per zramofd ry cells. Clvde Engineering
Service of New Orleans has a r)atent on technokwv to attach bacteria of this and other .
iwes to TyvekTMfibers to allow easy removalof metak such as Cs from solutions. OWren
is reauired for mowth of the bacteriaalthou~hit may be POSSible that the oxw en could be
sutwdied bv the nitrate and nitrite in solution.

Technical Maturity: The technology is at the theoretical sttwe for Cs in waste. The
bacteria havebeenshownto accumulateCsin thelaborato~ withsim~lesolutions,but not
under the conditions of HLW salt solutions. Attachment of the mea“fit bacteria to fibem
has not been demonstrated, but is assumed to work as with other bacteria that have been
demonstrated in the laboraton. The owner of the patent rkhts is lookirw for a ~lace to
a~plv the ideas. but no testhw has been done. The technical risk is verv hiph since there
has been no testhw of mmvth in hi~h salt wastes or in the m-esence of radiation. The
literature does report that the PH for ontimum vrowth is 85 which would be a bad ranpe
for operation with Mant salt solutions resulthw in precipitation of Al on neutralization of
the hi~hlv alkaIine waste solutions.

Safety Issues: There are no known safetv issues at th]s tim~ althou~h further investigation
would be reauired to ensure that the fibers used. do not decompos e under radiation to
produce flammable owanic vauors. .

Advantages: The bacteria have verv hieh capacitv for Cs at 92 mv per mam of dry cells.
The technology could be viewed as a ‘%reen”technolow since tbe basic rezwent comes from
nature. 4

D~advantages: Fibers are orpanics Which can be damamd by radiation with
possible detrimental effects of the process. All the owanic material from the bacteria and
the fiber matrix would have to be fed to the melter which could affect the redox in the
melter and rmssib]vthe durability of the resulting ~lass. Overcoming these effects could
reauire extensive testhw and chan~es to the glass formulation. Risk of failure is hlph due
to unproven state of the technokwv.



HLW sALT DISPOSITION pROCEss &TE~AT~s . “

~temative #: M ~ 6 Sponso~ Ken Rueter Date: 3/18/98

Originator: Kinetic BioSvstem Ine
Phone #: 8-7430

Title: KBI Centrifu~al BioReactor Technolo
w (CBRI -

r . -r ..-.-., ---.IUUUUS mm MOW mo~eactor
uously feeds the waste m-ocess stream to the Bio-

. _ .._..e containin~ the orpanisms in an extremely hi~h
Wurrent limits) stahiliz~~ fI,,:~ ka L.. ---,-.,- .. -

Description: KBI’s CBR is a ~r.nfietn~ ~mmti . . . . ..- e..A ____ --- .

technolow. The Process continl
or~anisms under high Dressure whilf
density (UP to 1.0 M -—------ **UEU“Guu ~ uwmz vemcalcentrifuge unit operations technolow.

See Attached Reference Material from KIN-Nv (Not~ Vendor Inmxt is

Confidential)

Technical Matun& Lab Proven and Pilot Scale Readv. No Current Mid to Lar~e
Scale Industrial Applications

Safety Issues: Hivh Pressure Operation. Placement of Hi~h LeveI Waste in
Centrifuge Environment Hiph SDeed Rotatin~ Equi~ment Hazards

Advantages: Fast Stream ProcessingRates, Lower Eaui~ment Costs com~ared to
normal Bio-Reactor Confimmtions. SmaI1erInstalled Eaui~ment footDrinLHiph
EfficiencyProcess, Reduced ODeratin~Oversight& Interface Requirements

Disadvan~gm: Identificationof Bio-Or~anism for hi~hionic waste stream
environmentand survival of the omanisms, Centrifu~eMechanical Desipnand
Abdication not Drovenat Industrial ScalQ RovalN & Technolow Licensing Costs,
Company sti]l in venture and start UDmoddstitis. Waste Stream FIuid Rheolopy
effects within a centrifu~al operations environment

I

4



ProcessDiagram(Optional)
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Y-1 U.S. OEIWUMENTOF ENERGY

SAVANNAHRIVEROPERA170NS OFFICE

/w~ ~~ EMPLOYEE SUGGESTION
.

----- ---
STAFF WdUGER’S OFFICE

SUGGESTION NO.: q8-i~
DATERECEIVED: \ /2q/q8

NSTRUcTfONS: Read page two befbre pmpadng your suggestion. Forms may k -ted by hand w @ne. Submit original to
he Staff Manager’s Oftice. RekJn one CUPYforyourfiIe.

. Nameof Suggeste@ompbte payd name]
12rtimG*

William L Stubbs I Nuc@r Engineer GS-640-14

. Organization (DIV-BK-SkC)and Telephone No. 14. Name and Tiie of Supervisor

staff54499 I Broaden

j. Buildingand Room No. 16.Tde of Suggestion -.

703-/4 E146 I Dsposal of Satt SrMon contain.hg CS-137 In Sattstone

7.Describe’the present situation, condition; or adhfity whfdI you Mieve should be changed or improved. (Llse ptain paper for
continuationsheet if necessary.)

Until recently, ~e salt sol~.on in the high-levelwaste !ank in F mf’H A&as wastobetreatedintheln4ank Pr*”p-Mien (ITP)
Fadtitywithsodhqntetraphenylborateto removetheradioactivecesium,andsodiumtita@e to removestronfium’andthe uraniums
andpltioniu~i makingthe solti’onIow-kwelwaste. It twsbeendeterrnhwdthattheproposedITP processk notviablebe~use ‘

of thelackofunderstandingofhowtokeepthetetraphenytborate(organic)ixmqxkndsandderivativesin the ITPprocess from

breaking down andbmirtg bemi?ne.Asa fesu~ft&@ W titiorIgallw. ofradioactivesaltandsaltsolutionresides in the

waste tanks with no process to dispositionthem. The high-fevelwastemissbnissetfoustythreatened by this situation considering

the time it takes to bringamewfacilityorprocessonlinefromconception, “

9- sqibe youfsuggestionor invention~ detail. Give specificdata on the tangible and intangiblebenefip to th.e.govemment resutfi
\ manpower or material savhgs, improved methods, work simpiiicafion, a=”dent prevention, or other improvement. (Use plain

~er for continuation sheet, if necessary.)

It’seems that h is possibleto processthe salt solutionfrom the w&te tanks with sodWmtifanate (non organic) to remove the

strontium,uraniumsand plutonium and dtsposeof the remainingsalt solution(containingthe radioactivecasium) in sdtstone

(mncrete). The NRC”has requirements for levels of radionudidas that can be d~posed of in near-surface disposal faatities such as

our Salt-stone Facility. The limit on m“diiactive~ium (Cs-13~aIlowed by.the NRC fm.th& type.of diiposal is 46(2Ocuries per .
cubic meter (Class C waste in 10CFR61 .6!5). The satt solti’on with thehighest CS-137 concenfrafionat SRS would produce

$altstonewith a CS-137 ooncenbationof about 1100 ciN& per cubicmeter, tess than 25% of~e Class C timif. Most of the satt

solW”onwould’produce saltstonewith CS-137 values well belowthis. Att othe; componentsof the higkesium satt solm.on satisfy

the Class A timits. This optionwwld require modificationsto the Saltsfone Fadtii and our environn%tal permits, but these4can be

done in far less time and with less money than developinga new processs& buildii a newfadlii. Thisoptionwould allow the

disposition of salt$o continue and the m@sion to be compfeted possibty ahead of our current schedule.

9.1 undemtand that this suggestion or.htvention will be awarded only if adopted by the,govemment eitherbywrittennotificationor
throughpracticalapplicationoftheidea,withfn’two.yearsofthedateoffindactiortsnl@ suggestion.Iherebyagree thatthe use

the bMs”ofa furtherddm ofanynatureuponthe UnitedStatesby

“’”Signature of Cosuggester, if any Date
Cesralong thistine) .

.——,— —_, _ —.

ACKNOWLEDGEMENT OF SUGGESTION
THANK YOU for your suggestion. It w.]1~ ~mful& ~~ide~ by fho~ ~ bve ~nfial ~pon+ibilily in the”area of your sugg[
and you till h advised of tie a~on ~ken. Your interest in improving govemmenfal operations is appredated

. .
.

Ref~” to Suggestion No. .

,

Signature (Staff Manager’s Office) Date
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Process Diagram (Optional]
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HLW SALT DISPOSITION PROCESS ALTERNATI~S “

Alternative #: /4 L ~ Sponsor: Ken Rueter Date: 3125198

Originator: US Armv CorD of En~ineem
Phone #: 8-7430

Title: Interstitial Fluid DisplacementfH?Dlfor Preferential RecoveW of Cesium
from Saltcake

Description: Because of the porous nature of the Saltcaka a fluid displacement
method called Interstitial Fluid Dis~Iacement (IFD

) would be amdied to substitutethe contaminated su~emate in the Saltcake with uncon~minated water.

See Attached Reference US ArmY CorD of En~ineers TechnicaI Re~ort GL-97-
September 1997

Technical Maturity: IFD Process Industrially Abplied.However.ap~lication of IFD
for Saltcake decontirninationhas onlv been ~roven at the simulation.conce~tual,
modelinvlevel. “”

Safety Issues: Potential for Addition~lTank TOP Operations Work Activjtim, Need
to Mechanically Manipulate the Saltcake to form collection sumps.

Advantagw: Sim~le Process to Operate and Maintiin, IFjJ Me&od well “
understood CommercialIv, Low Ener

w & UtiIitv Dutv. Minimizes Tank Sam~ling
Requirements, Reduction in Fresh Water Usare

.
Disadvantig=: Armroach onlv addresses we Saltcake not the SuDemate (Not a
Complete Solutionl. The Drocess assumes no dissolution of the Saltcake dunnp the
displacement rmocessand has not been considerd conce~tiallv. Overall the conce~t
at the model level did not achieve the tarpeted DF. Serious effectivenws and
efflciencv issues around Saltcake hetero~eneim levels relative to media
permebiiitim.
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Alternative #: N Lq Spo”nsoE Date: 3-Z7-Y&
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HLW SALT DISPOSITION PROCESS ALTERNA’ITVES

Alternative #: /’+~ I~ S,OIU?WLL 47!!.– Date:A37F

Safety Issues: u.%

I

:
I

.



HLW SALT DISPOSITION PROCESS Alternates
. .

Alternative #: fl L / j sponso~

Originator: Pat Supgs

Date: 26 Mar 98

Phone #: 8-1482

Title:

Description: se P ,

Technical Maturity: 500,000 Z;dae
[

Safety Issues: Now n C.4tvr& . ~MW evti & U“

Disadvantages: ~/we ‘ “Uiz’de “

Page6 of 8
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BIOD.EN1~KATION ANDBIO-OXIDATIONIN500,000GALLONTANKS ht@/www.omLgcw/orcmUmpabilitiWdt~320.hhl
-,

e“Biodenitrification and Bio-Oxidation in 500,000.
Gallon Tanks I

A-T+ Fox

Oak Ridpe Centers for Manufacturing TechnoIo~ / 1-800-356-4USA 14USA(iiJorn1.gov
/A~ll

SUMMARY

The West End Treatment Facility (WETF) at the U.S. Department of Energy% Y-12 Plant in Oak Ridge,
Tennessee, treats aqueous nitric acid wastes, nitrate-bearing rinse waters, dilute biodenitrification
sludges, and other aqueous waste. The process renden waste waters from the weapons handling facility,
origimdly contaminated with nitrates and heavy metals, safe for release into a surface stream.

Description

Waste waters are deliveredto the WETFin 5,000-gallontankertrucksand300-gallonplastic .
polyethylenetanks,as well.assmd~ercontainers.Theygo througha three-stepprocess:(1) precipitation
of heavy metals, (2) bioderutrificati?n and bio-oxidation and (3) removal of trace metals and suspended
solids. The first step involves adjusting pH, settling of the sludge to remove the uranium, nickel, zinc,
chromium, and other minerals from the wate~ and decanting. Nutrients may also be added for the
subsequent bacterial treatment. The water is then transferred to 500,000-gallon tanks to undergo
anaerobic reactions by bacteria that convert the nitrates and organics to nitrogen and carbon dioxide. The
average residence time is 6-12 months, and the nitrate concentration after treatment is <50 mg/liter. The
nitrate level in thewaste water before treatment averages approximately 15,000 mg/liter.

The waste is then transferred to the bio-oxidation tanks where bacterial oxidation ensues for an
additional 2 to 6 months to destroy the residual organics in an aerobic process. The biological oxygen
demand level after treatment is <50 mg/liter. The final treatment of the aqueous phase removes trace
metals, solids, and organics, and the water is discharged into a surface steam at an average flow rate of
19,000 gallons per day. Denitrified sludge is transferred to storage tanks to await disposal.

The process uses three 500,000-gallon tanks for anaerobic denitrification and three other tanks of that
size for bio-oxidation. Aother facility uses 14,000-gallon tanks and smaller tanks for bio-oxidation but
restricts the waste nitrate content to 100 ppm and does not carry out biodenitrification.

THE OAK RIDGE COMPLEX

The Oak Ridge Complex leverages the extensive research and manufacturing capabilities of three
Department of Energy facilities in Oak Ridge: Oak Ridge National Laboratory, a large multipurpose
research institution; the Y-12 Plant, a defense precision manufacturing facility; and the K-25 Site, a
former uranium enrichment facility now housing environmental remediation and waste management
programs. The unique capabilities of the Oak Ridge complex and the Oak Ridge Centers for
Manufacturing Technology are available to interested private-or public-sector parties through a variety
of contractual arrangements with the Department of Energy.

BUSINESS CONTACT

Manufacturing Technology Information Service
Oak Ridge Centers for Manufacturing Technology
P.O. BOX 2009, Bldg. 9737
Oak Ridge, Tennessee 37831-8091
(800) 356-4USA
4USA@oml.gov
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BiologicalDestruction of Tank Waste L
A=?f~~

Idaho National Engineering Laboratory fii -11’

Description

Biological Destruction of Tank Waste (BDTW) is a separation and volume-reduction process for
supematant and sluiced salt cake waste from underground storage tanks. These wastes are usually
composed of various radionuclides and toxic metals concentrated in a nitrate salt solution. A BDTW
system would be located adjacent to storage tanks applied to the supematant and sluiced salt cake .
effluents. The bacteria act as metal and radionuclide adsorbers and also as denitrifieation catalysts that
reproduce themselves at ambient temperature and pressure. Some degradation of organic contaminants
may also occur during the process.

Supematant and sluiced salt cake wastes flow into the BDTW bioreactor, which concentrates hazardous
metals through biosorption, separating these hazardous components from the waste salt stream into a
biomassproduct.Theradioactivebiomasssludgewouldbe incineratedto reducethe volumeand
suitablystabilizedas requiredfor hs levelof radioactivity.In parallel with the metal sorption process,
the microbes also catalytically reduce the nitrate waste salt stream to a bicarbonate solution. The salt

~ solution product could be carefidly monitored and, subject to regulatory approval, evaporated and treated
(i.e., grouted) as a nonhazardous, nonradioactive waste.

The process uses a mixed cuhure of natural bacteria isolated from the Great Salt Lake and the Death
Valley area, They are able to grow and reduce nitrate in the very high salt concentrations found in the
tank wastes. The bacteria -aregrown in a bioreactor and then recycled to a blosorption tank, where they
are mixed with the incommg waste. Agitation is provided by sparging with evolved N2 and C02 gases.
The high radioactivity and metals concentration in this tank may kill the bacteri~ but dead bacteria
biosorb metals equally well. The bacteria and any chemical precipitates that may have formed are
removed by filtration to generate a biomass sludge containing nearly all the radionuclides, transuranics,
and toxic metals.

The liquid containing the nitrate, organics, and very low levels of metals flows into the bioreactor, where
it is mixed with,acetic acid as a carbon source for bacterial growth. The nitrate is reduced to innocuous
nitrogen gas that is released to the atmosphere after being filtered. Any remaining metal would adsorb
on the growing bacteri~ but the metallic concentration is now too low to inhibit. bacterial metabolism.
The effluent from the bioreactor, after filtration, is a concentrated solution of nonradioactive,
nonhazardous salts in which nitrate has been replaced, mainly by bicarbonate.

TechnicalPerformance

Design. The field demonstration bioreactor tank size is about 100 m3, which comesponds to a waste
treatment rate of 2 gal/rein, sufficient to treat a one million gallon tank in one year. At the 2 gal/rein size,
the BDTW system is transportable. The ctment bioreactor is able to process salt solutions having a 4-6
molar nitrate concentration. The maximum salt tolerance is being explored. Power usage is estimated at
20 kW for pqrnping and agitation.

Laboratory Scale Testing. In 1992, halophilic bacteria capable of operating at salt concentrations of
hundreds of grams per liter were isolated. The unique feature is the combination of biosorption and
biodenitrification to remove several contarninantsat once in highly saline solutions. This process has
successfully been demonstrated on the laboratory scale.

Cost. Accurate start-up costs will not be available until developmental experiments are complete.
Operational costs should be minimal because of the nature of biological processing.
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Projected Performance

The volume and status of the biomass sludge product depends on the metals content in the waste and the
effectiveness of biosorption (which is currently understudy). Inmost cases, the biomass product would
bea low-levelradioactivewastethat is 1-10%of the feedvolume.In somecasesthe biomassproduct
wouldbea high-levelwasterequiringvitrification.The salt solutionwastewill haveapproximatelythe
samevolumeandconcentrationbut the nitratesaltswouldbe replacedby carbonate.

Waste Applicability

This biological process is applicable to treat the highly saline underground storage tanks of the Htiord
Site, which contain various radionuclides, transuranic and toxic metals, and organic materials. The
organic materials are principally salt cake, consisting mainly of nitrate salts and lower levels of metals,
and concentrated supematant whose composition is in equilibrium with the waste sludge and salt cake. It
would be applicable to,treat similar waste of other tank farms. The process should work on most tank
waste, but a bench-scale treatability study would be needed for each tank.

Status . I

The process has been demonstrated in the laboratory. The technology is currently in scale-up design for
a field demonstration.

RegulatoryConsiderations

No ecological impacts are anticipated. Operation at ambient temperature and pressure enhances worker
safety. Full secondary containment is provided to contain leaks. Nitrogen gas release is through high
efficiency particulate air filters (HEPA) to prevent any radiation release. Concentrated acetic and
phosphoric acids which are brought to the site by tanker trucks are subject to Department of

“ Transportation regulations. The process uses only natural bacteri~ no mutant or recombinant strains are
used. Consequently, there are no biohazard issues.

Potential Commercial Applications

This process is versatile and can also treat waste streams from metals reprocessing facilities in addition
to those waste streams from nuclear fuels processing and reprocessing facilities. Biosorption is a process
that has been commercialized recentlyfor removalof metalsfromdiluteaqueoussolutions.It is being
usedto recoveruraniumat the DennisorMine in Canada at a scale of 90,000 lb/day.

.

Baseline Technology

The standard technology consists of ion exchange to remove the radionuclides, followed by calcination
and a chromium separation step. The demonstration of this biological process will increase the number
of options available for treating supematants and salt cakes. It is likely that biological treatment is a
cost-effective alternative for volume reduction and denitrification of tank wastes.

Intellectual Property Rights

A patent has been applied for under the names of G.F. Andrews and A.J. Tien that would be owned by
DOE, Idaho National Engineering Laboratory.



TechnologyCatalogSiteRemediationProfiles h@://w.cmst.or~OTD/tech_summdCa@lo~ech_~t_chap5_3.hml I

For more information, please contact:

DOE/OTD Environmental Technology
Information Service
(800) 845-2096

DOE Program Manager
Sher~ Gibson
EM-552, Trevion II
U.S. Department of Energy
Washington, DC 20585
(301) 903-7258 .

Principal Investigator -
G.)?, Andrews
Idaho National Engineering Laboratory
EG&G Idaho, Inc.
P.O. BOX 1625
Idaho Folk, ID 83415-2203
(208) 526:0170

Industrial/UniversityPartnership
None at present.

References .

1. DOE-ID, “Technology Information Profile (Rev. 2) for ProTech, Technology Name: Biological
Destruction of Tank Wastes;’ DOE ProTech Database, TTP Reference Numbec ID-121204, July
15, 1993.
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Titk Direct Processirw of Interstitial Liauid from Crystallized Salt Solutions

Description: Drain or hvdraulicallv displace the Iicmid from the interstitial re~ions

of the crv stallized salt solutions. Directlv feed this reduced volume of waste to the
I

DWPF melter. Dissolved salt solution would uroceed through Saltstone after

separation of entrained sludze fines (likelv bv cross-flow filtration usirw a filter

media such as the Graver Separations sub-micron unit).

Referencix Conceptual Process. Based on numerical simulation bv K. Staheli and 1.

Peters commissioned bv lames Brooke (SRT-CHT-98-0017).

Technical Maturity Conceptual. I

Advantages If cesium content of the residual saltcake Droves sufficiently low - and

this seems unlikelv - the concept eliminates ITP, Late Washirw, and Preci~itate
!

Hvdrolvsis. II. .

Disadvantages: As defined, mav lead to large cesium content in SaltStone with

potential uermit changes recwired. Could reauire chan~es in Waste Acceptance

criteria for sludge due to higher sodium content of direct feed. Likelv to’ result in

increase number of glass canisters over life cvcle of mission.

Safety Issues

Key Initial Tests: Jl) Laboratory studies to estimate fraction of cesium trarmed in

crvstall microstructure and not readilv displaced in first 2-3 ‘flushes’ of the.
interstitial suaces. (2) Revised material balances for HLWS to ascertain impact on I

number of glass canisters and sludge washing limits.

Process Diagram (Optional, see reverse side) Not provided.

I
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HLW SALT D[SPOSITION PROCESS ALTERNATIVES
,

Alternative #: ML j~ Sponsor: c. Nwti Date: 5/27 /?%

Safety Issue9:



HLW SALT DISPOSITION PROCESS ALTERNATIVES
,.

Alternative #: @#!’! Sponsor: &d “ Date: Y-7”~f

Originator: ZHL?’HCS Phone #: 7“ f??w

1

i
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Process Diagram (Optional)
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HLW SALT DISPOSITION PROCESS ALTERNATIVES

m/Alternative #: . -sea-Sy’f Date 26 Mar 98

Originator Pat Sumzs
v

Phone #: 8-1482

.“

Title:

Safety Issues: floq~

4

Advantages: mfo$;~
\

J%
1

i

1

Page 6 of 8



HLW SALT DISPOSITIONPROCESSALTERNATIVES

t

I

I
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i

Alternative#: /Z 2 SponsoK ~z$$~ Date: 26 Mar 98

Originator Pat Suggs Phone #: 8-1482 .

Technical Maturky: enQu .

\
4

Advantages:

Disadvantages: 1 WA Wu” C* w! c1co

I



Alternative * ~~ > sponsoE

Title: Strontium precipitation through isotopic dilution

I)escriptioru.Addition of stable strontium to high level waste results in d~ontamination factor of -
100. USed to remove strontium-90 from solution. The precipitate would then be filtered.

.

Reference: ORNL/TM-12786
Technical Maturity Lab scale derkonstration completed by ORNL
Advantages: For flowsheets requiring only strontium removal, likely more cost
effective than sodium titanate.
Disadvantages: Does not remove actinides.
Safety Issues - Criticality assoaated with actinides?
Key Initial Tests Additional precipitation kinetics tests



Alternative #:_

HLWSALTDISPOSITIONPROCESSALTERNATIVES

1%q
Sponsor: Date: 3125/’98

Originator: MaiorThompson Phone: 5-2S07

Title: Precipitationof CsAluminosiIicatefromDissolvedSaltSolution

D~cnption: Recentworkonthesuentfuelmelt/diluteflowsheethasshownthat Cs reacts
withAl oxideand wssiblvSi oxide to form nonvolatileCs com~ounds.In addition. about
40 % of the Cs is not soluble in Hanfo&l waste tanks that contain uroven amounts of
aluminosilicates as part of the sludqe. These observations imply that Cs aluminosilicates
can be formed in wastes solutionsand the Cs cannot be brou~ht back into solution m“thby
alkaline and neutral solutions. Thus. addition of silicate and aluminate in the prouer ratios
to tank salt solutions held at a controlled temperature should result in the formation of
aluminosilicates containin~ Cs. Once the aluminosilicate formed. Cs would not be soluble.
The Cs containin~ solids couId be concentrated bv cross flow filtration and the SIUrrv sent
to DWPF for vitrification. The decontaminated filtrate would be sent to SaltStone for
disposal. Process would rewire constructionof a tank with temwxaturecontrol for
reaction to form the aluminosiIicate material.

Technical Maturity: Theoretical concept which has not been tested in the laboratory.
However. reaction conditions should be obtainable from the literature on mmthesis of
zeolites and from manufacturers of mmthetic zeolites or university researchers into zecdite
materiaIs. The decontamination factor is not known, but could be ldph since some K and
Na would precipitate as well resultinp in better removal of Cs.

Safety Issues: There are no recomlizeil safety issum for this Process because the exact
conditions and chemicals are not well characterized. However, fewer safety issues are
expected because all the chemicals are inoxwanic which removes flammabiIi@ hazards
related to handlirw omanic material in hi~h radiation environments.

Advantages: All the added chemicals and the precipitate are ino~anic materials which are .
very resistant to radiation dama~e. There is no possibility of flammable o~anic
compounds being venerated durhw P rocesshw or storage. The chemicals are compatible
w“thexistin~ eauipment and vitrification vmocess.

D~advantages: Unproven process so long develo~ment time and hi~h risk of failure
Process is not hi~hly sekctive for Cs over K and Na so that excessive amounts of these
materialscouldbesentto DWPFfor vitrificationand resultin increasedPlassvolumeand
hi~herlife cvcle cost Stnn~entcontrol of temperatureand additionof chemicalsto .
minimize the formationof undesiredPhases.
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on prdimfmy laboratory tests indiating that Subseqwt washing and
edduging are muchmoreektive if the sludgehas firstk Me&

Ces@rLSeparatiOfi. Cesium a be Ieanowd k * ** 5Uper-

nate by sorption on a phenokdfonic ion exchange resin such as DuoIite
(Di=unxl Shamrock Chmical Co.) ARC 3S9, as sbom in Figure 3.
TM ffevded is a mediScafion of one csxredy being used by ARHCO
at Hanford (3). Cesium willbo absorbed on the two czhmns in tandem
until brcakthrou~ from the &at cohxrnnexceeds a Predetermine 1~
after which the mlumn will be -bed with water (not shown in the
diagram)andclutedwith asnixhmofamm~m carbonatoand amm-
tim hythib Breakthroughwill be dctwtod by a gammaray monitor
on the line between the Wo columQs.

~crimcnts with simulated waste indicatc that we can pXM5SS

approximately20columnvolumes throughoneDuolite CX)hunnmd obtain
decontaminationfactorsof about 10Ll@. We expectthis to be suilicimt,
but iEncccssaxy,we can obtah higba dm~ati~ - by p- ~

edng k feed befbre regenerationor by using a secondcy+
Tbe eIuate from this system contains ammoniumcarbona~ amrno-

ti~ hydroxide, cesiurn,csrbonatq and sodium carbonate. The ammon-
ium salts will be decomposed by heatirlg the SOlutien and dkti.ng the

..
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Figure 3. Ian exchange remmxd Of euiacm from azusta
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Alternative#: Z X 2 Sponsor: J F- Datc:~9f
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Process Diagram (Optional)
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HLW SALT DISPOS~ON PROCESS ALTERNA- ,

Title Sodium Titanate with Elutable I/X Resin

.

.

Desaiptiom Use S.T. in feed tank to adsorb Pu, U. & St. Filter with ITT?Filter. Filter

Reference: 13NFLmoposed flow sheet.

HLw -oVP 930051 --

Technical Maturity ~ urrentlv bei.mz develo ped for Hanford. Studied manv times.

Advantages: Eliminates late wash and salt call. No lwnzene. No sl~ handlirw. No

benzene stopper operation. Reduced Nz use. Reduced Cu use in DWPF.

Disadvantages: Possiblv hia r investment than chan~ br TBP but si~fi~ntl~ less

life cvcle co”sts.

a

Safety Issues Gas swneration in IX columns: heat Generationin colurnns-

Key Initial Tes& 11)( resin loadi.n~& life cvcle”tests. Filtration tests.

Process Diagr~ (OptionaI, see reverse side):
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HLW SALT IIISI?OSITION 3?ROCESS ALTERNATIVES
i

Alternative * ~% 7 - Sponson

Titkx Eclectically Switched Ion-Exchange

I

Description This salt dispositionsprocessfeatures two stages; (1) a Sr ,TRU and

solids removal stage and (2) a G remov~ stage using an electrically switched ion-

exchanger. The Sr and TRU removal would be accomplished with monosodium

titanate (MST) followed by crossflow filtration to separate solids and liquid. The

filtered salt soIution is fed to the electrically switched ion-exchange (ESIX) stage.

The ESIX material films of ferricyanides on electrodes. The ferri~anide in

~ polarized reducing ferricyanide to fenocyanide which effectively ~o;~ cesiurn

from a high sodium solution. After cesium loading compIete, the polarization of

the film is reversed which oxidizes the ferrocyanide back to ferricyanide reIeasing

the cesiurn into solution. ~The ESIX material is then briefly rinsed to recover the
.

cesium which is then sent to the DWPF for vitrification

Reference: M. A. Lilga, R J. Or@ J. P. IL Wcamto, S. 1). Rassat, J. D. Genders and R.

Gopal, “Electrically Switched Ccsium Ion Exchange; FY97 Final Report., “ PIVL-

11766, Patilc Nor+west National Laboratory, Ricldand, WA.

Technical Maturity: Technology for Sr and TRU removal with MST. and 4

solid/liquid separation by crossfiow filtration has been implemented. ESD( is at

the R&D stage although cs removal with ferrocyanides has been implemented.

Advantages: Si@lcant reduction (ca.100X) in volumes of solution associated with

eluting, washing and regenerating the H)( material compared to standard IX .

materials.

Disadvantages: More complex design of IX column equipmen~

Safety Issues_



. .
. . --- ---.,

Safety Issues Formation of hytiogm dtig electrodeticd

oxidation of IX films.
reduction and

. .

Key Initial TCS* Detern&e if the ESIW mate@ will effectively operate at high

hydroxide concentration. Run pilot-scale studies to dete~e sorptionldeso~tion

kinetics and breakthrough cunws. .

. .
Process Diagr~: .

.

R&t Sdntioll

HLw
SrfIRUand Sr/lRU

“ SludgeSalidsF&mad ‘ b G containing
Depleted
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HLW SALT DISPOSITION PROCESS ALTERNATIVES

Alternative#~, fix $ Sponsor: Lee Dworjanyn
Y&

Title:

Description:

Reference:

Technical Maturity:

Advantages: -

Disadvantages:

Safety Issutxx

Key Technical Tests:

Process Diagram:
(Optional)

Potassium RemovaIfollowed by TPB Precipitation,
.

Reduee potassium-in feed salt solution before TPB precipitation
L Use SuperLigand@ ion exchange to reduee potassium in salt

solution by.90%. Locate IX columns in Tank481L
2. Feed cluted z and some Cs to DWPF.
3. Use In-Tank NaTPB to precipitate Cs and remaining K.
4. Concentrate slurry, wash and transfer to DWPF.

IBC publicationclaimingK removalDF fromcausticsolutions.

SuperI.igand@ ion specific resins have been demonstrated for a
number of metals.

● Significantlyreducedbenzenesourceterm.
● Significant NaTPB cost savings.
● ImprovedKTPB filtration mte and filter life.

. Hotter Cs stream to DWPF.
s New quipment.

Benzene in vapor, but at reduced concentration.

Synthesize K specific SuperLlgand@, confirm test-tube
effectiveness and demonstrate performance in bench scale tests.
(Estimated cost $120K).

.

f]: bpp\l [1.\V-Allcrllalivcs\f41.W Altrcnalivt!s.&tc- 03/18198
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FY$98Technology Partnership R&D Proposal

Title POTASSIUM REMOVAL FROM HIGH LEVEL WASTE . “ -

Pk L. O. Dworjanyn, Tel. (803) 725-3515
Dept.: SRT(YWP’T
Customer JcrxyMorin, ITP

Current Funding Rquest ($K) Future Forecast ($K)
FY’98 FY’99 FY’oo

120 - 120 60

Abstract

The bulk of In-Tank Precipitation @I’P)effort in high levcI waste (HLW) ~ium
decontamination (cos~ production cycle time, safety, cnvironmantal releases) is
associated with unwanted precipitation of potassi~ This proposal will demonstrate the

fcasibi~ty of potassium removal before ecsium prccipitatiom The plan is to use ion
selective resin to remove or reduce potassium from the feed to ITT.

Stake

. Significantly reduced source term for benzene generation and release and improved
process safety.

. Significant cost savings by up to 90% potential reduction in sodium tetmphenylboratc
(NaTPB) usage in the ITP process. .

● Improved ITl? fikration performance (higher filtration rate) and reduced cycle time
allowing additional process cost savings.

. Extended filter life and reduced risk of filter tube pluggage by operating at lower
slurry concentration.

● Reduced I&mzencemissions to the environment.

Objectives

1. Demonstrate bench scale feasibility of potassium removal from HLW using K-
selective ion exchange material.

Z Developproposal for in-line/in-tank potassium removal ion exchange unit.

Background

NaTPB is an excellent and proven precipitant for cesium, allowing 40,000X radioactive
decontamination of high level waste. This in turn minimizes radiation exposure during
saltstone preparation and results in a Class-A salt,stone for envirbnrnentally acceptable on

si [c storage. However, most of the SRS HLW contains 100 lb. of potassium for each -
pound of ccsium. The potassium is also precipitated in the lTP process since the



.. -
>.9

L. O. Dworjanyn Potassium Removal From High”Level Waste. Page 2

potassiumtctraphenylborate (KTPB) is also insoluble in the ITP salt solution. Hence
most of the NaTPB usage, precipitation, filtration, and benzene emissions are determined, , .
by the potassium concentration.
IBC Advanced Technologies, American Fo~ UT, have developed structurally
engineered SuperLig@ materials which can be synthesized to complex specific metal ions
such as memuy, ka~ arsenic, potassium or cesium. IBC have &veloped a SupcrLig@
structure capable of selectiveccsiumremovalat ppm levelsin thepresenceof high
molmkr concentrationsof Na+and ~ at highpH. The performanceof thismaterial
(SuperLig@664)beenconfirmedin pilottests at PNNL andthe materialwasalsoshown
to beradiationresistantat upto 1E+08 rad.
IBC have prepared test-tube quantities of a @assium sensitive SuperLig@ and their tests
indicate 105selectivity in K removaI from cesiutm For 11’Pneeds full rejection of Cs is
not necessary since the regenerated potassium and traces of cesium could be passed on to
DWPF.

Approach

s With IBC confirm equilibrium K-@Na partitioning in simulated HLW sak solution.
($20K)

. Demonstrate K removal from simulated HLW using IX bench scale testing at IBC.
($60K)

● Develop concept for in-tank demonstration using HLW. ($40)

Resources Required

● $80K Contract with IBC.
● $40K Part time PI support.

. .
Signature:

L3 Line Manager

Signature:
Technology Business Team Leader

D:bpp\labr&d\K_REMOV.DN
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HLW SALT DISPOSITION PROCESS ALTERNATIVES

Technical Maturity:
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Process Diagram (optional)
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Alternative * J? X 9 Sponsol=

*’

litk O ek ate immobilization using CST
.

. .

Descriptiorx @ Add MST for Sr, 13ZU remo val and v refilte~ (b) Cs IX usin~ am

elutab Ie resin: (c) neutralize the .eluate and load the Cs onto CST: (d) Store CS-

loaded CST in a vault as a solid.

--

Referen~ Proposed back-uu flowsheet for Hanford TWRS Privatization

Technical Maturi& Stora~e on CST is a neculiaritv of the Request for Prouosals for

Hanford TWRS Privatization, reauirin~ temmoram stora- of the cesium uroduct as a

drv. free-flowing solid.

Advantages Decou~ Ies DWPF from supemate treatment Eliminate CST glass

solubilitv p rohlems; Glass reforrmdation not required.
4

Disadvantages: Fbh dose rate for loaded niateriak Moderate cost of material;

Transport of CST slumy difficult due to hi~h densitv of solids; Absence of high dose

rate for vitrified uroduct desired for non-pro liberation: Complex oueration;

Additional ~rocess stew: Storage issues.

Safety Issues: Hizh dose rate; HvdroEen generation rate.

Key Initial Tesk IX column tests for both elutable resin and CST; Hvdrwen G-

value for loaded material. .

Process Diagram (See reverse side):
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Titk Electrically Switched Ion-Exchange

Description: Thiswdtdispositionsprocessfeatures two stages; (1) a Sr ,TRU and

solids removal stage and (2) a Cs removal stage using an electrically switched

ion-exchanger. The Sr and TRU remov~ would be accomplished with monosodium

titanate (MST) followed by crossflow filtration to separate so~ids and liquid. The

filtered salt solution is fed to the electrically switched ion-exchange (ESIX) stage.

The ESIX material films of ferricyanides on electrodes. The ferricyanide in

polarized reducing ferricyanide to ferrocyanide which effectively loads cesium

from a high sodium solution. After cesium load@g complete, the polarization of the

film is reversed which oxidizes the ferrocyanide back to ferricyanide releasing the

cesium into solution. The ESIX material is then briefiy rinsed to recover the cesium

which is then sent to the DWPF for vitrification. .

Referent= M. A. Lilga, R J. Orth, J. P. H. Sukamto, S. D. Rassat, J. D. Genders and R.

Gopal, ~Electrically Switched CesiurnIon Exchange. FY97”Final Report., ~

PNL-11766, Pacific Northwest National Laboratory, Richland, WA.

Technic~ Maturity Technology for Sr and TRU removal with MST and solidlIiquid

separation by crossflow filtration has ‘been implemented. ESIX is at the R&D stage

although Cs removal w@ ferrocyanides has been implemented.

Advantages: Significant reduction (ca.100X) in volumes of solution associated with ●

eluting, washing and regenerating the ESIX material compared to sta.ndmd IX

materials.

Disadvantages: More complex design of IX column equipment.

Safety Issues: Formation of hydrogen during electrochemical reduction and

oxidation of IX films.

Key lniti~ Tests: Determine if the ESIW material w~l effectively operate at high

hydroxide concentrations. Run pilot-scale studies to determine sorptiorddesorption

kinetics and breakthrough curves. “
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HLW SALT DISPOSITION PROCESS ALTERNATIVES
. .

~

Altemative#: E X 1) Sponsoc J. P. Morin Date: 3/1798

Originator J. P. Morin Phone #: 83214
I

I

Title :Electrochemical Ion Exchanae
!

Description:
This process uses an elutable ion exchange (IX) media such as
resorcinol-formaldehyde designed for cesium removal from high caustic salt solutions.
Loadingofthe ionexchangemediaoccurs in the same way as a conventional IX
process, However, elution is electrochemically driven. Instead of using an acid to
providethe elution proton, this proton is electrochemicallygenerated’usingwater as the
eiuate. The kinetics of elution are faster and can occur.at higher concentrations of Cs
in the eluate,

Technical Maturity:
Electrochemical ion exchange is.still in the developmental stage. AEA has developed
an electrochem IX cell and some developmental testing has been done in the UK as
well as at Oak Ridge. “

Safety Issues:
Chemically, this process has the same attendant safety issues as conventional ion o
exchange. There may be an additional safety issue associated with
electochemically-forrned hydrogen under abnormal operation.

Advantages:
The primary (potential) advantages of electrochemical ion exchange areas follows: 4
1) Reduction in the Ioading-elution cycle’time.

2) Water can be used as fie eiuate,- “

.,

Disadvantages:
Electrochemical electodes have to be incorporated into the design of the IXcolumn or
cell which complicates the design.



HLW SALT DISPOSITION PROCESS ALTERNATIVES
,.

AttemativeWg%12 Sponsor 8NFL Date:3/27/98

Onginatoc Stewart Mabkay Phone # (509) 946-4006

Ttile: Actinide & Cs Separations Using Regenerable SuperLig and IX Materials

Description: The ultrafittersystem presentlyin the filterbuildingis replacedwith a smaller ultrafilter
unit,Cs IX column, actinide IX column, HN03 evaporator,and associated vessels. The SRS waste is
filteredto remove entrained solidsand passed througheither a mixed columnor column in series which
containSuperLig 644 and Actinide(Am/Cm/Pu) resins. The column(s) are eluted with 0.5 M HN03 to
remove the radionuclides. A small evaporator is used to recover nitricacid and reduce the eluate volume.
The concentratedeluate is neutralizedfor transfer to DWFP.

Technical Maturity SuperLig 644 has been tested at lab scale with radioactiveHanfordwaste
samples by SRTC personnel. The SuperLig resinfor actinideseparations has not been tested with
radioact”wewaste solutions.

Safety Issues: SupedJg 644 is eluted with 0.5 M nitricacid. Strongacid willcause rapiddecomposition
of the SuperLig644 resin.

Advantages: BNFL%proposedapproachfor treating Hanford tank waste uses SuperLig644 resin.
BNFL is currentlycollaboratingwith SRTC in demonstratingCs separationwith SuperLig 644 and plans
pilotscale tests with SRS waste. SRS can benefii from the BNFL testing.

Disadvantages:Spent resin must be disposedof as solidwaste or processed in CIF.

. 4



NaOH,Water,HN03
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Filler Cs lx b Actinide TreatedWaste
to Saltstone

I
+HN03 Recovery/Reuse

SuperLig 644
Sup&Lig

Am/Cm/Pu

● Evaporation

NaOH

Cs/Actinide
b. . Storage

~To DWPF

EXPLANATORY NOTES FOR “ALTERNATIVES PRO-FORMA”
. .

~tive# will be provided by Peter Hudson.

g could be originator, a suitable “champion” or a core team member.
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Alternative #: <~ Ij Sponsoc jack WatSon

Title: Electrically SwitchedIan Exchange

Description: This technologyis beingdm%lopedfor removingCs finxnsolutionswith
moderatepw probablyOKfor pH valuespossiblyas high as 12. Ccsiumis
loaded on a porous substmtc on which a f=ocyanatc is formed. ~se arc &@Iy
selective ion exchange materials for Cs, but the materials are unstable in the high
pH vaiucs of the current supcmate. The unique aspect of this technology is the
usc of an applied electrical vohagc to oxidize the iron in the sorbcnt from the iI
state to the III state. This requires the sorbem to lose a cation, the Cs. The cesium
can then be elutcd into water or V- &lute acid. No regenerate solution is”
needed. RcIatively small beds have been tested for 1000+ cycles (near neutral pH)

. with only moderate loss iri sorption (ion exchange) capacity.

Technical Maturity:

Safety Issues

Advantages:

This is a new technology that has developed from tic proof-f-principal to bench

scale testing. Development is continuing with the objective of improving the
sorbent capacity by incorporating more ferrocyanate into a given volume of
ckllhd volume.

unknown

Po~tially a very compact uniL Regeneration is easy and cffkctive. No rcazents
(Other than possible tie of diiute acid) is added to ~ waste.

Disadvantages:
Thematerialcannot standpHvaluesof 14 + thatoccur in SRS supernatc.
Significantneutralizationwouldberequired.

Process Diagmm (Optiormi)
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SALT DISPO-~ PROCESS~ATMN

Akemative //: !=g 1~ spOIISORJack Watson

Title: Atema$e the pH so you can use other IX materials

JX3CriptiOU: There arc a number of ion exchange materials that arc sclcctivc for c=iu that are
not stable in the vcv high pH values of the SRS W suztc. As the pH of the
supcmatc is Iowcrcd, more potential materials become available. For example
ferrocyanatcs below pH of about 12 and AMP at pH values on the acid side
(below neutral).

Technical Maturity:
Thk is not viewed as either a desirable approach or a mature technology, but it is

worth keeping in mind that if the pH is lowered for any rcaso~ other cesiurn
removal materials become options..

Safety Issues

Advantages:

Corrosion could be a pmblcm ifthc pH were Iowcred too fm .jnthe existing tanks.
If the pl? were lowered in a new stainkss steel U there may be no significant
saf@ issues =sociated with this part of the treatment

Opportunity to usc akcrnatc ion exchange materials.
.

Disadvantages:
Corrosion (iii.n existing tanks). Acid consumption. Solids formation where
aluminum and siIica arc present.

Process Diagram (OptionaI)

--
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This form is fo be completed with m Cussier;so this rnderial sbu~d be Cornbbed~irh the
material that Edprepares.

ALT DISPOS ITION PROC ESS ALTE~.~ ~

Alternative H: ~ X /r Sponsor Jack Wats~

Title: Eh.ttablcKX

Description: Super-Lig is a solid adsorbent using attached crown ether-like or other ligand to
selectively remove cesium ions from soiutions Iikc supernate~ (The exact ligtid
used on the Super-Lig is patented and not known publicly, it is suppose that it is a
crown ether or similar group.) Although this is not strictly an ion exchange
process, it is included herewith ion exchange options because there arc many
similarities in the operation and performance- Cesium probably can be removed
from Super-Ulg by strong acid (anion exchange type removal) or by very dilute
solutions with both the cesium and an anion leaving the Super-Lig (not an ion
exchange type removal). Super-Lig&relatively expensive and would probably
have to bc used in regncrablc columns.

Technical Maturity:

Safety Issues

Advantages:

Super-Lig is manufactured commercially and has ~n tested for a number of Cs
rcm.oval appkations. The material is not bckved to be routinely mamd%ctured
in large quantites, but probably couId be manufiwtud at any scale needed.

No issues specific to this technology are known.

Super-Lig is highly SCICCUVCfor cesium over sodium and has a fairly good
sckctivity for ccsiurn over potassium. h has also gone through a considerable
testing on similar problcrns. As a regencrablc matcrialj the Super-Lig can be
reused sevcial times, and the ccsium could be rccovcrcd relatively fice of any
contaminant that would afkct vitrification.

Disadvantages:
LAe mostorganicsorbentsandionexchange_als, Super-Ligis subjectTO
radiationas wellas chemicaldegradation.Testsat ORNLon Melton Valley
supernatc showed a colored material leaving the column of Super-Lig that
indicated significant degradatio- probably from chemical rathw than radktion
induced &gradation. There was some evidence that the “colored” degradation
products afl%ctesubsequent Tc rcrnovalthaKcmld have been important for
Hanford applications. Are there any effects on subsequent Sr removal operations?
Super-Lig is a moderately costly material and probably would have 10bc

regenerated and reusedseveraltimesto bepractical.

Process Diagram (OptionaI)

-l-n-i-m n mm
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ELW SALT DISPOSITION PROCESS ALTERNATIVES

Alternative #:jY Y 5- SponsoE Hank Elder Date: 3/26/98

OnginatoR [~????) Phone & 20S-6049

Title Cesium removal bv Countercutient Processhw with CST.

QIO02

. .

Description:
Jl) Add NaTi205H to dissolved salt to sorb Pu and S~ank Farm), Filter.
[2) Pass solution throtwh several stages of stirred cont~cters, This could be a semi-
continuos process bv overflowkw the solution stage to sta~e and movhw the CST
batchwise when the CST in the In (salt solution) stare is loaded.

Note: This could easily bean enhance to anv other flowshcet at the point at which
you wish to separate Cs fmm v~ hot salt fe.~. the last step in Fractional
Cwstallization). This would reduce the salt loadin~ in class.

..

Technical Maturity Euuinment / Process Technolon for scverai altem~tive ways to
do this area commonplace in the chemical indus~.

Safety Issues: NO new ones are ap~ arena A~ain. DWPF would be handling a .
relat.wely small ouantitv of screaminq hot material. The total activily is within the
@n basis, ”concentration is hizher. .

Advantages: ‘fhis im~roves the Cs Ioadinr and .rcduces the I@s volume versus
several of the other alternatives. lt js insensitive to ~articles in the solution, unlike

manv column IX t)mcesses.

Disadvantages: JYIuch nrocess development remuired. TMs flowsheet will not be
eficient when the Cs level is low in a stream, because the Ionding on the CST willbe
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Alternative #k piti~ Sponsoc M &4@?&

@45JJ>#
lltl= CST Ion Exchan~e:”StoraEeof loaded CST

Description a Prefil[ ) te~ fb) Ion Exch~ using CST fW Sr. Pm (lx (c) loaded C$T.
. red in a vault as a so be ~au ired for some tanks to

meet the Saltsfone WAC

Reference Demo nstrated at 1.s cu.ft. scale with NIVST swem ate at ORNL

Technical Maturi~ Decontamination factor of 40.0 00 not demonstrated at ORNL

due to hiqh flow rates. MateHal can be Produced on lame scale. Tested extensively

on laboratory scale at ORNL, SRS, PNNL, and Sandi~

Advantages:. lno~ anic struclure reduces mdiolvtic and chemical decompos iticm .

problems: Simule operation. no elution: One material for aU radionuclides: ~lvh. .
capaciti for G; Glass requalification not reuuired.

Disadvantages Hi~h dose rate for loaded material: Moderate cost of material;a
~ransnoti of SIU rrv difficult due to hi~h densitv of solids: Abs ence of hi~h dose rate

for vihified product desired for nQn-rmdife ration: Product mav be TIUk Storaee

Safety Issues: High dose rate: HvdroEen Generation rate

Key Initial Tese 1X colum ‘n tests Hvdrocen Gvalv e “forloaded mate rial.

Process Diagram (See ~erse sideh
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‘IIthx CST Batch Mixin= Vitrification or Storag? of loaded CST
.

Descriptioxc (a) Prefiltrat ion: (b) 10n Exchan~e usirw CST for Sr. Pup Cs usiu~ a 9.

$tev “b atch and stid’ or counter-cp rrent decanter method: (c) Loaded CST is vitrified

in DWPF or stored witho @ further ~atmenL Meraw-removal will be required for
o

some tanks to meet the Sa?tstone WA.C Fewer % atch and sti#’ stem are needed if

material is stored instead of m-tified, due to titania limits in glass.

Reference “Batch & Stifi method not demons&ted other than sind=t~~ Kd tests.

Technical Maturity Decontamination factor of 40.000 not demonstrate d. but

theoretically u ossible...

Advantages: Inomi nic stru cture reduces radiolvtic and chemical de composition

problems: SimPIe ormration.” no elution: One m ateria~ for all radionuclides: HIK~

capacitv for Cs; IX columns not needed.

Disadvantages: Hi~h dose rate for loaded materiak Moderate cost of materia

Tran$part of slum diffimlt due to hizh densitv of solids If not vitrified. absence of

hi~h dose rate for vitxified Droduct desi~d for non-zwdiferation: lf vitrified. limited

$olubilitv in plass: Product mav be TRW Shearing of material durhw transnort may

prevent Qood soIid-licwid separation and urohl%it decontamination: Glass

requalification reuuired if vitrified: Storw e issues if not vitrified.

Safety Issues: Hl~h dose rate; Hvdrogen generation rate.

Key Initial Tests IX column tests: Hvdrmzen Gvalue for loaded material.

Process Diagram (See reverse side):
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HLWSALTDISPOSITIONPROCESSALTERNATIVES

TUhz Zeolite Ion ExchanEe. Vitrification
.

Descriptioru la) Prefilt~ (b) Ion Excharwe usinp TIE-96 zeolite for pu. S= (C) Ion
~xcharwe usirw IE-96 zetdite for e: (d) loaded zeolite is mixed m“th SIudw and
viti fied in DIVP.F. Mermrv ●removal will .be reuui~d for some tanksto meetthe
SaltstcmeWAC.

ReferenceIn useatWestVallw on alkalinePtrrextankwaste.

--
.

Technical Maturity Demonstrated at plant scale

..

Advantages: Demonstration com~lete; Inexpensive IX material:

. .
Disadvantag~ Low removal efficienti~ reuui~ lame TXcolumns; ZeoIite mav be
incom~atible with hi~hlv alkaline tank wiis~ Lamze class volume:- Hi~h class
W*SCositw Hieh titania loading in class: Glass nxmalification Drobablv recmired. ●

Safety Issu~ none

.

Key Initial Tests c heroical comuatibili tv”in alkaline simulanh Decontamination
factor determination for Sr, Pu. Cs;

Process Diagram (See reverse side):
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lltltx CST Ion Exchanpe; Wrification

Destiptiom (a) PrefiIte~ (b) Ion~anm ~intz CST ti Sr. Pm & (c) 10* d CST “~ in DWPF. The CST mavbe mixed tith shrd~ fortihification. or
mav bevitrjfia without slud~. Me~m. ~o~aI wiI~ be =auimd for SQmetanks to ~the SaltStone WAC.

Reference “Demonstrated at 1.S cu.fis tale with MVST sune mate at OR~

--
Teti~ Mati~” Dec @amination factor of 40.000 not demonskted due to ~
flow rates in lame columns. Material can be um

du~d on la r= scale.

...

Advantages: ~nOmanic stmmre reduces radioItic @ chemical decomposition
problems: Simrde oDeration. no elution: One material

for aIl radionuclides: Hi~
cauaci *for Cs. . .

Disadvatiges: Hizh dose rate for loaded materiak Limited solubili~ “in EIFIS
s when

mixed with slud~ Mode=te cost o
f material: Tmn5vo~ of SlurW difficult due t~

hi~h densitv of solids: Sheadn~
of materiaI in . Glass reauaIifiation

probablv reauire&

Safety Issue= High dose rate: HvdmRen mmeration rate.

Key Initial Tests IX column tests ; vitrification with DWPF fit and SRS dudgtt.

process Diagram (See reveme side):
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TMc Acid+ide Ion Eixchan~e
●

.

Descriptioru la) Add MST and IYrefilter sutxmate: “(b) acidifis uDemate: [c) remove

with IX columns of Potassium cobalt hexacvanoferrate or Ammonium

~olvbdophosphate on Polva cdonitrile; (d) stem cesium-loaded materiaI.

Reference: Laboratory testing for INEEL calcine and sodiurn-bearin~ wastes.

TechnicaI Maturity Limited laborato~-s tale testirw performed with simulated

waste

Advantages: Ine ~ensive ion exchan~e material: very high Kd for Cs.

.Disadvantages: Lame nitric acid auanti tv needed: Saltstone urocess incomuatib~e

with acid soIution: NOX emission: Stora~e of cesium on this material is not

demonstrated: Absence of hi~h dose rate for vitrified moduc~ desired for non-

proliferation: Complex oDeration: Additional Process stem

Safety Issues; “Red oil- explosion uotential: hvdro~en ~eneration rate for cesium-

loaded resin.

Key Initial Tests: Kd test with acidified simulant and actual waste.

..
t
,

I

Process Diagram (See revefie side): “

.
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HLW SALT DISPOSITION PROCESS ALTERNATIVES
. .

Alternative #: Al% IL sponsoE

Title: Mametic Separation usinjz Cesium Suecific Media

Descriptioru Cesium isolated from solution bv specific ion exchange or adsorptive

media. (Examples of media used include iminodiacetate (IDA), acrvlic, and NASA

resins.) Media present on mrticles with mametic core, usirw a Prom-ietary

manufacturkw technology. Technolo w to make the mrrticles exist with severaI

vendors but SELENTEC, Inc. (AtIanta, GA) likelv Possesses the most extensive

experience related to this adicaiiom kw of several media candidates for usage;

ordv a few material currentlv developed at bench sc~e with”fewer manufactured to

data in Iar er-scale batches.r Based on recent uarticle development and testin%

SELENTEC Persomel suggested that SRTC test current Particles for the treatment of
I

High Level Waste. -
I

.
Reference: TechnoIow DePloved at Limited Scale on Groundwater and Specialty i!
Waste Applications (Most Notable Radionuclide Removal from Contaminated MiIk

near Chemobvl)
. .

Technical Maturity Technical feasibility sta~e; Iaboratorv testing of optima

materials.

Advantages:

Disadvantages Extraction of Particles bv magnet does not remove sludge or

titanate from waste. Particle manufacture not developed at recmired scale.

Safety Issues Inadeauatelv defined handIinE loaded particles Poses rad concerns.

I

Key Initial Tests: _ Feasibility test with current particles from SELENTEC.

Process Diagram (Optional, see reverse side) Not Provided.
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Originator: rews~ J. R. ~bou~ Phone * =

.

Description: Use CST to removetie Cs 137. Sr 90. and po. . ssildvthe transuranics from
~heS= W suDernate. Perfo~s USI~ Ion excha~

. . . Coluls DrODOSedbv Dan
cc abe. CST is effective in remova! of CS-137 from t eh l@lv basic su~e mate. This has

been emonstm~ elv thro yhout the comrdexand also m batch stud es at Dd t “v u . i WPF.
e Cs 137 lo~ded CST willthen .. -wI with the ~ .W slud~eand vitrified in the

PmF meIter as a COUDed feed.I

Glass fo~ ulation de elo~ led to fnt com~omtlonv . . . s which will ~rDomte 28 Wt%
~lud~e oxides and on the o der of 5 tr 010 wt% CST. ~s loa. dhw of CST m the. class is

h enou~hto ~orate all of the CS ~ the sup~ate m a b
. .. alanced deuletion

withthe ~

Technical Maturity: .e testmv of CST on boths Urropate and radioactive
mate.aI v. al v ● ● “~u?hlj!
remove CS-137 from su~~at~< -4
formulations have been develomxl at WC bv Marv Andrews and Phyllis Wor-

.
to the borosticate P-

. .

Safety Issues:

Advantages: .
val of Cs from ~d dine@.

the volu~ Ie el was& are
. v

. .
adva-

Disadvantages: .
end~ the (lz

te. Tiu.s.s Cs ~. . . . . . .
. .

ted @Q
andlor bl~ate,.
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Alternative #: ~ ~ ‘4 Sponsor:_ Datex m198

Originator: K. Andre s ~rboulw Phone #: =

Title: T ION ~~

Description: Use CST to remo e the Cs 137. Sr 90. and Dos~v the tra~ws fromv . .. .

SRS HLW supemate. perfo~s u- Ion ~ co!um~ nronosed bv D=
. . .

CST ]s effect
.

cCabe, ive in rem oval of Cs 13’7from the ~lv basic mmernate,. . .. has
been d~onstrated extew elv throu~ou“v t the complm also m bat~ Studies at DWPF.

. .

The G 13710. aded CST will t~ be vitrified in a seDarate melter svste~

I

Glassformulationdevelo= hasled to ~n
● . .

s which will -rate 60 wt%
T. Thus. a relat ivel~all ~lter could be used to ~orate tile Q 137 Into a. . I.

boros iiicate $dassmatrix. The wide ra~e of loadl~ble Drowd
. . . ea~ rest deal of

mbilitv in terms oft- Curie ~. The ~ con~
. . . .

could be incort)orated ]~ the DWPF ~ters {~ m= methodolopvl or stor~
. . . I.

tempom~ V. The half Ilfe of Cs 137 Is rou~~ y-=“1
. ●. . I

., II

Technical Maturity: . . .
e tes~ of CST on both surr~loactwe

.
materials at vwtual v every ~or Site m the DOE Comrdex as a fess

. 1 . . .
ible wav in whim

ove Cs-137 from woe-
Iatlons ha e been de elo@ at~TC bv ~drews and Phvlhs WO-

.
v v

.

which readl]vmco~o~t● .
e verv ~ levels of ~~oros]]]~~e @ss,. . .

A radloactwe9.
● .

rat -52 wt% CS~ was ac~
succe@&

Safety Issues: dose ~ the c~on of the Cs 137 on ~~. .
CST r)owd~

Advantages: .
val of Cs fr~ and dmect. . .

of CST m~hzed -s
. . waste fo~

I

.
t.

!
I

I..
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HLW SALT DISPOSITIONPROCESS ALTERNATIVES .’ I

Alternative #~ ~% tz- Sponsor: ““w 1
Originator: Gemwe T. Deeble Phone ##: 8-1428

I

Title: Redate Oneor Both Filters withIon-Exchan~e Resin Beds -

. I

Description: From inlet nozzle to outlet nozzle of each filter system, we have a
capacitv of over 1440 CUK]Cfeet (18’ x 10’ x 8’) in which to ~lace an ion-exchan~e
filter with associated ammtienances {such as inlet uiuina outlet ~ipin~. flush svstem
piDin~L salt solution would be recimulated between Tank 48 and the Resin Bti.
Once the resin bed is filled to capaaty with Cesium and stmmtium. it would be

flushed back to Tank 48 with motive force m%vided bv the BackpulseSvstem and
one of the hold tanks. The other hold tank wou!d be used to store fresh resin slum%
and the hold tank rmmns used to flush and re~lenish the resin bed. Once the salt
solution is decontaminated to the allowable Saltstone limits, it would be ietted from
Tank 48 to Tank 50, and fmm Tank 50 the solution would be transferred to the
SaltStoneFacilitv. The spent resin wouldbe nummd in slurrv form to DWPF. Per
Pare 26 of the- .lulv 13. 1992 addition of “Chemical and Ihwineerinr New@
(C&EN), Sandia National Laboratory and Texas A&M University scientists . .
develoued silico-titanate based materials that have the prouertv of sekctively
extractin~ cesium and from solution. .

Technical Maturity: Resin Beds are the urimaw components of the “Reactor Water
Cleanup Svstem in commetial Boiling Water Reactors. The current technolozv of
these svstems m-wide remote means of flushinv spent resin from the resin beds and
renlenishinp the beds with fresh resin. Hence implementation of this 4
recommendation would involve a substantial use of current technolow.

Safety Issues: We need a means to ensure that spent “cesium-ladenv resin for
micratinp to any com~onents inside the Hold Tank Room and Strhmer Building
since these areas are not shielded for hiphlv-active materials such as Cesium-137.

Advantages: This alternative would involve an extensive use of current techtiolopv.

Disadvantages: I don’t know how much resin is required to outimize the Pti

and whether there has to be a ““threshold” auantitv of resin in the bed to make the
process work. I don’t know the imnact to DWPF of transfernne substantial
quantities of spent resin to the vitrification m-ocess. Also. the embedded mtum lines
from the filtem to Tank 48 are 3 inches in diameter. I don’t know whether thev are
sufiicientlv sized to prevent spent resin from accumulating ‘andnackinf! the lines.

●

Page 6 of 8
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Cesium Cut from Radioadve Waste

A
newckul sofmaterialsthatca. ne

lectivelyextractcesiumfrom*
iutions has been developed by

scientists at Sandia National Laborato
ries, Albuquerque, N.M., and Texas
A&M lhhwrsi~, College Statiom The
materials, calkxi silimtkmates, have
potential appIi@ions in CIeaningup
radioactive wastes. The new com-
pounds were deveIoped by’Rdxrt G.
Dosdu a chemist at Sandii, and Ray-
ford G. Anthony, a chemkd engineer-
ing professor at Texas A&M.

The silic-titanates have up to 60
timesthe efficienq of a modelzdite
compound for removingcesiumfrom
radioactivewastewatersolutionscon-
taining very high sodium concentra-
tions,accordingto the n=wchers who
developed them. As such, they may
find use in treatingradioactivewastes
that contain high mncemmtionsof *
sium-137and salt, such as those stored
at the Hanford nuclearmseamhfacility
near Richland,Wash

,The discmmy of the silim-titanates,
which are also known as crystalline
titamtes, grew out of work in the
mid-1970s on immobiig high-level
radioactive waste in ceramic fo~

~. .,. ,

accordirw to Howard P- Stephens, “ di&ppeam ‘This ~ t~t
sium fits tightly between the okmanager%fSandia’sprocess n%earch

department.Materialsdevelopedat
Smdiainthecourseof thatresearch-
hydrous titanate ion exclumgers-
-@cd outto be highlyeffectivein *
moving strontium and plutonium from
rad~ctive waste Hydroustitanateion
edkmgas arenowinlargmle use
at theSavannahRivernuclear fuels
pddion Site.in south Cadiwi, w
pk sap

Subsequently,Sandia scientistsstud-
ied the hydrous titanates as possible
Catalystsfor ma] liquefaction and up
grading heavy crude oils. Whileon
4batical, first at Sandia and later at
Texas A&M, Anthony and coworkers
tied out furthermodificationsof the
%dii matesialsto producethe new
clas of aystalline titanates The iay-
ered structure of. these compounds
suggested possible appkdion in the
radioactive waste area, stephens says

Dc6ch dmvered”that when the lay-
Crsin the silbtitanate aystals are sep-
tited by about 8 L the materials be
time very selective for 02siumOW+the
Smauersodiuxnk whentkspacing
is in~, the sdectivi~ for tium

Q

Transmissionelctin micro~aphshqus silico-titanate’s sek~”m@ for ccsktm
ionsot)rrsodium ions d~.ved jrom 8A spndng bttwtm c@al iaycrs

Z6 IIIIVt. . . . . . . .

theqstalj’ Siephenssays. in
the cesium. ions ●re sandwich
twem layersof the ayscalkte rr
whereas smalier sodium ions
freely though the crystal.

Ikmse it emitsgammasadiafj
siurn-137isa pardmdarheadache
@== _ ~.d=n Up radi(
=%@ens@nkouL Even
mntainingCHdybw mnmntmtiom
sium-137 must be isolated by

SZ:!;:g ●;
tmatthewastQyou reciu@theshi
problems, and tlwmfore the *
slantially: Stephem SF

According to Sandia, radio.
wastes stored at the Hanford site ~
lyonsistofthreela~onthet
of the tanka layer of sludg~ COW.
a Iayer of water4uble salt de t.

byalay=ofw-um-137i
cmtmedinthetoptwolap

Glelnetlwdfor&atingthese\
“involvesaddingwatertoliquefya
thinginthetank~thesludg
thenaddinga~tion ofthe.
phousl@rous ti~t~ and h

=%%Q%;%3: . ..
strontium-%,whichare, respect
the primary gamma radiation s
&theheatpm dumrintheWt,
radiiukiidesw ouldsinktotheb(
allowing the top pOrtof the Solut
be treated as a low-level radim
wasteorachemicdwaste.

Anothermethodcalls for pun
the contentsout of a“tankthnx
columncontainingthe titamtcs
radionuciides would be tra @ i

/’column, while the rest o the s
would flow through for suk
treatment.

The titinate materials mntainin
msiu.rn-137andstrontium-90mu
ther be incorporated into a vib
waste formor converted to a mon
ic manic. Agmrding to Sandia, F
discksuses have been tkt on th~
-iitanates and the processes w
develop them.

Rwiua
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HLW SALT DISPOSITION PROCESS ALTERNATIVES
. .

Altemative#: NM/7 Sponsor J. P. Morin Date: 3/1798

Originator J. P. Motin Phone #: 83214

Title: In-Riser CST Ion Excharme Direct Disposal Process OrXion

Description:
This process uses Crystalline Silicotitanate (CST) Ion Exchange media in a system of
ion exchange (IX) columns located within one or more waste tank risers. The length,
diameter and flow rate of the IX columns would be designed to achieve an effective
137CS decontamination factor of -40,000. Dissolved saft and supemate would be
pumped once through the column system and sent to saltstone. The CST would be
sluiced into and out of the columns as needed during satt processing. Loading of Cs
onto the CST would be controlled so as to produce a stable dry end state material
capable of being sent directly to the Nevada Test Site without further processing at
SRS.

Location of the columns within the waste risers provide shielding for the process.
Shielded facilities would need to be provided to accommodate the sluiced Cs loaded
CST end product. The column system could be designed to be moved from tank to
tank as needed to process salt and supemate. Multiple systems could be in use in
several tanks at the same time.

It is expected that prefittration WIII be needed upstream of the IX columns to remove
sludge fines in the feed. A “sand- filter column using appropriately sized iron granules.
could be used as a filter media. This filter media could be periodically backwashes
using decontaminated salt solution or could be magnetically separated. ~

It may also be necessary to remove mercury in a separate non-shielded IX column
located on the tank top.

Technical Maturity
. CST has been extensively studied for alkaline Cs removal over the past decade. An IX

process using CST has been piloted on an engineering scale and is in use at full scale
at Oak Ridge to process tank waste. Oak ridge is meeting the waste acceptance
criteria for transpon’ation and direct disposal of loaded CST at the Nevada Test Siie.

Safety Issues:
CST has none of the attendant safety issues associatedwith organic media for removal .
of 137CS. If CST is fully loaded with 137CS, the resulting end state will be of the order of
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i

3000 Ci/gai and wili require extensive shielding. Controlswill need to be in place to
prevent full loading or requisfie shielding will need to be incorporated into the design of -
the process.

Advantages:
There are many advantages to this process:
1) Direct disposal of the end state product would decouple this flowsheet from .nearfy
all of the downstream HLW flowsheets. Sattstone is the only downstream flowsheet
with an interface to this process and the decontaminated salt solution is expected to be
free of any decomposition products. Late wash and the DWPF satt cell would not be
needed and CIF would not be needed to-bum benzene. Recycle of organics to the
tank farm would be eliminated.
2) l%is process could be designed to move from tank to tank as needed and operated
in several tank simultaneously as needed.
3) This process is based entirely on inorganic chemistry without any of the attendant
issues associated with organics.
4) No changes would be needed in the present glass formulation and qualification.

Disadvantages:
At the present time, there is only one vendor of the engineered form of CST and the
cost of the media appears to be arbitrarily set at the equivalent molar cost of TPB Cs
removal.

. .

4
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Title: In-Tank Separation with C~stalline Silicotitanates (CST) using the MagneticaI1y
Assisted Chemical Separation (MACS) Process

. .

Description The MACS concept promises simple, versatile, compact processing at very
low costs. Both equipment and materials are inexpensive, and disposal cost for
secondary wastes are minimized. The process can be tailored for may s~ific
applications for which solvent extraction or ion exchange processc+ are already
developed. The magnetic carrier particle are composed of magnetite, charcoal, polymer
and the inorganic ion exchanger. The surface of the particles are tinted to retain
selective inorganic ion exchanger (e.g., yxiium silicotitanate, CST). In-tank or near-tank
separation of radlonuclides (e.g. Cs) using the MACS process is a new approach to the
critical problem of waste treatment at U. S. Department of Energy and Department of
Defense sites. The MACS process can be used at any tank or location, including
situations where remote operation is necessary. Unlike ion exchange MACS does not
require preliminary filtration of the solution since it is not hindered by very fine particles
or small concentration of organic complexant,

TechnicalMaturi~ l%e”chemis~ of the MACS prwws has been proven in laboratory
tests for other ratilonuclide systems (~ Pu, U, Sr, Cs) and different extractants and ion
exchange materials. Some laboratory work is required for the CST magnetic particle
system. The process is not yet filly commercializedfor nuclear applications.

Safety Issues: The major safety issue would be loss of particles under strong acid
conditions. However,this is not the case for ITP. Radiationeffect have been considered
using a ‘Co source at ANL for previous manufacturedparticles containing inorganic ion
exchangers. Radiation damage to these particles was found to be of minimal
consequence.

Advantages:
. .

Feature Advantage
Extractan&coated Borrows fkom the plethora of ion exchange chemistry and .
microparticle advantages of ion exchange-like support material. Allows

for tailoring to specific needs.
Microparticle Demonstrates increased recovery of target metals than
composition solvent extraction or ion exchange by synergistic

mechanism.
Small size of particles Large surface area for reaction decreases the time to reach

equilibrium.
Magnetic recovery Allows for in situ or in tank treatment and efficient “

retrieval of particles. Translates to lower solvent losses,
simple equipment design, and increased efficiency.

Small unit Minimal space requirements.

Disadvantages: The process is limited to polishing stages: that is, concentrations in the
weight percent would be to difficult to process and conventional techniques should be
applied.

.’



-4 -A-z.=. .. ---, -- -—--J,-- -- .-. —- ,— ------- - ---

-- ,

Process Diagram:
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Key Initial Tests:The most importantissue is to test the magnetic particles composite
with the CST prepared by Cortex Biochem, Inc., to determine the extractability and
loading of Cs onto the magnetic particles from ITP simulants and actual waste streams.
At the same time the MACS system will be evaluated for large scale operations using an
HGMS, this will provide a proof of principal necessary for in tank processing.

References:
L. Nufiez, B. A. Buchho~ M.D. Kaminski, M. Ziemer, G. Dyrkacz, G. F.
Vandegrif~ K. J. Atkins, F. M. Bos, E. R. Elder, and C. A. Swifi Development
Program for Magnetically Assisted Chemical Separation: Evaluation of Cesium
Removal from Hanford Thnk Supematant, ANL-9414’7, 1994.

B. Bauer, R. D. Rogers,L. Nuiiez,M. Ziemer,T. T. Pleune, and G. F. Vandegrift,
Reviewand Evacuationof Extractantsfor Strontium Removal Using Magnetically. .
Assisted Chemical Separation, ANL-95/26, 1995.
L. Nuiiez andG. F. Vandegri~ “Plutoniumand Americium SeparationUsing
OrganophosphorusExtractantAbsorbed onto Femomagnetic-ParticlmY-on of
= Eds., K. L. N=h and G. R. Choppin, Plenum Press, New York, 125-140,

.
Buchhol~ B. A., Nuiie~ L., and Vandegrifi G. F., “RadiOlysis and Hydrolysis of

Magnetically Assisted Chemical Separation Particles; Separation Science and ~
Technology, 31(14), 1933-1952, 1996.

Kaminski, M., Landsbergcr, S., NuiieL L., and Vandegrif~ G. F., “Sorption Capacity
of Ferromagnetic Microparticles Coated with cMPO,” Separation Science and

Technology, 32(1-4), 115-126,1997.

Nuiiez, L., Buchholz, B. A., and Vandegrift, (3. F., ‘Waste Remediation Whh In-Situ
Magnetically Assisted Chemical Separation;’ Separation Science and Technology,
30(7-9), 1455-1471, 1995.

I



● Nuiiez, L., et. al., “Actinide Sep&ation of High-Level Waste With Solvent

Extractants on Magnetic Microparticles~ Separation Science and Technology, ‘ ‘

31(10), 1393-1407,1996.
. Buchhol~ et al., “Optimizing the Coating Process of Organic Actinide Extractants on

Magnetically Assisted Chemical Separation Microparticlcs,” Separation and
Purification Technology, 11,211-219, 1997.

.
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. !
Title Masmetic Separation usinszCesium Snecific Media I

) I

Descriptioru Cesium isolated from solution bv sve”eificion excharwe or adsorptive

media. (Examples of media used include iminodiacetate (IDAL acrvlic,and NASA

resins.) Media Present on particles with mametic core, using a urorwieta~

manufacturing technology. Technolo w to make the mrticles exist with several

vendors but SELENTEC, Inc. (Atlanta, GA) Iikelv Possesses the most extensive

experience related to this application. Anv of-several media candidates for usaze<

onlv a few material currentlv deve~oned at bench scale with fewer manufactured to

data in larger-scale batches. Based on recent narticle development and testin~t

SELENTEC Personnel sumzested that SRTC test current uarticles for the treatment of

High Level Waste.

Reference Technolozv DePloved at Limited Scale on Groundwater and Specialty

Waste Applications (Most Notable: Radionuclide Removal from Contaminated Milk

near Chemobvl)

Technical Maturity Technical feasibility sta~e: laboratory testing of o~timal

Advantages:

Disadvantages Extraction of particles bv ma~et does not remove sludze or

.titanate from waste. Particle rnanufatire not developed at required scale.

Safety Issues Inadeauatelv defined: handIinz loaded Particles Poses rad concerns.

Key Initial Tests: _ Feasibility test with current particles from SELENTEC.

Process Diagram (Optional, see reverse side) Not provided.
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Alternative # /#Y21, Sponsoc BNFL

..

I

Date: 31’27138
I

Originator Stewart Mackay . Phone # (509) 948-4006

Tdle: Actinide & Cs Separation Using Sodium Tbnate (NaTi) and SuperLig 844

Description: Usingthe existing fTP faciliis, actinides can be separated from the tank waste by
additionof sodiumt“hnate and ultrafiltration.Cdum can be separated from the supemate using
SuperLig844 resin. The cesium ion exchange column and associated vessels maybe placed in one of
the ultrafilterbuildingcells, the benzene stripperbldg., or the New Waste Transfer Facifitydepending on
radiationdose and desiredequipmentsize.

Technical Maturity Actinideseparationsusing NaTi is part of current fTP process. Cesium
separation using SuperLig844 has been conductedby SRTC personnelat lab scale using radioactive
Hanford waste samples.

Safety Issues: &pefilg 844 is ehted with0.5 M nitricacid. Strong acid willcause rapid decomposition
of the SuperLig 644 resin.

Advantages: BNFL’s.proposti approachfor treating Hanford tank waste uses SuperLig 844 resin.
BNFL is currentlycollaboratingwith SRTC in demonstratingCs separation with SuperLig 844 and plans .
pilotscale tests with SRS waste. SRS can benefitfrom the BNFL testing currentlybeing done by SRTC.

Disadvantages: Spent resinmust be disposedof as solidwaste or processed in CIF.

4

[1
I
!

I
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MAGNETIC PARTICLES REMOVE METALS AND WU310NUCLIDES
Pollution Engineering - November 1997
A technology that removes metals and radionuclides from waste or process streams
may offer an alternative to traditional ion exchange columns and solvent ‘
extraction. Patented at Argonne National Laboratory, Magnetically Assisted
Chemical Separation (MACS) uses small magnetic particles covered with an organic
polymer to selectively attract specific metals.

The particles are poured into a tank containing a process or waste solution, and
the organic polymer coating extracts the metals contained in the solution. The
magnetic
solution
both the
recycled

NACS has
streams,

particles, along with the extracted metals, are removed from the
with magnets. The metal is then stripped from the particles, allowing
metal and the particles to be recovered and the process solution to be
to the plant.

been demonstrated at the bench-scale level for a wide variety of waste
and scale-up and pilot testing are planned. It is hoped the technolouv

will be used commercially by electroplating and other industries that generate
-.

metals or hazardous materials they would like to remove or recycle at a reduced
cost .

..

*
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HLW SALTDISPOSITIONPROCESSALTERNA~S

Alternative#: * PO”M1 spmm Date: 25 March 1998

originator Paul D. d’Entremont Phone #: 208-8727

Title: Supercharge Late Wash

Description: Increase the capacity of Late Wash so that it could handle the entire job of
precipitating the salt and washing the precipitate before sending it to DWPF.
Petiorrn the precipitation f%stenough so that degmdation of the STPB is not a
con~m.

Some options for increasing the capacity of Late Wash might be: 1) Install a
bigger filtcq 2) replace the existing filter with a coarser one, sacrificing some DF,
3) increase the pressure of the filtration and wash the filters often.

Technical Maturity: High. Basically, this is just the ITP and Late Wash process
purposely run f=

Stiety Issues: All ~e current safety issues for operating Late Wash would apply to this
process, but no new issues are introduced.

Advantages: Known technology. From n technical perspective, this is simple to
implement.

Disadvantages: May be high capital to increase the size of equipment at Late Wash.
Also, there are probably coupling and cycle time issues; may require some new
nitrogen-inerted stainless steel tanks. 4
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HLW SALT DISPOSIITON PROCESS ALTERNATIVES

Date: 25 March 1998

Originator Paul D.d’Entremont Phone #:208-8727

Title: Flocculate the feed to ITP
.

Description Add a flocculent to the ITP feed tank. ‘he flocculent would cause the
particles, which contain most of the palladium catalyst of concew to precipitate.
This would reduce the rate of degradation of the STPP in ITT, perhaps making the
process viable. -

Technical Maturity: Flocculent are well-developed technology, but I’m not aware of
any work showing how much palladium could be removed by flocculation.
Would probably need some bench scale testing with real waste.

Safety Issues: None beyond the current safety issues rdready identified at ITP.

Advantages: Preserves most of the cumnt.ITP plans. Low impact to the HLW
flowsheet.

Disadvantages: Flocculation would leave-soluble palladium still in solution. Would need

@loos

,.

i

I
I

to address if flocculation alone could reduce the,degradation rate of STPB
significantly enough to be attractive. It might be necessary to combine this idea
with another process for removing soluble palladium.
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P“~ 4
Alternative #:$%@F “ Sponsor: Date:.?/’’qyqy
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HLW SALT DISl?OSIllO~ PROCESS ALTERNA~ES

Title: selective Precipitation of Cesium via Tetraphenylb.oxate
.

Description: This is a process for the selective precipitation of cesiwn in the presence of

potassium and sodium ions for the treatment of high level radioactive wastes. TIM mte of
precipitation of soluble cesium and potassium ions is dependent on the concentration of these ions in
solution, the concentration of tetraphenylborate ion in solution and the rate constants for the
precipitation and dissolution reactions. Recent experimental results indicate that Cesium precipitates
M least five times faster than Potassium. Using this ratio of rate constan~ and knowIedge of the
Kspfor each species, it is possib[e rtI estimate the dcgrcc to whichprcf~ntial ccsktm prc.cipitation
will occur. one can definethis preferenceusinga precipitationratio. For PRz 1,ccsiumis
precipitated preferentially to potassium.By controllingthe concentrationof the te~enylborrue
ion,onecan extendthetimeperiodoverwhichthehigherprecipitationratiois obtained.The
proposed process will employ th=c lower concentration to maximize the benefit of obtaining these
higher precipitation ratios.

Process Description: Figure 2 contains a schematic diagram of the proposed process. Salt solution
and tctraphenylborate solution will be introduced into the mixing appamtus at controlled rates. By

accurately controt!ing these rates and by employing a mixing apparatus that provide intima~e mixing
of the introduced fluid with the bulk resident material, the kinetics of precipitation will be controlled
to provide the maximum precip-@tion ratio. Material will be continuous removed from the mixing
appamtus and transferred to a separation process. The sepamtion process will concentrate the
insoluble CSTPB and KTPB and produce a salt solution depleted in soluble cesium ion.

The proposed process can employ any mixiig apparatus or separation process. In particular, the
mixing can be achieved using a vortex mixer to provide in~ate mixing. Empioying a vortex mixer
would probably involve a recirculation loop with a wo~lng pmcipitited ~lt so!ution with a bleed for
the feed to the separation process.
Similarly, the sepamtion process muld bc achieved using cress flow filtration employing porous+ “
stainless steel filtration elements. Such elements have previously been shown to eftlcicntly
concentrate the precipitated [Cs/K,TPB] solids.
The proposed prOCCSScould provide at least a fhIC fold decrease in the quantity of tctraphcnylborate
required to achieved the desired concentration of Cs in high level radioactive waste.

Reference: Invention disclosure by R. Peterson
Technical Maturity Conceptual Idea
“Advantages: Opportunity to significantly reduce quantity of tetraphenylborate
required and to eliminate significant safety concerns.
Disadvantages: Not weil developed and would require changes to the salt cell.
Safety Issues Limited new safety concerns
Key Initial Tests: Precipitation kinetics tests

I
!

I
,



H-25-I= 16:15

Figure 2. Process Schematic
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HLW SALT DISPOSITION PROCESS ALTERNATIVES

POH 7

Alternative *Z _ Sponsor: LeeDworjanyn ~ n

Optimiied ITP Process, Pre-fdtered Solution,
Low TPB Excess, Reduced Temperature Short Cycle

Description:

Reference:

Technical Maturity:
..

Advantages:

Disadvantages:

Safety Issues:

Key Technical Tests:

ProcessDiagram:
(Optional)

#

‘.

Existing In-Ttik Precipitation process, optimized based on
current TPB decomposition and benzene generation chemistxy:
1. Pre-filtered salt solution.
2. Low NaTPB excess, followed by re-addition to maintain DF.
3. Reduced tank temperature.
4. Short precipitation cycle.
5. Revised tank safety calculations.

Current technology.

Demonstrated in Tank-48H.

●

●

●

●

●

●

●

Minimal development utilizing acquired know-how.
Demonstrated DF
Quality SaltStone
Benzene safety concerns.
Filtration, cooling water costs.

Benzene, hydrogen in vapor space.

.

In-tank demonstartion.

I
.

D:bppHW_Altemati v~~W Altrenatks.doc
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HLW SALT DISPOS~ON PROCESS ALTERNATIVES , .

Tithx TPB T-48 Safe& Reinforcement

Description Add increased ventilation and N2 flow to T+l and T-49. Ovemower

T48 and T-49 benzene issues with enfieerecl safetv features.

Reference Conceptual

Technical Maturity

.-

Advantages: None

Disadvantages: Need pretreatment process. Cost. Solid stabilitv esrwciallv in late

~wash and T-49 storape. 4

Safety Issues: None if overp owered and can address air base operation.

Key Initial Tests: Engin eering talcs needed. Solid stabilitv tests needed especially

related to T-48 and late wash.

Process Diagram (Optional, see reverse side):

,



HLW SALT DISPOS~ION PROCESS ALTEwAT~S , ,

Alternative # ~ ?~fl ? Spmsm ~ ‘

Tithx Catalvst Removal-Temperature Controlled TetraPhenvlbomte Processh~

Description Insoluble sludge contaiiri~ potential catalvst would be removed usin~

a sandfi.lter followed bv removal of soluble catalvtic metals with a sulfide bed. CS

Precipitation would occur in Tank 48H with installed coolirv capabiliW.

. Reference: Current research - bench scale. -

Technical Maturity R&D or excess”TpB- Decomposition indicates no appreciable

d~omposition at temperatures below 30Q.

Advantages: Utilizes Predominately available euui~ment.

Disadvantages: Must install filtration and refri~eration eauipment. There is

uncertai.ntv about DreciPibtion kinetics at c30Q.
4

Safety Issues: Current safet-v basis in maintained.

Key Initial Tests: Effectiveness of sulfide bed (column).

Process Diagram (Optional, see reverse side): -
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Alternative #: w pmq lo

Title: CatalVsi Removal - Temperature Controlled Inhibitor Added TPB Processing

Description: In addition to catalvst (soluble and insoluble) removal and temperature

controlled, this fiowsheet would add an inhibiting agent (sodium bismenthate or

dirnethvl~lvoxime).

Reference: .Current research - bench scale. “

Technical Maturity: Initial R&D testirw of inhibitors has shown reduction in TPB

decomposition rates-of factor of 6.

Advantages: Almost com~lete rwevention of decomposition. Inhibitor Provides

insurance if temperature control is lost.
. .

Disadvantages: Down stream Processing effects of inhibitor must be proven. Q

Safety Issues:

conditions.

More research needed to Prove safetv of chemical agent in adverse

Key Initial Tests: Acid hvdrolvsis of TPB in the presence of chemical a~ent.

Process Diagram (Optional, see reverse side):

.
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TABLE2.6 Ncw Equipment on WasteTArks

Tanks Equipment /Funccian
40, 42 Steam spargers

Four slurry pumps on each - variable SDe=d

Owgen analyzer on exhaust
Composite LFL Benzene analyzer on exhaust
Tank pressure (vacuum) control system
Isokineclc sampler on exhaust/activity monitoring
Inlet HEPA reversed/outlet of new pressure relief
valve

Two csansfer-pukps on each - variable ~peed
Redundant nitrogen purge piping and controls

Maximum ventilation flow increased co 1000 cfm
Slurry pumps - variable speed
Transfer p= - fixed ~peed
Filter feed pump= - variable speed (Tank 48 only)

Modified offgas czndsnsers
Increased Tank 48 stack height to 80 feet
Zncreased Tank 49 stack height to 70 feet

50

51

Composite LFL gas monitor on exhaust

Slurry pumps - variable speed
Transfer pump - variable ~pQed

Slurry pumps - variable speed
Transfer pumps - variable speed

I
I
I

I
i
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Alternative * ~ SponsoK John Caxlson Date: Marc ~ 24, 1998

Originator: Srikant Mehta Phone # 208-8398

.

Title: Air iniection based benzeng declamation mevention svstem for the In-
Tank Precipitation rmcess

Description:

This proposal recommends changing from a nitrogen based inerting system
for ITP Tanks 48,49 and 50 to an air based benzene deflagration prevention
system. Spetically, the proposed design would allow prevention of benzene
stratification and accumulation to deflagration conditions by ensuring thar
there is no stratification in the t~ks using @g/diluting air blown in
(injection) through telescoping deployable air lances with air nozzles
directing the airjets across the liquid surface and preventing a benzene
stratification layer/zone. Injection air would be protided by air compressors
(fkesh air and/or partial reticulation of ventilation system exhaust).

The proposed switch to an air based benzene deflagration prevention system
consisting of a low pressure, variable flow compressed/forced& system that
injects air into the tanks using deployable telescoping air lances would
significantly improve benzene concentration control and simplify operations.
The primary benefits are:

1.

2.

3.

4.

Benzene strati.iication and concentration related problems@ be
4

eliminated. due to agitation and dilution provided by the air jets.

The system can be designed to vary the air injection rate based on
predicted or anticipated benzene evolution rate. Consequently the
system would be capable ofhandling a variable benzene generation
rate that can be signiiimntly higher than the current nitrogen based
system can handle.

The air based system dilutes the benzene and forces it out of the tank
through the existing ventilation system. The resulting emissions of
diluted benzene do not have any asph~ation, explosion and fire
hazards associated with them. .

The air based system can be designed to operate at low pressures to
minimize contamination and limit risk of tank overpressurization.
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5. Existing/excessequipment available on site can be used to fabricate
this system. “

6. Transition to the proposed air based system would also cause the ITP
process to be in line with the process as originally testetideveloped.

7. The proposed system can also include benzene abatement
measures/systems on the e@ing ventilation exhaust system using
liquid nitrogen systems for condensing contained benzene if needed.

Technical Maturity

The proposed alternative meetslsolves identified problems due to benzene
generation and stratiilcation in the ITP Tanks with no adverse risks. The
system would prevent benzene stratication and evolution rate related
accidents. The alternate method would also allow processing of higher
activity feed materials.

Existing fabrication facilities/skills at the site, air compressorsh.ir fans on the
site (e.g. horn reactors or excess facilities) can be used in the fabrication of
this system. Alternate sources such as would be available born upgrades to
plant h system could also provide the requisite air.

Portable air compressors/fan blowers could also be staged in seismic/tornado
qualified structures as backup for emergencies.

ficompressors/blowers/fans are relatively cheap and off the shelf items
readily amenable to commercial grade dedication. Cost and availabilib also ‘

The
allow exploration of options for b~ding in sufficient redundancy and -
reliabili~ without necessarily upgrading each component to safety class.
telescoping air lances can be patterned after existing telescoping steam
transfer jets with nozzles designed for blowing air at or across the liquid
surface to prevent stratification and provide mixing and dilution of the
evolving benzene. The air based system as envisioned would be very easy to
design to meet any requirements for a safety class system.

The envisioned design would allow insertion of the air lances through
existing observation ports and would require no modification to the Tank.
Modifications to the tank top wo~d be limited to rigs required to hold the
lances in place and supports or trays for the air supply lines.



.“-. . ---
----- . . . ““. ““”+ --- ,.

Functional performance requirements would include: “
●

●

●

●

●

o

Ability to prevent benzene stratification to CLFL by providing mixing
at the liquitivapor interface
Variable air blow capaaty to dilute any anticipated benzene evolution
rate to less than CLl?L
System should not result in pressurization of the tank
Potential for spread of cont~nation due to agitationhnixing in the air
space should be within acceptable limits
Seismically qualified or have sufficient redundancy/reliability
Structuralmaterialsusedfortelescopingair lancesshould be.—
amenable to easy disposal or decontamination for reuse

Safety Issues:

Potential areas for concern are: Benzene concentration for worker protection,
local contamination contzol upon loss of exhaust ventilation, and potential for
waste tank overpressurization. All of these areas of concern can be addressed
as part of the design. “

.

Advantages:

The proposed approach mitigates the hurdles associated with benzene
generation rate and sbatification associated with the 1~ process. It
maximizes utilization of the existing process and systems to accomplish this.
The reqtied design development and fiwility modifications can be
accomplished within one year. This approach has @nimal long term
operating costs arid duration to restart of salt processing. 4

Disadvantages:

None identified at this time.

Page 3 of 4
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Author: Jerome Morln at SRCCA05
Date: 3/23/98 4:56 PM

Priority: Normal
Peter Hudson at SRCCC03

j ect: ITP answer

Peter:
I hesitate to pass this on, but in the interest of developing an inclusive
list. . have at it. It appears that this suggester misunderstood our objective
and is trying to separate Cs from CSTPB. This may have application down the
road if ever we need to recover CS from the precipitate formed in Tank 48.
Jerry

. .

Subject: ITP answer
From: ponder@chem.psu.edu at Mailhub @@’&” @-l!3
Date: 3/22/98 8:14 PM .

Dear Jerry,

It was a pleasure to meet you this past week at the DOE-CP
workshop, I have been checking out a couple of ideas since I got back, and
I think I’ve got something for you on the ITP.

I can separate the cesium from the tetraphenylborate ion (TPB). My
current recovery for cesium from dry CSTPB is 89%. The cesium is recovered
as CSC1, and the unrecovered Cs would be returned to the ITP stream. All
the other reagents are recycled. I should be able to return the TPB to the
ITP stream, but I still need to toy with the solution a bit--worst case, it
will need a distillation, but I’m trying to use a simple recantation.

With the TPB separated intact from the Cs, there should be no
~~.lzene problem and you could recouple the streams. The CSC1 should mix
well with the sludge. Currently, the process would generate about 10 mL of
aqueous caustic to the ITP stream for each gram of CSTPB removed, but I
think I can improve this by 20% or more. Also, the chemistry is fairly
simple, with readily availab~e reagents. If it weren’t for the regulatory
paperwork, you could probably get it on-line in a week.

As far as the footprint is concerned, you would need a volume of
about 1 dm3 for each 10 grams of CSTPB coming out of the ITP, with another
volume of like size for transfer/separation. The entire 4

separation/filtration/recycle process can be done very quickly (assuming no
distillation) , and I am thinking that the steady-state process could fit in
an average closet (plus the necessary shielding, of course) .

Penn State is applying for a patent on this process, so if you’re
interested, let me know and I will have the Intellectual Property Office
send you their standard confidential disclosure form. If I understood the
situation correctly as you
process fully answers your

outlined it at the workshop, I believe this
problem.

Best regards,

Sherman M. Ponder

(814)863-9791

152 Davey Lab
Dept . of Chemistry
University Park, PA 16802
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Author: Gary Abell at SRCCB05
Date: 3/5198 4:44 PM
Priority: Normal

Peter Hudson at SRCCC03
ject: Re: ITP alternatives

Pete . . . . . . . why don’t you start a file. Itss starting to rain.

thanks, Gary

Forward

Subject: Re: ITP alternatives
Author: Nader Elraheb at SRCCH06
Date: “ 3/5/98 4:01 Phf

Gary,

Header

.-

1 am sure that this was thought off already. Just in case, there were
thoughts of “just-in-time. process. I understand that benzene is not
an issue, considering the nitrogen inerting that is in place. The
issue is with the decontamination factor, df. The cesium detaches
from the TPB in three to six months. So the three to four batch
process (if I recall that was a one year cycle) should be shortened to
a smaller one batch, and the wash cycle also should be shortened. The “
entire process should happen in days”, or two to three weeks at most,
and then transferred to DWPF. I believe Late Wash is capable of
washing, so that Late Wash can”do what ITP should be doing today. At
Late Wash, the process tank is smaller, stainless steel and inerted(?)

The wash water can then be recycled back to Tank 48 a couple of times
for filtration and the just-in-time batch can be delivered to DWPF.
The wash water will have higher contaminants then Saltstone is designed
for. Space availability can be a problem, but 1 am sure there are way
around this. Also, if the wash water has a high content of salt or
contaminants, in another tank more filtration and neutralization can be
accomplished..

At DWPF, if processing (washing) again is necessary, then the “
just-in-time batch may have to be processed at DWPF rather then Late
Wash. Wash water from DWPF again can be recycled to Tank 48 or Late

Wash, for additional filtration, depending which tank will be the

process tank.

The concept is the cycle from ini~ial processing and filtration, up to
Pumping into melter (or when DWPF ceases processing the waste), should
be minimized as much as possible. The precipitate can’t be stored in
between the process cycle, even at DWpF. And wash water should be
recycled in every way possible to minimize in the excess waste, as we

may be utilizing much more wash water.

You may want to talk to James Brook who had left HLW back about one
year ago. He had some other pretty good ideas.

Nader

Reply Separator
Subject: ITP alternatives
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EXPLANATORY NOTES FOR “ALTERNATIVES PRO-FORMA” ‘ -

Alternative #will be provided by Peter Hudson.

S~onsor could be originator, a suitable “champion” or a core team member.

Date - Date submitted. #

.

~ should capture the k~ unit opemtions of the proposed process.

Descriptionshould be a single pamgmph technical description of the steps involved
in the proposed process, clearly ident&ing where usck made of existing HLW
processedfacilities.

Technical Maturi tv - one of the key criteria in ranking alternative processes. Defmc
the current development sta~ of the process, &g. theoretical idea; chemistry
proven in lab; fully commercialized for non-nuclear applications; full nuclear
operation.

Safetv Issues - another key criteriom Recognizing that benzene generation became a
major safety issue on ITP, what signifkant safety issues would have to be tackled on
this process? e.g. hazardous chemicals, risk of explosion, high temp and pressure.

. 4

Advantamts and Disadvantages - apart from safety and technical maturity, what arc
the other principal advantages and disadvantages of the proposed process, e.g.

simplicity, cost, operability, use of existing facilities.
.-.

. .
Process Diapra m (O@ional\ -If you can, sketch out the principal steps of the
process, showing interaction with existing facilities, on the back of the shed.

Compieted Forms should be returned to Peter Hudson, either by e-mail or hard
copy to 705-3C. * -K “~*7-G526 “

HLWALTPM:PIH/Rev I

~
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Alternative #will be provided by Peter HudsorL

Date - Date submitted.
. #

Titleshouldcapture thekey unitoperationsof theproposedprocew

.

EXPLANATORY NOTES FOR “ALTERNATIVES PRO-FORMA”

Descriptionshouldbe a singleparagraphtechnicaldescriptionof thestepsinvolved
in the proposed process, clearly identifjhg where uscb made of existingHLW
processes/facilitie9.

‘.

.

Technical Maturi w-one of the key criteria in ranking alternative processes. Defhe
the current development status of the process, e.g. theoretical idea; chemistry
proven in lab; fully commercialized for non-nuclear applications; full nuclear
operation.

Safetv Issues - another key criterion. Recognizing that benzene generation became a
major safety issue on ITP, what signifwant safety issues would have to be tackled on
this proc$=s? ~g. hazardous chemicals, risk of explosion, high temp and”pressum

4

Advantages and Disadvantams - apart from safety and technical maturity, what arc
the other principal advantages and disadvantages of the proposed process, &g.
simplicity, cos~ operability, use of existing facilities.

Process Dia mam (ODtiona~ - If you can, sketch out the principal steps of the
process, showing interaction with existing facilities, on the back of the shee~

Comuleted Forms should be returned to Peter Hudson, either by e-mail or hard
copyto70s3c. * I%%% ~ “~-co5z& v

HLWALIFM:PlfW@V I

~
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HLWSALT DISPOSITION PROCESS ALTE~A-

‘ fcwl12?
Alternative #: _ Sponson Paui McDonagh Date 3/19/9S

x- r533

Title: Burnin~ of Benzene In Place OtWrouane At The Consolidated Incineration

=’

Description: Theexistinrz13T Facilities shouldbeusedto o~timizcbenzenemoduction
notminimizebenzenemoduction. ThebenzeneDroduced should be used to renlace or
SUrmlement the mmane burned at the Consolidated Incineration Facility (CIJ3. CIF
which is also in H-ma. b.uvsurotxme to bum in the-kiln and in the secon claw combustion
chamber,

TechnicaIMaturi~: Theoretical Idea.

Safety Issues: Benzenestorage at C.IF.

Advantages: Al Save monev at CIF bv reducine or ehinatin~ the need for uromane.
B) Adds BTU’s to the kiln for a more complete bumine of the wastes and thus a

reduction in the amount of ash to be nrecessed. C) Uses the existing ITT and CIF
facilhies. D) Optimkirw benzene txodtiction will reauire adding creater amounts of $TBP
which mav improve the efficiency DreciDitation tmxess.

.
a
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l-tLW SALT DISPOSITION PROCESS ALTERNATIVES

Altemative#: POM~o Sponsoc J. P. Morin Date: 3/1798

Originator J. P. Morin Phone #: 83214

Title: ITP With Safety Grade Air-Based Ventilation, Auxiliafy Cooling and Backup
Nitrogen.

Description:
Modification of the present iTP configuration (Tank 48 and 49) to provide:
1) A high flow (2000 -5000 cfm) safety grade air-based ventilation system that will
provide positive assurance that the vapor space of the tank will be adequately purged
during all modes of operation.
2) A auxiliary cooling or refrigeration system using existing cooling coils to keep the
contents of the ITP tanks below 20 oC.
3) I%e presently configured nitrogen system would be modified to provide
defense-in-depth inerting as a backup.

Technical Maturity:
These modifications -require application of very mature and well established systems

Safety Issues:
These modifications do not introduce intrinsic safety issues. They do however, address
both benzene formation and purge issues.

Advantages:
Compared to alternatives, these modifications are relatively low cost and can be
implemented quickly. The supporting R&D activities to close authorization basis .
chemistry issues can be completed in FY98 within the presently funded scope.
Moreover, the authorization basis window of operations will be significantly widened
over the current ITP configuration. This alternative provides an option to quickly return
to processing salt solution even if a decision is made to pursue longer term second
generation salt processing flowsheets.

High flow air-based ventilation will assure that the tank vapor space is purged of any
combustible vapors that may form under both nomlal and abnormal conditions. In
addition, the oxygen content in the.tank vapor space will minimize the potential for
developing anoxic conditions in the slurry which are necessa~ to reduce and activate
potential catalysts. The cost of operating a nitrogen system will be minimized.
Operation of the ITP process below 20 OC will assure that degradation reactions will
not occur during the intended duration of the process cycle. ,

i

Disadvantages:



HLW SALT DISPOSITIONPROCESS ALTERNATIVES

Alternative #: ?0 M 2 ( Sponsor: -1 ~ “2Z* Date: ~Lh6
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SALT DISPO!WITONPRO~RNAm

Alternative #: Poti 23H Sponsor:JackWatsou

Title: E1ectrochemicaI separation of palladium(Pal)

Description: Pd is bciicvcd to be the principal catalyst involved in degradation of TPB.
Removal of the Pd could consqucntly reduce the rate of TPB dcgradatiom Pd is
a nobIc metal that is usualiy easily reduced ektmchernically, possibly by an
applied elticd potential or by adding a moreeasilyoxidizxi metal (more
reactive metal). The Pd removal is Iikely to be most effective afier sludge
removal and before TPB additio~ ~t wotid off= the ba chance that the TPB

precipitation can be carried out ~~thoutthe presence of significantPd catalym
The cathodeor thebedof morer=tive meM shouldbc,in the formof packed
bedsor plates thatcan beperiodicallyremoved. A nda!ivelypure iron (not
stainlesssteel)mightbe cffcctivcwithoutan appliedvoltage,but that is strictly
speculative. Thisprobablyshouldbe a scrnicontinuousopation so the supematc
is removed fi-omthe electrode as soon as the Pd is removed.

Technical Maturity:

Safety Issues

Advantages:. .

Supcm.atc is complex and the behavior of Pd is not ~ciently well understood at
thxs moment. Is tie Pd in an casiIy reduced form, not compkxi with otbcr
organic. materials? Is rhe plating rate sufiicicnc with or without applied voltage?
This was only a conjecture; there are no data or experience.

Periodic removal of ektro&&d. Less chance of TPB degradation if Pd is the
only catalyst and if Pd is removed sufficiently cffkctively.

Potentially low to moderate COSLProbably cmdd fit with modified version of the
current systcq the modification with a separate precipitation tank.

Disadvantages:
Ah additional trea&nent step. Must know the catalystis Pd and know the Pd
chemistry in supcrnatcs.

Process Diagram (Optional)

. . .



HWL SALT DISPOS~ON P~S ALTERNA=

Alternative* Cow J ~

.
Sponson kck Wat=

Titie: Complex Pd, CU. etc (and Keep Pd in solution complex - a combined write-up)

Description: Pd and Cu arc suspectd to be the catalysts that havc cnhanccd TPB degradation
significantly. The rate of TPB de-on could be slowed significantly if the
catalysts were complexed by strong I.igandsadded to the supematc. The ligands
could also degxadc, but if they last long enough for the p=pitaion and removal
of the Cs bearing solids, the catalysts could then go harmlessly to the gTout
f=ility. Therearc severalstrongligm~ for Pt-mctis such as PA and ligands for
Cu arc also available (often sulfhr bearing Iigands, but only trace quantities may
be sufilcient and will ultimately go to grout). If Pd odin sludge particles
participate in the @alysis, sludge rcmovc prior to iigand addition and subsqucnt
precipitation may bc necessary.

Technical.NfatUfi&
There is information on Iigands for Pd and CU but the application to this problem
is only conjectural. Will the complcxed catalysts be inactive? Will the TPB itself
be a Iigand for the @alysts and compete with the added ligand? (Even a
strongrer ligand may have difficult competing with tic larger quantics of TPB
bciig added to the system.) Must understand chemistry of the catalysts and the
lig~ds in supernates.

Safety Issues

Advantages:

Few issues ifthc Iigand is harmless. Catalyst is still present with the TPB, and the
ligand may not last for cxtrcmcly long times; relatively prompt separation of the
precipitate would still be desirable.

A sirnplc solution if suitable Iigands are found and if it is not ncccssary to do the
precipitation in a separate tank.

Disadvantages:
A lot must bc learned about the catalysts, Iigands, and TM degradation May
require a separate precipitation tank.

Process Diagram (Optional)
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~YV SALT DISPOSITION PROCESS ALTERNATIW

Title

Description:

Reference:

..

Technical Maturity:

Advantages:

Disadvantages:

Safety ISSW:

Key Technical Tests:

Process Diagram:
(Optional)

Sponsor: Lee Dworjanyn

In-1ine TPB Precipitation with
In-1ine Homogenized Be~ne/KTpB Separation “

Use mpid in-line processing to precipitateKTPB and semrate bv
‘

.— –Jcentrifugal processing with liquid be-nzene:
1.

2.

3.

4.

Feed HLW salt solution ti-ough an in-line homogenizer, .
metering in NaTPB and sodium titanate to form precipitate.
Feed the resultant slun-y to a second homogenizer, metering.

in approx. 10,000 ppm liquid benzene to form globules.
use “cRm” centifuge to separate the lighter benzene/KTPB

fraction and forward to DWPF, reeycling the benzene back.
Process residual salt solution through ITP cross-flow
filtration. Pass onto SaltStone.

Homogenized precipitation is used in industry. Milk
homogenization ~d cream .sepamtion are standard in agriculture.
Benzene concentration can be adjust~ to con~o] “cre~”
fluidity for effective separation.

Precipitation is very rapid in test tube; homogenization will
improve. Homogenized benzene/KTpB agglomeration has been
demonstrated in a test tube.

●

●

●

●

●

●

●

1.
2.

Very short holdup time, no time for KTPB decomposition.
Compact commercial equipment.
All benzene contained and recycled from.DWpF. 4
Benefits from proven KTPB decontamination factor.

May be combined with K removal to reduce NaTPB cost.

New technology, requires pilot demonstration.
New shielded facilities.

Benzene handling.

Confirm test tube precipitation, DF and separation.
Demonstrate continuous bench scale homogenized
precipitation, agglomeration and separation.

Il:bppUUW_Altemati v=WW. Ahrenatives.dw

.

03/18198



HLW SALT DISPOSITION PROCESS ALTE~A~S . .

Alternative # P.OH 3 Sponsox ~ f-A

Tithx Small Tank T-48

Description: Utilize small batch. auick pbcessin~. Could use in-line or in-tank TPB

Precipitation

Reference: James Brooke recommendations

Technical Maturity Brooke conceptual studies and recommendations.

Advantage= Uses TPB knowledge.

Disadvantages:Latewashpossiblyneeded.Saltcellneeded. Investment costs.

Safety Issues
●

Key Initial Tests: Cycle time.

Process Diagram (Optional, see reverse side):

5e/’ J2iw2 f22&
@ /z2@ $@

I

I

i
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Alternative#:~@/5- Sponsor: c. ~
. Date: 31141!28

Originator: CoWa~
.

Phone# 5-304

Title:~tlon F-. . . . .

.
Description: Constmct a s~ty to worm the same pre~ltatlon proc~. . . . .
. ded for I~lt m a ~11. .

tank constructed for that DurDos~
.

Ded with all the amtahon and off pas ~
. . . ndl~ eaui~ment needed to solve th~

problems encounteredin HT.

Technical Maturity:~is rmocess would take adv @age of the years of develo~men~. .
put mto t~g of ~at

. . would be needed is verv much hk~.

~erated m the exl~ canvons. The ISno new tec. . . .
hnoloa needed.

Safety lssues:~ aw~e of _ ITP concerns. I ~ .

Ibat better control ~ rm~eable voIumQsand m ~
. . . . .

. . .exlble facdltv would take care of all the ~etv conc~ ~th ~,.

4

Advantages: No new t~ development would be needed, &v new dwectlo~. .
.

owns to overcome At least wth the Iv ~ and t~.

It we knowwhat the~uld be able to d~. . . .would~e all of t~~nd Droc-.0 .*.

d down str~ of ~ new m-ecm@tlon-.● . . ● .

Disadvantages: . . .nev wdl be needed. but ~v solutlon wIU.
does not have to be very. .v be dictated bv~red throupjlmlt+
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=W SALT_DJSP!S~QN PROCESSALTERNATIVES . “ “

Originator James Brooke Phone #: 5-8168

Title: Small tank ITT with Power Fluidic devices for feed tank blendin~. salt solution transfer
~ lin r nt- alt olution mrnn reci itate a in and benzene stri in

lfgoo2

Description: ‘IWOmodestmodificationsovercome the Present ITT Problems and create a much
simpler. robust and intrinsically safer Cs removal ooeratiou without chanting the chemistrv of
the process in any wav. The two chan~cx are: O) Chan~in~ to a iust-in-time batch size using a l&
12,000 qallon process tank and no separate nreci~itatestorwe tankand (2) UsingPowerFluidic

Jlcvkes forfeed tankblendixw.saltsolutiontransfer and sanmlirw.-re~~ent-sait solution mixinz, I
gmeci~itate afin~, and benzene strhmirw.

Technical Maturity: Vem mature The oniv Darameter needing confirmation is the time needed
for Dre_ ag inz to afireve the reauired Cs.decontamination factor. Small, Power Fluidic
devices will mobabiv achieve the needed time edv. There are similar examnles in current
commercial otmration. All of the Power Fluidic devices are demonstrated in sitilar comxuercial I

nuclear operations, Thes mall tank l’1’p operation was demonstrated durinp the ITP startup

testing.

Safey Issues: Be- ~ mlur ction will be VI“rtuallvnil because (al temueratur~ will be -30

degrees Cat all tim~. (b) maximum TPB inventom will be l/10-V20tb of mcxen~ and (c} TPB
residence time will be wdv a f= days instmd of months to vears. The IIrocess tsnk will be
p’urposedesimed to safelv handle all accident scenarios. Analvsis to confirm I)F is done on-lin~
real-time; no tank samplin~au red~i 4

Advanta~es: SIGNIFICANT BENE~ fro m th~e mod ifications include (there are many
others less significant):

L Vl~allv eiiminatm precipitatebreadkown and concomitantbenzeneformation
2. EliminatesLate Wash Fsmiiitv(S9M/w swin?~ - -.
3. Cuts the volurne.of Saltstcmebv up to 20%
4. Rem 3 of 1.2M rmllon waste tanks to tank farm operations fT49. T50. & T22~
5. Eliminates eleven {111 Ionp-shaft vertical centnfupal ~um~s
6. Ch@y ee usage h 75-85?4e

7. Elimin= ~
8 Pr i s a robust filter cleanin~ resent.one
9.

on’t work
Iumroves filtrate Drod.qgjjm rate ~v tm to 50%

10. Great Iv sim~lifies and imtmoves operability of benzene strkmer mmtem& eliminatesTBP

i

I

Disadvantages: A pilot demonstration &250k) should be done.~lanning rmadc cost estimate
~q$23 million (detail~ & w/ 750/0mpmt ~eWe~
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HLW SALT DISPOSITION PROCESS ALTERNATIVES
. .

Alternative#: ?dt+ % sponso~ Mike Hitchler Date:3125198

Originator: J. Kelly Thomas Phone # 502-9761

Title: Small-Batch TPB Precipitation Process With Multiple Process Vessels

Description: The proposed process alternative would utilii the same basic TPB
Precipitation reactionschemeas the currentITP flowsheetas implementedin Tank 48.
‘he majordifferenceis that the processwouldbe carriedout in a set of small (=15kgal) .
processvesselsratherthan in a single largewaste tank. It is anticipatedthat 4 to 8 such
vessels would be required to meet the desired DWPF feed rate.

Technical Maturity: The process technology has a high technical maturity level. It has
been demonstrated in Tank 48 and has recently been the focus of an extensive set of

laboratory studies. Similarly, the basic engineering technology required to implement the

process in a set of small process vessels is well-known and has been employed in a large
number of site facilities (DWPF, Separati .
the (optional) application of catalytic rigent precipitation/filtration step (discussed below

ens, Tank Farm Diversion Boxes. etc.). Onlv

in Disadvantages section) would represent process technology which has only been
demonstrated at the laboratory scale.

Safety Issues: The key stiety issue associated with this process would be the formation
of a flammable mixture in the tank vapor space due to the evolution of hydrogen and
benzene. However, this issue has been successfidly addressed in DWPF process vessels
where the hydrogen and benzene evolution rates are much larger than would be the case .

for this process(severalof the DWPFSalt Process Cell vessels contain liquid betine
mixtures).Thesuccess of the DWPF strategy in addressing the vapor space flammabili~
safety issue rests on two key points. The first key is demonstrate that the vessel can be
inerted with a very high degree of reliability. The use of small process vessels which can
be effectively sealed accomplishes this goal (vs. the use of a waste tank with large air
in.leakage rates). The second key is to provide a building structure and ventilation system
that could withstand a vessel explosion. This allows an AB to be constructed that does
not require 100°/0assurance that no flammable mixture of any size would ever form in the
tank vapor space. Potentially, due to the relatively low off-site doses associated with
precipitate, the building structure and ventilation system may only have to safety
significant (vs. safety class).

. I
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Small-BatchTPB-PrecipitationProcess
Page2 ofI

The use of multiple small process vessels would facilitate both improved mixing and
cooling of the precipita~ slurry. Improved mitig wo~d mhimize

process time and
increase the efficiency of the precipitation reaction. This mixing could be achieved with
standard engineering technology due to the reduced batch volume. Improved cooling of
the S1urry would increase the time mod Prior to which precipitate decomposition
reactions would commence (e.g. increase the reaction incubation period) and decrease the
decomposition rate after this time period. -The vessels could be constructed of stainless
steel so as to allow the product to be delivered directly to DWPF; this would remove the
need for the cument Late Wash Facility.. The use of small batches would eliminate the
storage of precipitate over extendd time periods, hence reducing the potential forsignificant precipitate degmlation. This mangement would also reduce heel size thus
decreasing the effective precipitate residence time.

Advantages: The proposed process alternative would have both process and safe~
advantages. Each of these areas are discussed below. .-

As discussedin the precedkg s~ctio~ the use of small vessels which can be reliably
inerted along with a robust building structure and ventilation system has proven to be an
effective AB strategy with te spect to sz@ety. With respect to worker safety and
environment impac~ the proposed arrangement would decrease worker exposwe and
reduce the potential for surface leaks and spills.

Disadvantage: There are two disadvan~ges to the proposed process alternative. The
first is that a new facility would have to be constructed. It is possible that an existing
facility could be used for this pwpose with modification md additions. Specifically,
since it would no longer be required, the Late Wash Facility could potentially form the
core of the new precipitation process facility.

The second is that an unanticipated DWPF outage could result in an unfiltered precipitate
batch. undergoing an unacceptably large degree of precipitate decomposition (filtered
batches could still be transfemed directly to DWPF). This may be acceptable since

unanticipated DWPF outages would not occur fiequendy and the batch could be
recovered by re-precipihtion. Alternatively, a catalytic agent precipitatioti filtration step

could be employed to decrease the potential for precipitate decomposition.

i

4

Page 7 of 8 .



HLW SALT DISPOSITION PROCESS ALTERNATIVES
. .

Alternative # ~dN ? Sponsor: s~c. Date: 26 Mar 98

Originator Pat Suggs Phone #: 8-1482

Advantages:

4
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HLW SALT IIISPOSITION PROCESS ALTERNATIVES I,.

Alternative A foN fo Sponsox
I

Tithx Courded Rapid (or Pre-filtered) Tetraphenvlborate Precipitation, Subsequent I
I

Incineration and Vitrification of Resultant Ash. (VARIAfi: Retain Tank 48H

processing addirw Pre-filtration of sludge and Process resulting ureci~itant directlv 1’

to incinerator.1

Description Replace the baseline Precipitation facilitv with a small scale unit or

add a tree-filter svstem - Iikelv cross-flow filter. Send concentrated and PartiaIlv

washed product to an incinerator - Preferablv a low tem~erature fluidized bed.

erha s a toroidal desip P ~ - Presurnablv sited tithin DWPF in space Currentlv

housing P recipitate hvdrolvsis operation. Incom orate ash directlv in SRAT.

Reference: Tetraphenvlborate. and incineration technologies well established. Pilot

demonstrations needed for integrated urocesses.

Technical Maturity Conceptual union of previous proposals bv L. M. Lee and L. L.

KilPatrick (SRTC-PTD-94-0051, L. Lee (SRTC-PI’D-94-0090), and lames Brooke (e.~..

ECS-105-95-OOO6). PreIiminarv material balances and earlv desire cost estimates exist

for se~ments of the Proposed alternative. 4

Advantages: Replaces the current ITP, Late Washinz and Precipitate Hvdrolvsis

Facilities. Claimed advantages (from incineration) include: elimination of flammable

benzene recove rv and handlinz eliminates organic accumulation in SRAT and SME

off-gas svstems, avoids hvdro~en formation in Chemical Processing Cell,’ reduces

ammonia formation, eliminates recvcle of or~anic residues to the tank farm<

eliminates use of copp er in DWPF as catalvst for Precipitate hvdrolvsis thereby

expandin~ glass formulation window, avoids Late Washing” recvcle stream to tank

farm. Additional advanta~es cited in referenced reports. ““



,

Disadvan@ges: Capital cost and schedule for installation of new ecmipment. Cost

of Pilot demonstration. Political adverse perception of incinerator based

Safety Issues Common concerns associated with cesium volatility and tzaseous bv-

.

Key InitiaI Tests: 11) SRTC tests with filtered waste to establish maximum benzene

formation rate. Necessarv to define whether installation of we-filter suffices or the

need for a new, smaller scale and contained Precipitating facili~. (2) Vendor trial
.

bum with tetraphenvlborate slurrv to assess comrdexi ty of off-~as issues. (3) Vendor

tests (e.g. , AEA Technology En~ineerinz Services) to examine Precipitation in leading

candidate euuiument.

Process Diagram (Optional, see. reverse side) Not Provided at this time. However<
referenced documents movide sufficient frazm ents for initial evaluation.



Alternative # POfl // sponso~

●

L- %-l?. ‘‘
Title: Cesium (Alkaline Soluble) Complexation and Ultrafiltration

Description Comdex cesium with anv of several alkaline soluble polvmer

complexes. These complexes would include, for examule, the cesium specific

functional entities used in manufacture of ion excharwe resins. (Candidates reauire

additional research.) Use ultrafiltration to take advantage of large molecular wei~ht

of the resultirw complex. (Current researchers in this technolom include Gordon

Jarvinen and Barbara Smith at LANL.)

Reference: Ultrafiltration exists as a well developed technolom. Pilot scale
!

demonstration (72 gp m) of technolo~ in Proness at LANL for removal of actinides \

from acidic wastes. LANL operates a user facilitv for this technoloti.

I

Technical Maturity Additional feasibility testhw needed to screen candidate

com~lexants: rapidlv readv for Pilot testinz or deplovrn ent at demonstration scale. I
. . I

Advantages: Well developed equipment. Used on lar~e nuclear scale bv BN~ (per

statement bv P. Hudson). Appears conceivable easv to stage within the Late Washing

Faciliw.
●

Disadvantages: Uncertain of separation efficiency at this time. Lack of testin~ on

intemated flow sheet through vitrification. Possible need for orzanic destruction

step prior to vitrification. Nitrate and sodium content of material high without a

wash step. ,.

Safety Issues LarEelv dependent on chemis trv of selected complexant. Leading

candidates include several or~anic compounds.

Key Initial Tests: Screenirw tests on efficient of removal for leadirw complexant

candidates. Need a decision on requirement for multi statin~ of the

1

#



. .

#

comrdexantlfiltration steps. (Recommend assumirw a two staze process until further

data available.)

Process Diagram (Optional, see reverse side) Not provided.

. .

.

.



Alternative A pQ N t2 Sponsox

*’Title AItemate predni~tin~ AKen@for Cesium Removal

Description {a
.

) Add Ct?si_~-$necific preciuitatin~ a-t ~fher than TPB; (bJ filter
preciuitat ~$ (C) V1ti”* Cesium DmciDi& fe: Decom~o~~on of rmecivitatin~ a~ent may
be nec~sam lxior to vitrification, similar to “Hvcl @%is” of lTB.

Reference: Limited laboratom~caIe testin~
Performed.

--

-Technical Matun@ Best rewzerat availabh= is soriium cobs
If dicarbolIide. which vew

S1OW1Vdecomposes in caustic Othercom
~~undsthat.couldbe investi~ated include

several caged c arbaboranes, tetra(a-thien yl)bmon. heycaCbJO~ 131atinate.

Advantages: Utilizes ~sfin~ euuiumenti Mhimal immlementatjon coSts; new
reavents mav be directlv compatible m“th vitrification. eIiminatinv hvdmlvsis.

4

Disadvmtig~: Unuroven technolom with these rea~en ts: Basic research on
auplicabili

.
ty needed: Vitrification of mecipitate untested:

?bensive lmeci~itating
a~ents; chloride from hexachloroplati nate.

Safety Issues: Potential explosivitv of borane decomposition Droducts:

Key Initial Tests: So lubilitv of Dotassium saIt of cobalt di.carbollide. SolubiliW of
cesium salts of other precipitating agents listed. “

Process Diagram (See reversesidck

~“;.
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HL .AL’I’D SWSH’IC)NPROCESSALTERNATIVESWs . I

Title: Completing agent and ultrafiltration
.

Descriptiorx_Any resin that is selective .as a cesium ion exchange resin could also be

used as a simple compiexing ag=t. The resulting cesium complex could then be

sep~ated by a simpie filtration step. This filtration step would require the use of a

relatively selective membrane. The membrane would need to pass the bulk of the

salts but still retain the slightly larger cesium cornpk. A typical ultrafiltration

membrane would likely be required (depending on the size an chemistry of the

complex). The filtrate would be sent straight to sakstone while the sup&-ate would

be sent to DWPF. Dov&stream, one &uld either recover the complex (if possible) or

if the glass formulation a.iiows, vitrify directly. Washingwould not be required

since one could conce&rate the cesium compkx to as high a concentration as can be
.-

handled.

Technical Maturity Conceptual stage

Advantages: Eliminates tetraphenyIborate chemistry and reIies- upon only one
. .

additional unit operation. Also utilizes a simple filtration step in place of an ion

exchange column, thereby eliminating the need to replace resin.

Disadvantages Completing agent may not be recoverable, resulting in significant

operating costs. While membrane material exist that can operate under the Klghly

caustic conditions, operation under this regime is atypical and would likely required

additional developmental work.

Safety Issues: High cesium concentration in retentatc from fi~ter unit.

Key Initial Tests: Identilcation of completing agent. Testing capacity of seh?ctive
membranes.
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S~lSPOSI~ PROCESS AJ.TERN~

Alternative #: pqy /& SponsoE Jack Wawon

Title:

D=criptiorx:

Combine precipitation and solids removal in one unit

This is not a separate technology, but a possible different operations mode. The
NO operations would be performed in =pid secession and continuously to
minimize the time for TPB degradation- Actual usc of a ‘Mr@eunit” is less

important than the rapid squcnce of the two operations and the minimization of
residence of TPB with suprnatc before solids separation to remove ccsium

Technical Maturity:

Safety Issues

Advantages:

Much needs to be known about TPB precipitation and the subsequent solids
removal. How muchresidence time is needed for precipitation and growh of
suitable size soIids to make scpaxationpractical? Removal of sludge pxiorto TPB
addition would probablybe nccessaxyto remove the small sludge particles;
hopefidly TTB particles can be made to grow rapidly to stis that are more easily
removed. Would rccyclc of seed solids be helpfid? SoIids separation must be
rapid for &is approach to differ signKcantly fim the ~dard ITP operations.
Need continuous solids removal. Can hydrocloncs or centrifuges be used?
Cross-flow filtration may not be able to produce a concen~ with sufficiency
high solids contcn~

The usual tiety issues would bc reduced because the time for benzene formation
would be rcduccd. Inventory of TPB and sludge solids mixture would be
essentially eliinated. Ccnmifbgcs (if necessary) would involve mechanical
safety issues, could breakdown spread mmunination?

Potentially compact unit. Similar to ITP. Little TPB degradation likely.

Disadvantages:
when reducing the time between TPB addition and solids ~paratio~ the
precipitation st?p needs. to be understood vexy well.

Process Diagram (Optional)

6
< ~uti+~+~ p :
J ?
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HLW SALT DISPOSITION PROCESS ALTERNATIVES

Alternative #: 00PJ 1: SponsoR Mike Hitchler Date:3t’25i98

Originator J. Kellv Thomas Phone #: 502-9761

Title: Small-Batch TPB Preci~itation Process With Multirde Process Vessels

Description: The moposed Process alternative would utilize the same basic TPB
precipitation reaction scheme as the current ITP flowsheet as imdemented in Tank 48.
The maior difference is that the nrocess would be carried out in a set of small ( 15 k~al)
process vessels rather than in a sinde lame waste tank. It is anticipated that 4 to 8 such
vessels would be recmired to meet the desired DWPF feed rate.

Technical Maturi~. The urocess technolo m has a high technical maturhv level. It has
been demonstrated in Tank 48 and has recently been the focus of an extensive set of
laboratory studies. Similarly. the basic emzineerimz technolow reatired to imulement the
process in a set of small txocess vessels is wel}-known and has been emrdoved in a large
number of site facilities (IXVPF. Serxwations. Tank Farm Diversion Boxes. etc.). Only
the (o@ional) “tnmiication of catalvtic agent meci~itation/filtration steD (discussed below

in Disadvantages section) would re~resent process tecbnolo w which has only been

demonstrated at the laboratom scale.

SafetyIssues: The key safe~ issue associated with this mocess would be the formation

of a flammable mixture in the tank “vapor space due to the evolution of hvdro~en and

benzene. However. this issue has been successfillv addressed in DWPF mocess vessels
where the hwirogen and benzene evolution rates are much lamer than would be the case
for this mocess (several of the DWPF Salt Process Cell vessels contain liquid benzene
mixtures). The success of the DWPF strate gv in addressin~ the vapor sDace fhnmabilitv

safe~ issue rests on two kev points. The first kev is demonstrate that the vessel can be

inerted wi& a ve~ high deaee of reliability. The use of small process vessels which can

be effectively sealed accomplishes this goal (vs. the use of a waste tank with lame air
inleakage rates). The second kev is to provide a building structure and ventilation svstem
that could withstand a vessel explosion. This allows an AB to be constructed that does
not require 100°/0assurance that no flammable mixture of anv size would ever form in the

ti vapor space. PotentialIv. due to the relatively low off-site doses associated with
precipitate. the building structure and ventilation svstem mav onlv have to safety

simificant (vs. safeW class).
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Small-BatchTPBPrecipitationProcess Page2 of2

Advantages:Themo~sed ~rocess alternative would have both process and safety
advanta~es.Eachof theseareasarediscussedbelow,

The use of multirde small ~rocess vessels would facilitate both improved mixing and
cooling of the precipitate slurrv. Improved mixing would minimize Process time and
increase the efliciencv of the precipitation reaction. This mixing could be achieved with
standard en~ineerin~ technolom due to the reduced batch volume. Improved cooling of
the slurrv would increase the time ueriod prior to which meciDitate decomposition
reactions would commence (e.z. increase the reaction incubation period) and decrease the
decomposition rate after this time Period. The’vessels could be constructed of stainless
steel so as to allow the rmoduct to be delivered directly to DWPF: this would remove the
need for the cument Late Wash Facilitv. The use of small batches would eliminate the
stora~e of Precipitate over extended time Periods, hence reducing the potential for
simificant Precipitate demadation. This arrawement would also reduce heel size thus
decreasing the effective precipitate residence time.

As discussedin the ~recedingsection. the use of small vessels which can be reliablv
inertedalongwitha robustbuildingstructureand ventilationsystemhas provento be an
effective AB straten with reknect to stiety. With respect to worker stiety and
environmentalimpact. the pro~sed arrangementwould decreaseworker expo sure and
reduce the potential for surface leaks and snills.

Disadvantages”:There are two disadvantrwesto the motmed Process alternative. The
first is that a new facilitvwould have to be constructed. It is possiblethat an existing
facili~ could be used for this Purpose with modificationsand additions. Suecificallv,
since it wouldno longerbe reauired. the Late Wash Facility could uotentiallvform the
coreof thenewweciDitationmocess facilitv.

Tle second is that an unanticipated DWPF outaze could result in an tilltered ~recipitate
batch. undergoin~ an unacceptable large demee of Precipitate decomposition (filtered
batches could still be transferred directlv to DWPF). This may be acceptable Since

unanticipated DWPF outages would not occur fiwuentlv and the batch could be
recovered bv re-rxecipitation. Alternatively. a catalvtic agent ureciDitation/ filtration sten
could be emploved to decrease the potential for Precipitate decomposition.

Page 7 of 8
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Aftemativc # (9CN 1{ Sponsor: James Brooke Date: 27 March. 1998

Origination James Brooke Phone #: S8168

Titlc Himslcv multi-stap~ fluidized-bed. wunter-ctmrent soIkj-liquid contactor for continuous
removal of Cesium from turbid salt solution usin~ a n itm em hanger and also using Power Fluidic
devices for feed tank blendhw. saIt solution transfer and samp!ine. and transfer of loaded ~
exchanger to a SIUCIPCllyaste tank

Description: The Htmslev contactor is an excellent machine for con~uctinfz Cs ion.exchanfe using

a soIidionmhanper, Nofinefdterinpis reauired on thefeedsaltsolution,The unit can havean
elutionsystemadded,if an clutablcion-exchanzeris used.

TechnicalMaturity: At leasto “nc sim-lication has oue atr d mm menially removin~ mm
levels of Urmiiurn from a trubid acidic leach solution. A conmlete testing snd demonstration
prowam shou~d be done to obtain plant desizn rIarameters and to reduce the risk on succqs to a
low level. The Power Fluidic devices are demonstmted in many. similar commercial nucIear
operations.Most of the candidate ion-exchangershave no record of%omrnercialmanufacture or
use in similar medications.

Safety Issues: The most siaificant safetv issue recognized at this time are the exposures
and risks from euuipment maintenmx~on exchange systems have numerous automatic valveq
and Dumps that operate cvclicallv, IJIUSdense-uhase slurm transfers are required-r)ipe and valve
mine possible. CarefuI desi m is ieauired for a successful svstem-this is not a common skill.

Advantazu;
1. Eliminates hazardous cmpanics. if an inowsnic non-elutable resin is used
2. Elimina@ Late W ash Fmilitv ($9M/vr savin~
3. Cuts the volume of Sa.itstone by >20°/oo if m inormmic non-elutable resin is used
4. Returns 3 of 1.2M mlion waste tanks to tank farm operations fT49. T50, & T22]
5. Eliminates eleven (11) Iorw-shaft vertical centnfupal uumps
6, cuts nitrogen usape bv 75-85°/0
7. Eliminates one rea~ent storage tank CWP13~

Ilisadvantagcs: A development&dcmonstrntionr.mwram(XJM) mustbe don~ The “
promam must include determining how to obtninthe Sr & Pu decontamination now accorndished
bv adding MST to the TPB precipitate.
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ATTACHMENT 2

Greg Rudy to James M. Owendoff letter dated March 16,1998



./ i,,_~rlj:\llReil.llOlj
United States Govemme-nt De~artment of Energy (DOE

II
1

A :morandum
!

Savannah River Operations Office (SR) !

DATE MAR161598-

RSPLY TO

AWN OF AMHLW (Spader (8031208-7409)

SUBJECT: Program Plan for the Evaluation of High Level Waste (HLW) Salt Disposition Ahernatives,
(Your memo, 02/06/98)

t

To: James M. Owendoff,Acting AssistantSecretary for EnvironmentalManagement(EM-l), HQ

The purpose of tti~ memorandum is [o submit for+your concurrence the DOE-SR Program Plan for
the HLW Salt Disposition Ahematwes Evaluation and team memberstilp as dkected by your
memorandum dated February 6, 1998. The Plan addresses the following key elements:

1. “Alternatives Evaluation Process Description
2. Attributes and selection criteria for the Savannah River Site (SRS) HLW Salt Disposition

Systems Engineering (SE) Team
3. Interfaces and responsibilities for the SRS HLW Salt Disposition SE Team, DOE-SR and I-IQ
4. Preliminary Schedule
5. Charter for the SRS HLW Salt Disposition SE Team
6. Proposed team members for the SRS HLW Salt Disposition SE Team r

Please note that all@am members have been identified for the SRS HLW Salt Deposition SE Team
with the exception of the outside chemical process member. The attached Plan identifies five
potential candidates for this position and a“finrdselection is expected to be made early this week.

The Plan has been reviewed in draft with EM-30 as directed in your February 6, 1998,
memorandum and their comments have been incorporated. It is understood that you will establish
the Independent Project Evaluation T- therefore, the subject Pkm does not include thk charter
or identi~ team members.

In order to meet the aggressive schedule identified in the Plan, activities of the SRS HLW Salt
Disposition SE Team and DOE-SR will continue in parallel with your review and concurrence

Should you or your staff have any questions, please contact me or Roy Schepens at
(803) 208-6072.

LT”->
Acting Manager

Attachment:
Program Plan

Concur: Date:
James M. Owendoff, Acting EM-1

Nonconcur: Date:
James M. Owendoff, Acting EM-1
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R, E. Erickson, EM-32, HQ
M. Frei, EM-30, HQ
E. A. Livingston, EM-20, HQ
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Program Plan
for

HLW Salt Disposition Alternatives Evaluation

.

I. Purpose

The purpose of this program plan is to identifi the actions necessary to provide a structured
and comprehensive evaluation and validation of alternatives for the disposition of High Level
Waste (HLW) salt solutions at the Savannah River Site (SRS). The current method of

. processing HLW salt solutions at SRS is through a precipitation process at the In-Tank
Precipitation (ITP) facility. As described below, startup activities for ITP have been
suspended, pending a comprehensive review of salt disposition alternatives, due. to the
inability of ITP to cost effectively meet the safety and production objectives for processing
HLW salt solutions as currently configured. This plan briefly discusses why an altemativ~s
evaluation is needed, describes how the evaluation will be conducted, describes the planned
oversight and validation of the evaluation, identifies the team attributes and selection criteria,
and provides a preliminary schedule of key program activities. A summary of”the alternatives
evaluation program is provided in Attachment ~ “ITP Project Management Process.”

.

LI. Background “

The ITP facility initiated radioactive operation in September199S to remove cesium and
other radioactive components from Tank Farm waste salt solutions. Du”ring slurty pump
operation in December 1995, benzene was evolved from Tank 48H at higher rates than
expected. Subsequent investigations revealed the source of benzene was decomposition of
sodium tetraphenylborate (TPB) that had been added to precipitate cesium from the waste
solution. ITP operations were suspended in March 1996 to develop an improved
understanding of the HP process chemistry and evaluate any impacts on down stream
facilities.

An ITP chemistry test program was undertaken and results determined that TPB breaks
down into intermediate products, producing benzene as each product decomposes, with
certain” s!udge components accelerating the decomposition reaction. In January 1998,’
conclusions drawn from test results indicated that benzene generated from decomposition
reactions would cause benzene release rates to exceed the capacity of current plant
hardware.kystems. [t was also determined that potassium and cesium TPB (the principal ITP



process product) could also decompose rapidly under certain conditions, requiring” rc.

precipitation severaltimesduringprocessinginTank48, and as ofienas monthlyinTank49.
leading to extended cycle times. The Westinghouse Savannah River Company (WSRC J
informed DOE in a letter (Reference 1) on Januaty 22, 1998, that ITP chemistry testing
demonstrated that the present system configuration could not cost effectively meet the safety
and production requirements for the ITP facility, and recommended that a study of
alternatives to the current system configuration be conducted by a systems engineering team.

DOE-SR reviewed the data from the ITP Chemistry Program and concurred with the WSRC
analysis. Whh a series of briefings and discussions, DOE-SR informed DOE-HQ and the
Defense Nuclear FaciIity Safety Board (DPJFSB) of the conclusionsreached from the
chemistry program and the recommendation for an alternatives evaluation. DOE-SR
formally notified DOE-HQ of the conclusions and requested concurrence on the plan of
action for suspension of restart activities in a memorandum. dated January 27, 1998
(Reference 2). The DOE Assistant Secretary for Environmental Management (EM-1 ) issued
a memorandum (Reference 3) on February 6, 1998, approving the plan of action for

suspensionof activitiesat ITPwithcertainconditions,includingsubmissionof a plan and
preliminary schedule for the alternatives evaluation by March 15, 1998. DOE-SR
subsequently issued a letter (Reference 4) to WSRC on February 20, 1998, concurring
formally with the WSRCevaluationof the chemistrydata and with conclusionsregarding ITP
process efficiency and viability as currently configured. WSRC was instructed to suspend
ITP startup preparations and perform an evaluation of alternatives to the current system
configuration related to HLW salt removal, treatment and disposal.

III. Alternatives Evaluation Process “

A. Systems Engineering Team

. A WSRC team, reporting to the HLW Vice President and General Manager, has been
chartered to perform a formal structured evaluation of salt deposition alternatives using a
formal systems engineering approach. This team is known as the “SRS HLW Salt
Disposition Systems Engineering (SE) Team”, and will be hereafter referred to as the
“SE Team”. The SE Team will consist of a WSRC team leader and fidl-time membership
in the areas of Operations, Engineerkg Science and Safety. Non-WSRC fhll-time or

part-time support will be utilized for Systems Engineering,ChemicaIProcessing, Waste
Processing and National Laboratory research expertise. EM-1 will concur in the
selection of SE Team members.

2
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The SE Team will review applications of various salt disposition technologies includinq
but not limited to, ion exchange and variants of the precipitation &ocess. wi;h
considerat~on given to long-term operational impacts on HLW tank space A list of ial~
disposition alternatives will be generated by the SE Team using DOE complex
experience, chemical processing experience, academia and laborato~ studies The
evaluation of alternatives will include assessment of technology feasibility and maturity,

lifecyclecosts, and programmaticiisk. RiskanalysiswilIinclude impacts to other SR5
facilities and missions. Criteria will be developed and a screening process will be used to
evaluate each of the alternatives. System fimctions and requirements will be established
for each proposed alternative, and it will be demonstrated that each of the alternatives
meets these functions and requirements.

Alternatives not meeting identified requirements without substantial risk or modification
will be dropped from consideration and the bases documented. The tlmctions and
requirements, coupled with Engineering and Operations assessments, will be used to
identifi work process hazards and other safety hazards to ensure process complexity is
evaluated as part of programmatic risk.

The Integrated Safety Management .System and procedure hierarchy will govern the
identification of worker hazards. Technical, cost, schedule and overall programmatic
risks will be identified for each alternative under consideration with proposed options to
minimize risks.

The SE Team will develop and issue final recommendations to WSRC based upon the
outcome of the risk minimization options and system ilmction and requirements
validation. The recommended flow sheet(s) for the best salt disposition option will be
provided with the final report. Following final alternative selection and approval, the SE
Team will develop conceptual design requirements for the recommended alternative(s).

4

The SE Team wilI deveiop a System Enghteering Management Plan (SEMP) which will
provide details for implementation of the systems engineering approach discussed
above. A detailed process for the development of a list of salt process alternatives,
system fi.mctions,minimum requirements and key evaluation criteri< “short list” options,
and options and recommendations for minimizing risks will also be included in the SEMP

A charter for the SE Team is provided in Attachment B, “Charter for the SRS HLW Salt
Disposition Systems Engineering Team.”

3
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c.

D.

Independent Project Evaluation Team

The independent Project Evaluation

6’

(IPE) Team reporting to EM- I will pmwd.—
independent oversight of the SE Team, provide periodic assessments of progress. and
make an independent recommendation as to the best alternative(s). During the planning
phase, the lPE Team will focus on the technical feasibility, programmatic risk, and
expected performance of the proposed alternatives, as well as the schedule and cost of
implementation. During the design, construction, and operating phases following
selection of a path fotward, the IPE Team may continue its independent oversight and
evaluation of progress and, as appropriate, validate the technical, cost, and schedule
baselines. During all phases, it is within the IPE Team’s charter to perform independent
analyses, and to offer peer advice and assistance to the SE Teani, WSRC, DOE-SR and
DOE-HQ/EM.

The [PE Team membership and charter will be deveIoped by EM-1.

WSRC Support

WSRC will provide staff support to the SE Team a: necessaty for literature search, data
gathering, data analysis, and other support activities during the alternative evaluation
phase. The SE Team leader will have staff support in administrative, document recording
and structured systems analysis as required. The SE Team members will have access to
staff support and ad hoc membership for specific process/technical risk management
evaluations. During the designlconstructionktartup phase, WSRC staff will develop the
conceptual/final design,. manage the constructionlstartup project, and develop the
necessary cost estimates to support the project.

DOE Oversight
●

DOE-SR@LW will review the final evaluation results and recommendation of the
SE Team and provide a recommendation to the DOE-SR Manager. Upon concurrence
the DOE-SR Manager will provide a recommendation to EM-1 for a preferred salt
disposition alternative(s), and will provide a copy of the recommendation to the IPE
Team. EM-1 with input from the IPE Team will concur on the final alternative(s) and
pursue authorizationof necessaxyresources to designand implementthe alternative(s).

4
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During the alternatives evaluation/selection phase, DOE-SWHLW will provide techmcal
oversight of the day-to-day activities of the SE Team, as well as the various support
teams established by the SE Team. This will include attending meetings/discussions,
reviewing screeningcriteria and the use of screening criteria, and the evaluation of
alternative analysis.

During the desigticonstructionhtartup phase, DOE-SIVHLW will ensurethe appropriate
managementof the selected alternattie project activities in accordance with DOE Policy

and Orders. Upon completion of all project activities. including any necessary
Operational Readiness Reviews, DOE-SR will provide a recommendation for readiness to
operate to EM-1. .

During”all phases of the alternatives evaluation process, DOE-SR/HLW will keep DOE-
SR managementinformed of program status. DOE-SWHLWwillalso work closely with
DOIYHQ-EM personnel to keep them informed of the status of activities and to seek
guidancehput as necessaty. Likewise,the DNFSBstaff willbe informedroutinelyof the
status of program activities.

DOE-SR will work with DOE-HQ/EM and other sites to ensure the results of the currefit
and fi,tturestudies of the ITP technology, along with the other lessons learned, is factored
into other high-level waste programs.

E, Interfaces

The team leader of the SE Team willmaintaina flow of informationto the team leader of
the lPE Team as the alternatives evaluation progresses through each key phase of
development (i.e., alternatives identification phase, “short” Iist identification phase,
criteria development phase, prelimina~ risk assessment phase, etc.). The IPE Team will
provide feedback to the SE Team when it appears that the planned system engineeriflg
approach is not being followed or when questions arise regardhtg specific actions the
SE Team has or has not taken or information which is not filly understood.

Communication between the WE Team, SE Team DOE-SK and DOE/HQ-EM will be
in the form of written reports, formal and informal memorand% teleconferences, or video
conferences, as necessary. The DOE-SR/HLW staff will be the avenue and focal point
for these interfaces. SE Team deliverables will be formally transmitted by DOE-SR to
the IPE Team for review. DOE-SWI-ILW personnel will communicate routinely with the
SE Team and support staff, and will aIso communicate with the IPE Team, as needed,
through the DOE ex-ofllcio members. The ongoing status of the alternatives evaluation
will be communicated to DOE-SR management through the regularly scheduled weekly

i
I

I

i

I

i
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meetings and will be communicated to DOWHQ-EM manag~ment through pwocilc
. program status update briefings.

Iv. Design, Construction and Startup

Upon completion of final recommendation(s) and EM-1 concurrence on the preferred
alternative, the design process becomes critical path to implementation of radioactive sait
disposition. Once DOE concurrence to proceed with design is obtained, WSRC will translate
the final recommendation(s) into a conceptual design. In parallel, efforts to estabiish
appropriate finding and develop standard project implementation practices will begin.

v. Team Membership

A. System Engineering Team

The minimum SE Team will be composed of an experienced process engineer, a
chemistry expert familiar with research and applied chemical processing, an experienced

deterministic safety analysis representative and a operations representative. External
personnel will be sought from academia, National Laboratory research and the chemic%i
processing indust.~. Team members must be objective, open minded, and not predisposed
to a single technology. Savannah River Technology Center personnel, consultants and
the current ITP Flowsheet team WN be used to support the SE Team, as necessary.
Project Engineering and Constructio~ Finance and Planning& Scheduling will be utilized
in support of programmatic and costlschedule risk evaluation. Staff support wiil be
available to the SE Team in the areas of administration, document recording, structured
systems analysis, and processhechti.cal risk management, as necessary.

6
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w. Preliminary Schedule

Mar 12
Mar 20

Mar 26

Apr 3
Apr 17

May 18

May i 8

“May 22

Jun 5

Jun 22

Aug 15
Sep 30

Ott 15

Ott 19
Ott 31

SE Team members selected
EM- 1 Concurrence on the Plan and Team Membership for the Evaluation o!”

HLWSalt DispositionAlternatives
System Engineering NtandgementPlan Issued (including logic and duration
schedule)
EM- 1 Establishes the IPE Team
SE Team provide report summarizing the activities leading to an “initial list” of
alternatives and screening criteria for the “short list”
SE Team provide report summarizing the activities leading to a “short list” of
alternatives
Provide program progress report to DOE-HQ/EM including an update on
Program and Budget impacts (offer a briefing to the DNFSB at this time)
SE Team develop detailed evaluation criteria and weighing factors for “short
list” alternatives
SE Team complete preliminary technical risk assessment on the “shofi list”
alternatives
Complete programmatic risk review and perilorm a detailed schedule
reviewlmid-course correction (offer a briefing to the D“NFSBat this time)
Complete preconceptual design and initial cost estimate
SE Team provide final report on all activities and preferred alternative(s)
recommendation
DOE-S,R Manager provide preferred alternative(s) recommendation to EM- 1
IPE Team provide independent recommendation to EM-1
EM- 1 Concurrence

Throughout this process the SE Team will provide periodic briefings and status updates to
DOE, the IPE Team and the DNFSB through meetings and reports. a

7
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VII. Attachments

A. lTP Project ManagementProcess (dated 3/16/98)
B. Charter for the SRS HLW Salt Disposition Systems Engineering Team (including List ot’

SE Team. Members), dated 3/13/98

VIII. References

I
1. Letter, Scott to Schepens, “In-Tank Precipitation (ITP) Test Results (U)”, 1/22/98

I2. Memorandum, Rudy to Aim, “Suspension of Activities at the In-Tank Precipitation (ITP) !
Facility”, 1/27/98

~
3. Memorandum, Owendoff to Rudy, “Suspension of Activities at the In-Tank Precipitation

Facility”, 2/6/98
4. Letter, Schepens to Scott, “Suspension of Restart Activities at the In-Tank Precipitation

(ITP) Facility”, 2/20/98
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WSRC

>

‘rogram and Project
Implementation

SRS HLW Salt
Disposition Systems

Engineering Team
●WSRC Leadership and
Internal Experts (4)

●External Independent
Experts (4)

● Reports to WSRC VP/GM

Independent Project
Evaluation Team
● Extqrnal Independent
Experts (6)

● 00 E-SR/HQ Ex Officio (2)
● Cover Areas ”Identified by
NRC Report

● Reports to EM-1

DOE-SR/HQ-EM

e

ITP PROJECT MANAGEMENT PROCESS
b,.0198

PHASE I (6-9 Months)
ALTERNATIVE lDENTIF/ SELECTION

“Provide staff support to Systems
Engineering Team

●Alternative Evaluation
- Develop screening criteria
- Determine candidates to be analyzed
- Analyze for cost, schedule, viability, etf
- Recommend Alternative(s) to DOE-SR
(through WSRC VP/GM)

‘Independent oversight of Systems
Engineering Team
- Peer reviews parallel with Alternative

Evaluation Process
- Provide counter-proposals if necessary
- Provide final recommendation to EM-1

DOE-SR/EM review results of System
Engineering Team and Independent
Project devaluation Team and provide
recommendation to EM-1
EM-1 concur with proposed Alternative
Interact w/DNFSB

● Share Lessons Learned

.-

PHASE 2 (1-6Years)
DESIGN/CONSTRUCTION/STARTUP

‘Develop Conceptual/Final Design
IManage/constructfstartup Project
*Develop ABC estimates
‘Follow applicable DOE Policy & Orders

*Develop Conceptual Design requirements

,’

Review, comment & concur on Conceptual

Design requirements Independently review
Conceptual Design
Validate Project in accordance with DOE
requirements and NRC report
recommendations (adjust team members)
Annual Project Revalidation for SR-EM
(graded approach)

PHASE 3
ANNUAL OPERATION:

“Annual Cost Validation

Manage Project pursuant to DOE Policy “Cost Validations with
& Orders, external experts as
Provide Readiness to Operate required
recommendation to EM-1 ●Support budget
Interact w/DNFSB development & defense
Share Lessons Learned “Interact w/ONFSB

“ Share Less’ons Learned

—
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CHARTER

. .

FOR THE

SRS HLW SALT DISPOSITION SYSTEMS
ENGINEERING TEAM

3/13/98

e
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C1-lARTIZR

The SRS High Level Waste (HLW) Salt Disposition Systems Engineering Team is
charged with the task of systematical y developing and recommending an alternati vc
mc(hod and/or technology for Disposition of HLW Salt. It has been determined d~at the
currenti y configured .ITP process cannot effectively meet both production and safety
requirements, (IIUS necessitating an alternative approach. The alternative selected for

Iimd recommendation will be G_dpabiCof safeiy and cost effectively processing high Icvel
waste salt from SRS High Level Waste (HLW) {anksto permitted waste form(s).

Team participants will be selected based on their proven subject matter expertise,
objectivity, open-mindedness and are not predisposed to a single technology. The Team
members should have other human resources available to them from their parent
organization in order to facilitate the completion of assigned action items, research, report
writing, etc. relevant to the Team charter. The existing SRTC Chemistry Team and ITP
Flow Sheet.Team will be utilized as required. A synopsisof candidateattributes, beyond
those stated above. are provided in Attachment1.

Further, the Team is to follow the Systems Engineering (SE) approach in developing a
preferred alternative. The SE approach has proven effective both at SRS and elsewhere
when solving a large an~or technically complex problem such as we have before us. The
SE approach starts with defining the “top down” functions and requirements any solution
must meet including an assessment of need. The other salient features of this process
include the definition of external interfaces. brainstorming alternatives, risk management
and developing screening criteria, e.g. boundary conditions against which alternatives can
be objectively evaluated for viability. The critical needs and minimum bounda~
conditions/constraints that all alternatives should be evaluated against are shown in
Attachment 2. The Team will develop and work to a detailed System Engineering
Management Plan.

The deliverables provided by the Team are divided into three phases in order to a!low
transmittal of information to both internal and external review teams for feedback and
concurrence purposes. The major milestones required of the Team are listed in

Attachment 3.

Completion of the HLW Salt Disposition Systems Engineering team report on th~
preconceptual design of the preferred akmative meets the ITP Project Managemen
Process alternative selection requirements.

Once DOE concurrenceto proceed with design is obtained, the Team will initiate design
construction and startup phase of the [TP Project Management Process by developing th~
Conceptual Design Requirements. In parallel, efforts to establish appropriate funding ant
develop standard implementation practices will begin.



.— ——— —.

ATTACHMIZP/T I

HLW S.D. Systems Engineering Attributes
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ATTACHMIHYT 2

M[N5MUM CRITICAL NEEDS, BOUNDARY CONDITIONS AND CONSTRAINTS
ALTERNATIVES MUST MEET.

● shall meet al! applicable safety criteria for protcctio”nof personnel
o shall meet all applicable environmental regulations
● all waste must go to tlnal disposal forms
● shall meet FFA and Site Treatmc%tPlan Regulatory commitments
~ shall accommodate other SRS missions and associated schedules
● shall meet all applicable final disposalproductqualityrequirements
● shall meet all applicablewaste acceptancecriteria

130undam/Constraints

c Functions & Requirements (@eliminary design input)
c safety of the process
● impact to HLW final waste form disposition
. programmatichechnical risk
. cost (project and life cycie)/schedule
● regulatorylsafety/permit acceptability
c operational complexity
. ability to support currently planned future SRSmissions and schedules
. maximum tank farm space kept available
● use of existing facilities
● constructability
. Reliability, Availability, Maintainability, and Inspectability (RAMI)

I
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. l?JJ1/ SALT DISPOSITIONSYSTEMSENGINEERING
TEAMMAJORMILESTONES

‘HASI1

I

II

Ill

“DELIVERABLE

Team Selection

Systems Engineering Management Plan

Report summarizing d~c activities Icading

to an “initial list” of alternatives and

screening criteria Tor the short list

Rcpofisummarizingtheactivities
Icadingto a “shofi list”of alternatives

ProgramPrqgrcssRcpcmto DOE !-(Q

Develop detailed evaluation criteria

weighting factors

C“ompletc a preliminary Technical

Risk Analysis on the short list
aitcmatives

Contplctc Programmatic Risk

Review and perform a detailed schcdulc
review/mid course correction

Completc,prccortccptual” design and
initial cost estimate

Provide final rqmrt on all activities

andpreferredalternative recommendation

DATE

3/ 12/98

3126198

4/17198

S/18/98

S/18/98

S/22/98

615/98

6/22/98

8115f98

91301b8

● Prcconceptual design includes configuration controlled design input, e.g. Chapter I of a
facility design description (FDD) and key faturcs of the prcfcrrcd alternative. A Flow
Sheet or Process Diagram will bc included. Details of design will not be developed
during preconccptual activities.

NOTE: Throughout this process the HLW Salt Disposition Systcm Engineering Team will
provide periodic briefings and status updates 10the DOE, Independent Project

Evaluation ~eam, and the DNFSB via meetings and reports.

i
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TEAM MEMBERS

TEAM LEADER

OPERATIONS MEMBER

PROCESS ENGINEERING MEMBER -

SCIENCE MEMBER

SAFETY & REGULATORY
ENGINEERING MEMBER “

SYSTEMS ENGINEERING MEMBER -

WASTE PROCESSING MEMBER

OUTSIDE SCIENCE MEMBERS

OUTSIDE CHEMICAL PROCESS -
.

STEVE PICCOLO
(WSRC PROCIUMMANAGEMENT)

JEFF BARNES
(WSRCHLW ENGINEERING/01’S)

KEN REUTER
(WSRC PROJECTS ENGINEERING/
CONSITUKIION DEPT.)

LOU PAPOUCHADO
(WSRCSAVANNAHRIVER
TECHNOLOGYCENTER)

,’

JOHNCARIAON
(WESHNGHOUSE SAFETY
MANAGEMENT SOLUTIONS)

r

GARY ABELL
(WSRCPROJE~ ENGINEERING &
CONSI’RUCTION DEPT.

PETER HUTSON (BNFL)

DR EDWARD CUSSLER
(UNIVERSITYOF WISCONSIN)

DR. JACK WATSON
(OAK RIDGE) . ●

TBD
CANDIDATES INCLUDE:
GEORGEJANSERJR. - ltANFORD
.JIM HC)NEYMAN . IIANFORD
OWEN MATY{E - DUPONT
GILBERT SLOAN - l) UPOr4_r

. ED LAHODA - WESTINCIIOUSE

I
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ATTACHMENT 3

Charter for the SRSHighLevelWasteSaltDispositionSystems
EngineeringTeam
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Westinghouse
SavarrrrahRiverCompany
Alkert.SC29808

@@g @J)

HLW-OVP-98-O020

Mr. Roy J. Schepens, Acting Assistant Manager
High Level Waste
U. S Depanrnent of Energy
Savannah River Operations Office
P. O. Box A
Aiken, SC 29802

DearMr. Schepens:

HLW SALT DISPOSITION SYSTEMS ENGINEERING TEAM CHARTER W]

The purpose of [his letter is to transmit the HLW Salt Disposition Systems ‘Engineering Team Charter
(Attachment I) for your concurrence. All members have been identified with the exception of the outside
chemical process member. Attachment 2 provides the list of selected team members. I expect to confirm the
availability of the proposed chemical process member by March 16, 1998. The preferred candidate is Mr.
Honeyman from Hanford. Biog~phies on the team members will be provided under a separate transmittal.

Please provide any comments or concurrence to myself (ext. 8-3250) or Steve F. Piccolo (ext. 8-0013) of my
staff.

A. B. Scott, Jr.
Vice President and General Manager
High Level Waste Management Division

ABS:SFP/lss

Attachments

cc: H. F. Herrera, 703-H
S. F. Piccolo,704-56H

4
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ATTACHMENT 1

CHARTER

. FOR THE

.

SRS HLW SALT DISPOSITION SYSTEMS
ENGINEERING TEAM .

Approved by:
A. B. Scott, Jr., WSRC
Vice President & General Manager
HLWM Division

Date
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CHARTER

~he SRS High Level Waste (HLW) Salt Disposition Systems Engineering Team is
barged with the task of systematically developing and recommending an alternative

nethod and/or technology for Dispositionof HLW Salt. h has been determinedthat the
urrent[y configured lTP process cannot effectively meet both production and safety
equirements, thus necessitating an alternative approach. The alternative selected for

inal recommendationwill be capable of safely and cost effectively processing high level
vastesalt from SRSHighLevelW“mte(HLW)tanksto permittedwasteform(s).

ream participants will be selected based on their proven subject matter expertise,
objectivity, open-mindedness and are not predisposed to a single technology. The Team

nembers should have other human resources available to them from their parent
organization in order to facilitate the completion of assigned action items, research, report
vriting, etc. relevant to the Team charter. The existing SRTC Chemistry Team and ITP
~low Sheet Team will be utilized as required. A synopsis of candidate attributes, beyond
hose stated above, are provided.in Attachment 1. .

~urther, the Team is to follow the Systems Engineering (SE) approach in developing a
]referred alternative. The SE approach has proven effective both at SRS and elsewhere
when solving a large and/or technically complex problem such as we have before us. The
SE approach starts with defining the “top down” functions and requirements any solution
nust meet including an assessment of need. The other salient fmtures of tils process

nclude the definition of external interfaces, brainstorming alternatives, risk management
md developing screening criteri< e.g. boundary conditions against wlich alternatives can
~e objectively evaluated for viability. The critical needs and minimum boundary
;onditions/constraints that all alternatives should be evaluated against are shown in
Attachment 2. The Team will develop and work to a detailed System Engineering
Management Plan.

_fhedeliverables provided by the Team are divided into three phases in order to allov
transmittal of information to both internal ‘and external review teams for feedback anc
concurrence purposes. The major milestones required of the Team are listed ir
Attachment 3.

Completion of the HLW Salt Disposition Systems Engineering team report on tht
preconceptual design of the preferred alternative meets the ITP Project Mariagemen
Process alternative selection requirements.

Once DOE concurrence to proceed with design is obtained, the Team will initiate design
construction and startup phase of the ITP Project Management Process by developing th(
Conceptual Design Requirements. In parallel, efforts to establish appropriate funding an[

develop standard implementation practices will begin. ,
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ATTACHMENT 1

Cased Te8rn Aflributa:

. RecognizedGpsstisc in theirfield . GmJ communicationskills

. Sevcnl mcmbcmmusthave W“cxSystems ● Aascrtivq but notovufy

CsipinmssngAnalysisExpcricncc ● Availablefordutah of study

● MUSIbeobjccti~ qcn mindedandttc4
dkrmd toasingletechnology.

Wsflc NoIs-WSRCMembe-

Ccmral WSRC MembsrAttributes GsneralNon-WSRCMemberAttributes

. Knowledgeableoflhe SRSHigh Level Waste Facilities
10ensureIhaI mm-faceswith the HLW Systemsarc
considered.

lmm Leader Attrilsules:

- Gknsivc Gpaicncc in:

- Chcnsial facility operations.maintenance.

Wincrnng. and projcds. p_cfcmblyin
radiochcmid facilities.

- Plain operability andm~intainabilityevaluations

- Programmaticand tcctmicalrisk dctcnninations

- COmplcspsoccssdecisionsnaking

Operations hiember Attributes:

. Extensive 13pcnencc ill:

- Chemical facility opcra!ic.ns.maintmancs and
engineering,preferablyin mdbchsmial facilities.

- PlaIIt operability andmaimainability evaluations
- pmgmml”atic risk ddctminariOns

Yroccss Engineering Member Attrilsrstss:

. Gtensivc Gpencnce itx

- Chemical facility opmtiorrs, maittknance and

enginccmtg,prdmbly in ndiochcrnicalfacilities.

- Plainopmbilityandmainhinabilhyevaluations
- Programmaticriskdetersninarkars
- KnowledgabIe orSRS HLW SARandTSR

rcquiscnssnts

- fhad VasiedES.$lCtiC31CCthatwould COm@M3Sl
WSRCTam Manbcrs.

WasteProcessMemberAttributes:

. Gtcnsivs Gpuiara im

- Cltanid facilityqcrxiona, mzimcnanccand
cnginecsing.WC&4Ny in radiochcmicat
faciliies.

- Plantoperability md maintainability evaluation

- Prognmmatic risk dctcnssinations

chemical ProcessMemberAttributes:
. Ealensive Expaicnce in:

- Chemical facility operations.m“masancc and
engineering.prcfrnblyin radioctsemicd
fadilics.

- Wantoperability and maintainabilityevaluations

- Pmgmmma!icand mchnicalsickdctamina!ions

ScimceMemberAttributes:
. EwativcGpcsicnccin

- Chcmial facility andprocasdcveloprncm,
prcfmbly intadiwkrsticalfacilities.

- Strongchemical,nuckarandcxpaimcntal
!cchnicdGpestisc

- Technical risk dacrnsinationa
- Ps-cfcnblyassociaqt with ● Na!icmaI

Lbomtory

Scimcc Membsr Attributes: Systems Engineering Anslysis Member Attributes
. Exmnsivc Espcricnccin . Exlcnsiw Espaiencc ix

- Chemical facility andprocessdevelopment. - Lading SyScms Engincaing Analysis
preferably in sadiochanicatfacititics. evaluations

- Strongchemical. nuclearand cxpcrimcmattechnical
Expcnisc

. Could bs staffedby WSRC or non-WSRC mcnrfxr

- Technical nsk determinations

SafcIy & Rcgulatury Enginscring Member Attributes

. Exmnsive Experiencein:

- DeterministicSafety Analysis ‘

- Aulhonaalion Ilasis requirements

- Iiigh Level WasteRcgulatcwymquircments

- Prognmmatic andtechnicatrisk dccasrrinations

.

iOT&. Overall membcssfsipof theHLW SaltDu@Iion SystemsSngineesingTeam will cover the ●boveanributcs, however,
may cover portions af the attributes in more than one SOP”*I area.

, individual memtx
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ATTACHMENT 2

MINIMUMCRITICALNEEDS,BOUNDARYCONDITIONSAND CONSTIVUNTS
ALTERNATIVESMUSTMEET.

Critical Needs

● shall meet all applicable safety criteria for protection of personnel
. shall meet all applicable environmental regulations
● all waste must go to final disposal forms
. shall meet FFA and Site Treatment PIan Regulatory commitments
● shall accommodate o~er SRS missions and ~sociated schedules

● shall meet all applicable fhwddisposal product quality requirements
. shall meet all applicable waste acceptance criteria

BoundaW/Constraints

. Functions & Requirements (preliminary design input)
● safety of the process

. impact to HLW final waste form disposition
● programmatic/technical risk
. cost (project and life cycle)/schedule
. regulatory/safety/permit acceptability
. operational complexity
. ability to support currently planned ftttyre SRS missions and schedules
. maximum tank farm space kept available “
. use of existing facilities
. constructability
. Reliability, Availability, Maintainability, and Inspectability (RAMI)

,
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ATTACHMENT 2

TEAM MEMBERS

TEAM LEADER

OPERATIONS MEMBER

PROCESS ENGINEERuYG MEMBER

SCIENCE MEMBER “ .

SAFETY&REGULATORY .
ENGINEERING MEMBER

SYSTEMS ENGINEERING MEMBER

WASTE PROCESSING MEMBER

OUTSIDE SCIENCE MEMBERS

OUTSIDE CHEMICAL PROCESS

STEVE PICCOLO

JEFF BARNES

KEN REUTER

LOU PAPOUCHADO

JOHN CARLSON

GARY ABELL

PETER HUTSON (BNFL)

DR EDWARD CUSSLER
(UNIVERSITYOF WISCONSIN)

DR. JACK WATSON
(OAK RIDGE)

TBD

i

I
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ATTACHMENT 3

HLW SALT DISPOSITION SYSTEMSENGINEERING
TEAM MAJORMILESTONES

?HASE I DELIVERABLE DATE

I ● Team Selection 3/12/98

● Systems EngineeringManagementPlan 3/26/98

● Report summarizing the activities leading 4/17198
to an “initial list” of alternatives and

screening criteria for the short list

II ● Repott summarizing the activities 5/18/98
leading to a “short list” of alternatives

● Program Progress Report to DOE HQ 5118(98

● Developdetailed evaluationcriteria Y22198
weighting factors

● Complete a preliminary Technical 615/98
. . Risk Analysis on the short list

alternatives

● Complete Programmatic Risk 6/22/98
Review and perform a detailed schedule
review/mid course correction

:11 ● Complete preconceptual* design and 8115198
initial cost estimate

9 Provide final report on all activities 9130198
and preferred alternative recommendation

‘Preconceptual design includes configuration control l&l design inpu~ e.g. Chapter I of a
facility design description (FDD) and key features of the preferred alternative. A Flow
Sheet or Process Diagram will be included. Details of design will not be developed
during preconceptual activities.

NOTE: Tilroughout this process the HLW Salt Disposition System Engineering Team will

provide periodic briefings and status updates to the DOE, Independent Project
Evaluation Team, and the DNFSB via meetings and repo~. ~
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ATTACHMENT 4

CandidateSelectionsfor the HLWSaltDispositionSystems
Engineering Team



CANDIDATE SELECTIONS

FOR

THE HLW SALT DISPOSITION SYSTEMS
ENGINEERING TEAM

REVISION O
March 25,1998

Submitted by: $4?? ~ 3,4

Steve Piccolo, WSRC

Approved by: ‘~ :)-f.

.

$8

Austin Scott, WSRC Date
Vice President & General Manager
HLWM Division
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INTRODUCTION

Westinghouse Savannah River Company (WSRC) made the recommendation to the
Oepartrnent of Energy (DOE) (reference-l) that alternative technology ardor metho~ to
,h.eIn Tank Precipitation (ITP) Process be pursued. The basis for the recommendation is
:hat the currently cordlgured ITP process cannot meet both the flow sheet performance
-equirements and safety requirements simultaneously, as is needed to remove high level
waste (HLW) salt from the SRS storage tanks to meet site missions.

ASa resul~WSRChasdefinedthe type,quantityand levelof expertisenecessaryto
participate on the HLW Salt Disposition Systems Engineering Team.

.

. .
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PURPOSE

The purpose of this document is to identify the key attributes required of the Core SRS
HighLevel Waste Salt Disposition Syst&ns Engineering Team members, the areas of
:xpertise desired, and the namedbiographies of the individuals selected to be on the SRS

Team.

This document may be updated as Team membership needs change or general
information about Team members is requested.

.

TEAM CHARTER

The Team Charter is defined in the “Charter for the SRS High Level Waste Salt
Disposition Systems Engineering Team” dated March 13,1998, (reference 2) and
approved by the Vice President and General Manager of the High Level Waste
Management Division.

.
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TEAM MEMBER ATTRIBUTES

l’he attributes required of Team members are listed in Attachment 1. First and fo~most,
ill Team members seh%ted were screened with respect to any predisposition to a single
]referred twhnology or alternative. In oyder for the Team to be successfid, an open
ninded and objective approach to ideas is paramount. The selected Team members are
:onsidercd to possess the necessary objectivity to carry out the Team Charter.

I’heTeam members, area of expertise, and company Hlliation are listed below. Individual
oiography summaries are provided in Attachment 2.

Mfurther information is requ~ please contact Mr. Steve Piccolo, of my staff, at 803-
208-0013 (beeper #13695).

NAME AREA OF CONTRIBUTION COMPANYAFFILIATION

StevePiccolo Team Leader WSRC
Gary Abell SystemsEngineering WSRC
Ken Rueter ProcessEngineering WSRC
Jeff Barnes Operations WSRC
Peter Hudson waste Process BNFL
LucienPapouchado Science . . WSRC
John Carlson Safetyand.RegulatoryEngineering WSMS
Jack Watson Science (ORNL) “
Ed Cussler Chemical Academia
GeneKosiancic ChemicalProcess Hanford

.

.,

i
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REFERENCES

Reference 1:

Reference 2:

Reference 3:

Reference 4:

Letter from Scott to Schepens dated J~u?.ry 22,

.

Team Charter dated March 13, 1998

Letter from Rudy to Owendoff March 16, 1995

Program Plan for HLW Salt Disposition Alternatives Evaluation
.
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TEAM LEADER

. .

TEAM MEMBERS

OPERATIONS MEMBER

PROCESS ENGINEERING MEMBER

SCIENCE MEMBER

SAFETY & REGULATORY
ENGINEERING MEMBER

SYSTEMSENGINEERINGMEMBER

WASTE PROCESSINGMEMBER

OUTSIDE SCIENCE MEMBERS

OUTSIDE CHEMICALPROCESS

.- STEVEPICCOLO
C%RCF’ROGRAMMANAGEMENII

JEFF BARNES
(wSRCHLWENG~ G/OPS)

KEN RUETER
(wSRcPRWH= ENGINEERING/
CO~UcrION DEPT.)

LQuPAPOUCKADO -
msRcsAvm+NAH RIvER
‘nxHNoLoGY CENTER)

JOHN CARLSON
GVESTJNGHOUSESAEEIY
MANAGEMENTSOLUTIONS)

GARY ABELL
(WSRC PROJ’ECISENGINEERING&
CONSTRUCTIONDEPT.

PETER HUDSON
@NELSAVANNAHRIVER
CORPORATION)

DR EDWARD CUSSLER
~ OF MINNESOTA)

DR JACK WATSON
(OAKRIDGE)

GENEKOSIANCIC
(EANFORD)

,
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S. F. Piccolo
Westinghouse Savannah River Company

Team Expertise: Team Leader

. .

Mr. Piccolo holds a BS in Mechanical Engineering and Applied Mechanics and MLS in

Mtdty-disciplinary Technology Management. He is the Area Manager for the Waste

Pretreatment Facilitiesat the Savannah River Site. His backgroundspans commercial
nuclear and fossil power generation, government chemical and reactor facilities and
industrial manufacturing. Additionally his discipline set spans education and training,

operations, startup. engineering, project martagemen~ construction and consulting.

Some key positions held in the last 15 years which demonstrate programmatic risk
assessment, process hazard control, complex decision making and ability to recover
facilities in trouble areas follows:

●

●

●

●

●

●

●

●

●

●

●

Startup Manager for Detroit E&son’s Fermi.2 Facility
Restart Program Manager for Toledo Edison’s Davis Besse Facility .

Restart Test Program Management Advisor for TVAS Sequoyah, Watts Bar and
Browns Ferry Facilities “
Performance and Reactor Engineering Director - Toledo Edison’s Davis Besse
Facility .-
Restart Test Manager for K Reactor (SRS)
Engineering Director for Toledo Edison’s Davis Besse Facility

Corporate Education Center Director for Eastern Michigan University

Principal Officer for Application.Consultants for Technology
Engineering Director for Defense Waste Processing Facility (DWPF), Saltstone and
Late Wash (SRS - complex chemical facility)
Start-up Manager for DWPF (SRS)
Project Manager/Startup and Operations Manager - Bechtel Eastern Power Corp. .

Some key consulting/adviso~ assignments:

. Delaware Research Partnership Development of.Chemical Cleaning Technologies

. Eastern Michigan University Corporate Training for Chemical Hazard (General
Motors) and Health/Safety (Ford Motor Co.)

s Toledo Edison’s Engineering Director (Advisor)
. Rochester Gas and Electric Company’s Engineering Director and Licensing Manager “

(Advisor)
. Company Nuclear Review Board Member Toledo Edison

For twenty-five years Mr. Piccolo has been dealing with new construction, one of a kind
facilities, operating facilities, or recovery from shutdown facilities.

Mr. Piccolo has written multiple publications concerning management of facility
operations, engineering assessment methods and project management.

SFP
------ .
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Jeffrey L. Barnes
Westinghouse Savannah River Company

Team Expertise: Operations

Mr. Barnes holds a BS in Mechanical Estgineering Technology and an Engineer-in-

Training certification. He is the Deputy JZngineering Manager for the Waste Pretreatment

Facilities at the Savannah River Site. His background includes: operation, radio-

chemistry controls, and radiological practices in the U.S. Navy nuclear power program;

operations, maintenance, outage management and testing of government radiochemical

and commercial power facilities.

He was a senior member of the Stone and Webster team responsible for operational and

maintenance assessments called Advisory Operations, Some key Advisory Operations

assignments are as follows: ~ ●

●

●

●

Surveillancetesting and predictivemaintenanceprogramsoperationalinterfacesat
Toledo Edison’s Davis Besse Facility
Project team interfaces with operation and start-up, implementing tools development
(P&IDs, scoped” drawings and procedures) and operational systems review at
Duquesne Lighting’s Beaver Valley Facility
Project team interfaces with operatioq maintenance, and start-up, implementing tools
development (P&IDs, scoped drawings, instrument loop dlagrarns, electrical loop .
diagrams and procedures) and operator system training at Northeast Utilities
Millstone Facility

. . Project team interfaces with Operations and Startup, Hot Functional retest strategy
and Operation Readiness Assessment for fuel load at Texas Utilities’ Commanche

Peak Facility
4

Other Government Experience Includes:

. Startup Manager for Defense Waste Processing Facility (DWPF) (SRS)

. Deputy Operations Manager for DWPF (SRS)
● HLW Division Test Engineering Manager (SRS)
. Deputy Engineering Manager for Waste Pre-Treatment Department (WPT) (SRS)



Ken Rueter
Westinghouse Savannah River Company

Team Expertise: Process Engineering

Mr. Rueter holds a B.SC.in Chemical Engineering from Cleveland State University. He is
manager of the DWPF Process Control Engineering Group at the Savannah River Site.
His past ten years has been focused totally towards Waste Management specifically in the
area of nuclear and chemical waste processing. The majority of his career has involved
advanced process technology design and commissioning. He is responsible for the design,
implementation, and support of the DWPF process con&ol strategy, solution and
software. He was principally dedicated to the hazards and operability reviews of the
DWPF Process Control System in order to ensure Human Factors pefiorrnance standards
and Authorization Basis requirements were maintained relative to the control system. He
is participating as part of the NRC sponsored team for the next revision of the NUREG
0700 standard (Nuclear Regulatory Commission Human-System Interface Design Review
Guide) because of his recognized chemical process plant dynamics and engineering
expertise. He has managed since inception the development of the HLWM Division
(DWPF, LWF, and ITP) simulators used in the operator certification program. He has
developed the equation of state modeliig basis for the simulator program. He has worked

in the commercial Sector in a number of Engineering Management and Leadership roles
focused in the area of advanced technology development and field commissioning
specifically in the chemical processing and power generation industries,

Examples include:

. Enhanced Oil Field Recovery Techniques

. HomogeneousCatalytic Reactor Process Design and Commissioning

. Black Liquor Multi-Effect Evaporator and Kraft Boiler Start Up 4

. Combined Cycle Cogeneration Pkmt Optimization.

Mr. Rueter has authored and presented a number of~echnical publications in the process
control and technology arezk along with receiving two mpyright’s for advanced alarm
handling methodology and process plant simulation modeling techniques. He was
previously chairman of the Society for Computer Simulation Process Simulator Standards
Committee and an invited panelist in the areas of Process Alarm Handling and
Management and Human Interface for the Instrument Society of America.

SFP
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LouPapouchado
Westinghouse Savannah River Company

Team Expertise: Science

Dr. Papouchado holds a PhD in halyti~ Chemistry from the University of Kansas. He
has extensive experience in plastics at DuPont’s experimental station, and extensive
experience in the nuclear industxy at SRS, primarily in the reprocessing and waste
management areas. This experience includes R&D, plant engineering and production
management. For the past 8 years, he has managed the Waste Treatment Technology
Department at the SRTC R&D Center. He was responsible for plant support, applied

research and technieal support for plant authorization bases. He was also involved in the
development of numerous chemical treatment processes for various radioactive waste

. streams. He has broad knowledge of waste treatment and disposal approaches, nationally

and internationally. His prior positions include:

I

I I

. Program Manager for Waste Management Operations

. Technical Superintendent of the Radiochemical Separations Facilities

. Production Superintendent of the Radiochemical Separations Facilities

SFP
3113198



J. D. Carlson
WestinghouseSavannahRiver Company

Team Expertise: Safety & RegulatoryEngineering

. .

Mr. Carlson holds a BS in Chemical Engineering. He is a Principal Manager for Westinghouse
Safety Management Solutions responsiblefor providing licensing services to the DOE Complex
and the commercial nuclear industry. His specific area @f expertise is the development and
implementation of Authorization Basis d~umentation. Additionally, he has over 28 years of
technical and management experience in the nuclear industry including nine years at the
Savannah River Site (SRS). ~

Some key positionsand associated responsibilitiesheld in the past are:

. Manager, High Level Waste Safety Analysis Programs (WSRC) - responsible for the
development of the deterministic Safety Analysis Report and Technical Safety Requirements
for the SRS Tank Farm Facilities. In addition, he was responsible for the SRS Tank Farm
Authorization Basis and was the Subject Matter Expert (SME) on the compliance and
implementation of the requirements.

. Manager, Reactor Restat Division Regulatory Compliance (WSRC) - responsible for the
closure of all the Issue Management Restart issues and DOE Safety Evaluation Report open
items for the-restart of K-Reactor at SRS. Closure of the issues involved development of a
risk-based process that assessed the impact of an issue upon the restart of the reactor.

. Manager, Management Services Division (Cygna Energy Services)- responsible for leading
a team to conduct an independent assessment of the restart readiness for the utilities’ Board
of Directors for the Rancho Seco Nuclear Plant. This team was chafiered to assess the risk
(both programmatic and technical) to the general public.

. Manager, Browns Ferry Quality Assurance (TVA) - responsible for leading the Reactor
Plant Improvement Program that provided root cause determinations and corrective action ‘
plans for systemic programmatic and technical problems at Browns Ferry Nuclear Plant that
led to an NRC mandated shutdown.

. Senior Resident Inspector (NRC) - responsible for reviewing utilities’ licensing submittals
and developing Safety Evaluation Report Supplements. As part of the licensing process for
Diablo Canyon Power Plant, he was testified as an expert witness in front of the Atomic
Safety Licensing Board regarding adequacy of the deterministic Safety Analysis Report and
Technical Specifications.

Some key consulting assignments were

. Revision/implementation of the Pacific Gas and Electric’s QA Program

. Development of Decommissioning Plan for Humboldt Bay Nuclear. Plant
● Development of the Commercial Grade Dedication Procurement process for Edison Electric

institute-National Construction Issues Group .

SFP
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Gary AbeI1
Westinghouse Savannah River Company

Team Expertise: Systems EngineeringAnalysis

Mr. Abell holds a BS and MS in Metallurgical Engineering from Wayne State University,
Detroit, Michigan.

.

Mr. Abell is currently a Manager in the Systems Engineering Department of the Projects,
Engineering & Construction Division (PECD) of WSRC.

in addition to the seven years involved in applying the systems engineering process to
SRS projects, he has twenty two years experience in the commercial nuclear field. This

experience was focused on developing technology for field applications on NSS system
components using a systematic approach for developing design input and outputs.

Key positions and activities in the past fifteen years include

● Several management positions responsible for engineering and technology
development .of equipment and processes to test commercial PWR5WR and fossil
power plant components.

. Applying systems engineering in developing the Heavy Water Reactor option of the
New Production Reactor program;

. Project Engineering Manager for the preconceptual/conceptual design of the
Commercial Light Water Reactor Ttitium Extraction Facility.

“ WSRC systems engineering representative to the DOE HQ Systems Engineering
Team (FM-20).

“ Systems EngineeringManager for high level waste projects responsible for managing
the systematic developmentof preconceptuaiand conceptualdesign inputs/outputsof
both line item and GPP/CEprojects.

Mr. Abel! has been the recipient of the George Westinghouse Signature Award for his “
knowledge of, and team leadership in, implementing the systems engineering process on
a large and complex project. The SE processes used included mission analyses,
development of functions, requirements, external interfaces, .altematives, and risk
assessments. He has presented the results of system engineering applications at various
DOE complex conferences, is a member of the International Council On Systems
Engineering (INCOSE), and holds two patents.

SFP
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Peter Hudson
BNFL Savannah River Corporation

Team Expertise: Waste Process

,.

Peter Hudson obtained a BSC in Chemical Engineering and an MSC (with distinction) in
Nuclear Technology from Imperial College, London University, England. He is now a
Senior Technical Manager with BNFL-whohas almost 30 years experience in R&D and
technical support witlin the nuclear industry. The majority of his work experience has
been at BNFL’s Selltileld plant in England, where he has been engaged in engineering
support and R&D across a wide range of nuclear operations, including High Level Waste
evaporation and storage, oxide tiel shearing, dissolution, off-gas treatment and feed
cltilfication for BNFL’snew THORP reprocessingplant and advanced separation
techniques for the next generationof reprocessingplants. This role included design
supportfornewplantsthrou~ Hazard and Operability Studies (HAZOPS) and review of
safety documentation. He is cumently responsible for the R&D and Strategic Pl&ming
.Group withh SoIid Waste Division at SRS and is the principal conduit for transferring
BNFL technology into the Savanna River Site.

Some key assignments which demonstrate engineering and operational assessment are as
follows: “-

. Engineering Support Manager, High Level Waste
.

. R&D Manager, THORP Head End Processes
c Sr. Manager, Selltileld R&D
● Deputy Head, Sellaileld R&D
. VP-Technical, BNFL Savannah River Corporation

SFP
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Edward Cussler
Professor, University of Minnesota

Team Expertise: Chemical

Professor Cussler has a B.E. in Chemical Engineering from Yale and a M.S. and Ph.D. in
Chemical Engineering from the University of Wisconsin. HIS research centers on new
separations processes, especially tho3e involving thin films, and mass transfer
phenomena. He has taught at Carnegie-Mellon University, the Massachusetts Institute of
Technology, and the University of Minnesota. He is the recipient of numerous awards
from A.LCh.E., Carnegie-Mellon, Yale and University of Michigan.Heispast President
of A.I.Ch.E. and past Chair of the American Association of Engineering Societies. He is

on the Editorial Boardsof “Separations“, “JO~al of Memb~e Science”,and “A.I.Ch.E.
Journal”. He has over 150 Journal publications and books in the areas of mass transfer
and separations. He is widely recognized as an expert in these areas and has lxoad
experience consulting with industryl - I

I

. .

,

!
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Jack Watson
Oak RidgeNational Laboratory

Team Expertise: Science

Dr. Watson holds a Ph.D. in ChemicaI Engineering from the University of Tennessee. He
has extensive experience in the areas” of separations, adsorption and ion exchange,
particularly as it applies to radionuclides. He also has wide experience in process
development for the separation of radionuclides as it applies to reprocessing, waste
treatment, and environmental restoration. He is a Senior Research Engineer at the Oak
Ridge Na~onal Laboratory, Coordinator of the DOE program on Efficient Separations
and Processing, and part-time prof=sor of Chemical Engineering at the University of
Tennessee. He is a fellow of the A.I.Ch.E., Associate Editor of the “Separation Science
and Technology Journal”, and on the Editorial Board of “Separations Technology’!. He
has served on numerous committees for DOE and other governmental groups and chaired
numerous symposia. He has numerous publications in the separations area.

.

I
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E. J. Kosiancic
Kosiancic & Associates

. .

Team Expertise Process Engineering and Operations

Mr. Kosiancic holds a B.S. in chemistry from Gonzaga Universi~, a M.S. in Nuclear Engineering
from Michigan Technological University, and worked toward a Ph.D. in Chemistry from Purdue
University. He is a retired senior manger with over thirty years of broad-based experience in
technical, opemtional, and business management in the nuclear chemical processing and waste
management sector. He has extensive experience with Maintenance and Operations (M&O)
contractors at Hanford, serving in management positions responsible for direction of
chernicalhnalytical laboratories, process engineering, strategic and long range planning, capital
projects, planning and integration of engineering, and operation of high level tank farms. His

prior experience with Babcock and WIICOXincluded management positions at MC, Naval
Nuclear Fuel Division, and Research and Development Division where he gained extensive
experience in technical and operations managemcn~ Hc has always considered chemical, nuclear,

and industrial safety as paramount to the operation of nuclear chemical processing and waste
management plants. He had dkct safety rcsponsibilky by virtue of technical and operation
positions and oversight by his involvement in safety committees. Mr. Kosiancic’s expertiie and
experience was gained through a wide range of management assignments. Examples include:

. D@osal Engineering .-The engineering for the Hanford high level waste.program. The scope
of work included waste removal from the tanks, knowledge of the waste composition,
planning for waste staging, adjustmen~ and transfer to a private vitrification contractor.

. Laboratory Operations - Included laboratories for analysis of high level processing and waste
samples as well as environmental laboratories and pilot plants. Existing laboratories were
upgraded and expanded and new laboratories constructed. Flowsheet development and
changes were tested at the lab bench and.pilot plant prior to plant testing. Chemical processes
were evaluated for nuclear and non-nuclear applications.

c Chemical Processing Systems Engineering - strategic and long range planning including
mission identification, alternative analysis, and evaluation of trade-offs. Capital project .
engineering including engineering studies, fictional design criteri~ and direction to
architedengineering performing conceptual and detail design.

● Process Engineering-Process engineering for Hanford processing and waste management
plants (Z-PkmL PUREX, B-PMAVESF, Tank Farms) and for commercial and naval nuclear
fuel at Babcock and Wilcox. Processing plants are controlled to flowsheet conditions using
operating specifications and procedures to assure safe and efficient operation.

“ Plant. Operations-Facilities managed include the H~ford high level waste tank farms, the
NUMEC plants for the production of low enriched uranium powder and pellets, high enriched
uranium fuel materials, M mixed oxide FFI’F fuel, zitionium metal powder, and the Naval
Nuclear Fuel Division high enriched uranium scrap recove~ plant.

I

Mr. Kosiancic has authored a number of technic~ documents in nuclear fuel preparation and
manufacturing. He holds two patents. “
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1.0 Introduction

SystemsEngineering (SE) is a methodical and disciplined approach to cost effectively
achieve an end product. It is a ?opdown process that begins with a well defined
Customerneed or problem. Through,the process of defining “neeessary and
sufficient” functions and requirements (referred to as design input) with adequate
bases, and the identification and managementof risks and interfaces (both physical
and organizational), a sound basis for successfullyachieving the end product will
exist. The formal requirement to develop and implement a Systems Engineering
ManagementPlan (SEMP)for this activity resides in the SRS High Level Waste Salt
Disposition Systems EngineeringTeam Charter*.

The focus of this SEMP is on the activities necessary to develop and select a safe and
credible preferred alternative(s) to the existing In Tank Precipitation (TIT) process
and treatment method of high level waste salt within the SRS tank farms. The
preferred alternative(s), resulting from the SE process, will be formally submitted to
the Department of Energy (DOE).

This SEMP implements and is consistent with references 1,7, 8, and 13, shown
below. All other references (including the others shown below) or SRS procedures
will be used-as guides on an as needed basis.

●

●

●

●

High Level Waste Salt Disposal Systems Engineering Team Charter (Ref. 1)
WSRC E7 Manual: “Conduct of Engineering & Technical Support” (Ref. 2)
WSRC 3S Manual: “Conduct of Modification” (Ref. 3)
PE&CD KASE Manual: “Key Activities for Successful Execution” (Ref. 4)
DOE Order 430.1: “Life Cycle Asset Management” and associated Good Practice
Management Guides” (Ref. 5)
WSRC 2S Manual: “Conduct of Operations” (Ref. 6)
DOE Policy 450.4: “Safety Management System Policy” (Ref. 7)
DOE Guide 450.4-1: “Integrated Safety Management System Guide” (Ref. 8)
DOE HLW Salt Disposition Alternatives Evaluation Program Plan (Ref. 13)

This plan details the minimum set of expectations for deliverables and lists the
deliverables and a logic/duration schedule for these deliverables.

This SEMP is a “living document” and should be reviewed and updated if key inputs
change, such as the Team Charter*, as the maturity of alternative(s) proceeds beyond
the study and selection process.

I

I



Systems Engineering Management Plan DOC. No.: WSRC-RP-98-00163
Rev. No.: O

Development of Alternatives to Process and Dispose of Rev. Date: April 17, 1998
High Level Waste Salt (U) Page 7 of 33

2.0 Scope

This SEMP describes the methodology, tools, deliverables, and schedules required to
implement the systems engineering approach on the preconceptual activities described
below.

The Westinghouse Savannah River Company (WSRC) High Level Waste
Management Division (HLWMD) has defined a need tore-evaluate technology and/or
operational alternatives to processing and treating high level waste salt which exists in
the Savannah River Site tank farms. The processing and treatment of this waste has,
until very reeently, utilized the In Tank Precipitation process. The purpose of the
existing process and treatment phases is to prepare the HLW waste for the Defense

Waste Processing Facility (DWPF) and the low level waste for saltstone. Safety and
production attainment issues surrounding the currently configured ITT approach have
arisen from unexpected levels of benzene generation. Safely processing and treating
the high level waste is very important to the SRS and the Department of Energy in
order to meet waste cleanup initiatives at SRS.

The “end product” of implementing this SEMP will be the selection of a preferred
alternative to be subsequently designed and/or implemented. Based on risk, parallel
path alternatives may be recommended.

This SEMP is tailored to begin at problem definition and end with a down selection of
alternatives. Extension of the systems engineering process to post alternative “
selection activities, e.g., conceptual design,. design execution, construction, testing,
turnover, etc., can be achieved through revision of this SEMI?.

. I

I
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3.0 Systems Engineering Process Overview

The DOE is a strong advocate of the systems engineering process and has most
recently reflected this view in Order 430.1, “Life Cycle Asset Management”s. Several
“Good Practice Guides” have been developed by DOE to assist interested parties in
implementing systems engineering methods and tools on a rigorous basis. The
implementation of this SEMP is intended to fulfill the spirit and intent of the “Order
and Guides.

The systems engineering process is a top down approach and has long been
recognized as a viable teehnical management approach to define and control the
development of complex technical programs/systerns with many uncertainties,
interfaces, and elements. The main goal of systems engineering approach is to deliver
an end product that meets cost, schedule, and technical requirements while
minimizing the environmental, safety, and health risks. The use of this approach will
enable the HLW Salt Disposition Systems Engineering Team to meet its intended
goal.

The SE process steps in Figure 1 are shown in relationship to project cycles and are
discussed in more detail later. The sections addressing these steps we summarized
below: ..

● Definition and Development

Definition and Development represents me logical sequence of activities and

decisions designed to transform facility operationalneeds and Customer
requirements into a preferred system concept, design, and its related performance
parameters to meet the HLW Mission need. Definition and Development steps
include:

. Mission Definition and Analysis

. Functions and Requirements - Analysis and Allocation

. Alternative Designs, Evaluation, and Selection

. Verification and Validation

These SE process steps are described in deiail in Section 5.0

. Technical Progr~ Planning and Control

Technical Program Planning and Control encompasses management activities to
effectively plan and control the activities to meet program technical requirements
within cost and schedule constraints. Technical l?rojgramPlanning and Control
steps include:
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. Technical Integration
● Interface Control

● Risk Management
. Configuration Management
. Deliverables and Schedules

These SE process steps are described in det@l in Section 6.0.

. Engineering and Programmatic Specialty Integration

This integration is the timely and appropriate intermeshing of engineering efforts .
and specialty disciplines such as chemical processing, reliability, maintainability,
system life cycle cost, human factors, safeguards and security, environmental, -
safety (primarily authorization b%is requirements), health, regulatory permits, etc.
This type of integration ensures that all aspects of the projeet are reviewed from
the specialized areas important to project formulation, implementation, and

operation.

These SE process steps are described in more detail in Section 7.0.

I

I

I

The SE process steps, as described in this SEMP, will be applied to the HLW activity
using a graded approach. Risk is the primary factor considered in determining the
degree to which the process steps are applied.
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Figure 1. Relationship of the Systems Engineering Process
and Project Life Cycle
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4.0 Roles and Responsibilities

The members of the High Level Waste Salt Disposition Systems Engineering Team
(the Team) are assigned the following roles and responsibilities for the effective
implementation of this SEMP.

4.1 Team Sponsor:

The Vice President & General Manager of the WSRC High Level Waste
Management Division is responsible fon

. Developing and approving the Team Charter

. Identifying the Team Leader

. Approving Team Member selection
● Obtaining funding for Team activities
● Accepting Team recommendations and request DOE concurrence to proceed

to ITP Project Management Process Phase 2 (Design/Construction/Startup).

4.2 Team Leader:

The Team Leader reports to the Team Sponsor and is’responsible fo~

. Identifying subject matter experts for Team membership and obtaining I
approval(s)

. Communicating WSRC and DOE expectationsto Team members

. Providing a formal point of Team contact with WSRC and DOE for issuance
of formal documentation or requests

‘. . Allocating funding for Team members

. Providing overall coordination and management of the Team

. Approving the SEMP and/or revisions

. Approving documents, generated by the Team, requiring distribution

. Promoting and supporting the consensus process and document dissenting
opinions

4.3 Systems Engineering Representative:

The Systems Engineering representative reports to the Team Leader and is

responsible for:

● Developing and obtaining approval of SEMP and any revisions thereto

s Participating on the Team as we systems engineering process expert and to
facilitate the Team’s efforts to insure compliance with the SEMP
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. Identifying and scheduling SE activities and deliverables in accordance with
this SEMP

. Facilitating constructive Team interaction and advising the Team Leader of
dissenting opinions.

. Maintaining the decision logic and report/document files generated.

4.4 Team Members:

Each of the other Team members reports to the Team Leader and is responsible
fo~

● Contributing in their respective area of expertise
. Reviewing Team outputs for concurrence
. Developing Team outputs as assigned

4.5 SelectedCandidates

The members selected and approved for the HLW Salt Disposition Systems
Engineering Team are identified and approved in Reference 11, entitled “WSRC
Candidate Selections for the HLW Salt Disposition Systems Engineering Team”.
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5.0 Definition and Development

Definition activities of the SE process include identifying and defining the Mission,

basedon a problemstatement,analyzingtheMissiondefinitionto developthe
functionsandrequirementsthat ensure the SRS and HLW System Missions I
objectives are met, and validating that the fimctions and requirements have been
completely developed. The functions and requirements are defined at each level
(facility, system, subsystem, and components) of development. These activities are
described in more detail in Sections 5.1 and 5.2.

Development activities of the SE process include identifying and evaluating design
alternatives, selecting the best design solution, and verifying that the prefemed
alternative(s) selected meets the functions and requirements at each level. These
activities are described in Sections 5.3 and 5.4.

5.1 M~sion Definitionand Analysis

A clem and complete Mission for the HLW process and treatment activity will be
identified before functions, requirements, alternative selection or design will
proceed. The needs and objectives for alternative solutions and the anticipated
operational environment must be clearly understood from the outset. An
important tool in the SE process, during the identification of the initial Mission
will be the use of key assumptions, if needed. These assumptions will attempt to
establish important parameters of scope until definitive design input is available.
This effort will consist of the Team review of all available documentation related
to the need and justification for alternative processing and treatment approaches.
If the Team Sponsor defines the Mission need(s) it will be used by the Team.
Figure 2 illustrates the Mission Definition and Analysis Phase. .

The Mission statement will be documented and approved by the Team Leader. I
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I
Input

CustomerNeeds and
Objectives (both +
stated and dexived)

Mission Definition
Develop scenarios and
operational sequences to
define what must be done

Mission Analysis
Identify functional
system concepts and their
boundary conditions

Input

Operational, Safety,
& Environment
Description.
(constraints under
which
transformation must
occur)

I

output

Facility & System Functions
QuantifiedFacility & System
Performance Requirements
Facility ExternalInterfaces
Mission Goals & Objectives

F@me 2. Mission Definition and Analysis

5.2 Functions and Requirements Analysis

This SE process step identifies, controls, and documents the neeessary and
sufficient set of functions and requirements to ensure achievement of defined
Mission needs and customer expectations. Operational, safety, and maintenance
concepts are used to develop functions, performance requirements, design criteria,

and interface requirements.

5.2.1 Functional Analysis

Analyzing the Mission statement establishes the initial set of the highest level
functions. This level of functions encompasses all the key aspects that the
final solution must perform in order to successfully meet the Mission.
Functions are developed to answer the question “whatmust the solution do?”.
The process of breaking down these functions into successive levels of
subfunctions is called “functional analysis”.

.
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The top-level set of preconceptual functions will be documented ad approved
by the Team Leader in Phases I and II. In Phase III, these design inputs will be

incorporated into a Facility Design Description (FDD) document. As the

program progresses into conceptual design, the initial fimctions will be further
expanded into subfunctions and allocated to systems, subsystems, and/or
components. This is an iterative process which occurs as more information
becomes available, e.g., from studies and design selection. At each level,
(system, subsystem, and component) subfunctions are identified based on the
functions, requirements, and resulting design decisions from the previous
level. The results of @is Functional Analysis for each system will be
documented in System Design Descriptions (SDD) for each major system
during conceptual and preliminary design stages.

A functional hierarchy diagram is used to show the breakdown of functions “
into subfunctions. A functional flow block diagram is used to show the
logical relationship of fimctions or subfunctions at the system or subsystem
level. An allocation matrix is then used to document which system,
subsystem, or component performs the function and subfunctions. These
diagrams will be included in the FDD and SDD’S. The Writers Guide14for
the preparation of FDD’s and SDD’S will be used as a guide for preliminary

desi~ documentation.

I

For the preconceptual stage, Phase III, subsections 1.1 (functions and
requirements), 1.2 (preliminary design criteria), 1.3 (applicable codes,
standards, and orders) of the WSRC Writers Guide14for Section 1 of the FDD
will be developed to facilitate the pursuit of alternatives and begin the formal
technical baseline configuration control process. The aforementioned
functions and requirements shall be configuration controlled per the E7
Manual procedures covering these documents.

5.2.2 Requirements Analysis and Allocation

Following the identification of functions at each level, “RequirementsAnalysis
and Allocation is conducted to identify the necessary and sufficient set of
requirementsat each level. The identified requirementsmay result from the
functions, requirementsfrom the next higher level, or derived from an
alternativestudy, if available.

Requirements are measurable characteristics which define “how well” a
function must perform. Every function must have at least one requirement
assigned to it. The requirements, ultimately, will be described by or contain

“units of measure”, e.g., rads/hour, gpm, psi, square feet, etc. Each

requirement must have a traceable basis and will be assessed and tested for

validity. The validity testing involves reviewing each requirement to
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determine if they are necessary and measurable. In the preconceptual phases,
defining a defensible basis for each requirement is the appropriate level of
validation.

Generally, there are two major categories of requirements, i.e., technical and
programmatic, which can be subdivided further, including but not limited to
the following types of requirements:

Technical Programmatic

● Safety requirements. ● Schedule requirements
● Performance requirements ● LifeCycleCostrequirements
● Designcriteriarequirements ● Permitrequirements
. Interfacerequirements ● Contractualrequirements

Safety requirements reflect the Integrated Safety Management System (ISMS)
philosophy and rules traceable back to DOE Policy 450.47 and Guide 450.4-
18.

Performance requirements are always linked to the appropriate function at
each. level of the functional hierarchy. Every function identified in the
Functional Analysis must have at least one requirement associated with it.

Design criteria/constraints identified are typically traceable to National Codes
and Standards, DOE Orders, SRS Site Standards, Component Development
Reports, Permits, Federal and State regulations and statutes, trade
off/alternative studies, and facilities operations experience of similar systems.
Identified design constraints are allocated to systems, structures, and
components (SSC’S).

The characteristics at the interface of two systems are used to identify and
impose requirements (e.g., performance, constraints, and physical) on the
interfacing systems, both internal and external to the facility, and these are
deemed interface requirements The control of interface requirements and the
use of Interface Control Documents (ICD)s is covered in Section 6.2 of this
plan.

lf a requirement is identified, but further study is needed to define the specific
value of interest, a TBD (To Be Determined) or HOLD will be used in the
stated requirement. A HOLD will be put next to a specified value indicating
that some preliminary basis exists but further confirmation is needed to
provide a pedigree value. A TBD is used when insufficient information exists
to state a value in the requirement at the present time. I
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Any specific facility level requirements identified during the systems
engineeringevaluation will be documentedin the FDD during Phase III of the
preconceptual stage, and system and component level requirements will be
documented in SDD’S in post pr~onceptual stages.

5.3 Alternative Identilkation, Evaluation, and Selection

Identifying, evaluating, and selecting alternatives is illustrated in Figure 3. The
evaluation of alternatives seeks to balance technical considerations against those
of safety, risk, cost, and schedule. The objective of the evaluations is to arrive at
the lowest possible cost solution without unacceptably compromising safety,
technical, or schedule aspects.

A list of potential alternative concepts and ideas will be prepared after the initial
set of necessag and sufficient functions and requirements have been documented
in Phase I. Formal brainstorming sessions will be conducted to identify potential
methods, processes, technologies, systems, and/or equipment that meet the
functions and requirements. In addition to the brainstorming sessions, literature
searches, and a simple method to solicit ideas for submittal to the Team will be
utilized to allow ideas (not generated in the brainstorming sessions) to be
captured.

The brainstorming and solicitation of alternatives to the existing configuration of
the ITP process may result in a substantial volume of ideas. To the extent
possible, these ideas will be grouped. An initial screening of the identified
alternatives to an “initial list” will be conducted. The method of performing the
initial screening will be based on defining “non-negotiable” criteria that any
alternative must meet. These criteria, which will include the initial design input
(functions and requirements), shall be defined by the Team and documented.
Candidate alternatives that do not satisfy these requirements are either revised or

I

I

I

eliminated from further consideration. Any alternatives screened out, and the basis
for the rejection, shall be documented for future reference. Inadequate
information about an alternative evaluated against selection or screening criteria
will not be cause for rejection.

The initial list shall contain no more than twenty-five candidate alternative
solutions. Further down-selecting of the initial list to a “short list” of about five
options and ultimately to a preferred alternative(s) will be conducted as additional
design input and more discriminating selection criteria are identified.

The finaldecisionanalysismethodologyfor the down-selectionprocesswill
utilizethe Multi-AttributeUtilityAnalysis(MAUA)approach. The first stepin
thisprocessrequiresall the attributes(selectioncriteria)to be rankedagainsteach
otherandweightsassignedto eachattributereflectingits relativeimportanceto
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others. Next, the attributes are assigned “utility fu;ctions” (W) which
quantitatively split each attribute into three or more ranges.

For example, if ‘Technical Maturity” is selected as an attribute with a “weight” of
0.2, then the utility fimctions could be

Utilitv Functions WI?) Utilitv Function Value

Most desirable Nuclear Industry Proven 1.0
Non-Nuclear Industry Proven 0.8
Pilot Scale 0.5
Laboratory Scale 0.2

Least desirable Unproven 0.0

The weighting factor assigned to the “Technical Maturity” attribute is multiplied
by the ~ which best describes the alternative, e.g., 0.5 (pilot scale).

Attribute weight factor x UF = Attribute value for that alternative

0.2 x 0.5= 0.1

. .

The attribute values for each alternative will be additive and alternatives with the
highest sums are deemed the most desirable. More discriminating attributes or
utility functions may be defined to further screen concepts which have close total
sums.

As mentioned above, the selection of the preferred alternative is based on decision
. . criteria. The selection criteria should be chosen prior to the commencement of

studies, if possible, in order that the study can address the criteria. All selection
criteria used, the associated utility functions, calculations, and results of
accepted/rejeeted alternatives from the initial list to short list and/or a final

preferred alternative(s), shall be documented and approved by the Team Leader.

Risks, to the extent they exist, should be considered as an attribute during the
MAUA selection process. In addition, flowsheets will be developed on down
selected alternatives to further enhance the understanding and evaluation of
candidate options.

I

I

I

I
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+ Technical Reports
+ CDR or Design Input

Figure 3. AlternativeIdentiikation, Evaluation, and Selection

5.4 Verification and Validation

Verification and validation activities will be conducted during the scope of work
covered by this SEMP.

Validation

An activity that ensures that a set of functions and requirements is consistent,
complete, and that the “end product” will satisfy stakeholders’ true needs and

expectations.

For the purposes of the Team, the completed design input (functions and
requirements) shall be validated. Team validation will.be completed by defining
traceable references for all design input reqtiirementsidentified.

Verification

An activity that ensures that the “end product” or selected design solution satisfies
the functions and requirements. This is done through analysis, inspection, or
testing of systems, structures, or components.

The formal independent review of the Team’s output will be by the DOE
Independent Team. The WSRC Team, at its discretion or need, may elect to
obtain reviews or input, e.g., pilot tests, studies, or pursue risk mitigation
strategies, prior to the Independent Team review.

I
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6.0 Technical Program Planning and ControI

Technical Program Planning and Control includes those tasks necessary to administer,
plan, direct, coordinate, control, and integrate all technical and analytical tasks.
Identified risks and associated mitigation strategies are key drivers in planning and
performing these activities.

6.1 Technical Integration

6.1.1 Technical Planning

A schedule of technical activities, e.g., definition of functions, requirements,
interfaces, selection criteria, risk assessments, etc., will be required in order to

effectively implement the systems process. The completion dates for key
deliverables are shown in Attachment 1. Also, the scheduling of appropriate

HOLD points or key decision points in the master schedule are good technical
planning tasks. The logic tied schedules for preconceptual Phases I, II, and III
are shown in Attachments 2, 3, and 4, respectively. The SEMP
implementation diagrams for each phase are shown in Attachments 5, 6, and
7, respectively.

6.1.2 Technical Monitoringand Control

Technical Monitoring and Control involves tracking the status of engineering
activities against the technical planning identified in Section 6.1.1. Technical
Monitoring and Control identifies and m“alyzes technical issues that may
surface as design input or alternative evaluation activities are conducted; and
initiates corrective actions. This is accomplished through frequent
assessments of activity progress by the Team Leader.

Management will use informationfrom periodic, scheduled, and event-driven
reports and technical reviews to monitor technical activities and to identify
and evaluate actual accomplishments of tracked technical activities and new
issues.

6.2 Interface Control

External and internal interfaces for the development of alternatives will be
identified initially in Phase I and II and documented as “Initial Design Input”
approved by the Team Leader. These interfaces are defined in the HLW Salt
Disposition Interface Requirements document12 (Reference 12 is a draft document
used for input to Phases I and II of the systems engineering process and must be
finalized prior to Phase HI). In Phase III, the interface information will be
incorporated into the FDD. During subsequent phases, e.g., conceptual design,



Systems Engineering Management Plan DOC.NO.: WSRC-RP-98-00163

Rev.No.: O
Developmentof Alternativesto Process and Dispose of Rev. Date: April 17,1998. *... ~es~t (u)

PaPe 21 of 33High Level wasi -–

detailed interface requirements will reside in SDD’S. Interface ~quirements -
identify functional, physical, performanceaspects, as well as, design constraints
and boundary conditions. All interfaceshave an “owner, supplier, and receiver”
which will be assigned in Phase III.

The FDD will contain an interface diagram and interface requirements for
interfaces with systems external to the defined boundaries. Each SDD will
contain an interface diagram and interface r@irements covering all interfaces
with other systems (internal interfaces), as well as, any applicable external
interfaces. Appendix C of the SDD’S identify requirements of the interface and
references to any Interface Control Documents (ICD)S, if needed. The ICD is a
management tool formalizing an agreement between two or more entities having “
resources that functionally and physically connect. An ICD can be either a
drawing, flow sheet, or document of a standardized form and content. Depending”
on the degree of complexity of the alternatives considered, interface control

working groups may be necessary to develop interface agreements. Within these

working groups, representatives develop documentation to establish the

requirements to which the interface is designed and developed.

6.3 Risk Management

A high value attribute of the SE process is the requirement to identify and manage
risks early in the process. Risk is determined by evaluating the “consequence” of
an event Occurnng and the “probability” of the event occurring. Any lack of
information, knowledge, or understanding, about an aspect of the design inputs,
interfaces, stakeholders, or proposed alternatives to be used in the processing and
treatment of the HLW salt, creates a finite risk. Therefore, an assessment of risks
must begin early and be done frequently.

All fisks ultimately manifest themselves as cost, schedule, or safety issues;
however, more detailed analysis of risks is possible and desirable, to focus in on”
specific aspects, such as technical, logistical, environmental, etc.

The four prime steps in risk management include:

. identification of risks
● assessment of consequences and probability (high, medium, low) of identified

risks ..

I

. handling the risk either by preventing, accepting, reducing, mitigating, or
transferring it

. monitoring the risks handling activities agreed upon
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WSRC Manual El 110contains procedures for guiding risk assessments and “
planning for both technical and non-technicalrisks, respectively. I
The risk assessment of alternatives will identify the level of maturity for
technology as shown in Figure 4. The higher the level of technical maturity, the
lower the associated risk.

Engineering
Scale Pilot
Demonstration

Figure 4. Risk Versus TechnicalMaturity

As a minimum, all highrisks identifiedduringthepreconceptualstageshallhave
a prelimin~ plandevelopedto addresswhatstrategy(s)areneeded. Key
activhiesshouldbe logictied to themasterschedulefor this initiative. As

subsequentprogramstagesevolve(conceptualanddetaileddesign),detailedRisk
ManagementPlans(RMl?)andhandlingstrategieswillbe developedby theTeam.

Handling of high risks should be a primary source of input when defining future “
deliverables, costs, and schedules for subsequent phases. Often times studies are
commissioned to further understand and/or reduce a high risk to a lower risk.

6.4 Conjuration Management

Configuration Management (CM) will be implemented to establish accuracy and
consistency among design requirements, physical configuration, and facility
documentation for SSC’S and process software to the extent they exist. I
Maintaining an accurate configuration is essential throughout the Team’s
chartered activities.

Documents shall be configurationcontrolled in accordance with the WSRC
Manual procedure governingthat document. ,For documents not specifically
traceable to a WSRC Manual, the Team sponsor and/or Leader’s signature and
date will suffice.

6.5 Report Format

6.5.1 Content

Reports and documents, generated by the Team, intended for distribution to
the Team Sponsor or DOE shall adhere to the following content features: I
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. Are stand alone documents

. Address why the report is necessary

. Have clear and traceable references

. Provide the bases for recommendations, conclusions, data, or calculations
used

. Clearly list assumptions used

6.5.2 Format

The following title and signatures shall be used:

. Title: HLW Salt Disposition Systems Engineering Team

. Date/Revision Level
● “Prepared by” and date
● “Approved by” and date

6.5.3 Distribution

The minimum distributionfor formal documentationsent to DOE is as
follows:

. DOE: R. J. Schepens

. DOE W. F. Spader

. WSRC Team Sponsor

. WSRC Team Leader
● All WSRC Team members
. Records

6.5.4 DOE Review Cycle

It is assumed that the DOE comment and concurrence cycle is ten business
days for documents submitted by the Team when review, comment, and
concurrence are requested.
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7.0EngineeringandProgrammaticSpecialtyIntegration

Engineering and Progmrnmatic Specialties are those disciplines which support the
technical evaluation and design process by applying knowledge from a specific area to
ensure complete and adequate development of design input and design output. These
specialties will be integrated into the development effort through their involvement in
the design input, alternative studies, and the verification and validation activities of
the developed alternatives. The SE process requires, and is dependent on, identifying
the appropriate type and quantity of Team participants.

A list of Subject Matter Expertise (SME) and attributes necessary for Team
membership will be approved by the Team Sponsor. The anticipated specialty
disciplines “applicable to the Team activities include, but are not limited to, the*

following:

●

●

●

●

●

●

●

●

●

●

●
✎ ✎

●

●

●

●

SystemsEngineering

Reliability, Availability, and Maintainability “

Safeguards and Security
Regulatory Compliance
Environmental, Authorization Basis/Safety, and Health (including hazard”
analysis)
Waste Mini&ization and Pollution Prevention
Risk Management
Life Cycle Cost
HLW Operations
Radiation Engineering
Savannah River Technology Center
Chemistry and Chemical Engineering ‘
Design Engineering
Coris@ction
Fire Protection

I

Outside participants, e.g., DOE contractors, university, and commercial experts will be
considered for Team membership or consultation.
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9.0Attachments

9.1 Attachment 1

Attachment 1 delineates the major deliverableshn.ilestones
Phases I, II, and III.

9.2 Attachment 2

for preconceptual

Attachment delineates a logic tied schedule of activities for preconceptual Phase
I.

9.3 Attachment 3

Attachment3 delineates a logic tied schedule of activities for preconceptualPhase
II.

9.4 Attachment 4

Attachment 4.delineates a logic tied schedule of activities for preconceptual Phase
III. -

9.5 Attachment 5

Attachment 5 delineates the SEMP Implementation Diagram for Phase I.

9.6 Attachment 6

Attachment 6 delineates the SEMP Implementation Diagram for Phase II.

9.7 Attachment 7

Attachment 7 delineates the SEMP Implementation Diagram for Phase III.
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Attachment 1. Key Team Deliverablesand Schedules for PreconceptualActivities

Phase Deliverable

I Team Selection

Systems Engineering Management Plan. .

Report summarizing the activities leading to an “initial list” of
alternatives and screening criteria for the short list

II Report summarizing the activities leading to a “short list” of
alternatives

ProgramProgressReportto DOEHQ

Develop detailed evaluationcriteria weightingfactors

Complete a preliminary Technical Risk Analysis on the short
list alternatives

..

Complete Programmatic Risk Review and perform a detailed

schedule reviewhid-course correction

m Complete preconceptual* design and initial cost estimate

Provide final report on all activities and prefemed alternative
recommendation

p@

3/12/98

3/26/98

4/17/98

5/18/98

5/18/98

5/22/98

6/5/98

6/22/98

8/15/98

9/30/98

*Preconceptual design includes configuration controlled design input, e.g., Section 1 I
of a facility design description (FDD) and key features of theprefemed ~temative. A .

Flow Sheet or Process Diagram will be included. Details of design will not be

developed during preconceptual activities.
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Attachment 2. Logic Tied Schedule for PreconceptuaIPhase I I
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Attachment 3. Logic Tied Schedule for Preconceptual Phase II .
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Attachment4. LogicTiedSchedulefor PreconceptualPhaseIII
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Attachment 5. SEMP ImplementationDiagram for Phase I ~
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Attachment 6. SEMP Implementation Diagram for Phase II .
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Attachment7. SEMP ImplementationDiagram for Phase III -
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High Level Waste Salt Disposition Interface Requirements, Revision C
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1.0 Introduction

The High-Level Waste System is a set of six different interconnected processes (Figure i-I) operated by
[WOSRS organizations (High Level Waste and Solid Waste Divisions). These processes function as one
large treatment plant that receives, stores, and treats high-level wastes from various generators at SRS and
converts them into forms suitable for final disposal. The three major forms are borosilicate glass, which
will be eventually disposed of in a Federal Repository, SaltStone to be buried on site, and treated water
etlluent that k released to the environment. -

These processescurrentlyinclude:
I) High-Level Waste Storage and Evaporation (F- and H-area Tank Farms)
2) Salt processing (In-Tank Precipitation and Late Wash)
3) Extended SludgeProcessing
4) Vitriticution (PrecipitateandSludgePretreatment,andVitrification)
5) Wastewater Treatment (Effluent Treatment Facility)
6) Solidification (Sakstone)

All of these processes are currently processing their respective radioactive materials except The In-Tank
Precipitation (ITP) facility. ITP initiated radioactive operation in Tank 48H in September of 1995. During
pump operation in December of 1995, benzene evolved from Tank 48H at higher rates than expected,
though the operational safety limit was never approached. Investigations revealed the source was
tipparently benzene generated by the catalytic decomposition of excess sodium tetraphenylborate (NaTPB)
idded to ensure adequate suppression of cesium volubility.

In August 1996, the Defense Nuclear Facility Safety Board (DNFSB) issued Recommendation 96-1. The
DNFSB recommended that operating and testing in the ITP facility not proceed without an improved
understanding of the mechanisms of benzene generation, retention, and release. In response to
Recommendation 96-1 additional investigations were conducted from August 1996 through January 1998.

These studies indicated that the safe and efficient processing of HLW could not be accomplished in the ITP
facility as configured in January 1998. This resulted in a recommendation to the Department of Energy to
conduct a systems evaluation of all potential salt (supernate and cake) processing options to determine the
most cost-effective process. The salt will remain in storage until an alternative sah pre-treatment process is
idetititied and implemented. Alternative processes will be evaluated throughout 1998. The selected “
al[errrative processmaybe:

● very similar to In-TankPrecipitation;

c tin ion exchangeprocessescurrently beingdeveloped;
● a Cs separation processnot previouslyevaluated;or .
● it may be a processthat fundamentallychanges‘theplannedoperationof the HLW System(e.g. by not

volume reducing the waste prior to disposal).

Since only a part of the entire HLW system is being evaluated for replacement, the selected alternative must
Irr[erface safely and efficiently with the remainder of the process facilities. The purpose of this document is
[Uidenttfy the Functional Requirements for interfacing the salt disposition process in the current HLW
syslem. Processing of these wastes in a safe, effective, and environmentally sound manner is critical to
itccwt]plishlng the HLW System’s mission. Nine of the waste tanks have leaked in the past. Twenty-four of
[he tanks do not meet current regulatory standards. And all of the high-level wastes are prohibited from
wnltnued storage under EPA regulations.



High Level Waste Salt Disposition WSRC-type-yy-xxxx
[nwrtke Requirements SectIon I

Revision C
Page 2 of 4

1.1 HLW System Mission

The missionof the HLW Systemis to receive and store SRS high-level wastes in a safe and environmentally
sound manner, and to convert these wastes into forms suitable for final disposal. The planned forms are I)
borosilicate glass to be sent to a Federal Repository, 2) SaltStone to be disposed of on site, and 3) treated
wmtewater to be released to the environment. In addition, various effluents and other miscellaneous wastes
itre generated that must be managed. Also, the “storagetanks and facilities used to process the high-level
waste must be left in a state such that they can be decommissioned and closed in a cost-effective manner
itnd in accordance with appropriate regulations and regulatory agreements.

Removal of [he waste from the high-level waste tanks is needed to resolve several safety and regulatory
concerns. Nine tanks at SRS have leaked observable quantities of waste from primary to secondary
containment, and one of these tanks,Tank 16H,leakeda fewtensof gallonsof wasteto the environmentin
1960111.Two other tanks. Tank 19H and 20H, have known penetrations above the liquid level, although no
waste has been observed to leak through these penetrations. Tanks 1 through 24 do not meet EPA
secondary containment standards for storage of hazardous waste, which were effective January 12, 1987121.

As u result of these concerns, removal of the wastes from tanks 1 through 24 is required by the Federal
Facility Agreement for SRS among DOE, EPA, and SCDHEC ‘3’. As part of the FFA process, DOE has
cwnmlued to a schedulel~l for removing the.wastes from the tanks (See Section 2).

Furthermore, all of the high-level wastes in storage at SRS are Land Disposal Restricted wastes, which are
prohibited from storage. Since the planned processing of these wastes wili require considerable time and
[herefore continued storage of the waste, DOE has entered into a compliance agreement with the EPA 151.

This complianceagreementrequiresprocessingof all the high-levelwasteat SRS accordingto a schedule
negotiatedbetweenDOEand EpA.

1.2HLW System Overview

Figure I- I schematically illustrates the routine flow of wastes through the HLW System. The various
processes within the system and external processes are shown in rectangles. The numbered streams
dent itied In italics are the interface streams between the various processes. The discussion below represents
[he HLW system ctmtiguration as of January 1998[61.A more detailed description is contained in Appendix
A.

Incoming High-Level Wastes (Stream I) are receivedinto HLW Storage and Evaporation. The function of
[he S[omge and Evaporationprocess is to safely store these wastes until downstream processes are available
fur turther processing. As an extension of storage, some of the salt wastes are evaporated to a solid saltcake
m reduce their volume and mobility (the sahcake is later redissolved with water before being sent on to
further processing. The decontaminated overheads from the evaporators are sent to the ETF (Stream 13).

The Insoluble sludges that settle to the bottom of waste receipt tanks in Storage and Evaporation are slurried
using hydriwlk slurrying techniques and sent to Extended Sludge Processing (ESP) (Stream 2). in ESP,
dudges high in irluminum ilre processed to remove some of the insoluble aluminum compounds. All
sludge,s. Including those [hat have been processed to remove aluminum, are washed with water to reduce
[Iwlr soluble sidt comerw The spent washwater from this process is sent back to the Storage and
Evapww[mn (Strewn 3). The washed sludge is sent to DWPF Feed Pretreatment and Vitrification
(Swum 4).

Sal[cake is redissolved using hydraulic slurrying techniques similar to sludge s]ur-r-ying.The salt solutions
lrom [his opera[ion, and other salt solutions from Storage and Evaporation, are sent to ]n-Tank Precipitation
(ITP) (Streum5). In ]TP, [hesalt solution is processedto removeradionuclides,whichare concentrated
into iin urgani~ pre~iplt~~e.The decontaminatedsupernateis sent to Saltstone. A concentratedorg~nic

I
1

I

I

,

I
I
i
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precipitate. containing most of the radionuclides, is produced by the process. This precipitate is washed
with water to remove soluble salts. I+owever, some soluble corrosion inhibhors (which interfere with
DWPF processing) must be left in the precipitate after washing because the precipitate is stored in carbon
steel ttinks. which are susceptible to corrosive attack by uninhibited precipitate wastes.

In Liite Wash. the precipitate (Stream 7) is further washed in stainless steel tanks to reduce the level of
soluble corrosion inhibitors to levels acceptable to the DWPF process. The washwater from this process is
returned to the ITP process(Stream8) to be reused irt the ITP process.

.
The washed precipitate from Late Wash is then sent to the DWPF Vitrification building (221-S). In the
vitrification building, the precipitate is catalytically decomposed and separated into two streams: a mildly
ct-wmtminatedorganic stream, which is sent to storage and eventual organic destruction in the Consolidated
Incineriition Facility (Stream 11), and an aqueous stream containing virtually all of the radionuclides. The
tiqueous stream is combined withthe washedsludgefromESP, which has undergone further processing (see
next paragraph), and the mixture is sent to glass melting.

The washed sludge from ESP (Stream 4) is chemically adjusted in the DWPF to prepare the sludge for feed
to the glass melter. ,As pan of this process,a significantamountof.mercuryis strippedout, which is

puritied andsentto mercuryreceivers(Stream12). The aqueousproduct from organicdecompositionis
added to the chemically adjusted sludge. The mixture is then mixed with glass frit and sent to the glass
melter. The glass melter drives off the water and melts the wastes into a borosiiicate glass matrix, which is
poured into a canister. The canistered glass wasteform (Stream 9) is sent to on site interim storage, and will
eventually be disposedof in a Federal Repository.

The wwer vapor driven off from the melter along with other aqueous streams generated throughout the
I)WPF Vitrification building are recycled to Storage and Evaporation for evaporation, storage. and eventual
Iurther prtxxssing (Stream 10).

overheads from the Storage and Evaporation evaporators are combined with overheads from evaporators in
the F- and l-1-are~Sep~rations processes and other low-level streams from various waste generators. Thk
mixture of low-level wastes is sent to the Effluent Treatment Facility (ETF). (Stream 13)

lri the ETF, these low-level wastes are decontaminated by a series of cleaning processes. The
decontaminated water effluent is sent to the H-area outfall and eventually flows to on site creeks and the Q
Savannah River (Stream 14). The contaminants removed from the water are concentrated and sent to
Sidtsttme (Stream. 15).

[n .%dtstonethe concentrate from the ETF is combined with the decontaminated supernate from ITP
(Streum6). The liquid waste is combined with cement formers and pumped as a wet grout (Stream 16) to a
vw.tit. In the vault. the cement formers hydrate and cure, forming a Saltstone monolith that will eventually
be closed as a Iandtill.



High [.C .}lJWC .S;III Dlsposllmn WSRC-Iype-yy-xxxx

Interl’wx Requirement\ Section I
Revision C

Page 4 of 4

Figure 1-1: HLW System Major Interfaces
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~.() Production Rectuirements

“ik produc[iort requirements are derived from the examination of the Federal Facilities Agreement
(FFAJ’’’4’”’f’f’. Site Treatment Plan (STP)’71and Accelerated Clean-up Plan (ACP~81.

The FFA was executed January 15, 1993 by the DOE. the Environmental Protection Agency (EPA). and the
South Carolina Department of Health and Environmental Control (SCDHEC) and became effective August
i6.1993. The FFA provides standards for seconrjary containment, requirements for responding to leaks.
and provisions for removing from service IeaKlngor unsuitable storage tanks. Tanks that do not meet the
standards set by the FFA may be used for the continued storage of their current waste inventories. but are
required to be removed from service on the schedule recently approved by SCDHEC’4’.This schedule is
contained in Appendix (B). The schedule requires the retirement of all the old style (Types i. ii, and iV) by
9/3 I/2020. This schedule recognizes that Tanks 4,5,6,7, and 8 mayreceive additional supernate inventory
m itddition to the current inventory. No other old style tanks may receive new waste. Table 3-1 contains the
Old Style Tank inventory and FFA waste removal date. Table 3-2 contains the Type iiI waste inventory.
The FFA schedule is the least restrictive of the three production requirements.

The STP for SRS describesthe developmentof treatmentcapacitiesand technologiesfor mixedwaste.The
STPidentities vitrification in DWPF asthe preferredoption for treatingSRS liquidhigh levelwaste.
DWPF has met it’s STP commitments to submit permit applications, enter into contracts, initiate

construction. conduct systems testing, commence operations and submit a schedule for processing
backlogged anrt currently generated mixed waste[9]. In the schedule submitted to SCDHEC on 5/2 1/96.
SRS committed that: .

“’... After the sum-up period is complete and D WPF begins jdl operation, the maintenance of an
average (JJ200 cani.wers of processed glass per year will be required in order to meet the
schedule jbr removal Ofbacklogged and currently generated waste inventory by the year 2028... “’

The High Level Wirste System Planlylestimates that a total of 6060 canisters of glass must be produced to
immobilize the current and projected waste inventories. The design life of the DWPF melter is 2 years and
[he current planning basis for time to change the melter is 6 months. Therefore, over the next 30 years 15
melters will be required resulting in 7 years of lost production time. Rer.ruirement: Any sah”disposition
tircilitv must be capable of lon~ term rxoduction rates of 260 canisters per year for the hi~h level waste .
system.

The objective of the Accelerated Clean-up Plan (ACP) is to reduce risk and mortgage costs complex wide
by accelerating the site clean-up schedules and reallocating funding. SRS has established aggressive goals
m remove alI waste from the old style tanks by 2006, and process all current and future waste by 2021.

The ACP therefore requires the 6000 canisters to be produced over 22 years.The high levelwastesystem
plwtrequiresDWPFa productionrateof 200 canistersthrough.2004,225 canistersin 2005 and 250
cirnistersfor the remainderof the program.The maximumcanisterproductionrate is 250/ year for 16years,
whkh require8 melterreplacementsresult in 4 years of lost production. Goal: Atw salt disposition facility
should target a long term rxoduction rate of 340 canisters ~er year for the high level waste svstem.

I

1

Requirement: Consistent wkh the current facilities desi~n and riannin~ bases for the HLW svstem the
maximum attainment for new facilities shall be no preater than 7590.
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3.() Waste Characterization

The Tank Farm currently contains about 34 million gallons of waste consisting of 3 million gallons of
sludge, 15 million gallons of saltcake and 16 million gallons of concentrated salt supemate. This sludge
contains about 300 million Curies of radioactivityy, primarily SrN-90, while the salt (saltcake and supernate)
contains about 134 million Curies, primarily Cs/Ba- 137. This waste is the legacy of 35 years of SRS
operations. The SeparationsCanyonsand fuel storagefacilities containdissolvedfuel and irradiatedfuel
tissemblieslhat will addsomewhatto the legacy-wasteover the next4-5 years.
Requirement: All of [he existirw and future HLW shown in Tables 3-1 to 3-7 must be treated and dis~osed.

Table 3-1 Old Style Tank Inventory and FFA Waste Removal Date

Tank Sludge Salt Free Sludge, Interstitial Interstitial Total FFAWaste
Volume Volume Supemate Salt, i3 Sludge Salt Supemate Removal

(gal) (gal) Vol.(gal) Supemate Supemate Supemate Vol. (gal) Date
Total Vol.(gal) Vol.(gal)

Volume
(gal)

1 7,000 480,000 18,957 505,957 4,900 105,600 129,457 3131/2018

2 4,000 536,000 5,252 545,252 2.800 117.920 125.972 12/31/2016
I 1 I

I 31 4,0001 536;0001 “3741 540:3741 2:8001 117:9201 121.0941 9/30/20201, t
41 127,000 34;000 346,312 507;3121 88;900 7;4801 442;692 9/30/2020

51 34,000 -14,280 34.146] 3.1411 3.141 9/30/2020, 1 t I t

I 61 25:0001 I 319.7121 344:712! 17.5001 I 33~212i 9/30/2020
L

—.— ,— ... —--
!

-.

7 209,000 157,121 366,121 146,300 303,421I 9/30/2020

8 164,000 68,880 164,226 15,153 15,1531 9/30/2020
*

I 91 4,0001 538,0001 541,458 2,800 118,360 121,160 3/’31/2018

I I 213.0001 2,800 46,860 50,002 3/31/2018

j ;;1 14;;1 I 199,%4 %:4 98,000 297.834 9/30/2005
k I

,--- 1
— —, --—

I

1

12 111,110 39,999 112;465 8,799 8;799 3/31/2005
13 ‘223,000 659,350 882,350 156,100 815,450 3/31/2013

14 27,000 156,000 173,950 18,900 34,320 53,220 3/31/2008
15 210.000 98.700 2.450 311.150 21.714 24.164 3/31/2011, t t , 1 1

1 161 ! I I I empty
17 closed

18 42,000 308,106 350,106 29,400 337,506 3/31/2003

19 7,560 13,000 256,622 277,182 5,292 2,860 264,774 31311200T

20 closed
21 14,000 116,980 130,980 9,800 126,780 12/31/2010

22 ,21,000 808,422 829,422 14,700 823,122 12/31/2010

23 43,000 673,850 716,850 30,100 703,950 3/31/2012

24 275,058 275,058 275,058 3/31/2012

, 1 , ,
I Total[ 1,420,670[ 2.727,860! 4,148,742! 8,166.2471

, , , I
631,0921 600,1291 5,379,9631 i

* Bulk waste was removed from Tank 19 in 1986. Waste heel remains to be removed.
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Table 3-2 Type 111 Waste Tank Inventory

Tank I Sludgel Salt Volume! Freel Sludoe,Salt,l Interstitial Interstitial Totall
Volume

,Q.,~ s,s~ Sfi!!!‘~$~~$1(gal) Supemale &S~pemate
(gal) Vol.(gal)TotalVolume

26 I 281,000! I 3K$

E!( U1.\yall

25 I I 1,108,000] 162,269 1,270,26$ ~43,760 406,029

, 40 642,541 196,700, 558,240

27 463,0001 805,268 1,268,268 101,860 907,128
28 I 1.032.0001 187.023 1,219,023 “ 227,040 414.063,

301 1,274,1301 I 220:0001 “494.130129 1,000,000 274,1:

30 500 65,988 1,087,600 1,154,088 350 14,517 1,102,46.
31 1,014,000 245,388 1,259,388 223,080 468,468

32 182,871 1,031,800 1,214,671 128,009 1,159,809
33 39,000 227,000 172,750 438,750 27,300 49,940 249,990

34 25.000 212.000 919.194 1.156.194 17,500 46,640 983,334
1 1 I _,. —. ., ._-,.-

35 64,5841 I -1.140.0481 1.204.62, 1 t .,– I --- .,-J21 45,2081 1,185,256

}4136 150 1,094,000 186,649 1,280,799 105 240,680 427,43
37 973,000 265,679 1,238,679 214,060 479,739
38 J393,295 297,648 1,190,943 196,524 494,172
39 92.664 951.912 1.04Uj76 64,864 1,016,776t I I -— -,--— -. -..,-

40 173,000 I 702,745 875,;

41 1,231,0001 9,083 1,240,(

745 121,100 -823,845

183 270,820 279,903

42 I 261,9001 I 349.8931 611.793 209,520 559,413
43 58,7561 123,084 929,777 1,111,617 41,129 27,078 997,984
44 I 989,000 280,216 1,269,216 217,580 4f- -A-

263.249 248.600 31AC I I 4 ICMI nnnl 4CXIri.4ni 1.-tti I I I , Iou,uutq I aa,c~a

46 4.0001 889.435
.—-—,___! 1 —. -,--- 1 -.

893,4351 8801 89u,J1c1 1

47 I 248,0001 868:0001 - -- t143.001 1.259.0021 173,6001 190,9601 507,561
I I OAK QAO

—,.. .,—--,--—

48 245,349 245,349 c-w,*.i3

49 115,128 115,128 115,128

50 364,338 364,338 364,338
51 295,542 247,455 236,433 236,433

I I
Type Ill 11,722,9671 12,427,3671

I I I I
1,225,1141 26,353,301I 1,261,8211 2,734,021I 16,246.956

Tank I I I I I “1””1”1

!

4

IrwentorvII I I I I I I
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Table 3-3 Total Tank Farm Inventory

Tank Sludge SaltVolume Free Sludge,Salt, Interstitial Interstitial - Total
Volume (gal) Supemate &Supemate Sludge Salt Supemate,

(gal) Vol. (gal) Total Volume Supemate Supemate Vol. (gal)
(gal) Vol.(gal) Vol.(gal)

I’ypet, 11,1,420,670 2,727,860 4,148,742 - 8,166,247 631,092 600,129 5,379,963
and 111

Inventory
Type Ill 1,722,967 12,427,367 1,225,114 26,353,301 1,261,821 2,734,021 16,246,956
Tank

~nventory
Total 3,143,637 15,155,227 16,399,856 34,519,608 1,892,913 3,334,150 21,626,919
Tank
Farm

Inventory

Table 3-4 shows the approximate total mass of solids in salt waste.

Table 3-4 Mass of Solids in Salt Waste

t I Current I Future I Total I
LMa42d Mmc!!il fmA!!it

Sun in Supernate 39,200 4,000 43,200

Stih m Saltcake .83,200 -- -.

To[iIl hktss 122,400 4,000 126,400

3.1 Basis of Waste Characterization
4

To provide a common basis for the various salt pretreatment options, the total mass of salt solids to be
processed has been estimated using the database describing the present waste inventory maintained by High
Level Waste Engineering. This estimate k based on the information available for the waste tanks as of
Murch 3. I!398for the current inventory (See Appendix C).

Future waste compositions are based on forecasted waste volumes used in the HLW System Pian191and
soluble waste stream compositions for the various waste streams sent to the Tank Farms from the
Cimyons 1“’1’1”1,and an assumed 0.015 M NaOH for DWPF recycle waste, ESP wash water and tank wash
wtiter from cleanout and retirement.

ESP Processing also includes the addition of 3 moles of NaOH for each mole of aluminum hydroxide
contained in H-Area HHW sludge to reflect additions from aluminum dissolution operations. For purposes
of this estimate. 759” of the aluminum hydroxide in the HM HHW shrdge is assumed to be converted to
sodium aluminate. The caustic and aluminate from this operation will be diverted to the soluble salt
pretreiNment operations.

,1
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Table 3-5 Projected Salt Inventory to Be Processed

fvasteSpeciw”

Water

CSOH
KNOl

NaAl(OH)<

lNiljCjOi

Na2COI

NazCrO~

Nit2Moo4

Na2Si01

NazS04

NaJP04

NaAg(OH~

NaCl

NaF

NuH:O(OH)

NiINQ

NnNOJ

NaOH

NH4N03

caso4 ,,

Other Sal[~
Insol, Solids

TotaJSolids

O)Includes so

vlolecuhr
Weight

-

149.910

101.103

I IWOI

133.999

105.989

16i.973

205.917
122.033

142.ti3,. .- ..-.
163.941.- . .
164.873
58.443
41.988
256.587

68.995
84.995
39.997
80.043

136.142.-
(2-

> (b) =

ble salts{

Current ? Current Future I Current ! Current i FMure I Total
Imentory 1 Imentory ; AcklitionsI Imentory ~ Imentory ~ Afitions I sodium
3upernate \ Salt Cake : Supnate ] Supernate i Sattwe I Suprnate I salts

O%) : (kg) (w (moles) ! (moieS) ! (moles) (moles)

6.248E+07 : (c) 5.625E+06 3.467E+09 : (c) : 3.122E+05

6.705E+03 ‘ (d) 2970E+02 4.473E+04 :. . ....-.--$ - - . . .... . .. . -.—-.c (d) ~ 1.982E4)0.--—--—---------——---- — .
4.064E+05 I 8.318E+04 4.651E@3 4.020E+06 8.227E+05 4.600E+04. . . . ...... ..... ---- .. ...— - ... ___ -_
3.663E+06 7.529E+06 9.512Et05 3.105Et07 6.380EA)7 ~ 8.061EiQ6 1.029E+08.. .. . . ., ---,---- . _____ .- .- —-—
9.670E+64 4.324E+05 4.687E+03 7.217E+05 . 3.227E+06 ‘ 3.498E+04 7.967EA)6. ... . . ....— .- -, -.—-.—. . _._ -__... _ :t ,-,
2.143E+06 3.328EA)6 1.115E+05 2.021E+07 , 3.140E+07 I 1.052E+06 1.053E+08. .. . .. ... . . . ...... . --, . . . ... .. ..—-------- .—.. -...-._. . .
9.622E+04! 6.296EA14 4.702Et03 [ 5.940EtOi : 3.887Eto5 i 2.903EW4 I 2.024E-I.06- ---....4.-. —-.—.- ,..—. . ..—, . .

I _l1.220E+048.159Et02 OIIOOEtOO5.924Et04~3.%2Et03 1.264E+05.... . ... . .. .........,. ...--..,-... .. . . ... . . . . . , —-..-.—-. ,...... —..—------ .
1.431E+04 : 1.314E+05 , 4.016EW3 1.172Ei05 , 1.077E+06 ! 3.291E+4M 2.454E+06-------- ..---.-—.,-.....— —— —., — -- ——.. .. .
4.443E+05 i 6.408E#Xi : 9.823E+04 ~ 3.128E+06 ~4.512E+07 i 6.916E+t)5 I 9.787E+rJ7-- .. . ...-. ... . ..-_t.-..--— . - . . . .—---- - —------------ ________ --------- .. .....
1.720Et05~2.508E+05 1.209E+04 1.049E~ ~ 1530Et06 i 7.373E-IU4 7.959E+06- ..__...--J---- .--.-_- ._:.. -——- -——, — ----.
3.129E+OI! 1.874EW2~ 1.049E+o0 1.898E+02-; 1.137EW~E+O0..—--.-&_ . .--—..-. ._—___ .- 1.333E+03
4.876E+04I 4218E+05 7.419E+03 8344E+05 ‘ 7.218E+06~ 1.269E+15 8.179E+06

.—-—.
.—. .-. .._- ... —------ ., -.L_. —

4.ltiE+04 ; 3.989EiQ5 1.043E+03 9.947E+05. 9.5(X)E+06j 2.4&$E+Q4
-------

..... --- 1.052E+07..-. .. . -. --....-...-——._.. _.. _ _ ..____ ---- .- .
8.932Et03 2.588E+03 6.2S9E~ 3.481E+04 ! 1.C09E+04I 2.455E+03 4.735E+04. _- . .... . ..- .. .. ..,-—.. ,..- ---------- . ,.
6.124E+C6 5.224E+06 3.778E+05 .-8.875E47 ; .7.572E+07; 5.476E#36 1.699E+08------ ----— ----------- . .
Lli8E+07 ! 4.855E+07 1.206E+06 1.398E+08, 5.712Et08 i L419E+07 ‘?.252Eti8..- . .... - ... .-—-----...-------.. . . -------- -.&----- ... _ - ----”
1406Et07 ~9.79QEi416: 1.187F+06 3.515%08 , 2448E+08‘ 2.969E+07 6,259E+08.!,,., .... ... ______ ______ .--_..,- :--. , -- ...

1.021Et04 : 5.057E+02 0.000EWO ; 1.275W35 i 6.318E+03--- ........ ----- ---
2.994Et0202 9.856EM2 ; 4.600E-01

t.

.—-.----—---- -

t I—..-
2199E+03 {7.239E+03i 3.379E+O0.—-- _____________ -.—~——. -----.

1.%9E+04\ 3.305E+05“
1.231E+03 \ 2148E+05 : I I , I
3.923E4)7 I 8.318E+07 ! 3.973E+06 6.428EM8 / 1.056EM9 I 5.953Et07 I 1.866E+09

tracemetals(e.g.,Ba, Cd, Cu. Pd, Sn, Tc, Rh, Ru, lanthanides, actinides). .

(b J Represents emriiined sludge solids will vary, depending on settling time prior to transfer.

(c) water m sirlt tanks included with interstitial supernate; salt cake inventory is based on dry salt.

(d) Bounding total CSOH concentration: based on Total Ci of Cs- 137 transferred to the waste tanks.

● Total Solution Volume@ 5.5 M [Na=]= ( 1.866E09 moles)/[(5.5 moles/L)(3.785 LJgal)] = 90 million gallons.

● Total Solution Volume @ 5.0 M [Na=]= ( 1.866E09 moles)/[(4.5 moles/L)(3~785IJgal)] = 99 million gallons.
● Total Solution Volume @ 4.5 M [Na=]= ( 1.866E09 moles)/[(4.5 moles/L)(3.785 IJgal)] = 110 million gallons.



High Level Was[e Salt Disposition W!3RC-type-yy-xxxx

lmert%ce Requwements Section 3
Revision C” ‘

Page 5 of 6

Chemical Composition

The composition andmassof variouscomponentsin the soh.tbksahsin the wasteto be proecssedare

summarizedin Table 3-5 forexistingsupernate,existingsaltcakeandfuturewastefromforecasts.Although
existing supernate in inventory is about 8-5 M“sodium, the concentration in feed to salt pretreatment can not
b“enmirmtined at this concentration for the entire processing of the existing inventory, due to variations in
volubility for the various waste components. For the ITP process, the projected overall average for the inlet
t’eedused as a basis for design and forecasting is 4t.5 to 5.5 M, with an average of 5.0 M assumed. The
byproduct decontaminated salt solution sent to Z-Area for disposal from ITP is projected to range from 4.0
to 5.0 M sodium. depending on the amount of precipitate washing that is required, with an average of 4.5 M
sodium assumed. Total waste volumes to be processed for various sodium concentrations are also shown on
Table 3-5.

Curie Content.

Except for Cs- 137 and Ba- 137m, limited data is available for various longer-lived radionuclides present in the waste.
Bounding soluble concentrations for other kotopes in supemate, principally the transuranics have been estimated to
providea basis for disposal of solid waste generated from tank farm operations. The projected inventory for these
rwlionuclides are shown h Table 3-6. Corresponding concentrations in supernate diluted to 5.5 M sodium, which
would bound solutions prepared from salt dissolution, are shown h Table 3-7

Table 3-6 Curie Content of Current Supernate

Nuclide Total Ci Nuclide Total Ci I Nuclide Total Ci
1

CO-60 8.5 Ba-137 110,000,000 Pu-238 36.000

Sr-90 29,000 Th-232 0.067 Pu-239 3,400 ~

Y-w 29,000 U-232 0.060 Pu-240 920

Tc-99 5,200 U-233 2.3 Pu-241 23,000

RU-106 2,600 U-234 1.6 “Pu-242 0.82

Rh- 106 2,600 U-235 0.12 Am-24 1 . ‘ 31.000

Sb-125 I,400 U-236 0.24 Am-242m 11

Sn-126 50 U-238 6.5 Cm-244 150

Cs- I37 I20,000*000 .Np-237 4 i Cm-245 0.0012
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Table 3-7 Bounding Curie Concentration of Current Supernate @ 5.5 M Na+

Nuclide” Ci/gal

CO-60 2.6E-07

Sr-9(1 8.9E-04

Y-99 8.9E-04

Tc-99 1.6E-04

RU-106 8.OE-05

Rh- 106 8.OE-05

Sb-125 4.3E-05

Sn-126 1.5E-06

Cs-I37 3.7
1

Nuclide Ci/gal

Ba- 137

Th-232

Y-232

U-233

U-234

U-235

U-236

U-238

NP-237

3.4

2.lE-09

1.8E-09

7.1E-08

4.9E-08

3.7E-09

7.4E-09

2.OE-07

1.2E-07

Nuclide Cilgid

Pu-238 1.1E-03

Pu-239 1.OE-04

Pu-240 2.8E-05

Pu-24 1 7.1!S-04

Pu-242 2.5E-08

Am-24 1 9.5E4)4

Am-242m 3.4E-07

Cm-244 4.6E-06

Cm-245 3.7E-1 1

. .

,
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4.() Waste Additions from NewSavannah River Site Missions

In the aftermath of the Cold War, the Savannah River site has taken the lead in waste disposition. Therefore
the site is being considered for several potential new missions. The scope and variety of these potential new
missions makes planning very difficult.

. .

The mirjority of these potential new missions create very little impact on the salt inventory or volume. An
example is (he processing of Pu scrap and residue. This is a very small stream with minimal sodium salts.
Other potentud new missions couldcreatesignificantamountsof traditionalHLW. An example of this
\Vl)uIdbe the processing of a]] aluminum clad fuels in the DOE Complexat SRS. The potential ariclidorml .
new waste from such a mission can not be forecasted with today’s information. Applicability of missions
such as these will be considered on a case by case basis after the selection of a salt disposition process.
Considerations for this waste should not impact the design or capacity of salt pre-treatment alternatives. .
This is acceptable because:

● the waste from virtually all of the potential new missions can be either diluted or controlled to
resemble existing waste if needed;

● many of the potential new missions will generate very low quantities of typical waste:
● the various HLW facilities should be able to improve and thus sustain production rates higher than

what is planned to enable additional waste to be processed without extending the program.; and
the duration of the HLW Program could be.extended if required

One mission that citnimpact the salt disposition process selection is excess plutonium disposal. The United
States has taken the lead in technology development for tissile materials disposition to promote global non-
proliferation. In suppor[of this mission,the U. S. Departmentof Energy’s(DOE)Officeof Fissile
MaterialsDisposition(OFMD)has been charged with providing technical support for evaluation of options
for the disposition of the excess fissile materials manufactured under the nation’s defense programs.

One option for plutonium disposition is immobilization using the can-in-canister concept. In this process,
plutonium will be immobilized in a crystalline ceramic form and placed in small stainless steel cans.
Several of these cans will then be placed in a rack which will be positioned in a large stainless steel canister.
The lw-getmister will then be filled with high-level radioactive waste glass which will surround the small
plumnlurn bearing cans. The high-level waste glass would act as a high radiation barrier and, thus, satisfy “
llt)n-pr~)liferillit)nrequirements.

The National Actidemy of Sciences (NAS) recommended that the national objective should be to make the
surplus plutonium “roughly as inaccessible for weapons use as the much larger and growing quantity of
plutonium that exists in spent fuel from commercial reactors 1311.”This state of inaccessibility defined by
the NAS became known as the Spent Fuel Standard. Therefore, in addition to traditional requirements for
immobilized formsto achieveisolationof the radionuclidesfromthe biosphere,the immobilizedplutonium
Iw-mmust also achieve a degree of inaccessibilityand difficulty of plutonium recoverability to be

’321Based on these definitions, the requirements for the can-comparable to typical commercial spent fuels .
In-cimister.assemblies [o meet the standard can be summarized as follows:

● A high radiation dose through the use of fission products to achieve doses >100
nmtihour une meter from the canister surface 30 years after fabrication
● A large and heavy integral assembly making it impossible for an individual to
move without [he aid of heavy equipment

● A dilute distribution of plutonium-bearing materials within the solid matrix
cwwuning the fission products

● A higher concentrationof heavierplutoniumisotopesas comparedto typical
weuptms-gradeplutonium.
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50 Final Waste Dis~osition

Rectuirement: All salt disposition txo~osals are to be “closed cvcle”, meaning that all process streams and
secondary wastes shall have a final disposal option which complies with all applicable state and federal
regulations.

‘rhese proposals may elect to interface with the four existing SRS facilities.

5.1 Functions and Requirements for Utiiizing HLW Division Facilities

The high level waste division provides for the storage, pre-treatment and conversion of HLW into
wasteforms suitable for disposition in a geologic repository. The requirements to use these facilities are
identified below.

5.1.1 H and F Area Tank Farms

The HLW Storage and Evaporation Process Function is storage of high-level waste in a safe and
environmentaly sound manneruntildownstreamprocessesare availabletoprocessthewasteintoforms
suitablefor finaldisposal.

Once downstream processes are available to process a tank of waste, the waste is removed from the tanks
itnd sent for further processing.

ReauiremenR HLW Stora~e and Evaporation must receive Irtcomitw Wastes from a number of sources,
including:

●

●

●

●

●

9

●

●

F-Canyon (Separations, including outside facilities)
H-Canyon (Separations, incIuding outside facilities)
The Receiving Basin for Offsite Fuels (RBOF) and the Resin Regeneration Facility (RRF) (These two

facilities are located in the same building, and the waste from them is often mixed before transfer
to Storage and Evaporation)

Reactor Areas
Savannah River Technology Center (SRTC)
Analytical Laboratory facilities
Other site facilities

●

Waste generated from decommissioning of tanks or other facilities

Requirement: The HLW Storatte and Evaporation orocess must receive the followitw recvcle streams from
within the HLW System:

● Spentdecontaminationsolutionsfrom theTank FarmMaintenanceFacility (299-H)

● Spent Washw~terfromSludgeProcessing

● Recyclefrom the DefenseWasteProcessingFacility (DWPF)
● HighlyContaminatedCoolingWateror StormWater
o HighlyCormtminatedETF Concentrate

i

This sectiondescribesthe requirementsfor acceptanceof wasteinto the Storageand Evaporation. All of
[hesu-eumsmentionedin the previoussectionare receivedinto wastetanks for storageand are subject to
the same requirements except where specified below.
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Requirements for Corrosion Preventiontlzl

The HLW storage tanks and cooling coils within the tanks are composed of carbon steel and are susceptible
to general corrosion, nitrate induced stress corrosion cracking, and pitting corrosion. .

Was[esolutions to be transferredinto Storageand Evaporationmustbe alkalineand mustbe inhibitedto
preventcorrosionof carbonsteel. Also, concentrations and volumes of incoming wastes must be controlled
so that when two or more incoming wastes are combined in a waste tank the resultant mixture is also within
Iimi[s. Requirement: The corrosionlimitsspecifiedbelowmustbe met.

pH shall be greater than 9.5

Minimum Inhibitor Contents For all Waste Generators excem DWPF:

For 5.5M < (NOS-)s 8.5 M:
and—

For 2.75 M c (NO;)s 5.5 M:
~

For 1.0 M < (NO;)< 2.75 M:
@

For 0.02 M < (NOJ”)s 1.0 M:
Qr

For (NO1-)s 0.02 M:
~

(OH) z 0.6 M
(OH) + (NO~) ~ 1.1 M

(OH) z 0.3 M
(OH) + (NO~) ~ 1.1 M

(OH) >0.1 * (NO~)
(OH-) + (NO~) ~ 0.4 * (NO;)

(OH.) z 1.0 M
(NO~) z 1.66 * (NO~)

(OH-) z 1.0 M
(NO;) z 0.033 M

Note:all concentrationsare in moles/literof supernate,and (OH) refersto ~ hydroxide.

Minimum Inhibitor Contents For Waste Generated by DWPF

For 1.0 M s (NO~): see above

For 0.1 Ms (NO;) c I.OM: (OH) Z1.OM ~

For 0.01 M s (NO~) <0. I M: (OH) z 0.5 M a
@ (NO~) z 3.17 * (NOi) -0.0192.

For (NOJ.) c 0.01 M: ~ (OH) 20.5 M
@ (NO~) z 0.0013

Note: all concentrations are in moles/liter of supernate, and (OH) refers to ~ hydroxide.

Maximum Concentrations of Corrosive Species - TSR

The waste’s supernate phase is limited to (these concentrations may occur simultaneously):

● (Cl) <().1 1 M:

● (F)s (,).086M (the concentration of uncomdexed fluoride);

● (NOI )s 8.5 M; and

● (SO,=) s (.).18M.

Requirements for Prevention of Accumulationof Flammable and Explosive com~onent~lzl
,
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Ammonia: [n the presence of free hydroxide ammdnium nitrate forms ammonium hydroxide. evolving
immoniu gas, which is tlammable at greater than 14.5 VOI%in dry air. Rectuirement: The ammonia must
be limited [o so that the ammonia contribution to the CLFL is less than 10%.

Orgwtic Compounds: Organics entering the Tank Farm have the potential to float.to the surface of the
ilqueous waste and present a tire or explosion hazard. Requirement: The concentration of all or~anics
enua’irw the T~nk Fdrm is limited to 0.5 vol?lo.insoluble or~anics (determined bv freon extraction).

Rectuirement: Volatile tlammable sr)ecies in the ~aste stream shall be characterized, and the vapor in
equilibrium with the liouid waste shall not be flammable and must be maintained below 25% of the
Comoosite Lower Flammability Limit (CLFL). Note: The liquid and vapor compositions are those of the
waste itself, irrespective of the eventual composition of the tank farm waste tank that receives the waste.

Requirement:Hydrogenfrom radiolmis mustbe no weater than8.9E-4 gallonsof hydro~enr)er~allon of
woste oer hr.

Requirement: Liquid Waste Temwrature shall not exceed 70°C if received into an “organic” desirmated
pump tank.

Shuck Sensitive Compounds: In 1970, popping noises were heard when dried waste deposits in the tank 21
feed jet enclosure and the 242-H evaporator cell were disturbed by personnel andlor equipment.
Investigation of the incident revealed that silver was present in the waste feeding the evaporator and
probably formed silver nirride, a shock sensitive compound. The silver was present due to flushes of the
silver coated Berl saddles used in the canyons to remove 1-129. Requirement: No waste mav be received
into the Tank Farms that contains silver, except for silver present as a fission Product and small cntantities
from Itiboratorv and/or analytical methods. .

lhliolo~ical Source Term for Waste Transferred to TvDe IV Tartksl121

Reauirernent: The concentration of waste transferred into twe IV tanks shall be no greater than 3.2E6
gW/~allon. The purpose of this limit is to reduce the risk of leakage. The type IV tanks have no
seconrhry containment, so the probability that leakage from a type N tank will reach the environment is .
higher than for a leaking primary on the other types of tanks. The purposeof the control is to limit the

consequenceof leakage,so that the total risk (probabilitytimesconsequence)is acceptable.

Radiological Source Term Criteria for non-Tvr)e IV Waste Tanks

1

:

Rerruirement: The composite (solids and Iiauids) dose potential concentration must be less than 2.3E9
rern,nJgallon to be received in the Tank Farm. Requirement: the settled solids ”musthave a dose uotential
concentration less than 4.5E9 rembdrzallon.
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Transfer Line Radiolo~ical Receipt Criteria ’121
Rertuirement: The followiwz criteria must be met for usin~ the existitw transfer Diuirwwithin the Tank
~
A. Waste transfer lines with secondary containment that are seismically qualified may have a dose

potential as high as 2.3E9 remi.~gallon.

B. Wastetransfer lines with secondarycontainmentthat arenot seismicallyqualified must have a dose
potential concentration <3E6 remi~gallon.

c. Waste transfer lines with single containment must have less than 0.05 Cl total activity per gallon and a
dose potential concentration c3E6 rern,n~gallon.

Requirements for Retwlatorv Comdiancel 121

Rwtuiremertts: Ntr RCRA listed hazardous wastes (i.e., wastes listed in the subpart D lists of40CFR261 I
mav be received into the Tank Farm excetmas noted below. The “Mixed Waste Site Treatment Plan” lists
the species that are allowed to exceed the TCLP criteria

Characteristic TCLP Code
Corrosivity DO02
13a DO05
Cr DO07
Pb DO08
Hg DO09
Ag- DO11 (except see Section limitation]
Benzene D018

ChLtracteristically hazardous wastes (Subpart C wastes) are acceptable for the characteristics listed in Tank
Farmpermits andregulatoryagreements(suchas the FederalFacilityComplianceAgreement).

The prohibition on acceptanceof RCRA listed hazardouswasteis imposedto ensurethat any waste
received into Storage and Evaporation can be processed through downstream ‘processes. Reviews of waste
currently in storage have shown that no listed wastes have historically been sent to the tank farm. Although
small quantities of laboratory chemicals on the hazardous waste lists have been received in the Tank Farms,
in all cases the disposal of these chemicals was covered by various RCRA exemptions and did not generated
u listed hazardous waste. ”

●

Although the Tank Farm permits allow receiving listed hazardous wastes, the permits for DWPF Glass and
!%l[stune, which will process all the wastes from the Tank Farms, do not allow processing of listed
Iwzurdous wastes. This is because DWPF, SaltStone, and ETF are permitted to produce only non-hazardous
procluc[s [gktss, Saltstone. and treated water, respectively). EPA and SCDHEC regulations specify that any
ptwduc[s derived from a listed waste are also considered hazardous waste.
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Reuuiremems for Criticality Safet~l121

Wits[ereceived in the Storageand Evaporationmustbesufficiently low in tissile materialconcentrationor
sutlkiently high in neutronpoisons to prevent a criticality. Rectuirement The safe weight ratio for neutron
pmson Provided below must be met.

I Single Neutron Poison I Required Weight Ratio 1

I I to Equivalent U-235 1
Cr I 66
Fe 76

I Mn I 30
U-238 103

Requirements for SAR Source Term ComDarisorr’13’

The Tank F~rm SAR contains tables of source terms-assumed concentrations of radionucIides in Storage
und Evaporation wastes. These source terms are used in SAR accident analysis and are part of the
imthoriziitlon basis for Storage and Evaporation. Recmirement: Incomirw wastes must be within the
concentrations sr2ecitied in the Tank Farm SAR source term.

5.1.2 Exlendett Sludge Processing
.. . .

The Function of ESP is to reduce the concentrations of aluminum, solublesalt and insolublesolids in the
sludgefed to DWPF for vitrificationin order to reducethe total numberof canistersproducedThis section
is providedfor informationonly. No requirementsfor salt processing are derived directly from ESP. Any
s[reams proposed for disposition in DWPF must be meet the glass processing limits after the inclusion of
[he sludge stream. It is therefore important to understand the limited role of ESP in modifying the
composition ot’the sludge. The ESP wastewater volume and composition has been included in waste .
charwterizitnon section. While there are several short term processing routes for this stream, ultimate
dwpusal wiII be by the selected salt disposition process.

The Aluminum content is partialIy determined by the dissolution process, which has a relatively high ‘
etliciency for tha[ part of the total aluminum which is susceptible to dissolution. Other forms of aluminum
are not affected by the aluminum dissolution operating. conditions. Thus the overall Aluminum removal
efficiency and the.Ahtminum content of ESPS product is partially determined by the blending provided by
the waste removal schedule. The allowable aluminum content is limited by the DWPF feed design bases to
ensure the molten glass has a satisfactory rheology. If the aluminum is outside of these limits, this will
increase the number of canisters at DWPF and increase the cost of processing.

The Insoluble solids content is controlled by the extent that the sludge is allowed to settle. for the final
decimt operation. If the wt% solids is too high, then the slurry’s rheology could be stiff enough to make it
ditlicul~ tu pump t’romTitnk 51H or 40H to DWPF. As the wt% solids decreases, then DWPF requires

uddiuonal time to process the same amount of solids (i.e., more boiling is required in the Slurry Receipt
Adjustment T~nk). Also, the water content of the sludge slurry sent to DWPF is all returned back to the
S[mtge and Ewtporation in the DWPF recycle stream. The slurry and transfer pumps will leak some of.
thmr betmng water into the feed tank, gradually diluting the wt% insoluble. This dilution may require that
iddi[ional superrut[e be decanted periodically. Each decant would require a process outage to allow several
weeks for [he sludge to settle, and would chunge [he salt content of the sludge (i.e., the ratio of

Irrsolubie:soluble solitJs).
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Wash Water Disposition Alternatives

The superrmte tletxutted after Aluminum dissolution can be sent to various destinations depending on the
composition itnd virrious production planning needs:

● It ~iln be fed to the HLW evaporators, but the high hydroxide content will limit the evaporator’s
volume reduction factor (the Aluminum dissolution supernate will not crystallize well).

.

● The high hydroxide content would act~ally be desirable for dissolving salt 10 feed pretreatment.

b Depending on its salt and radionuclide content, the supemate can be fed directly to pretreatment,
e.g.. if the si.thprocessing effluent meets the Z-area waste acceptance criteria for Ru- 106.

Dectinted spent wushwater can also be sent to various destinations, depending on the composition and “
v;mous production plimning needs:

“* It can be fed to the HLW evaporators,

● The initial decitnts, which will contain a large amount of salts, can be used to slurry sludge for the
nexl ESP bittch.

● Depending on its salt and radionuclide content, the supernate can be fed directly to salt
pretreatment

● Eirch subsequent decant will contain a decreasing amount of salt. and later decants can be used to
dissolve Siil[ to feed pretreatment.

● 12ilute decants can be held for reuse as makeup washwater in the initial washes of the next sludge
batch.

5.1.3 Defense Waste Processing Facility

The Function ot’ the DWPF is to process both the washed precipitate and sludge to produce a stable waste ●

form, borosil icate glass by “vitrification”. This glass is poured into canisters so that if can be shipped to a
Federal Repository for final disposition.

Prucess propositls, which interface with the DWPF must be compatible with DWPF’S Authorization Basis,
designbasis,materialsandcapacity. The feed(s)mustproduceanACCEPTABLEwasteform(glass)when

combinedwith plausibleglassfrits (solid glassforming additives)andthe HLW sludge feed. Any aqueous
recycle s[ream must meet the Waste Acceptance Criteria for the HLW Tank Farms. Air emissions must
comply with SCDHEC permitted limits.

The cm-usteredwas[e t’orm(the glass plus the canist,er) is the principle product of the DWPF. The DOE has
specified the requirements for the canistered waste form in the Waste Acceptance Product Specifications
(WAPS).l141The specifications apply to the canister itself, to the integrity/cleanliness of the canister, and to
the glass. The DWPF Waste Form Compliance Plan (WCP) details the strategies for meeting the
specifications and the multi-volume Waste Form Qualification Report (WQR)tlsl contains the objective
evidence supporting our ability to meet the WCP. The Glass Product Control Program (GPCP), which is a
pilrt uf the WQR. cletitlls the strategies used to ensure that glass property requirements are met through
utmtrol O!the mel[er feed composition. Items and activities important to the DWPFS ability to comply with
[he WAP$ ;we identllied iind maintained in the DWPF Waste Acceptance Reference Manual.l*G1

!
I I
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Air Emissions

The DWPF oper;tes under an air permit from South Carolina SCDHEC.”7’ The perrni~limits emissions of
mercury, benzene, NOX,and CO, of which mercury, benzeneand NOXare monitored. The sources for

thesecompoundsare the LWF(benzene),theSCVC (benzeneand mercury), theFAVC(mercury,NOX,and

benzene), the OGCTC (mercury. NOX,and CO), and the OWST (benzene). The EPA permits radionuclide

emlssmns from the DWPF ventilation system.

Emissions from the various sources are determined and/or controlled as follows:

● Benzene emissions from the LWF are primarily determined by the dissolved benzene in the
precipitate as received from Tank”49H,

● SCVC benzene and mercury emissions area function of the air inleakage, the inert purge
requirements and the operating temperature of the SCVC.

● NOXemissions (both from the FAVC and the OGCI’C) are determined by the nitrite and

nitrate in the feeds (precipitate and sludge) and by the amount of nitric acid added in the
DWPF (which depends on the hydroxide, mercury, and manganese in the sludge feed).

. The benzene from the FAVC is determined by the amount of benzene and benzene precursors
in the PHA.

● Mercury from both the FAVC and OGCTC is determined by the non-condensable flow and
[he FAVC operating temperature.

● Carbon monoxide from the OGCTC is a function of the carbon fed to the melter and the
completeness of combustion.

. The OWST benzene emissions are limited by the floating roof in the tank.

Nitrmes and nitrites. primarily from the sludge, result in NOXemissions during SRAT processing and from

dle !~lelter. Hydroxides and carbonates in the sludge affect NOXemissions by requiring addition of nitric
UCKIin the SRAT. Essentially all these anions are water soluble and are directly controlled by the amount

●

o!’washing performed in ESP, ITP, and LWF.
/’

Requirement: Non-Radioactive chemical emissionsare limited to the currently r)ermitt
Tons/annum for benzene.0.88 Tons/annumHg. 58.31 Tons/annum NOX (as N02Lf78.84 Tons/annum CO,
0.05 Tons/annum Darticulates.

Requirement: Radioactive releasesare limited to the designbasis emission of 3 mCi oer annum. In
ilddition the site dose limit (as contained 40CFR6 1.92) is 10 mrem.

DWPF Shielding Desiun (Gamma/ Neutron]

The shielding for [he DWPF was designed based on 5 year out-of-reactor blended sludge and 15 year out-
o(-reuc[or saltcilke. Requirement: The sludge to be transferred to DWPF must”notexceed a tzammasource

1181The uamma source strength value provides a common means forstrengh value of 2.4E+03 mR/hr/~al .
c[mlporing the riulionuciide distribution assum~d in the DWPF design basis and the variable radionuclide
feed cuncen[ra[ion in the high level waste. Rermirementi The salt must not exceed a ~amma source
slren~th value of 1.8E+04 mIUhr/~al 1181:
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The neutron prochxmon rate in the DWPF sludge waste feed has been evaluated due to neutron exposure
concerns involving the use of the Shielded Canister Transporter (XT). Requirement: The total a]oha
curies per warn solids value for sludge feed to DWPF is”limited to 1.5E-03 Ci/E insoluble solids 1181.The

salt feed has a negligible contribution to neutron shielding at DWPF.

Rettuirements for Inhalation Dose Potential

The DWPF Safety Analysis Report evaluates the consequences of certain accident scenarios based on
estimated precipitate and sludge feed compositio~s. Design-basis concentrations of specific radionuclides
in the precipitate and sludge feed streams have been given in the DWPF SAR 1191.Requirement: The
conmosite inhalation dose c)otentialconcentration must be less than 7.1E+08 remkal for the sludge stream
:md less [him9.7E+06 rerml~alfor the precipitate stream.

Reuuiremtmts for Criticality Safetv

Both sludge and precipitate received at DWPF must have a low concentration of fissile material or an

itbundanceof’neutronpoisonsto preventa criticality. ReauirementiTheweieht ratios of neutronpoisons
Fe or Mn to ecmivalent tdutonium (to ensure the shtd~e stream is inherently safe) shall be weater than 160:I
or 64: I resoectivelv.’2’”

Requirements for Prevention of Accumulation of Flammable Va~orst201

Requirement To Prevent the accumulation of flammable vaoors the followkw limits shall be met.

Hydrogen production in the SRAT shall not exceed 0.65 pph for c. .,X)gallons of SRAT product.
Nitrous Oxide concentration in the SRAT vapor space shall not exceed 15 volume 70.

Hydrogen production in the SME shall not exceed 0.223 pph for 6000 gallons of SME product.

Borosilicate Glass

WAPS requirements that apply to the glass itself are glass durability (leachability), minimum canister fill
limits, and required reporting of estimated radionuclide inventory and heat generation rates based on
composition. “ 4

Glass Durability1141
Rcttuirement: The rxoduct durability beat least 2 standard deviations better than the DWPF

environmentttl assessment class (see below) as determined bv the Product Consistence Test
(ASTM- C 1285-94).

Acceptable Ieachate results are: B <16.7 mg/L. Li s 9.57 mg/L, Na <13.3 mg/L

Rectuirement: The aluminum content shall be at least 3 wt% (drv solids basis~

Gluss Insoluble
. There area number of species which have limited volubility in the glass. If any one of these

exceeds the solttbility limits. secondary glass phases may be formed in the melter thus adversely
affecting melter operations and life. Requirement The current rtlass solubllitv limits shall not be
exceeded. “

I
I

I
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Element Weight % (dry solids basis]
TiOzl~ll 1.00

Other glass properties which must be controlled for melter operational concerns (productions rates, safety
undmelter lifetime) are Iiquidusandviscosity, Requirement: Theviscosityshallbe20 [o 100ooise,
Requirement:The Iiauidustemperature(crystallizationtemperature)shall be at less than 1050 ‘C.

Iron and Aluminumin theTreatedSludge “

The primary components affecting the liquidus and viscosity are iron, aluminum, alkali, and frit.
.The DWPF frit has beenformulatedbased on projected compositions of treated sludge (aluminum-
dissolved and washed). .

Excessive amounts of iron and aluminum either would either lead to reduced waste loading in the
glass (which reduces DWPFS capacity to process waste and may result in increased production of
canisters) or may require reformulation of the frit.

Alkali in Salt and Sludge
.

Excessive alkali (Na and K) in the glass affect melt viscosity and glass product durability. The
impact is similar to excessive Iron and Aluminum in that DWPF capacity to process waste would
be reduced (possibly requiring production of extra canisters). The amounts of Na in the sludge
(und precipitate) are controllable by washing in ESP (and ITP/LWF, respectively).

(NOTE: Frit reformulation for high incoming alkali is not a realistic possibility since the DWPF
. . frit already has essentially all the alkali removed that can be and still have a processable frit.)

Corrosive SDecies1z71
●

Extensive corrosion evaluations have been performed on HLW Materials of construction. Mercury,
sulfates, chloride, and tluoride have been evaluated at maximum anticipated levels. Requirement: The
following concentrations shall not be exceeded in the SRAT product.

Element Concentration
Hg 28,000 mg5
Sulfate 0.0117 pounds/ gallon

Miscellaneous

Other materials for which there are no current design bases/limits but which can affect DWPF operability

id glassproduction itre zeolite,silica, andcarbon,

Cunlster Hetit Generation

R;tdiouclive decay of the rattionuclides in the glass will result in heating of the glass, the canisters. and the
storilge ti.tcilily. The primary concern is the GWSB design heat handling capacity and the potential
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deleterious effects of heitt on the concrete strength. The first GWSB has been designed to store 2000
lU1 This limit includes contributionscanisters with an average heat generation rate of 460 watts/canister .

from both the sludge and salt feed streams. Requirement The canister heat Penetrationshall not exceed 460
wi2rts/canister.

Canister Requirements’ 141

Requirements for the canister itself are controlled during canister fabrication and verified by inspections.
The requirements specify materials of construction (austenitic stainless steel), labeling (number of labels,
font type and size, required information, location, etc.), diameter, length, perpendicularity, and neck and
flange concentricity. Requirement: The WAPS canister rectuirements must be met.

Canister IntesritY/Cleanl inessl141

Several ot’th~ compliance strategies for the WAPS requirements deal with the integrity and cleanliness,
both inside and out, of the canister. These requirements are Inner Canister Closure leak-tightness (to
prevent water intrusion during canister decontamination), final plug weld parameters (force, current, and
time to ussure a leak-tight seal), exclusion of foreign materials (to prevent potentially incompatible
materials from entering the canister), smearable betrdgamma (to prevent spread of contamination), and
control of frit blasting parameters (to prevent breaching of the canister). Requirement The WAPS canister
requirements must be met.

DWPF Actueous Recycle Streams

The aqueous recycle from the DWPF is normally comprised of condensates from the Chemical Process Cell
(ti’om the SMECT) and from the Melt Cell (from the OGCT). Occasionally, there will be neutralized acid
from equipment decontamination and caustic/fiberglass solutionslslurries from dissolution of HEMEs and
HEPAs.

There are small quantities of entrained sludge, soluble and sparingly solubIe organics (including nitrated
aromatics), HN03, NH4N03, mercury compounds, and antifoam in the SMECT condensate. The OGfi

condensate contains small amounts of glass particles, dissolved Cesium, nitric acid, and mercury
compounds. In addition, DWPF analytical chemicals will be disposed of.via the RCT and will, therefore,
be present in small concentrations. Requirement This stream must meet the limits specified above for ‘

receipt into the [ank farm.

Recovered Organic
The vast majority of the TPB precipitate aromatic content is recovered in the SPC as organic waste,
primarily benzene with numerous other organics including phenol, biphenyl, aniline, diphenylamine, and
terphenyls. Requirement: The recovered or~anic must meet be less than 1000 d/m/ml for transfer to the
Orw-tic Witste S[oraOeTank (OWST) and the Consolidated Incinerator Facility. Rectuiremenk The
mercury concentration shall not exceed 260 mg/L. ’291

Recovered Mercury
The DWPF is the only purge point in the HLW system for mercury. Since mercury is not incorporated in to
the borosilicate glass it must be reduced and steam stripped in the DWPF SRAT. Requirement: Mercury
must be removed sufficient [o met the corrosive species limits in the SRAT Product. After sufficient
washing and decontamination, the recovered mercury is transferred as a Low-Level Mixed Waste to Solid
Wilste tor interim storage until eventual disposal, which is to be determined. .
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5.2 Requirements for UtilizingSolidWasteFacilities

The Solid Waste Division provides for the storage and/or treatment of Sanitary Waste, Low Level
radioactive Waste (LLW), Hazardous (non radioactive) Waste, Low Level Mixed Waste, and Transuranic
waste (TRU).

5.?. [ Saltstone Facility
The SaltStone Facility is permitted by SCDHEC as a totally enclosed, wastewater treatment plant that
converts low activity aqueous waste into a SaltStone grout that is not classified as hazardous waste. “Aqueous
witste treated by the Saltstone Facility is subject to the requirements of WAC 4.01. These are summarized
below:

Rectuirement: Saltstone must be formulated to meet oermit and long-term ~erformance requirements. As

noted in Section 10.3, a broad range of dry material compositions has been demonstrated to yield an
wxeptable Saltstone product. However, certain restrictions are imposed on the SPF process to assure
.sul[stone with the required properties is produced:

1. Sufficient dry material must be added to the aqueous waste during the production of !%ltstone to
assure that the presence of free liquids in a vault does not exceed 1 vol% of the total waste volume
at the time of vault closure.

-)-. Huzwdous waste, as defined by SCDHEC (and the EPA), cannot be placed in the SDF for
t.lisposttl.

.-

3. The temperirture of the Sahstone during curing in the vault cannot exceed 90 degrees centigrade to
tissure Itmg-[erm integrity of the SaltStone.

4. Radioiictive contaminants in the waste must be ‘“aslow as reasonably achievable” (ALARA) and in
no case should the concentration of individual radioactive contaminants exceed the limits specified
by [he Nuclear Regulatory Commission “(NRC)for Class C LLW. WSRC has imposed a goal ~o
assure that the overall average concentration of individual radioactive contaminants in the waste
placed in the SDF shall not exceed the limits specified by the NRC for Class A waste.

Requirement: Onlv actueous waste can be transferred to the SaltStone.

Rerruirement: Waste, which contains or generates toxic gas or fumes in ~uantities harmful to facility
worker is prohibited:

Requirement: The OH of the waste shall be meater than 10

Rertuirement: The temperature of the solution be greater than 10 deerees C (to ensure salt soh,tbiiitv) and
less than 40 degrees C (to ensure the maximum curin~ tem~erature of 90 degrees C is not exceeded)

Because of limited radiation shielding in the SPF, restrictions are imposed on generators to minimize the
ctmcentration ot’radioactive contaminants that emit high-energy gamma radiation. Requirement: The
limits below shall be met.
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Radioactive Contaminant Limit ! Basis
(nCi/gj

H-3 1800

C-14 800 NRC &ss A

Ni-59 23,000 NRC Class A

N141 3,700 NRC Chss A .
co-w 6.8 ShieldinQ

I Se.79 I 12 I Groundwater I

Sr/Y-YLl 40 NRC Class A
Nb-94 20” NRC class A
Tc-99 320 NRC CIass A

I RulRh-106 I 128I Shielding I
I Sb- 125 I 76 I Shielditw I

Sn-126 14 Shielding
[.IXJ ,1 Groundwater

. CS-137 45 Shielding

Eu-154 16 Shielding
Np.~37 0.03 Groundwater
Pu-24 I 200 Hazard Analysis
RCG (Note 1) 1 Shielding
Total Alpha (note 2) 20 NRC Ckss A
Total Beta/Gamma 7,500 AB Source Term

Note 1. Radionuclides that emit high energy gamma radiation must be monitored to ensure radition
exposure does not exceed RC& O guidelines. Based on the current lTP process scheme this limit is
Mermlned as follows: RCG= O.145x[C0-60] + 0.0078 x[Ru-106] + 0.013x [Sb 125] + 0.0705 x [Sri-126] +
0.022 X [Cs- 137] + 0.061 X [Eu-154]

NiNe 2. This also protects the AB limit of 50 nCi/g Total Alpha

Rewtirernent: The aaueous waste shall not contain or generate volatile materials at conceritrations that can
produce fit equilibrium vaoors in the flammable or exulosive ranpe. Component limits for the ITP
processing scheme are provided below.

●

Salt solution sent to Z-Area can contain low levels of hazardous substances. However, concentrations of
these contaminants must be sufficiently low to assure that non-hazardous SaltStone, as defined by regulatory
irgencies, can be produced. Requirement: The Chemical contaminant limits below shall be met
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Chemical Contaminan~ ~ccemance Limit (mg/L) &

Httzardotts Metals

As 230 JCO
Ba 1000 TCLP
P.1 ,,m ,--

Cr 1100 Jco
Pb 1000 JCO
Hg - 250 LDR
se 350 Groundwater
~t, 230 JCO

,
orguni~s(Note 2)

Benzene (Note I) 3 LFL
Butanol [sodium salt] + 3000 LFL
Isopropanol [sodium salt]

Methanol 300 LFL

NaTPB 1000 LFL

Tributylphosphate 400 SCDHEC Permit

Phenol [sodium salt] 1000 SCDHEC Permit

EDTA [sodium salt] 500 SCDHEC Permit

Other volatiles 20 SCDHEC Permit

Note 1.The rate of benzene generation shall not exceed 0.02mg/L-Hr at 40 degreesC
Note2. The limits for LFLcontrolcan likelybe adjusted.These limitsare basedon the ITP processing
scheme.

5.2.3 Etlluem Treatment Facility
The Effluent Treatment Facility (ETF) is permitted by SCDHEC as a totally enclosed, wastewater treatment
pltm[ [hat treats very low activity aqueous waste prior to discharge to the environment.

‘fhe ETF process has different removal efficiencies for each contaminant species and the operation of some
\teps cm be Impitlred by various species. This results in several methodologies that can determine the
I)]i]xllllum intluent concentration of each species: ●

● The maximum intluent composition maybe set by the discharge limitations (e.g.. the NPDES permit.
or DOE orders) in conjunction with the overall removal efficiencies. For many species, the overall
process etliciency (typically >95%) determines the ETF influent limit. The notable exception is
tritium, which is not removed at all (discounting the small fraction that goes to Saltstone).

● The allowable intluent composition maybe limited by the Z-area waste acceptance criteria, e.g., for
chromium and gross beta/gamma. Most contaminants that are removed from the ETF influent are
concentrated into the evaporator bottoms stream and go to Sahstone after temporary storage in Tank ,
50H. Thus. ETFs volume reduction factor (typically 50: I- 100:1) limits the ETF influent to I-2% ot’
the Si\ltstt)ne criteria.

● The Iitmting characteristic of some species is their impact on process operability. e.g. bacterirhlgae
louling ot’[he sub-micron filters, or NaN03 overloadingthe reverseosmosisunits. For other
species, the lmpitctcould be adsorbhtgenoughcontaminantthat thesecondarywastebecomesa
RCRA hozwdt.ms waste.

Rettuirement: Only auueous waste can be transferred to the ETF.
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Rettuiremenh AuueousWaste shall not contain of Oeneratevolatile organic materialsat concentrationsthat
cm moduce at equilibrium, vaporsin the tlammable or exolosive range.

Requirement: Waste, which contains or generates toxic gas or fumes in quantities harmful to facility
worker is prohibited.

Wtiste is normally received to either the Waste Water Collection Tanks or the Evaporator Feed Tanks. “
Waste Acceptance Criteria have been developed which are based on the requirements of the SCDHEC
operating permit and C-2 application. SaltStone acceptance requirements, DOE order 5400.5. the south
Carolina water Quality Criteria, the Bio documents, and the requirements for preventing the generation of
solid mixed waste. These criteria can be found in reference 30, Waste Acceptance Criteria for the F/H
Etlluent Treatment Facility, X-SD-G-00003 Rev. O,March, 1997.

5.2.3 Secundary Waste

The operation of any facility will produce secondary waste. These maybe the nature of process waste (e.g.
spent resins) or job waste. Etch of the primary waste types is summarized below. The management of these
wastes are described in WSRC Manual 1S “Savannah River Site Waste Acceptance Criteria Manual”.
Requirement all criteria set forth in Manual IS shall be met.

Swtitarv Was[e is detined as waste such as garbage, that is generated by normal housekeeping activities and
are not hazardous or radioactive. Currently, all SRS sanitary waste is sent off site for disposal.
Rermirement: The kanitaw waste WAC is defined in Manual IS WAC 3.09.

Low Level Wuste (LLW) is defined as waste that contains radioactive material and is not classified as high-
Ievel waste. transuranic (TRU) waste, spent nuclear fuel, or Atomic Energy Act (AEA) 11e(2) byproduct
material, m defined in DOE Order 5820.2A but containing less than iOnCi per gram transuranics. LLW at
SRS is segregated into a higher activity fraction (intermediate activity waste) and a lower activity fraction
(Iow+tctivity waste). Intermediate-activity waste is low-level waste that produces a radiation dose rate equal
[u or greater than 300 mR/hr at 5 cm from an unshielded container. Requirement: Generation of LLW is
subiect to the ~rowam requirements contained in Manual 1S WAC 1.02, the characterization rectuirements
in WAC 2.02 and waste acceptance criteria contained in WAC 3.17.

●

Haurdous Waste is waste that is designated hazardous by South Carolina Hazardous Waste Management
Regulations. NOTE: The statutory definition found in section 1004(5) of the Resource Conservation and
Recovery Act (42 USCA 6903) is a solid waste, or combination of wastes, that because of its quantity,
concentration, or physical, chemical, or infectious characteristics may (a) cause or significantly contribute
to tin increasein mortalityor in seriousirreversible,or incapacitatingreversibleilhtess or (b) pose a

substontiul present or potential ha~ard to human health or the environment when improperly treated, stored,
Irunsported. or disposed of, or otherwise managed. Criteria for identification and tisting of hazardous waste
we I’uundin Title 40 ot”the Code ot”Federal Regulations (CFR), Part 26 t .3. Requirement: The Hazardous
Waste ucce~tance criteria is defined in WAC 3.08.

Mixed Wnste (MW} is waste containing both radioactive and hazardous components as defined by the
Atomic Energy Act and the Resource Conservation and Recovery Act, respectively. Rectuirement Mixed
witste tire subiect [o the proprat-n requirements contained in WAC t .02 and the waste accemance criteria
contained in WAC 3.07.

“rr:msuranic (TRU) waste is waste that is contaminated with alpha-emitting transuranic radionuclides with
hid f-ti ves greuter thirn 20 yeitrs. and at concentrations greater than t00nCi/gram of the waste matrix at the
llme d’ nssay. The mitss O!the waste contiiiner and shielding shall not be used in determining the TRU
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concentration. (Note: SRS currently uses 10nCi/gram as a minimum value for packaging waste to meet
TRU waste criteria). Requirement: TRU waste is subiect to the rectuiremcnts contained in WAC 3.06.

Consolidated Incineration Facility “
The Consolidated Incineration Facility (CIF) is utilized to volume reduce some combustible LLW,
combustible Hazardous Waste, and combustible Mixed W~te. Requirement: Waste tmcessed by the CIF
ore subiect to the requirements of Manual IS WAC 3.13.

..

t

I

I

I
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1.0 High Level Waste System Functions and Existing Configuration

The followingsectiondescribethe functionsand the currentequipmentconfigurationof the HLW
systemflA-l1

2.() High Level Waste Storage and Evaporation

The HLW Storage and Evaporation Process function is storage of high-level waste in a safe and
environmentally sound manner until downstream @esses are available to process the waste into forms
sultitble t~r”tinal disposal.

Once downstream processes are available to process a tank of waste, the waste is removed from the tanks
imd sent for further processing.

A diagram of the Storage and Evaporation Processes is shown in Figure A-1.

2. I Process Description

Receipt. Storage. and Agirw of Waste
The Tank Farms rece,ive waste from a number of sources, primarily in F and H areas. The wastes are
produced as the resultot’the separationof usefulproductsfromspentaluminum-cladnuclearfueland
[itrge[s. [n [heSeparationsprocesses,the wasteis dissolvedin nitricacid. To preventcorrosionof the
curbonsteel wastetanks. the wasteis then madebasicwithsodiumhydroxidein the Separations process
before it is sent to HLW Storage and Evaporation,

Cuustic addition to the waste produces a dark brown mixture of insoluble sludges suspended in a salt
solution. The primary insoluble species,are Iron, Manganese, Aluminum, and Uranium hydroxides. The

primary salt constituents are the sodium salts of N03-, N02- and OH-.

Incoming Wastes entering the Tank Farm (Stream 1) are received into a receipt tank. Any insoluble sludges
in the waste settle to the bottom of the tank, forming a layer of sludge at the bottom, with a clear layer of
supertwte (salt solution) above it. The tanks are designed to safely store this waste, incorporating a number
(If features to prevent migration of the waste and to prevent process accidents. 4

During storage. [he w~ste also ages, allowing radionuclides to decay. For some radionuclides (for example,
[{u-106) radioactive aging is the process planned for removing these nuclides from high-level waste.

Evnpor:ltion
Once the sludge in the waste has settled to the bottom of the tank, a region of clear supernate remains above

the sludge. To reducethe cost of storageand improvethe safetyof storage, the supernateis evaporatedto
reduceits volumeand mobility. Muchof the supernateis reducedto solid sahcake(with someinterstitial
liquid). Converting the wasteinto saltcakeconsiderablyreducesthe numberof tanksneededfor storage
iind reduces the mobility of the waste. which enhances safety for two reasons: I ) the waste is less likely to

Imk. iind 2) having the waste in solid fortn reduces the probability andlor consequences of many accidents.
unulyzect In [he W“ety Anatysis Report.

T{)wxomplish evilporution, the supernate in a waste receipt tank is decanted (somesludge is entrained) and
WI( [Uan evaportt[or. The superni.tte may be sent directly from the waste receipt tank to an evaporator (i.e.,

Ihe wus[e receip[ tank doubles as an evaporator feed tank) or may be sent to a designated evaporator feed

lilllti.
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The overheads from the evaporator are condensed, creating a mildly contaminated wastewater stream.
Atier condensation, the overheads are sent to a mercury collection tank. Overheads from HLW with high
mercury concentrations are supersaturated in mercury (because mercury is volatile), so small quantities
(liters per week or less) of mercury collect in the bottom of the tank.

After pussing through the mercury collection tank, the overheads may be treated by passing them through a
ceswm removalcolumn(an ionexchangecolumn)to removeresidualCs-!37. This treatmentstep is
umi[[etlfor overheadsthat havebeensufficientlydecontaminatedby the evaporator.

.

Onceall treatmentsteps in the evaporator system are completed, the overheads are sent to ETF (Stream 13)
for further decontamination and eventual release to the environment.

The concentrated evaporator bottoms are sent to an evaporator receipt tank. In the receipt tank. the
concentrated waste cools. and solid salt crystallizes and deposits on the floor, cooling coils, and wall of the

receipt tank. The concentrated salt solution left in the receipt tank is then transferred back to the evaporator
teed tank for further evaporation.

“17wgottl of this process is to concentrate most of the salt solution into solid saltcake, which minimizes the
volume and enhances the safety of storing the salt waste by reducing the mobility of the waste.

2.2 High Level Waste storage and Eva~oration Eaui~ment D~cription

Distributed between F and H areas are 5 I tanks designed to store high-level waste. These tanks and
dissociatedequipment are known as the F and H-area Tank Farms. A diagram of the Storage and
Evaporation Processes is shown in Figure A- 1.

The 5 I high-level waste tanks at SRS are of four types, as follows:lA-zl

‘1’ype 1 Tanks These ore utnks I-12, the originaltwelvetanksbuilt at SRS. The primary[anksare
constructedof carbons[eelwitha designcapacityof 750,000 gallons. Each tank has a
carbon steel annulus pan, five feet in height, which is underneath the primary tank to catch
Ietiked waste (sometimes referred to as cup-and-saucer construction). The primary tank and
annulus pan are enclosed in a concrete vault. Five of these tanks (Tanks 1,9,10,11, and 12)
have leaked observable quantities of waste from primary containment itqo the annulus pans.
Also. none of the tanks meet current DC)Eor regulatory criteria for secondary containment.
Thus, emptying and retiring these tanks is a high priority in the HLW System.

Type 11Tanks These are tanks 13-16. The primary tanks are constructed of carbon steel with a design
capacity of 1.030,000 gallons. Similar to the type I tanks, each tank has a five-foot annulus
p~n and a concrete vault. All four of these tanks have leaked waste from the primary into
the annulus pan. In 1960, one tank, Tank 16H, overflowed its annulus pan and leaked some
tens of gitllons of waste into the soil. None of the tanks meet current DOE or regulatory
criteria for secondary containment. Emptying and retiring these tanks is also a high priority
in the HLW System. ‘

Type III (and 111A)Tanks These are tanks 25-51. The type 111and 111Atanks are the latest design of tank
at SRS. and are the only tanks planned for continued service. The primary tanks are carbon
steel with a design capacity of 1.300,000 gallons. The primary tank is surrounded by a full-
height secondary tank of carbon steel, which is surrounded by a concrete vault. These tanks
meet 011DOE and regulatory criteria. The major differences between the two tanks are 1)
[he type 111Atanks hitve distributed cooling coils, whereas the type 111tanks have no cooling
coils ils constructed (Coils were inserted imo these tanks through the risersafter
cuns[rtttxitrn),2) the type 111Atitnkshitveitn improvedpatternof coolingslots between[he

4
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buttoms of the primary and secondary tanks, and 3) the type 111Atanks have the ability to
detect leakage from the secondary tank. As previously noted, six of the type 111Atanks are
dedicated to In-Tank Precipitation and Extended Sludge Processing and are not part of the
Storage and Evaporation process.

Type IV Tanks These are tanks 17-24. These tanks were built before the typeIII and 111Atanks. The
primary tank is carbon steel, and is surrounded by a concrete enclosure that impinges on the
steel with no annular space. There is a series of drainage slots in the concrete underneath
the tank that leads to a leak deteclion sump, but there is no secondary containment. None of
these tanks have cooling coils. None of the type IV tanks meet current DOE or regulatory
criteria for secondary containment. Two of the tanks, tanks 19 and 20, have known
penetrations through the primary steel liner, although no waste has been observed to leak
through these penetrations. Emptying and retiring these tanks is a high priority in the HLW
System.

T~nks 17 and20 wereclosedin 1997 in accordancewithregulatoryguidelines.

Ewmorators
There are five evaporators: 242-F. 242- 16F, 242-H, 242- 16H, and 242-2SH. The 242-F evaporator is in
cold standby, and there are currently no plans to operate this evaporator again. The 242-25H evaporator is
under construction (Replacement High-Level Waste Evaporator). The evaporators are all of bent-tube
design. with a pot in which the waste is heated by a bent-tube bundle of steam coils. The pots are housed in
concrete vaults for shielding and contamination control.

Muintenarrce Facility (2$9-H)
This is a facility for repairing failed equipment from the tank farm. Equipment entering the facility can be
decontaminated by various means, including soaking in decontamination solutions. Because of its extensive
decontamination capabilities, the facility allows decontamination of equipment to lower levels than is
possible in the tield. After decontamination the equipment can be repaired by personnel in protective
clothing (i.e. contact maintenance rather than the remote maintenance that is normally required for HLW
contaminated items). This facility is usually considered part of the Tank Farm, and the spent
decomamination solutions from the facility are sent to the Tank Farms,

2.3 Waste Removal
4

Once the downstream processes are ready to receive waste from a particular tank, the waste is removed
Irum the tank using hydraulic slurrying techniques. Waste is removed (sludge or salt) using long-shafted
slurrypumps to ttgi[atethe liquidcontentsof the tankand suspendthe sludgeor dissolvethe salt. Waste is

pumped out d’ the tank usinga pumpor jet.

i

t%iur [o removing sludge wastes some of the soluble salts in the waste’s supernate may be removed by
wkling w~ter to the tank and suspending the sludge using slurry pumps, then allowing the sludge to settle
wtd decanting the supernate. By reducing the soluble salts prior to waste removal. the amount of washing
required during the ESP process is reduced.
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3.0Salt Pretreatment

The function of the salt pre-treatment facility is to reduce the volume of the high level waste fraction which
must be vitrified. The bulk of the waste containing non-radioactive soluble salts and low levels of
radioactive materials can thenbe disposedof by immobilizingthemin sahstone.

Volume reduction is not required to incorporate the salt waste into borosilicate glass. However volume
reduction is highly desirable from a life cycle cos~perspective.

The following sections describe the ITP process and equipment. Alternate salt disposition process
proposals may elecv 10 use all, apart or none of this equipment. The section is provided for completeness of
the current configuration description.

3. I ITP Process Descrimion

in the ITP process, soluble radioactive metal ions--cesium, strontium, uranium, and plutonium--are
precipitated with sodium tetraphenylborate or adsorbed on Monosodium titanate to form insoluble solids.
The resulting precipitate, whichcontainsmostof the radionuclides,is fiheredto concentratethe solids. The
precipitate is sent to the DWPF for vitrification in glass. The decontaminated salt solution, or filtrate,
containing primarily sodium salts of hydroxide, nitrate, and nitrite, is transferred to Saltstone for disposal.

Precipitation and Concentration
Salt solution is pumped intoTank 48H from Storage and Evaporation. The salt solution is decontaminated
in a batch processwtiereit is mixedwith inhibitedwateror recycled wash water from Tank 50H, sodium
tetraphenylborate (NaTPB), NaB(C6H5)4, and mono-sodium titanate (MST), NaT1205H. The purpose of

the inhibited water or recycled wash water is to reduce the total sodium content to within the range
necessary to optimize the precipitation reaction. The most abundant radionuclide present in salt solution is
Cs- 137. Sodium tetraphenylborate is added to precipitate the cesium as a tetraphenylborate salt. The non-
radioactive potassium, cesium, and ammonium ions are also precipitated in this process. The potassium ion
concentration is nominally 100 times that of the total cesium concentration, although this ratio can vary .
widely.

M++ B(C6H5)4- Q MB(C6H5)4 (M= Cs, K, or NH4)

Mercury also reacts with tetraphenylborate to form insoluble diphenylmercury, which is retained in the
precipitate during filtration. An excess of NaTPB is added to suppress the volubility of cesium.
Monosodium titanate is added to adsorb the soluble strontium, plutonium, and uranium ions if these
rildionuclides are present in quantities exceeding the limit in Sal.~tone.

The concentration of the slurry, containing the MST and precipitated tetraphenylborate solids, is a nominal
I wt % insoluble solids after precipitation. The slurry is concentrated by crossflow filtration to a nominal
10 wt 90 itnd is returned to Tank 48H. This series of steps (waste transfer, inhibited water and chemical
itdclition, and titration) is repeated as necessary to obtain an acceptable amount of concentrated slurry for
the washing stage.

Precirtititle Wilshing

‘rhe combined slurry tiom one or morebatchesis then washed.toremovesoluble sodium salts by adding
Inhibited water to Tank 48H and removing spent wash water by filtration. The spent wash water is

Iritnsferred LO Tank 5(JH for recycling in subsequent batches as dihttion water. Excess sodium
[etruphenylborate IS~ISOremoved in this procedure, and is similarly recyc]ed in subsequent batches. The

.
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high-activity washed precipitate is transferred to an interim storage tank, Tank 49H. prior to transfer to
Late Wash . See Figure A-2 below.

When necessary, the filters are chemically cleaned to remove foulants from the surface during either the
washing or concentration processes. The cleaning chemicals arc oxalic acid solution and sodium hydroxide
solution. The waste solutions generated by this cleaning are sent to Tank 48H.

. .
Benzene Generation
After precipitatation. NaTPB, KTPB and CSTPBundergo radiolytic and under certain conditions catalytic
degradation. MTpB decomposes to aromatic organics (benzene, biphenyls, and triphenyls) and salts of

sodium and boron. The exact mechanism”for the catalytic degradation is not completely understood. The
cd ytic decomposition of TPB results in the formation of triphenylborane, diphenylborinic acid.
phenylboric acid, and benzene. The degradation intermediates also decompose catalytically to form
benzene. Testing has demonstrated that catalysis with copper ions and sludge solids (Pd has been identified
its o primary catalyst in thesludgesolids) cansignificantly increasethe rate ofdecompositionof

[etmphenylbora[eslurries. .

Benzene Removal Process
Benzene removal from salt solution is required because of flammability concerns in Tank 50H and
Ieachirbility of benzene from the Saltstone. The filtrate solutions are processed through the benzene
stripping columns located in the ITP FIher/Stripper building. The twocolumns are designed for different
tlow rates with the larger column for the decontaminated salt solution and the smaller column for spent
wirsh water. Using separate columns for the processes improves contamination control by segregating the
higher activity spent wash water from decontaminated salt solution. Benzene is present in the sodium
letraphenylborate and is also produced from radiolysis of the precipitate in the tank. The counter-current
nitro.gen gas phase in both columns passes through a High Efficiency Particulate Air (HEPA) filter system
prior to venting to the atmosphere. The liquid exiting the columns is collected in filtrate hold tanks,
sampled, wrd analyzed prior to release to Sahstone (decontaminated salt solution) or Tank 50H (spent w~sh
WilllH’).

3.2 lrr-T~nk Precl~i[atlon EtruiDment

in-Tank Precipitation (Figure A-2) includes and interfaces with the following equipmerw
4

Tank 48H - This Type HIA tank is the location of the precipitation and absorption reactions. This nitrogen-
inerted tank ts equipped with filter feed pumps and slurry pumps for agitation.

Tank 49H - This Type 111Atank is inerted with nitrogen and stores washed precipitate and serves as the

teed tank for the Me Wash.

‘F~nk50H - This air ventilated Type 111Atank stores spent wash water from both ITP and Late Wash. ETF
Concentrate is normally transferred direct to Saltstone. A transfer route does exist from ETF to Tank 50H
imd [he Titnk I%rm via r-rDB-g.

Filler/Strtpper Building - This facility houses the two crosstlow titers used for concentration of the
pr~clpi[ilit. its well irs [he IWOstripping columns used to remove benzene. The filters are sintered stainless-
steel lube bundles wltti ii submicron pore size. The strippers are packed columns in which nitrogen is used
lo suvp benzene frutn the tiltrate. The Filter/Stripper Building also contains tanks, piping, valves, and
1nstrunlentat]on to support the process. as well as a process control laboratory. .

i I

lTP Control Builthrtg - This building houses the Instrument Control Room and the Electrical Control Room.
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Cold Feeds Area - This area contains tanks, pumps, piping, and inst~mentation necessary to receive, store.
ml itdd nonradioactive reagents to the process.

3.3 Lutewash

[n lTP, the precipitate is washed to reduce levels of soluble species (preventing excessive glass production)

itnd is inhibited with NaN02 to prevent corrosion. However, the concentration of NaN02 required to

inhibit corrosion is too high for the precipitate hydrolysis process. Also, while the precipitate is stored in
Tank 49H. water soluble organic species are produced by radiolysis of the TPB. These organic species also
imp~ct precipitate hydrolysis operability by reducing the copper catalyst activity.

To iivoid problems in precipitate hydrolysis, the LWF washes the precipitate to reduce the concentration ot’
NiINO~ and wirter soluble organic radiolysis products.

“ilw precipitate slurry (Stream 7) is pumped into the Late Wash Precipitate Tank (LWPT) where soluble Cs
ilnd K (from radiolysis of CS,KTPB) are reprecipitated with NaTPB. The slurry is then concentrated to the
desired percent solids using a sintered metal crossflow filter. It is then washed with a dilute NaTPB
solution (to prevent dissolution of CSTPB) until the nitrite and soluble organics concentrations are reduced
to levels compatible with precipi~ate hydrolysis.lA-31

Filtrate from the washing and concentration steps flows to the Late Wash Holdup Tank from which it will
be transferred to Tank 50H (Stream 8). To meet lTP requirements for benzene, pH and inhibitors, the
tiltrate is sparged with N2 to remove the dissolved benzene and NaOH is added. LWF vessels containing

benzene and hydrogen due to radiolysis, are purged with nitrogen to maintain them below the minimum
oxy:en for combustion (MOC).

The tilter will require periodic cleaning with oxalic acid and caustic. Foaming in the Late Wash Precipitate
ml the Late Wash Hold Tanks will be controlled by the addition of an antifoam, Surfynol@ 420.

.
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Figure A-2: .In-Tank Precipitation

Salt Solution from Chemicals from
Tank Farms (Stream 5) Cold Feeds Area

I

.
. . .. .. . .. . ,.

Late Wash
Spent Washwater

(Stream 8) lTP Process Boundary
:

I
.,. , ,“.. .

Partially Washed
Precipitate “

h Tank
(Stream 7) ~’

Tank
4 .“0

Late Wash

48H Recycled
49H

, :J
Spent Wash Water

~\

Precipitate
<y

I

L(+J FilterJ3.i,%g~
,’

Spent Wash
Water

Stripper
Dlumns

.,

:&
* Tank 50

Decontaminated ~ Valvebox
Saltstone Feed

(Stream 6)

T-

ETF concentrate (Stream 15)

.. -- .... -...—— .—. - -. .._._. —



I

High Level Waste Salt Disposition WSRC-type-yy-xxxx
Interface Requirements Appendix A

Revision C.
Page ]0 of23 ‘

4.0 Extended Sludge Processing

Extended Sludge Processing modifies the sludge composition to prepare the sludge for feed to DWPF
Vitrification. The purpose of processing is to reduce the volume of glass that is produced (i.e. allows much
higher waste loading of sludge in glass). ESP modifies the sludge composition in two ways: 1) insoluble
;duminum compounds are removed from those sludges that contain high concentrations of insoluble
iduminum, and 2) all sludge is washed to remove soluble salts.

4. I ESP ProcessDescritxion

An insoluble sludge is formed when Separations adds sodium hydroxide to the fresh waste being sent to the
Tank Farms. Extended Sludge Processing (ESP) converts insoluble aluminum compounds into soluble
compounds by contacting the sludge with high concentrations of sodium hydroxide at near-boiling
temperatures. After the aluminum has been solubilized, ESP washes the soluble salts (e.g., sodium nitrate)
from this sludge by washing it with water. Both of these operations reduce the quantity of glass produced
when the sludge is vitrified into waste glass.

ESP operates on large batches of sludge, so the entire current Storage and Evaporation inventory will be
[retited in about 10 batches. Each batch will be analyzed and then will supply DWPF for a 2-6 year period.
This time period may be altered by the achievable operating attainments, or it may be limited by the waste
removal schedule (i.e., when the next batch of sludge will be available). While ESP processes a batch of
sludge (in Tank 42H, and either Tank51 H or 40H), the previous batch will be fed to DWPF from the other
[ank (i.e., either 40H or 5 IH).

..

Aluminum Dissolution
Part of the sludge inventory contains large amounts of aluminum, which can be partially removed
(dissolved) by heating the sludge in a high caustic concentration. If the aluminum were not removed, then
DWPF would have to increase the ratio of frit-to-waste (to control the viscosity and liquidus of the molten
~ItlSS),increasing the number of glass canisters produced.

Aluminum dissolution is done in Tank42 by addingcaustic(NaOH)to the sludge,to achievea certain
hydroxide-to-Ahtminumratio anda certainexcesshydroxideconcentration.The sludgesolids are
suspended by using slurry pumps for agitation,and the temperatureis increasedby injectingsteamthrough
sparging downcomers. Maintaining this condition for several days converts the A]ZOS.(S)HZO (gibbsite) to “

a soluble form (e.g., AI(OH)3, or A102-). After the sludge solids are allowed to settle, the supernate
containing dissolved Aluminum is then decanted from the tank.

One concern with the process is that uranium becomes more soluble under the high hydroxide conditions
thu[ exist during Aluminum Dissolution. Therefore, flssile isotopes of uranium (mainly U-235) dissolved
during Aluminum Dissolution could potentially cause a criticality when the decanted supernate is
evaporated and subsequently redissolved. Criticality.is not a concern during Aluminum Dissolution or
during evaporation of the decanted supernate because the uranium will remain distributed throughout the
salt. However, when the saltcake is redissolved, some uranium may remain insoluble, and there is the
po[ential that this uranium would concentrate at the bottom of the tank and forma critical mass. Studies are
currently underway to determine if this mechanism is credible and if any controls are needed to prevent
crl[lcality.1A”41
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SolubleSalt Washing
Although the sludge has settled and compacted in the various waste tanks for 5 to 30 years, that settled
volume still contains a la~ge fraction of liquid. This interstitial supemate contains a large amount of

dissolved salt (present as NaOH, NaN03, NaN02, NaA102, Na2C03, NaX104, etc). If this salt were not
removed, then DWPF would have to increase the ratio of frh-to-waste (to control the rheology of the molten
~lUs). This would greatly increase the number of glass canisters produced. Other reasons for removing the

“suluble salts include reducing DWPFS atmospheric NOXemissions, and to meet requirements for glass ,

insoluble and corrosive species,

The soluble salts are removed from the interstitial supernate by repeated dilution. First, washwater (with it
low stilt content) ISadded to the tank and the sludgesolids are suspended using slurry pumps for agitation.
Then the sludge solids are allowed to settle and the diluted supernate is decanted from the tank. This cycle
m repeated until the salt content of the interstitial supernate is sufficiently low. To control nitrate induced
corrosion, inhibitor salts (i.e., NaOH and NaN02) must be added along with the washwater. The makeup
washwater may be fresh water or it can be some other waste solution with a sufficiently low salt content.

4.2 Extended Sludge Processing Eattiomen[

Extended Sludge Processing(FigureA-3) includesand interfaceswith the followingequipment:

Tank 42H - This Type 111Atank is used for the aluminum dissolution reaction and for sludge washing. This
Iunk is equipped with steam spargers for heating and slurry pumps for agitation.

Tuntis 40H and 5 IH- Each of these Type 111Atanks is used for sludge washkg and for feeding washed
~luclgeto the DWPF.

ITP Control Building - This building houses the Instrument Control Room and the Electrical Control Room
fur the ESP equipment (in addition to performing the same functions for ITP.

I

I

ITP Cold Feeds Area - This area contains tanks, pumps, piping,”and instrumentation necessary to receive,
store. itnd add nonradioactive reagents to the ESP process (in addition to performing the same functions for
fTP.

4
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Figure A-3 Extended Sludge Processing
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5.0 Defense Waste Processing Facility (DWPF)

The function of the DWPF is to process both the w~hed precipitate and sludge to produce a stable waste
form. borosilicate glass by “vitrification”. Thk glass is poured into canisters so that if can be shipped to a
Federal Repository for final disposition.

The DWPF will also produce recycle streams which meet the Storage and Evaporation’s acceptance criteria,
and produce an organic waste stream which mee~ the acceptance requirements of the Consolidated
Incinerator F~cili[y (CIF).

For the purposes of this document. the DWPFprocess can be divided into four functional areas (see Figure
A-4):

1. Salt Process Cell (SPC), which hydrolyzes the TPB precipitate slurry; Similar to the ITP .
process description this section is provided for completeness of the current configuration
description. Alternate salt processes may elect to use all, apart, or none of the current SPC
equipment.

2. Chemical ProcessCell, whichpreparesmelterfeedby chemicallytreatingthe washedsludge
andcombiningit withhydrolyzedprecipitateand glass frit;

3. Melt Cell, which vitrifies the feed prepared in the CPC, pours the molten glass into stainless
steel canisters, and scrubs the melter offgas; and.

4. Canister Closure and Decontamination, which seals the canister and cleans its exterior for
transfer to the Glass Waste Storage Building (GWSB) and eventually to a Federal
Repository.

5. I Suit Process Cell

The wtished slurry is transferred to the Precipitate Reactor Feed Tank (PRFI’) in the Salt Process Cell for
Ieeding to [he Precipitate Reactor (PR). Prior to feeding, formic acid and copper catalyst (either copper
t’rmrmteor copper nitrate) are added to the reactor heel. Then the slurry is fed and the reactor is heated to
boiling. Benzene is evolved as it is formed (the hydrolysis reactions begin as soon as the feed enters the
PR) and the stepwise reactions continue through’the aqueous boiiing step. Other aromatic organics are
steam stripped during aqueous boiling and are condensed with the benzene and water. The aqueous/organic
ccmdensate.is decanted with the aqueous recycling to the PR and the organics to the Organic Evaporator
(OE).

A second evaporation step is performed to assure the recovered organic waste is sufficiently
decon[ammated for transfer outside of the DWPF canyon (Stream 11) to the Organic Waste Storage Tank
(OWST) and from thereto the CIF. Water is added to the OE and the boiling, steam stripping. condensing,
decanting cycle is repeated. The twice-distilled organic is collected in the OE Condensate Tank (OE~)
and imidy~ed for activity and for mercury. “

Atier steamstrippingand coolingin the PR, the remainingaqueousphase is knownas PHA(precipitate
hydrolysls aqueous). The PHA is then transferred to the Precipitate Reactor Bottoms Tank (PRBT) where it
held until fed to the Sludge Receipt and Adjustment Tank (SRAT). The NaTi205H. and the radionuclides
which were adsorbed on the titanate, remain with the aqueous phase and are ultimately fed to the melter.

All vessels in the SPC are collectively maintained under a slight vacuum and vented through the chilled Salt
Cell Vent Condenser (SCVC)into the ProcessVesselVent Header(PVVH). The primarypurposeof the
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SCVC is to limit benzene emissions and to prevent a flammable benzene mixture in the PVVH. The PVVH
exhw.rststo the atmosphere through the sand filter after combining with the Zone 1 ventilation system.

SPC Chemistry
The washed and concentrated CS,KTPB precipitate/NaT1205H sky is acid hydrolyzed and steam stripped

in the Salt Process Cell. The purpose is to remove the aromatic organics from the Cs-containing aqueous
streom which is ultimately fed to the melterbecausehighconcentrations.oforganicinterferewith melter
operation. The desired reaction is .

Cs KB(COH5)4+ HCOOH+ 3 H20 .CU;2., CS,KCOOH+ 4 C(jH6+ B(OH)3

resuhing in soluble Cs formate and benzene. However, since the reactions involve free radicals and ionic
species such as nitrite, byproducts are formed such as phenol, biphenyl, aniline, diphenylamine, terphenyl.
etc. Because of the presence of the volatile, tlammable benzene, all the process vessels in the SPC are
purged with C02 (or N2) to maintain the 02 concentration below the Minimum Oxidant for Combustion.

Another reaction of interest is the reduction of diphenyl mercury (precipitated by TPB during In-Tank
Precipitation) to elemental mercury. The reaction proceeds by formic acid cleavage to the phenyl mercuric
ion followed by reduction to elemental mercury. This reaction must occur sufficiently to meet the CIF limit
un mercury since the biphenyl mercury easily steam strips to the recovered organic phase.

5.2 Chemical Process Cell (CPC)

“rhe tunction ot’the Chemical Process Cell (CPC) is to complete preparation of the melter feed and to
collect and adjust [he aqueous recycle stream.

Sludge (Stream 4) which has been prepared in Extended Sludge Processing (aluminum dissolved and
washed) is transferred into the Sludge Receipt and Adjustment Tank (SRAT). Sufficient nitric.acid is added
u}reuct components such as nitrite and carbonate, to obtain an acidic pH (required for control of slurry
rheology). and to provide the required reduction-oxidation balance between formate and nitrate. During
coupled operations, PHA is then added to the SRAT (or during sludge only operation formic acid is added
directly) and excess water is boiled off, condensed, and collected in the SME Condensate Tank (SMECT); ‘
it’iltl irntifoam is needed in the SRAT or SME, Dow Corning 544 will be used. Excess formic acid in the

PHAOISOcontributes[odesiredpH as wellas reducingHgOto elementalmercuryand Mnq to Mn+2
(reducesfoilmingin the melter). Elementalmercuryis steamstrippedduring the concentrationstep and is
cullected in the Mercury Water Wash Tank (MWWT). The mercury is periodically pumped to a shielded
cell where it is acid washed, water washed, and vacuum distilled in preparation for eventual disposition
(Stream 12).

The acidified and concentrated sludge and PHA are then transferred to the Slurry Mix Evaporator (SME)
where glass frit slurry is added and excess water is again boiled off, condensed, and collected in the
SMECT. If any composition adjustments are required, the trim chemicals are added in the SME prior to
trirnsferring the combined sludge, PHA, frit slurry to the Melter Feed Tank (MIT). The melter is fed
contlnua]ly from the Mm.

All Ihe vessels in the CPC are maintained at a slight vacuum and collectively vented through the chilled
I’mvmc Acid Vent Cundenser (FAVC) into the PVVH, and ultimately to the atmosphere. The primary
purpose U1the FAVC ISto limit mercury emissions. In add~tion to air leakage from the vacuum, air is
ildkl to CPC vessels to dilute potentiallyflammableconcentrationsof hydrogen(producedboth by noble
ln~till catalyzed decomposition of formic acid and by radiolysis), and benzene from the PHA. Also, the
CPC vessel vent sys[em incorporates three ammonia scrubbers (directly downstream of the SRAT and SME
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condensers and on the RCT vent) to mitigate deposition of ammonia nitrate in ventilation system piping.
(Ammonia is present in the precipitate slurry as NI-LITPBand is generated by chemical reaction in the

SRAT; NOX is generated from nitrite and nitrate reactions in the SRAT.) SME~ condensate is used for

iunmonia scrubbing and nitric acid will be added to the SMECT as needed to maintain the proper pH for
scrubbing.

The RCT collects condensate from the SRAT and the SME and from the melter Off Gas Condensate Tank
(OGCT) for recycle to Storage and Evaporation”(Stream 1q). Prior to transfer, NaOH and NaN02 are .

iitl(letl to mee[ Storage wtd Evaporation inhibitor’requirements. The RCT also periodically processes
xulu[iorts from the Decontaminated Waste Treatment Tank (DWTT). These are neutralized solutions from
equipment decontamination and solutions/slurries fromdissolutionof HEMEs (High Efficiency Mist
Eliminator) and HEPAs (High Efficiency Particulate Air-filter).

Glass Composition Control
The melter feed elemental composition, and thus the glass properties of durability, viscosity. and Iiquidus
ilre controlled. Slurry Mix Evaporatorelementalsampleanalysesandglass propertycorrelationsare used to
predict the glass product properties.

5.3 Melt Cell

The combined sludge, PHA, and frit are fed continuously to the melter where the mixture is vitrified and
puured into stainless steel canisters. The melter is.heated primarily by joule heating (resistance heating)
from DC current passing through the molten glass. The secondary source is radiant heating from resistance
heating of metal rods-in the melter plenum.

The slurry fromthe Mm is fedonto the moltenglass pool in the melter. Waterfromthe slurry feed is
vaporized and volatile organics are combusted in the plenum space or at the cold cap. (The cold cap is an
“island” of feed material tloating on the molten glass where much of the vaporizing and burning takes place.
The cold cap disappears when the meher is not being fed.) Also several combustion and
oxidation/reduction reactions occur generating off-gases of CO, C02, and NOX. The sources of oxygen are

wr.i.mdnitrate. The primary reducing agent is the formate ion.

The melter otljys. which includes gases (CO, C02, hydrogen and NOX), entrained glass, vaporized salts

(sulfates. chlorides. berates), semi-volatile forms of Cs and Ru, and various forms of mercury, flows into “
the Melter Off Gas (MOG) system. The MOG system maintains the melter under a slight vacuum and
sutliciently cleans the offgas stream for’eventual venting to the atmosphere. The MOG system consists of

1. A film cooler and quencher, which use steam and water, respectively, to cool, condense, and partially
scrub the offgas while minimizing plugging from salts and glass,

3-. An Off Gas Condensate Tank which collects the condensate and removes heat,

3. Steam Atomized Scrubbers (SASS) which use steam and offgas condensate to scrub semi-volatile Cs
and Ru from the non-condensable giises,

4. A chilled OGCT condenser which primarily limits elemental mercury emissions. and

5. . A HEME irnd a HEPA to remove aerosols and particulate.

The melter teed composition is controlled such that a borosilicate glass with the required durability (leach
r;t[e) w prottuced. The radioactive components present in High Level Waste are immobilized either by
becoming purl of the glass matrix (for example, U and Pu) or by being encapsulated within the glass matrix
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(for example, Cs and Sr). The molten glass is vacuum poured into a stainless steel canister where it is
:dlowed to COOIand solidify.

5.4 Canister Closure and Decontamination

After tilling, the cwtistermustbe cleanedand sealedprior to transferringto the GlassWaste Storage
Building (G WSB ) where the canisters will be temporarily stored until the Federal Repository is ready
(Stream 9). .

The tirst step is the insertion of a temporary plug called the Inner Canister Closure. The purpose of the
Inner Canister Closure is to exclude water during the subsequent cleaning step.

During tilling. the heat from the molten glass causes formation of an oxide coating on the canister. This
touting is contaminated with radioactivity which could easily spread unless the canister is cleaned.
Decontamination is accomplished in either of two Canister Decontamination Chambers (CDCS) by blasting
the cimister with a dilute slurry of glass frit followed by rinsing with clean water. Smear testing is
performed to assure the canisters are sufficiently clean to move onto the weld test cell.

. .

The finalclosure is madeby forcingthe InnerCanisterClosureand the canisternozzleinto the canister
neck and then welding the tlnal weld plug using an upset resistance welding process. The canister is smear
tested once more before transfer to the GWSB.

..

. .
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6.0 Ef!luent Treatment Facility (ETF)

The functionot’the EflluentTreatmentFacility(ETF) is to collect, treat, and dischargeall radioactively
contaminatedprocess wastewater from the High Level Waste Division. A diagram of the ETF process is
shown in Figure A-5.

6. I ETF Description

Various generators discharge dilute wastewater s~reamsinto the process sewers, which drain by gravity to
1:l”Fs F&H urea Iiti stations,and are then pumped to the ETF Treatment Plant. The wastewater consists
pnmimly ot’ evaporator overheads from the Storage and Evaporation and the Separations facilities
(Smmm I3).

The ETF treimnent plant decontaminates the influent wastewater through a series of steps consisting of pH
wljustment. sub-micron tihration, heavy metal and organic adsorption, reverse osmosis, and ion exchange.
At’terthe treatment steps remove specific species, the treated effluent is analyzed and discharged to the
environment through a NPDES permitted outfall (H-O16)!A-siThe treatment steps concentrate the
contaminants into a smaller volume of secondary waste, which is then further concentrated by evaporation.
Vurious chemicals are used to restore the process efficiency (e.g., filter cteaning, ion exchange
regeneration) and the spent solutionsalsosent to the evaporator. The ETF evaporator bottoms are then

pumped to Tank 50H for eventual disposal in Sahstone.

EiIch step in the ETF tretttment process has certain capabilities and certain vulnerabilities:..

● The wastewaterinthtentis pH adjustedto maximizesolids removalin the filter system. This
adjustment is done continuouslyand alsoon a batchbasis.

● The sub-micron filtration process removes suspended. solids, but it can be overloaded by an excessive
quantity of solids and can be fouled by certain types of suspended solids (e.g., bacteria). The filters
tirecleanedwithoxalicacid, caustic,andchlorine(bleach). The feed can be treated with aluminum
nitrate and/or ferric nitrate to reduce filter fouling.

● The resin used for heavy metal removal (e.g., mercury, lead) would be impacted by oxidizing agents

(e.g., chlorine), and its effectiveness can depend on the species oxidation state (e.g.. removesCr+3, 4

bul nut Cr+6 ). Excessive bacteria growths are removed by soaking the resin in caustic. After it
becomes Soturated, it is replaced. The spent resin is not a hazardous waste because it passes the EPA
TCLP test.

● The activated carbon used for organic removal has a high capacity for some species (e.g.. the
TBP/NPH solvent used by Separations) and a lower capacity for others (e.g., phenol). If the influent
wastewater contains an excessive quantity of some species (e.g., benzene) then the spent carbon
disposal costs increase drastically (as a mixed waste).

● The reverse osmosis step can be overloaded by the dissolved sahs which it is removing, and its
removal eftlciency depends on the specific species (e.g., it is better on nitrate than on ammonia).
The RO membranes are cleaned with oxalic acid and/or caustic.

● The Ion exch~nge resin used in the final treatment step is only effective on Cs- 137. It is regenerated
with iI sodium nitrate solution at a frequency determined by the intluent sodium content.
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6 In the ETF evaporator, most of the contaminant species go to the concentrate bottoms (to
Tank 50H and then to Z-area), but a few species are volatile (e.g., metallic mercury, and ammonia if
the pH isn’t low enough).

The ETF is operatedin accordancewithseveralSCDHECIndustrialWastewatcrFacility permits.lA-6i

After the ETFintlttent is processedthroughthe sequenceof treatments[eps described above, the treated
et’fluentstream is analyzed anddischargedthroughNPDESoutfallH-O16to UpperThree Runs Creek. The

‘ lA.S1and the discharge radionuclided’tluent’s chemical content is controlled by the ETFWastewater Perml[
limits are set by DOE Order 5400.51A.7!and WSRCSALARAprogramfor effluent doses.

ETFConcentrate
The contaminants, which ETF removes from the influent stream, are concentrated into I-2% of the original
volume. The evaporator bottoms concentrate is then pumped to Sahstone.

If the radioactivecontaminationlevel is too high for Saltstone,then the concentratewill be sent to Storage
ilndEvaporation via HDB-8. If the chemical content is unsuitable for SaltStone, then SCDHECapprovalis
neededfor any alternatedisposition.

DI vemxl Water Basins
The Separations Department normally discharges its non-contact cooling water directty to the environment.
utier monitoring to ensure that it is not radioactively contaminated. Likewise, the Storage and Evaporation
process.ESP, and ITP each monitoranddischargetheir uncontaminatedstormwater(whichalso includes
smithflowsor nonc”ontactsteamcondensateandcoolingwater). If any streamis contaminated,it is then
diverted to one of ETFs four large lined basins which segregate the water based on its source and degree of
contamination. There are also several administrative or precautionary reasons for the generators to divert
the streams to the basins.

If the radioactive content of the basin water is too high for the ETF treatment plant, then it will be sent to
S[omge and Evaporation via HDB-8. Due to the variety of compositions possible, such routing will be
ewduated by HLWE on a case-by-case basis. A suitable amount of corrosion inhtbitor (NaOH and/or
NuN02) would have to be added at some point in the transfer. A large volume of contaminated water

wuuld probably be involved in any diversion and could consume a large fraction of the Tank Farm’s spare
volume avai\aMe.

●
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7.0 Saltstone

The Salts[one Production Facility (SPF) and the Salt-stoneDisposal Facility (SDF) are both located in Z-
Area at the SRS. The function of these Z-Area facilities are to: 1)processaqueoussal(solution waste in
the SPF in a safe imd environmentally sound manner to generate a Low-Level Waste grout-like wasteform
known as Saltstone; and 2) dispose of Saltstone in a safe and environmentally sound manner by placing the
Saltstone in concrete vaults that are located in the SDF. Controls are imposedon wastesent to Z-Areato
limitthe hazardsof operatingZ areaandto ensurethat thecuredSaltStoneis non-hazardous.

.

7. I Saltstone Process

In the Saltstone Production Facility, aqueous salt solution is received from ITP and ETF and is then
combined with it blend of cement, tlyash and blast-furnace slag to generate non-hazardous LLW Sahstone
(Fig. A-6). The Saltstone grout is pumped through a pipeline from the SaltStone Production Facility to a
covered cell of an above-grade, concrete vault. The grout solidifies into a monolithic, non-hazardous solid
waste cat led Sitltstone. No aqueous waste streams are released directly to the environment or sent to other
facilities from Z-Area.

Major equipment components of the SaltStone Production Facility include: (1) bulk storage silos for dry
feeds; (2) dry feed blending and transfer equipment that includes the Premix Feed Bin; (3) the Salt Solution
Hold Tank (SSHT) that receives aqueous salt solution to be processed; (4) the Flush Water Receipt Tank
(FWRT) that receives equipment flushes and liquids collected in sumps located in Z-Area; (5) a Mixer that
blends waste solution (and flush water, when necessary) with dry feeds to.produce nonhazardous SaItstone
grout; (6) a Saltstorie Hold Tank (SHT) that provides a reservoir of grout to prevent cavitation of the grout
pumps: (7) grout pumpx and (8) pipelinesthat are used to transfer sah solutions, flush water and Saltstone
grl)ut within the production facility and grout to the disposal vaults.

Sin~e the Salt Solution Hold Tank and the Flush Water Receipt Tank can contain potentially hazardous
contttminwtts and radioactive contaminants, ”bothtanks are isolated from the immediate environment by
secondary containment (concrete dikes). Because Z-Area facilities are designed to allow contact
mttin[enance, radioactive contaminants in waste sent to Z-Area must be sufficiently low [o prevent excessive

riitlialion exposureto workersin Z-Area,

Beciruse Saltstone is nonhazardous, the Sahstone DisposalFacilityis designedas a “controlledrelease”
Iwtdtill dispostil site. The only long-term potential risk to the environment and to the general public is
through possible degradation of surface water or groundwater quality due to a release of chemical or
rmlwactive pollutants from the SDF into surface streams or into the underlying groundwater. Such releases
we mitigated by the surrounding concrete vaults and the Sahstone waste form, itself. Fkal site closure”will
further mitigate the potential long-term risk to the environment. Monitoring wells are installed in accord
with permit requirements to periodically monitor the groundwater for contaminants that could be released
from the SDF.
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Problem Statement

The existing In Tank Precipitation (ITP) process cannot simultaneously meet the high level waste (HLW) flow sheet
production requirements and the safety requirements [Reference 1].

MissionNeed

The Savannah River Site (SRS) high level waste (HLW) salt needs to be immobilized for final disposition in support
of environmental protection, safety, and current and planned missions [Reference 1].

,,
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SAVANNAH RIVER SITE
HIGH LEVEL WASTE SALT DISPOSAL

MISSION FUNCTION LEVEL 1

F-1: Safely and cost effectively process salt from SRS high level waste (HLW) tanks to a final permitted waste form(s)
[Figure 1 and Reference 1].

MISSION REQUIREMENTS LEVEL 1

The functiondefined in F-1 above:

R-1-1: Shall meet all applicable federal, state, and SRS safety requirements. “
R-1-2: Shall meet all applicable federal, state, and SRS environmental regulations.
R-1-3: Shall meet ail applicable federal, state, and SRS final disposal product quality requirements.
R-1+: Shall meet all applicable facility Waste Acceptance Requirements.
R-1-5: Shall meet all applicable Federal Facilities Agreements (FFA) and Site Treatment Plan (STP) commitments.
R-1-6: Shall accommodate other SRS missions and associated schedules.
R-l-7: Shall meet the HLWM division test standard SW-4 implementation (startup).
R-1-8: Shall meet the constructability requirements defined by the Construction Industry Institute in Publication 3-1.
R-1-9: Shall have the rqinimum evaluated combination of programmatic,and technical risk and life cycle cost.
R-1- 10: Shall meet the Defense Nuclear Facility Safety Board (DNSFB) Recommendation 96-1 as applicable (Reference 2)

Rev. 4/2./98
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Protect

F-1. 1: Protect personnel and the environment from hazards and releases of waste and pollution.

F-1.1.1: Minimize personnel exposure to hazards.

R-1.1.1-1:

R-1.1.1-2:
R-1.1.1-3:
R-1.1.1-4:
R-1.1.1-5:
R-1.1.1-6:
R-1.1.1-7:
R-1.1.1-8:
R-1.1.1-9:

DOE 5483.1A, ‘Occupational Safety and Health Program for DOE Coritractor Employees at
Government-Owned Contractor-Operated Facilities.

29 CFR 1910, Occupational Safety and Health Standards,
10 CFR 830, Nuclear Safety Management.
10 CFR 835, Occupational Radiation Protection.
DOE Order 420.1, Facility Safety.
DOE Order 440.1, Worker Protection Management for DOE Federal and Contractor Employees.
DOE Order 5480.23, Nuclear Safety Analysis Reports.
DOE-STD-1O27, Hazard Categorization and Accident Analysis Techniques. *
DOWEH-0256T, DOE Radiological Control Manual.

F-1.1.2: Minimize releases of radiological hazards to the environment.

R-1.1.2-1: Clean Air Act (42 U.S.C. 7401).
R-1.1.2-2: SCDHEC Air Quality Control Permit.
R-1.1.2-3: Clean Water Act (33 U.S.C. 1251).
R-1.1.2-4: Safe Drinking Water Act (42 U.S.C. 3001).
R-1. 1.2-5: Title’40CFR61, Subpart H. ,
R-1. 1.2-6: DOE Order 5400.5, Chapter II.
R-1. 1.2-7:40 CFR Part 68, Risk Management Programsfor ChemicalAccidental Release Prevention.

F-1.1.3: Minimize releases of chemical hazards to the environment.

R-1.1.3-I:
R-1.1.3-2:
R-1.1.3-3:
R-1.1.3-4:

Clean Air Act (42 U.S.C. 7401).
SCDHEC Air Quality Control Permit.
Clean Water Act (33,U.S.C. 1251).
Safe Drinking Water Act (42 U.S.C. 3001).

.,
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F-1.1.4:

R-1.1.3-5: Title 40 CFR 61, Subpart H.
R-1. 1.3-6: DOE Order 5400.5, Chapter II.
R-1. 1.3-7:40 CFR Part 68, Risk Management Programs for Chemical Accidental Release Prevention.

Minimize waste.
.

R-1.1.4-1:
R-1.1.4-2:
R-1.1.4-3:
R-1.1.4-4:

R-1.1.4-5:
R-1. 1.4-6:
R-1.1.4-7:

R-1.1.4-8:
R-1.1.4-9:

Pollution Prevention Act (PPA) of 1990.
Resource Conservation and Recovery Act (RCIUl) of 1976.
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) of 1980:
DOE-SR environmental protection requirements given in DOE-SR Directive Implementation Instructions (Dlls)
(5400. 1A, General Protection PIan; 5400.2A, Environmental Compliance Issue Coordination; 5400.4A,
Mandatory ES&H Standards; 5400.5, Radiation Protection of the Public and the Environment).
DOE SR-5000-29, Handbook for Erosion and Sediment Control on the Savannah River Site.
10 CFR Part 1021, National Environmental Protection Act (NEPA).
Clean Air Act (CAA) of 1972 and Clean Air Act of 1963 (mostly recently amendqd in 1990), and State laws and
regulations.
Executive Order 12856, Federal Compliance with Right-to-Know Laws and Pollution Prevention Requirements.
DOE Order 5400.1, General Environmental Protection Program.

R-1. 1.4-10: DOE Order 5820.2A, Radioactive Waste Management.
R-1. 1.4-11: DOE’s 1994 Waste Minimization/Pollution Prevention Crosscut Plan.

.

b
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Receive

F-1.2: Receive SRS waste streams

R-1.2- 1: Shall be capable of receiving the H Canyon Low & High Heat Waste stream.

Nominal Stream Composition being: [TBD]

R-1.2-2: Shall be capable of receiving the F Canyon Low& High Heat Waste stream.
Nominal Stream Composition being: [TBD]

R-1.2-3: Shall be capable of receiving the DWPF Reeycle waste water ‘stream..
Nominal Stream Composition’being: [TBD]

R-1 .2-4: Shall be capable of receiving the HLW Tank Wash Water waste.
Nominal Stream Composition behg: [TBDJ “

R-1,2-5: Shall be capable of receiving the ESP Wash Water Waste stream.
Nominal Stream Composition being: [TBD]

R-1.2-6: Shall be capable of receiving the Receiving Basin for OffSite Fuels (RBOF) Waste.
Nominal Stream Composition being: [TBD]

R-1 .2-7: Shall be capable of receiving the Resin Regeneration Facility (RRF) Waste.
Nominal Stream Composition being: [TBD]

*

R-1.2-8: Shall be capable of receiving the SRTC High Level Waste stream.
Nominal Stream Composition being: [TBD]

R-1.2-9: ShaIl be capable of receiving !.heAnalytical Laboratory Waste stream.
Nominal Stream Composition being: [TBD]

b
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R-1.2-10: Shall be capable of receiving the Spent Decontamination Solutions Waste stream from the Tank
Maintenance Facility (299-H).
Nominal Stream Composition being: [TBD]

R-1.2-11: Shall be capable of receiving the Highly Contaminated Cooling Water waste stream.
Nominal Stream Composition being: [TBD]

R-1.2-12: Shall be capable of receiving the Highly Contaminated ETF Concentrate waste stream.
Nominal Stream Composition being [~”D]

b
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Store

F-1.3: Store existing and received waste streams.

R-1.3- I: Storage systems, structures, or components (SSC) shaIl meet the Authorization Basis corrosion control plan (Reference 3). ,

R-1.3-2: Storage capacity shall meet Authorization Basis and FFA requirements (Reference 3).

R-1.3-3: Storage SSC’S shall be capabIe of handling heat loads defined in Authorization Basis (Reference 3).

R-1.3-4: Storage SSC’S shalI meet the existing structural integfity programs defined in Authorization Basis (Reference 3).

R-1.3-5: Storage SSC’S shall meet the flammable material inventory limits defined in the Authorization Basis (Reference 3).

,
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Treat

F-1.4: Treat SRS HLW salt into a final permitted waste form(s).

Note: Requirements R-1.4- 1, R- 1.412and R- 1.4-3 must be met by all design options while R- 1.4-4 and R- 1.4-5 must be met if

R-1.4-1:

R- 1.4-2:

R- 1.4-3:

R-1.4-4:

an interface exists. t

Treatment shall achieve SRS production needed to support the FFA & STP commitments.

Treatment shall meet reliability, availability, maintainability, and inspectability requirements (Reference TBD).

Treatment shall meet NUREG 0700 standard (Nuclear Regulatory Commission Human-System Interface Design Review
Guide) human factorrequirements.

Treatmentshall meetthefollowingproductqualityspecifications,as applicable, for:
,

R- 1.4+.1 GLASS DISPOSAL FORM REQUIREMENTS:
R-1.4-4.1.1
R-1.4-4. 1.2
R-1.44. 1.3
R-1.4-4. 1.4
R-1.44.1.5

Glass leachability shall be acceptable as defined by current DWPF limits
Llquidous temperature (crystallization temperature) shall be less than melter operating temperatures
Canister heat generation must not exceed Glass Waste Storage Building Lhnits
Glass insoluble (salts) shall not exceed volubility limits (crystallize out)
Viscosity shall be within DWPF melter design limits

R-1.44.2 SALTSTONE DISPOSAL FORM REQUIREMENTS:
. Concentration of individual radioactive contaminants shall not exceed NRC Class A low level waste requirements

R-1.4-4.3 OTHER DISPOSAL FORM REQUIREMENTS:
R-1.4-4.3.1 On-Site: Concentration of individual radioactive contaminants shall not exceed NRC Cl”& C Low I.xwel or

RCIU mixed waste requirements
R-1.4-4.3.2 Off-Site: Shall comply with DOE-RWI-IighLevelWaste Repository Requirements.

R-1.4-5: Treatment shall meet HLW flow sheet interface requirements as shown in Figure 2 and Table 1.
b
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a) FUNCTIONAL MODEL:

CURRENT
STATE

------ ------ ------ ------ .

PROTECT FUNCTION

------ ------ ------ ------ ------ ------- ------- ------ -=

F
PROCESS
FUNCTION “

“/\

END
STATE

-------- ------- ------- ------- ------- ------- ------- ------- -------- -
/

b) UNIVERSAL MODEL: (includes at[ possible solutions)

I

I ‘1Input ) .

HLW *

●
TANK

STABILIZATIONIn
CurrentLocaUon

+
-

I I

l-’ ~EXISTING
FACILllY

+I .
I ‘+

DJSPOSAL
FORM

“A’
I

RECYCLE

OTHER??
b

Figure1- Function F-1 Page IO of 15



.. . . . . .. ,. .-.-..:..-.;:;.,- . : .: -,-., . ... . .. .. ,“ -.
.. ... . . . . .. . . -. - . . ... . . . .. .. .. .. . .... .. .-

.;. ., -------- .. - . . . .... .. ..-. .: .”-- . . . .. . . .. . . -: ...-;-.> ,.: . . . ...’ “.:
-.-. .; .. ---- --------------------- -. . . . - .- ... . . . ---------- ----- - - . - :. ---

[D
$.

I
I

..

11-J I
. . . .

cc -:.
jzb “f. ‘:. ““” .’,, ~- . .... .,
3= .. :..,. - ... . . ... .. . . . . .
a~ .::.. .. .-..

.... .. =E ‘. “;.::..”. . ;... ... ... . . ... .. . .,. . . . ..k g~ ~ .,-- ”:,7..... ..
.. .. ... .- :,... . .. . . . ..-.

1= .. ;-:-- -.. . . ..--,. . . ..-... .. . . .. ::: .:-- -.--:,-,..->,.
“..:-,.:.... .. ..., .... . . .: . . ... ...... ...., :: .,. .... .:-..;-:-...:- -.. .. ..

:.. .,... .,..”.” :. ..” ,.. ..-:---- . . .- ... . ...
. .. .. . .. . . ; .:,. .-...::. “ “-”-”....:.,:,.:::.::- -. .- ..,:”

- ... :. .: .. ... ...-””...“:X;+’:.: : :.:,-.-:.”-’-.-”-----.~”..------.. -.., ... .. .. .. .,..... .... . . :..:.:.:.:,- -.-.-...-:-:.:-:. -------.... -- - . -.+:---------------:.:.:. .. ,.,

0)

. . .. . . .
-. . . ..- . . . . . “-,

,. . .. -;.:: -. . .. .

. . ,; ...

““~,.@:$Iq- ~:.........-..,,. --------..... L

-<
,.. . .,.- ----

. . ,-,.. .. .,. . . ..- *

.- — .- .,.:,.: ”---: -:-:-:- ;-. . . . -. . ---- ,.
-G

. . . . . . .. ..- . ----.-:-- ------ . . . . -. . . . . - . .
,. . . . . .. . %::..-:- ., -. . . . . . . . . . .. . .
“-L.”--- :.”-’.- -. .. . ,. :- .,. .. :.-.--: . ,. -.-:, :’: .,---- ..:

.. .. ..... -. ,.--..:-:.--.-::.. -., -----
Coc.:.. ........ - --- -,...... ..---..:.:...- .. .. . ------- .---...” -... - . - . . ----- . . . . . . . . . . . . ...-.

. “. --- -.. .-:..: a.:.._:::_;_::::-- -.. ... ..’ --:.::- - ,.; -.:.:-:-.-”.- .- --.’.--.:.--:::.,::.:- ,-:--- . -.: .:.
., ”-.: ..... ..-,.;,. .. ...”...- . . . . . . . .

. . -------- :-,,
,-. . .’.. ..- ..... . .. . . - --. ;

.-. -, ,:.. ,.,----- . . . . .. . . --- . - .:.
. . - - . - 1.:---“.;......,,.-:-------:.-.-:-,..-.-+..-....,’. .. . ... . /. .. ... ..

. .. . . .. . . .: ...,
.-,.. . . . . . . . . . . -- . -------------- .- .-., ----- -.:-.. . . . . . .

,. -. -..., “.. , --------- . . ,.. - . . . . . . . .
. . . . . . .-.. ----- .- . .:. :,.

,,. .- ...:. :.:.:.:”:. --.-,-,- ------
--------- .-, . . . . . --:,.. .. . .. :--- ..- . . .,..”: .-: -:-:.:.., -: . . . , , .,-,-----.-:. . :; . . . . . . . . . . . . ::.. ’---.:----.... ..-:..:-:

,-: - ;-”-”.:---- .. ,:.:.:.: - ,“. - - -.--...--;.
, . --.-”---- ---

~ , --; --;..-. . . . . . . . ~

.“, .:. :.:,;.:.:.:: - - - -- ..::
.: +-,... .....

,,.

. -.,---
.:.: :,:.:,:. : -----;- . . . .

. . . . . . . ...’:-: . - . .:.: --..,--- .. . . . . ..- .... . . . . .. . . . . . .. ..,:,., 3........-. ..,.. ..: :---: .; Q) :::::::< ‘,,:,-; ‘“‘~“: 4
. . . . . . ..- . ....’ .- 0.. . . . . ... .,.”... .-.-...,,, ..“.’,” ,

.. ... . .. . ... . . . zg -->-.,-,---.,..............
.,.,... ,.. .:.”--------- . . .. . . . .

.2 - . . . . . . .:-:. .: ,-.
.. . . .. ,. .. ..

:.. . . .:, :..:::
.,,. .. .

: --,.--... ., --- .
,. =:.;-. .-: -... :“”::::: .::::. ..--. . . . :..

: . . . ....... . ... . ~.. : .-. .- . . . . . . ..- ,.
.- .. . . . . . . . gcd “--” -----’-’------ . -~”:’- ‘-~.~

.“ .-. : .- -- ..:.:-:-:-:-> :.-.. -. . . - :,. .::- : .-” .:.... Ocn ..:. : ., ------ -------- .
; .’-”... .-. . . . . . .. -:.: @ .“ -. >.:.-.-.. “-:- . - .-

. .. . .. . . . . .: -- - ----- “--: .;- ..:--
. . : .. :.,.- .“-. --...”.

.,. . . . . . . . . . ., . ..-. . . . . . .
.. . .. .. .
. ,.. . ,..;7:-::::,: :-”- .::-

,,. .. ,,.-.. -- ..-,.. -,-. ..
.,. - . . .- ----- .::” ... ..-: . ... ..”

.,. . .,. . . ., ..:: :.. . . . .-
. .. . . ., . .. -----

. . . .
., ..,.. ,’ ..,....

. . . . ~

_i,” :“.”””’ ➤ s.
5

ii



Rev.4LV98

TABLE - I
HLW Salt Disposition Flow Sheet Interface Requirements

Threshold Lhnit Requirements for Tank Threshold Limit Requirements for Srdtstone Threshold Lhnit Requirements for DWPF
Farm Storage [Reference 4] [Reference 4] [Reference 4]

Corrosion Prevention Sa.ltstoneNon-Hazardous’ Air Quality
Flammables - Radionuclides c Limit Shielding Design Basis
Source Term - Type IV Tanks Water Soluble Radlonuclides SAR Source Term
Source Term other Tanks pH> 10 Durable Glass
I’ransferLine Rad Receipt Temperature c 40° C Volubility in Glass
Criticality Heat Generation in Glass
SAR Source Term 20< Glass p c 100 poise

Corrosiveness

l%reshold Chit Requirements for Other
Effluent [Reference 4] “
Activity to CD?< 1000 dhnhnl
Combustible in CIF
ETFNPDES Permit
SaltStoneEffluent Lknits

,

b
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Terms and Definitions

1.

2.

3.

4.

5.

6.

7.

8.

Assumption:

Basis:

Constraifit:

Dispose:

External interface:

Function:

Hold:

ISMS:

Not a validated piece of information, but sometimes required to facilitate other design inptit or output activities. All
assumptions carry risk and should be evaluated for consequences during the risk analysis stage.

The rational, dec]aratiQn, and/or start point for a decision, method, and/or analysis.

Limits or Thresholds that exist for a system, boundary, external interface, and/or component which have been .
established by programs, policy, standards, the physical laws of nature, or empirical definition and must be addressed
and complied with by aIl solutions/alternatives. Example: Recycle Flow may never exceed 100 gpm or have a rate
change greater than 10 gpmhour.

Final permitted waste form.

Any input to or receipt of output from the function specified. *

A qualitative statement of what a solution must do using a verb/noun format, e.g., “Pump water”. A function must
have at least one requirement.

A piece of information with some, but not complete, validation or traceability. There is risk associated with “Holds”
and should be evaluated for consequences during the risk analysis stage.

Integrated Safety Management System (ISMS) is the methodology, applicable to the design, construction, operations,
transition and D&D phases of a facility lifetime, which implements the DOE environmental, health, and safety
programs as a single initiative through the application of the following five steps:

i) Define the work and how it is to be accomplished.
ii) Analyze the hazards entailed in performing the work.
iii) Identify the controls necessary to perform the work safely and include them in design, construction,

operational, transitional, and D&D procedures.

Page 130f 15 “
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Terms and Definitions

8. ISMS (cootinu~) iv) Perform the work as planned, using adequately trained personnel: and,
v) Assess how well the system worked, and feed back the evaluation

results to reinforce and improve the process

Life Cycle Cost (LCC) equals acquisition costs plus ownership costs plus disposition costs, less any revenues, and
less any salvage. [ LCC = TPC + O&M + D&D - Revenues - Salvage]

(DOE LCC Estimating course PMCEO1,Version I.O/July 1997)

10. Requirement: A quantitative, measurable statement that specifies “how well” a function must perform, e.g., “20 gpm”.
Requirements can be performance, interface, design criteria, and/or other constraints placed on the function.

11. TBD: To Be Determined is simply an information “placeholder”. NOT knowing it at the present time does not impede near
term development of design input or output. There is risk associated with TBD’s and should be evaluated for
consequences during the risk analysis stage.

12. Treat: To act upon via mechanical, chemical, nuclear, andlor administrative means (extended in situ storage is presumed
require administrative action).

b
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*
PURPOSE ,.

The purpose of this position paper is to document the methods used by the WSRC HLW Salt

Disposition Systems Engineering Team for solicitation of alternate technology to safely anti

cost electively process salt from SRS high level waste (HLW) tanks to a final permitted
waste iorm(s).

The result of the approach described, herein, is a “long list” of ideas from which the Team

can begin the selection process.

BACKGROUND

The DOE complex in the US and other organizations worldwide have been developing arwi
implementing high level waste immobilization and disposal methods for the past several

decades.

In Europe, as well as other foreign countries, waste has been predominantly stored in a

concentrated acid form in stainless steel tanks. Immobilization processes have then relied on

clirect vitrification of that waste stream. In the US (SRS, Hanford, West Valley, Oak Ridge)

the waste was neutralized with strong caustic and stored in carbon steel tanks. This

separates the waste into an insoluble sludge fraction (about 10%) of hydrated metal oxides

containing most of the radionuclides (strontium, plutonium, uranium, and others). The
remaining salt solution is primarily sodium nitrate, hydroxide and nitrate with cesium-137
as the predominant radionuclide. This is stored as a solution or a concentrated saltcake.

‘At SRS, an organic precipitating agent (sodium tetraphenyl borate), was selected as the
preferred method of separating cesium and feeding that to the DWPF for treatment, mixing
with the radioactive sludge, and feeding to the melter. The decontaminated salt (which is
the bulk of the waste) can then be fed to a lower cost grouting facility for onsite disposal.
The precipitation process was developed and demonstrated on a full scale radioactive tan~
in the mid 1980’s. However, recent large scale tests and an extensive R&D program have
shown operating and authorization basis drawbacks sufficient for SRS to re-evaluate the
alternatives for salt treatment processes to minimize all the risks.

DISCUSSION

Multiple methods for obtaining information on alternative salt treatment technologies were
considered.

a)

m b)

c)

a review of past decisions on the selection of treatment alternatives in
the DOE complex
a review of high level waste treatment technologies in the U.S. and
internationally
input from industry via a “request for information” in
the Conzrnerce Business Doily publication



d) in-house brainstorming sessions including off-site participants
e) subject matter expert reviews

f) SRSemployee input

~) literature search

,.

Each method for soliciting ideas has positive attributes and drawbacks. The key drawback
around anyogeneral industrial search is that most of the information will come from
suppliers with no radioactive or safety basis methodology expertise.

SELECTED METHODS

A combination of approaches was determined to be the most effective means for obtaining
ini”ormation on alternative sait treatment technologies. These are shown in flow diagram
form on the attachment. The specific approaches are discussed below:

. Historic Reviews

The Savannah River Technology Center (SRTC) will survey the SRTC, Hanford and Oak
Ridge facilities for relevant experience upon which to develop a list of alternatives from
within the DOE Complex. An overview of international experience in this area will be
performed. -

. Inclependent Subject Matter Expert Reviews

The academic and commercial sectors team members will review their respective field of
expertise to solicit ideas for alternative technologies or practices, e.g. in chemical
processing and bio-remediation.

. Formal Brainstorming 4

Approximately twenty-five candidates will be selected to participate in formal
brainstorming sessions. The participants will consist of major stakeholders, individuals
With specific technical expertise and others with broad creative abilities. The participants
will be split into two groups and each group will perform a facilitated brainstorming
session. This will keep the ~oup sizes to a workable level and provide two independent
lists of potential alternatives.

\.?;.tJ%



● SRS Employee Input

Over the years, many SRS personnel have been involved with either the ITP process or
other salt disposition activities, but have subsequently moved onto other jobs at SRS.
This solicitation of the broad employee base is an effort to receive additional ideas an~i
process alternatives to ITP. As such, the Team has developed a “briefing package” which,
in very general terms, defines the problem, mission need, top level function and
requirements, and an all encompassing flow model for discussion purposes.

.
A one-page “pro-forma” sheet is included for individual employees to submit their i~ims
for further consideration.

. Literature Search

A literature search will be conducted and a report issued to provide a ~eference to the
available technologies for HLW salt treatment. Any alternatives uncovered that were not
included in the initial screening will be evaluated for possible inclusion.

OUTPUT

The output from the identification of alternatives to the ITP process will be the initial “long
list” of ideas. Grouping of similar ideas and alternatives will occur to the extent that salient
features are not lost in the summarizing process. .

. .

. I
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PROCESS FOR DERIVING “LONG LIST” OF ALTERNATIVES

Isstw .
““Requirement Package

II

Fmd Prowss Alternatives

I

+

Hold Brainstorm,
with scribe to

capture ideas on
Alternatives Pro-fomta

I
# I

Research the -
processingofsimilar

wastes in o[h~r

major nuclear countnes

~.~.
UK

France
Russia
Japan

and other DOE
sites. i.e.
Hanford

Idaho
West Vane}

Identify viable options

and capture on
Alternatives Pro-fornm

~
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ATTACHMENT 9

Identificationof AlternativesBriefingPackage
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HLW SALT DISPOSITION PROCESS ALTERNATIVES

Alternative #: Sponsor:

,.

Date:

Originator: Phone #:

Title:
.

Description:

..

Technical Maturi~:

Safety Issues:. .

.

Advantages:

Disadvantages:



I

EXPLANATORY NOTES FOR “ALTERNATIVES PRO-FORMA” , .

Alternative #will be providedby Peter Hudson.

Sponsor could be originator, a suitable “champion” or a core team member.

Date - Date submitted.

Ori~inator - name and phone number needed for follow-up purposes.

~ should capture the key unit operations of the proposed process.

Description should be a single paragraph technical description of the steps involved
in the proposed process, clearly identifying where use is made of existing HLW
processesifacilities.

Technical Maturity - one of the key criteria in ranking alternative processes. Define
the current development status of the process, e.g. theoretical idea; chemistry
proven in lab; fully commercialized for non-nuclear applications; full nuclear
operation.

Safetv Issues - another key criterion. Recognizing that benzene generation became a
major safety issue on ITP, what significant safety issues would have to be tackled on
this process? e.g. hazardous chemicals, risk of explosion, high texnp and pressure.

Advanta~es and Disadvanta~es - apart from safety and technical maturity, what are 4
the other principal advantages and disadvantages of the proposed process, e.g.
simplicity, cost, operability, use of existing facilities.

Process Dia~ram {O~tional\ - If you can, sketch out the principal steps of the
process, showing interaction with existing facilities, on the back of the sheet..

Com~leted Forms should be returned to Peter Hudson, either by e-mail or hard
copy to 705-3C, or FAX 7-6526 by no later than 3/27/98. Otherwise return to a
member of the Core Team: Steve Piccolo, Lou Papouchado, John Carlson, Ken
Rueter, Jeff Barnes or Gary AbeIl.

Pave R nf !?


